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International Rapeseed Congress and all the staff members of the Congress, it is a great honor for me at this significant moment to extend our warmest welcome to the friends and participants from all over the world. I would like to take the opportunity to express our gratitude to the Ministry of Agriculture of the People's Republic of

GENETICS AND BREEDING

Oil, protein and sum (O+P) @ 0% H 2 O Molecular marker assisted selection for increased oil concentration using the Sequence Related Amplified Polymorphism (SRAP) marker system [START_REF] Li | [END_REF] has begun recently at the UM. Large DH line populations are being developed and evaluated for oil level variation currently.

Reduced fibre content in canola/rapeseed is a function of seed coat thickness, which is seed-coat-colour related. The yellow seed coat colour trait in Brassica significantly reduces fibre content. UM research and development on yellow seeded canola/rapeseed currently focuses on the development of SRAP molecular markers for the genes conferring the yellow seed coat trait in Brassica rapa and Brassica napus.

Oil composition modification research continues to be a focus of the UM Brassica breeding programs. Reduction in saturate level has been pursued using microspore mutagenesis, intraspecific crosses within B. rapa and B. napus, interspecific crosses and DH line production from the BC1F 1 plants of these crosses (McVetty and Scarth, 2002). Low saturated fat DH B. rapa lines from the cultivar Reward were created using microspore mutagenesis at the Plant Biotechnology Institute at Saskatoon, SK. These mutant DH lines were crossed to normal DH lines from the cultivar Reward and then DH lines produced from the F 1 plants. These B. rapa DH lines were then crossed to selected B. napus genotypes which were low in saturated fat levels to create interspecific F 1 's. The production of DH lines from the interspecific F 1 's was difficult, so a backcross to the B. napus genotypes was done. Selection for low saturate level within the high stability oil (HSO) B. napus materials developed at the UM was also done. The saturated fat levels achieved in selected materials developed in this M11 mutant line from [START_REF] Rakow | Selektion auf Linol-und Linolensäuregehalt in Rapssamen nach mutagener Behandlung[END_REF], with the cultivars Stellar (1987), Apollo (1993) and Allons (1994), having 3%, 1.7% and 2.5% linolenic acid, respectively, released by the UM. Linolenic acid level in B. napus is controlled by two genetic loci with additive effect. These loci have been co-located to two fad3 genes in B. napus by genetic mapping. Minor genes, maternal and cytoplasmic effects have also been associated with the variation in the linolenic level in B. napus. As a result, linolenic acid level generally shows continuous variation in crosses between high and low linolenic lines. The complete elimination of linolenic acid from the seed oil is not likely to be achieved by conventional breeding, as linolenic acid plays an essential role for normal plant growth and reproduction.

Oleic acid concentration in Stellar, Apollo and Allons ranged from 60 to 66%. Comparative studies showed that oils with relatively higher oleic and lower linolenic levels than conventional canola oil possess an improved oxidative stability without the requirement of partial hydrogenation, and produce less undesirable products during deep frying [START_REF] Warner | Frying stability of Soybean and canola oils with modified fatty acid compositions[END_REF]. Mid to high oleic acid oils have equivalent heat stability to saturated fats and are suitable replacements for them in commercial food service applications that require long life stability. The profile of the optimum high stability oil (HSO) based on these comparisons has a 67 to 75% oleic acid level compared to conventional canola cultivars with about 61% oleic acid in the seed oil. The low linolenic canola breeding program at the UM has placed increasing emphasis on oleic acid concentration in addition to linolenic acid concentration, to create HSO materials. The minimum linolenic acid % and maximum oleic acid % in these HSO materials are shown in Table 3. The development of industrial end use high erucic acid rapeseed (HEAR) varieties with increased erucic acid level has been a major breeding objective at the UM. A Swedish origin rapeseed with high erucic acid level was crossed to Tower to create the first HEAR variety, Reston (1982). A number of HEAR cultivars have been released by the UM after Reston including Hero (1989), Mercury (1992), Neptune (1995), Venus (1995), Castor, (1996), Millennium 01 (1998), Millennium 02 (1999) andMillennium 03 (1999). More recently, two new Roundup Ready HEAR cultivars, Red River 1826(2006) and Red River 1852 (2006) have been released. Erucic acid level in B. napus is controlled by two genetic loci with additive effect. Minor genes have also been associated with variation in erucic acid level so that erucic acid level shows near continuous variation from zero to over 60% in canola×HEAR crosses. Erucic acid level has increased from 45% in Reston to 55% in the MillenniUM series HEAR cultivars. The Roundup Ready Red River HEAR cultivars have an erucic acid concentration of approximately 53%. The lower level of erucic acid in the Red River HEAR varieties is a minor gene effect not related to the Roundup Ready gene or to Roundup tolerance. The maximum erucic acid level of HEAR varieties grown at the UM in recent years are shown in Table 4.

Materials and Method

Seven CMS lines of B. juncea in Pusa Bold (PB) background were grown in winter season of 2001-2, and 2002-3 in the field of Indian Agricultural Research Institute, New Delhi. Pusa Bold plants were grown along with the CMS lines as pollen parent. Male sterility plants of CMS lines were identified and tagged. Unopened flower buds likely to open in the inflorescence were covered with butter paper bag. Open flower and immature buds were removed. Flowers were pollinated manually from the day it opened. Pollination were done up to 8 days in 2001-2 on different sets of flowers already covered before opening with fresh pollen of PB. The pollinated flowers were covered after pollination. After observing the result of 2001-02, pollination was extended for two more days i.e., upto 10 days in 2002-03. A similar set was kept for this study under open pollination in 2002-03. The experiment was conducted on 5-10 inflorescence with 5-15 developed buds in each inflorescence of the CMS lines in peak flowering period. Data were recorded on number of pods set with seeds per siliquae on the pollinated flowers of each CMS line.

Results and discussion

There was a reduction of siliquae setting and development up to 8 days from flower opening in all the CMS lines. The number of siliquae with seed declined drastically with an increase in flower age before pollination (Table1). Oxyrrhina CMS showed maximum percent siliquae set even after 8 days of flower opening indicating a longer period of stigma receptivity. A reduction in number of seeds set per siliquae was recorded with increased flower age also. Two to four seeds per siliquae were recorded in all the CMS lines except in Tournefortii on 8 th day after flower opening (Table 2). Mean number of seeds/pod after pollination (days) CMS Line

In the flowering year, the study was extended up to 10 days in both open pollination and artificial pollination situations. The result indicated slight reduction of pod setting up to 6 days in most of the CMS lines except Moricandia (chlorotic) and Tournefortii (Table3). Tournefortii has deformed style and stigmatic surface. Oxyrrhina, Ogura, Moricandia (green) and Moricandia (chlorotic) showed one seed per siliquae when pollinated artificially with pollens of PB on 10 th day (Table 4). Tournefortii had the lowest number of seeds per siliquae even on the 1 st day of flower opening both under open pollination and artificial pollination conditions . A critical observation of data on number of seeds per siliquae obtained after pollination indicated that maximum number of seeds were set on 2nd day after flower opening in siifolia and Erucoides while on 2nd and 3rd day in Moricandia (green). In Moricandia a prolonged period of stigma receptivity up to 6 days was recorded giving 8 seeds/ siliquae . This indicated the peak stigma receptivity in these three CMS lines could be 2-3 days after flower opening.

The CMS lines possessing longer duration of stigma receptivity is useful for higher seed production. In our study a difference in per cent seed set under controlled condition compared to open pollination among CMS lines was observed. The CMS lines differed to produce at least 50 per cent seed per pod compared to its potential after an interval of flower opening under open pollination. Erucoides had longer duration (8 days) compared to Ogura and Moricandia (chlorotic) (7 days) and Moricandia (green)(6days). In Oxyrrhina lower than 50 % seed set was recorded after 4 days of flower opening (table 4). Therefore, Erucoides, Ogura and Moricandia would be desirable for hybrid seed production.

Maximum stigma receptivity in B. juncea was reported to be one day before the opening of flower [START_REF] Banga | Heterosis in Indian mustard[END_REF]. Difference in stigma receptivity could be due to genetic reasons. Maximum stigma receptivity in CMS lines of B. juncea was recorded one day before anthesis. It declined gradually till 3-5 days and drastically thereafter. However, stigma remained receptive for 6-8 days after anthesis (Mankar, 2000). He also observed a difference in stigma receptivity in CMS lines. Oxyrrhina and Siifolia had lower stigma receptivity (up to 6 days) as compared to that of Tournefortii (up to 8 days).

Thus, it can be concluded that on the basis of stigma receptivity and its favourable effects on the period of seed set and its number the CMS lines, namely Ogura and Moricandia (green) could be used successfully for hybrid development.

Introduction

Heterosis, a major force during crop evolution, has proved rewarding for productivity enhancement in a large number of field and vegetable crops. Quantitative genetic explanation for this phenomenon depends directly on existence of dominance and indirectly through interaction involving dominance effect at different loci in hybrids. Assuming heterosis as a function of heterozygosity, it can be considered as a function of parental diversity. Geographic diversity, singly or in combination with other measures of genetic diversity like combining ability analysis has been used in the past to assess parental diversity [START_REF] Tsaftaris | Molecular aspects of heterosis in plants[END_REF]. In spite of the past inconsistent results, documentation of diversity and its association with hybrid performance is critical since it helps in limiting the number of germplasm lines for evaluation in test hybrid combinations. In this communication an attempt has been made to assess genetic diversity in 36 B. napus germplasm lines of Indian and Australian origin, using multivariate analysis. In addition, linking hybrid performance of a fairly large number of F 1 combinations with divergence patterns in the germplasm was attempted.

Material and Methods

Experimental material comprised self bred genotypes of B. napus, originating from India and Australia, along with a set of 95 hand bred F 1 combinations. The F 1 combinations were developed on the basis of geographic diversity by crossing Australian lines as females with Canadian (Ashai), Indian canola (GSC 5 and OCN 3) and Indian non canola (GSL 1 and Neelam) lines as males. Parental lines and the hybrids (along with commercial check varieties) were raised separately as paired row in a balanced block design with two replications at row to row spacing of 45cm and plant to plant spacing of 10-15cm. Standard agronomic practices were followed throughout the crop season. Data were recorded for ten random plants per genotype/F 1 in each replication and averaged for key morpho-physiological characteristics including yield and its components. Statistical analysis for morphological data was conducted using the software programme NTSYS pc version 2.02e (Rholf 1998). Cluster analysis was conducted on the taxonomic distance matrix with the unweighted pair group method based Arithmetic average (UPGMA). A dendrogram was generated based on genetic distance matrix. Heterosis was estimated as increase or decrease in the mean performance of hybrid over commercial pure line, GSC 5, expressed as per cent.

Results

Mean data for twelve morpho-physiological traits of the parents was subjected to diversity analysis which partitioned the evaluated 36 germplasm lines into five major groups. The Group I comprised 13 Australian canola types, with dissimilarity coefficient of 0.30. Group II included seven Australian canola, seven Indian canola and two Indian non canola (GSL 1 and Neelam) types. Group III had two Australian (Monty and BST-7-2 M 2 ) and one Indian non canola type (GSL 2). Australian cv. Trilogy was the lone genotype in Group IV, this group appeared close to Group V which included two Indian canola types (GSC 5 and OCN 3). Last named two groups appeared most distinct with dissimilarity coefficient of 0.59 with respect to the remaining three groups. Based on genetic diversity, three sets of F 1 combinations were developed by crossing selected Australian lines as female with Canadian (Ashai), Indian canola ( OCN 3,GCS 5) and Indian non canola (GSL 1, Neelam) as males. These hybrids were evaluated against commercial canola cultivar, GSC 5. Average heterosis in these sets was 0.6, 19.8 and 37.5 per cent, respectively. Apparently, hybrids involving Australian germplasm and Indian non canola types were most productive. Intragroup hybrids generally showed negative heterosis. Notable exceptions from this trend were Charlton×GSL 1, Mystic×GSL 1 and Surpass×Neelam. Hybrid combinations [START_REF] Szot | Method of valuation of rapeseed pod resistance to shatter[END_REF] showing positive heterosis (>0) are presented in Table 2. It was observed that Group I Australian germplasm showed high heterosis following hybridization with Indian non canola (Group II) and canola (Group V) rapeseed cultivars. 

Discussion

Success of the commercial hybrid breeding programme is primarily determined by the extent of heterosis for productivity traits. As heterosis is considered to be an outcome of genetic complementation between divergent parents, several measures of genetic diversity have been used for predicting hybrid performance. These include geographic diversity (Lefort-Buson et al 1987) as well as the genetic distance between the parents involved in the hybrids [START_REF] Griffing | A study of the combing ability of corn inbreds having varying proportions of corn belt and non corn belt germplasm[END_REF]. Present study constitutes an important step to delineate genetic diversity in a fairly diverse sample of rapeseed germplasm with an aim to associate genetic diversity with standard heterosis. Diversity analysis allowed clustering of the test germplasm into five distinct groups. These were largely in accordance with known originating sources as well as available pedigree records. Australian germplasm largely clustered in two related groups, suggesting a narrow germplasm base. Group II was interesting as it comprised both Australian and several Indian canola types as well as non canola types. Most of the Indian canola/non canola rapeseed types have Canadian germplasm in their pedigree. Same may be true for Australian germplasm. Group IV and V were very distinct indeed. Analysis of combinations showing high heterosis clearly underlined the benefits of such diversity analysis in choice of parents for hybrid combinations. Intragroup hybrids largely showed negative heterosis. Group I Australian lines produced productive F 1 hybrids in combination with group V Indian canola types ( OCN 3,GSC 5). The study underlined the importance of international collaborative research to delineate rapeseed germplasm into distinctive hybrid breeding oriented gene pools.

Conclusions

Clustering of germplasm on the basis of morpho-physiological traits was largely consistent with known originating sources and available pedigree records. Crosses between Australian and Indian germplasm lines appear very productive and may find use in commercial hybrid breeding.

Introduction

It is widely accepted that the yellow-seeded rapeseed has a series of advantages, such as thinner seedcoat, lower cellulose, lignin and polyphenol content, higher oil and protein content, clear oil and higher feeding value than brown-or black-seeded materials. We began to collect and create the yellow-seeded germplasms of B. napus L. from 1980, till now the seven breeding programs have been carried out. The results showed that the yellow-seeded germplasms of B. napus L. could be gotten from ①the progeny of (B.campestris ×B.oleracea) ×B.napus; ②the progeny of (B.napus×B.juncea); ③the progeny of (B.napus×B.campestris); ④the progeny of (B.napus×B.carinata); ⑤the progeny of intervarietal hybrid in B.napus; ⑥irradiated progeny of B.napus (by Co 60 radial); ⑦the progeny of (B.campestris × B. oleracea var. aceaphala). More than one hundred yellow-seeded B. napus lines with different genetic background and yellow-seeded degree (YSD) had been created from these programs (Tang et al, 1997;Li et al, 2001).

We studied the formation mechanism and dynamic changes of pigments and related characteristics in the different developmental stages of testa of yellow-and black-seeded B napus by using three pairs of near isogenic lines. The research included pigme ① nts: chlorophyll, carotinoid, melanin, polyphenols, flavonoid and anthocyanidin; activity of related ② enzymes: polyphenol oxidase (PPO), phenylalanin ammonia-lyase (PAL), tryosinase(TRO), glutamine synthetase (GS), peroxidase(POD), 4-coumarate-CoA ligase (4CL), Cinnamyl-alcohol dehydrogenase (CAD), sinapyl-alcohol dehydrogenase (SAD) and ferulate 5-hydroxylase (F5H); related substances in seedcoat: total phenylalanine, tyrosine, ③ lignin content, husk content, cellulose content, total sugar content; second ④ ary metabolites:ρ-camarin acid, Caffeic acid, ferulic acid, sinapic acid, ρ-hydroxycinnamic acid, tannin, condensed tannin. The physiological studies showed that excepting total sugar content and activity of GS enzyme in seedcoat, there were much difference between yellow-and black-seeded B. napus L. in all substances and activity of related enzymes researched in seedcoat [START_REF] Ye | Dynamic studies on difference of seedcoat pigments and related characters between black-seeded and yellowseeded rapeseed lines (Brassica napus L.) in the developmental stages of embryo[END_REF][START_REF] Zhang | Genetic diversity of testa pigments and RAPD marker of yellow-seeded repeseed (Brassica napus L.)[END_REF][START_REF] Liang | Mechanism for the Formation of Distinctive Seedcoat Colour in Yellow-Seeded Rape (Brassica napus L[END_REF][START_REF] Liang | The relationship of color formation with related enzymes and protein contents in the seedcoat of oilseed rape(Brassica napus)[END_REF], which means that formation mechanism of seedcoat characteristics and pigments are very complex, the yellow-seeded trait should be affected by a lot of structure genes and some of regulator genes.

Through more than 20 years research on the genetic rule of seed color and breeding for yellow-seeded materials in Brassica napus L., some yellow-seeded B. napus L. lines and hybrid cultivars with a complete dominance yellow-seeded main effect gene had been bred. Following is the main research results and breeding strategy for yellow-seeded B. napus L..

Materials and methods

The five experiments had being done for the heredity of the seedcoat color in B. napus L. : the F0, ① F 1 and F 2 of 7×7 complete diallal cross of seven yellow-seeded lines (Brassica napus L.) from different genetic sources; the F0, ② F 1 and F 2 of the crosses between 2 yellow-seeded lines (Brassica napusL.) and 20 black-seeded lines; the F0, ③ F 1 , F 2 of 11 yellow-seeded lines (B. napus L.) test cross with ; the P ④ 1 ,F 1 ,P 2 ,B 1 ,B 2 and F 2 of GH06(yellow-seeded Brassica napus L.)×94005(black-seeded Brassica napus L.) and GH06×A800(Black-seeded B. napus L.) were studied by applying the major gene plus poly-gene model of quantitative traits genetic system through a joint analysis of multi-generations. ⑤ the F0, F 1 , F 2 populations of 5×5 complete diallal cross of five recombined inbred lines with different seed color.

Results

The genetic studies showed that the yellow ① -seeded lines from different genetic sources had different yellow-seeded genes, which had complete dominance or partial dominance or recessive effect, if all of the genes were aggregated in one yellow-seeded line through the composite crossing, the new yellow-seeded line (B. napus) would be 100% yellow-seeded ratio, high yellow-seeded degree and stable in heredity. there were different black ② -seeded genes which had different effect in a black-seeded line, if we hope get a good yellow-seeded hybrid of yellow-seeded line crossed with black-seeded line, it was necessary to choose homozygote dominance yellow-seeded line and homozygote recessive black-seeded line. the seed ③ color of some yellow-seeded mutants was controlled by one major complete dominance yellow-seeded gene and some modifier genes, however, the effects of additive and dominance of the modifier genes had important influences on the seedcoat color, it would be the main reason that the seedcoat color was different among the plants. the yellow ④ -seeded degree of seeds in F 1 plant would be as same as its yellow-seeded parent when the improved yellow-seeded mutants crossed with some improved black-seeded lines.

we suppose that the complete dominance yellow-seeded gene from mutant is Y 1 Y 1 , the recessive yellow-seeded genes from B.rapa or B.juncea are y 2 y 2 y 3 y 3 , s i s i s j s j (i=1,2,…,j=1,2,…)are yellow-seeded QTLs, and S i S i S j S j are black-seeded QTLs. The perfect yellow-seeded genotype should be Y 1 Y 1 y 2 y 2 y 3 y 3 s i s i s j s j . The breeding strategy for yellow-seeded B. napus L., black-seeded B. napus L. and yellow-seeded hybrid was put forward as fallow: 

Conclusions

The genetic study and breeding practice for yellow-seeded B. napus L. showed that ① the heredity of seed color in yellow-seeded B. napus L. lines would be stable when the homozygous genotype being bred, the heredity of seed color in segregative generations was true of Mendel's law of segregation; ② the sufficient expression of the complete dominance yellow-seeded major gene depended on two conditions, one was favorable genetic background (QTLs) for yellow-seeded trait in yellow-seeded parent, and another was homozygous genotype black-seeded parent with recessive black-seeded major gene and some favorable genetic background (QTLs) for yellow-seeded trait.

Introduction

The term heterosis was coined by [START_REF] Shull | Über die Heterozygotie mit Rücksicht auf den praktischen Züchtungserfolg[END_REF] as a descriptive synonym for hybrid vigor. This is a phenomenon in which the performance of an F 1 hybrids produced from a cross between genetically distant parents is superior to their midparent value or even to the better parent. Although this phenomenon has been extensively studied, its genetic basis is still not resolved. There exist three main hypotheses to explain the basis of heterosis: the dominance hypothesis (Davenport 1908), the overdominance hypothesis [START_REF] Shull | The composition of a field of maize[END_REF]) and the epistasis hypothesis [START_REF] Schnell | Zur Beeinflussung der Heterosis durch Epistasie[END_REF]. In our study we developed a new genetic map, and carried out QTL mapping for grain yield, early and late plant biomass in an attempt to elucidate the genetic basis of heterosis in rapeseed.

Materials and methods

Plant material:

The plant material consisted of a doubled haploid population of 250 lines developed from a cross between an inbred line of the commercial cultivar 'Express' and a resynthesized rapeseed line 'R53'. The doubled haploid lines were crossed with a male sterile line of 'Express' for the production of F 1 hybrids. In addition, in the greenhouse and field experiments the parents 'Express' and 'R53', the corresponding F 1 hybrid, and the commercial cultivar 'Elektra' were included as controls.

Genetic markers: SSR and AFLP marker techniques were applied for the development of the genetic map. The marker analyzes were carried out on an ABI PRISM ® 3100 Genetic Analyzer (Applied Biosystems, Foster city, USA). GeneScan and Genotyper software (Applied Biosystems, Foster city, USA) were used for raw data analysis and determination of fragment sizes.

Linkage analysis: Linkage analysis was performed using MapMaker/EXP 3.0 (Lander et al. 1993) with a minimum LOD score of 4.0 and a maximum recombination frequency of 0.4. The recombination frequencies were transformed to (cM) using the Kosambi mapping function.

Phenotypic experiments: The doubled haploid mapping population and its corresponding hybrids with the tester 'MSL-Express' were grown in replicated green house and field experiments. The field experiments took place at four locations in Northern and Central Germany following an alpha lattice design (26×10) with no replications. The heterotic traits of interest were plant height at maturity and total grain yield. The green house trial was focused on fresh shoot plant biomass, measured four weeks after sowing. It was carried out in multipot arrays with 9 pots per plot (9 plants per genotype). The experiment followed the same design used in the field trials with the difference that instead of four locations it was carried out with four replications.

Data analysis and QTL mapping: For the statistical analysis of the phenotypic data PLABSTAT Version 3A's LATTICE statement [START_REF] Utz | PLABSTAT: A computer program for statistical analysis of plant breeding experiments[END_REF] was used.

The phenotypic data from the doubled haploid lines and from the corresponding F 1 hybrids as well as the midparent heterosis of the doubled haploid lines and the corresponding hybrids were used separately as input for the QTL mapping. The QTL mapping and the estimation of the effects of the mapped QTL were performed with the software PLABQTL [START_REF] Utz | PLABQTL: a program for composite interval mapping of QTL[END_REF], employing composite interval mapping by a regression approach [START_REF] Haley | A simple regression method for mapping quantitative trait loci in line crosses using flanking markers[END_REF] in combination with the use of cofactores. The selection of coffactores followed Melchinger et al. (1998). The genetic effects estimated differ according to the nature of the mapping population and the input data. For the DH population the estimated main effect of a putative QTL is its additive effect (a). For the testcrosses the estimated effect is a combination of both dominance (d) and additive effect -(a + d)/2 and (a -d)/2 if the donor or the recurrent parent carries the beneficial allele, respectively. When the midparent heterosis is used in the QTL mapping, the estimated genetic effect represents the dominance effect (-d/2). Therefore the effects presented in Table 3 were multiplied by 2.

Results

Genetic map: A primary genetic map was developed in a subset of 96 doubled haploid lines. It includes 364 markers distributed across 21 linkage groups and covers 1969 cM of the rapeseed genome. The framework map for QTL mapping was constructed by mapping 188 of the most evenly distributed markers in the remaining 154 doubled haploid lines. It covers 1863 cM of the genome.

Heterosis: The F 1 and parental means as well as the average doubled haploid line performance and the average hybrid performance together with the corresponding relative heterosis are shown in Table 1 and2. For early plant biomass a highly significant midparent heterosis (MPH) of 33% was observed in the F 1 hybrid of the parents. The average heterosis for early plant biomass in the test crosses of the doubled haploid lines reached 12%. This decrease in comparison with the parental F 1 heterosis was expected since the tester 'MSL-Express' is genetically equivalent to the parent 'Express' used in the cross for the development of the doubled haploid population. This leads to 50% less heterozygous loci in the test hybrids than in the parental F 1 hybrid, explaining the twice-lower heterosis level. The plant height showed lower levels of heterosis: 16% and 14% for the F 1 hybrid of the parents and the average midparent heterosis of the test crosses, respectively. Significant midparent heterosis for grain yield of 30% was observed in the parental F 1 hybrid. The average testcross heterosis was 13%. 

QTL analysis:

The results of the QTL analysis using the three different datasets are presented in Table 3. 

Introduction

Brassica napus L. is one of the most important oilseed crops, and cytoplasmic male sterility (CMS) is an important approach to exploit heterosis in this crop (Fu 1995). CMS is a common trait in angiosperms [START_REF] Laser | Anatomy and cytology of microsporogenesis in cytoplasmic male sterile angiosperms[END_REF]. It is a maternally inherited trait that results in failure to produce functional pollen. CMS occurs in a variety of plant species and is often associated with novel mitochondrial open reading frames, which interfere with the proper functioning of mitochondria and pollen development [START_REF] Hanson | Plant mitochondrial mutations and cytoplasmic male sterility[END_REF][START_REF] Hanson | Structure and function of the higher plant mitochondrial genomes[END_REF][START_REF] Bonen | Genetic plasticity and its consequences:perspectives on gene organization and expression in plant mitochondria[END_REF]. In all cases to date, the mitochondrion has been the location of maternally-inherited traits that disrupt pollen development [START_REF] Hanson | Interactions of mitochondrial and nuclear genes that affect male gemetophyte development[END_REF]. Several CMS types have been reported in rapeseed, like ogu CMS [START_REF] Ogura | Studies on the new male-sterility in Japanese radish, with special reference to the utilization of this sterility towards the practical raising of hybrid seeds[END_REF]), tour CMS (Rawat and Anand 1979), Pol CMS (Fu 1981), nap CMS [START_REF] Thompson | Cytoplasmic male sterility in oil-seed rape plants[END_REF][START_REF] Shiga | Cytoplasmic male sterility in oil seed rape (Brassica napus L) and its utllization to breedling[END_REF][START_REF] Shiga | Cytoplasmic male sterility in rape plant (Brassica napus L)[END_REF]. Nine CMS lines in B. napus were classified into four types listed above by analysis of restorer and maintainer relationships and mtDNA RFLP [START_REF] Wegulo | Soybean cultivar responses to Sclerotinia sclerotiorum in field and controlled environment studies[END_REF].

Pol CMS was discovered in 1972 (Fu, 1981), and is the first CMS system to be applied widely in hybrid seed production (Fan et al 1986;Downey 1989;Robbelen 1991). The main disadvantage of pol CMS is that male sterility is sensitive to environment in different nuclear backgrounds, and selfing occurs in some situations which reduces hybridity levels in F 1 hybrids.

The genetic classification of CMS systems is a very important aspect of hybrid breeding. In maize, mtDNA of the T, S and C group had unique electrophoresis bands which could be used to classify the type of CMS [START_REF] Kemble | Classification of normal and male sterile cytoplatsms in maize .II.Electrophoretic analysis of DNA species in mitochondria[END_REF]; other methods of classification include male fertility restoration testing, RFLP of mtDNA and Sl, S2 plasmid-like DNA analysis. Following this approach, the cytoplasm of WBMs in maize, which was selected from the WBM population developed by Huazhong agricultural University, was classified into S-type of CMS (Li et al 2004). According to restorer and maintainer relationship, rice cytoplasm in sterile lines was classified into wild abortive type, Honglian type and Dian type [START_REF] Li | Primary discuss on the genetic classification of male sterility in rice of china[END_REF]. Mitochondria DNA can distinguish the cytoplasm types in CMS rice and maize [START_REF] Zheng | .MtDNA heterogeneity of cytoplasmic male sterility in maize.Acta[END_REF]Kadowakietal.1988). There are many reports of classification of CMS systems in sunflower, pearl millet and radish based on mitochondrial DNA [START_REF] Horn | CMS Sources in sunflower: different origin but same mechanism[END_REF]Seok-Hyen Nahm et al.2005;[START_REF] Delorme | Cytoplasmic-nuclear male sterility in pearl millet:comparative RFLP and transcript analyses of isonuclear male-sterile lines[END_REF].

Materials and methods

Plant materials

Five CMS lines and fourteen fertile lines of B. napus used in the experiment are listed in Table 1, These materials were planted in farmland till blooming, used for mensuration restorer and maintainer relationship of hau CMS in B. napus, including wide origin breeds of restorer genes and maintainer genes in B. napus CMS from Canada, Sweden and China. These breeding lines were used for male parents to test the induction of male sterility by five CMS lines. These breeding lines were pollinated onto the stigma of several CMS and F 1 plants to obtain progeny and compare the degree of male sterility. Immature buds of 6-102A and 6-102B were chosen for cytological Study. Buds were collected from five different CMS and maintainer lines of 6-102B in the field for extraction of total genomic DNA. Different probe/enzyme combinations were used for southern hybridization, and the type of hau CMS was identified according to the hybridization patterns of RFLP markers.

Cytological studies

Immature buds of 6-102A and 6-102B (1 mm in length) were fixed in the carnoy I solution for 24 h and then transferred into 70% ethanol for long term storage. The buds were inbeded in wax, sectioned and observed under electron microscope.

Analysis of restorer and maintainer relationship Thirteen breeding lines were used as male parents in order to test the induction of male sterility by several CMS lines (Table 2). These breeding lines were pollinated onto the stigma of several CMS and F 1 plants to obtain progeny and to compare the degree of male sterility occurring in their progenies. Hau CMS 6-102A has the same nuclear background as maintainer line 6-102B after eight backcross generations (BC8) with B. napus. The level of fertility was recorded using the classifying standards of Yang et al. (1991).

Total DNA extraction and mitochondrial probe

Total DNA from six lines was extracted using a modified CTAB method (Doyle et al 1990). Young and healthy leaves were ground into a fine powder with liquid nitrogen. About 10g of frozen powder was transferred into pre-labeled 50 ml polypropylene tubes, which were chilled with liquid nitrogen. A preheated (65°C) 20 ml extraction buffer (0.5 M NaCl, 100 mM Tris-HCl (pH 8.0), 50 mM EDTA (pH 8.0), 2% CTAB) was adjusted to pH 7.5 and 0.5 ml β-mercaptoethanol was then added to each tube. Each tube was mixed thoroughly with gentle agitation and incubated for 60 min at 65°C. Chloroform:isoamyl: alcohol (24:1) was then added to the tubes and mixed thoroughly with gentle agitation. The tubes were then centrifuged for 15 min at 6,500 rpm. Supernatant DNA was precipitated by the addition of an equal volume of ice-cold isopropanol. The precipitated DNA was rinsed twice with 70% ethanol, and transferred to a sterile 1.5 ml Eppendorf tube. The precipitated DNA was then dissolved in sterile water and quantified using agarose gel electrophoresis. DNA concentration and purity were measured by a Beckman spectrophotometer at a wavelength of 260 nm and 280 nm.

Table 2 Seven mitochondrial probes used for RFLP analysis Among six lines, five were different CMS types and one was a male RFLP analysis of mtDNA RFLP analysis was performed as previously described [START_REF] Kang | An interspecific (Capsicum annuum×C. chinese) F 2 linkage map in pepper using RFLP and AFLP markers[END_REF], with some minor fertile line. Total DNA was digested with five different restriction enzymes -EcoRI, EcoRV, HindIII, BamHI. Restriction digestion was carried out with 2 U restriction enzymes per microgram of DNA. Approximately 20 µg DNA was digested for 12 hour with each enzyme, with the total volume of 50 µl. Genome DNA was separated on 0.8% agar in 1X TAE buffer, and then transferred to nylon membrane, after which the membrane was conserved in 20xSSC. The probes were labeled with α-[ 32 P]dCTP. The labeled probes were denatured by alkali treatment with a final concentration of 0.4 N NaOH, and added to filters in 30 ml of hybridization buffer (5 ×SSC, 0.4% SDS, 5×Denhardt's reagent). Hybridization was conducted at 65˚C for 16 h. Filters were washed twice (cold 5 min and hot 15 min at 65°C) with 1 ×SSC, 0.1% SDS, and then again with 0.5×SSC, 0.1% SDS (hot 15min at 65°C). The filters were then placed under Agfa CP-BU film for several days, depending on the strength of the signal.

Results

Development of hau CMS in B. juncea and in B. napus

After ten generations of backcrossing, a stable sterile line was obtained in B. juncea, which was not affected by environment. The sterile degree and sterile rate were both 100﹪. This CMS was also transferred into B. napus and cruciferous vegetables through interspecific hybridization. The obtained B. napus CMS was also entire and stable when 6w-301 and 6w-307 were used as maintainers.

Fertility of Hau CMS in B. juncea

In B. juncea 6-102A, the sterility was stable, complete, and not effected by environment. The CMS line was tested for 10 consecutive generations within a five year period in Lanzhou of Gansu province and Wuhan of Hubei province in china. The fertility of all the plants studied were recorded as 0 grade. The degree and rate of male sterility were both 100 % (Fig 1A) 

Cytological observation of hau CMS anther development

Observation of the intact flowers of 6-102A showed that all stamens were reverted to petals. The reverted petals were similar in shape and color to the normal petals, but from the transverse section they were thicker with increased cellular layers and no archesporial cell formation resulting in no anther formation (Fig 2A). Sterility of hau CMS happened at anlage differentiation stage was earlier than other CMS systems. The anther development of maintainer 6-102B was normal, and each anther had four normal pollen sacs in papilionaceous shape (Fig 2B). The restorer and maintainer relationship of hau CMS Elucidation of restorer and maintainer relationship is one of the classical methods to distinguish the types of cytoplasmic male sterility. Mensuration of restorer and maintainer relationship of hau CMS in B. napus used more than 140 kinds of wide origin materials, including breeds from Canada, swden etc. Hau CMS 6-102A had the same nuclear background of genetics with maintainer line 6-102B after eight backcross generations (BC8) with B. napus, Chose 13 tested breeding lines of B. napus to cross with pol CMS, ogu CMS, our CMS, nap CMS and Hau CMS. In order to compare the degrees of male sterility between five CMS lines, the five lines were used as female parents for cross with 13 male fertile lines breeding lines,The progenies of Breeding lines 5900,5148,5200,6-300R were found to be fertile when crossed with pol CMS but the progenies of other four CMS lines were completely male sterile. The progenies of Breeding lines 6-260R were found to be fertile when crossed with tour CMS but the progenies of other four CMS lines were completely male sterile, similarly The progenies of Breeding lines 6-301R were found to be fertile when crossed with ogu CMS but the progenies of other four CMS lines were completely male sterile. The fertility of the F 1 was assessed to indicate that the restorer and maintainer relations of 6-102A was different to other types of CMS (Table 4). The research of restorer and maintainer relation studied about pol CMS,nap CMS,ogu CMS and cam CMS (Yang et al. 1991). The result of cross hybridization indicates that the offspring of Hau CMS cross hybridizing with pol CMS, ogu CMS, nap CMS and tour CMS had different fertile reactions (Table 4), therefore we can conclude that Hau CMS is be a novel type of cytoplasmic male sterility. 

RFLP analysis of mitochondrial DNA

The polymorphism of mitochondrial DNA was detected with mitochondrial probes atp1, orF 2 22, atp6, atp9 and OrF 2 63-atp6. Out of 40 mitochondrial probe/enzyme combinations, 16 combinations exhibited polymorphisms. Out of 16 combinations, 5 probe/enzyme combinations distinguished the five CMS systems e,g, atp6/ EcoRI, atp6/BamhI, atp6/ EcoRⅤ,atp9/ EcoRI, atp1/ BamhI, orF 2 22/ EcoRI (data not shown). Five probe/enzyme combinations identified the cytoplasm type of rapeseed CMS lines. 6-102A shows different bands from the other four CMS lines and maintainer line. The results indicates that 6-102A in B. juncea was quite different from Pol CMS, nap CMS, ogu CMS and tour CMS at the mitochondrial DNA level. The mtDNA hybridization atlas of 6-102A was also entirely different from the other five types of cytoplasm's, which exhibited obvious polymorphisms (Figure3). At the same mtDNA strips of 6-102A and 6-102B were also detected obvious polymorphisms with 24 of 40 combinations. All bands showed that the amount and location of hybridization strips were different (Fig 3) India (Rawat and Anand 1979). This sterile cytoplasm was regarded to be originated from Brassica Tourefortii, which was produced by far hybridization between B.juncea and B. Tourefortii, and was a kind of alloplasmic male sterility. a chimeric orF 2 63 was in the vicinity of the atp6 gene, which may be responsible for the expression of the tour CMS phenotype. (Landgren et al. 1996;Stiewe G et al.1994).Tournefortii-Stiewe CMS is associated with a special gene arrangement around a novel atp9 gene.Rearrangements upstream for one of these genes have generated a chimeric 193-codon ORF, which is designated as orF 1 93. (J.-H. Dieterich et al .2003).OrF 1 38 is ogura CMS-associated region by comparing the CMS cybrid with its fertile revertant [START_REF] Bonhomme | A 2.5 kb NcoI fragment of ogura radish mitochondrial DNA is correlated with cytoplasmic male-sterility in Brassica cybrids[END_REF][START_REF] Bonhomme | Sequence and transcript analysis of the Nco 2.5 ogura-specific fragment correlated with cytoplasmic male sterility in Brassica cybrid[END_REF]. Concerning to this novel sterile type hau CMS, we need to isolate the related gene area of hau CMS for more detailed study of its controlling mechanism. We also need to find the restoring line, isolate and clone rapeseed Rf gene(s)., It will be very interesting to study the expression of Rf gene and the interaction between Rf gene and sterility associated mt DNA location. For the long run, we will aim at discovering the mechanism of CMS fertility, maintainance and restoration.

Introduction

A number of cytoplasmic male sterility (CMS) systems are available in Indian mustard (Brassica juncea). However, no commercial hybrids are yet recommended for cultivation due to problems mainly associated with fertility restoration. These systems are expected to play important roles in hybrid development with/without appropriate restorer systems in future. The production of hybrid seed is an important aspect in extension of hybrid seed technology. Standardization of planting ratio is one aspect for an economic hybrid seed production and it is more valid for a species that is predominantly self-pollinated. A higher frequency of male rows in a planting ratio gave higher hybrid seed set in Indian mustard (Banga et. al., 1993). It was in the order of 2:4>1:2>1:3>1:4 (M: F). A significant reduction in hybrid seed set was recorded when the male: female ratio was changed from 1:3 to 1:4. This was associated with higher number of pods with few or no seeds in general. The seed yield reported by the workers was too low (maximum of 417kg/ha with 1:3 planting ratio) to draw any valid practical conclusion on planting ratio in economic hybrid seed production. Therefore, with availability of more number of stable CMS lines in a similar nuclear background studies were made (i) to assess and select the promising CMS systems for hybrid seed production and (ii) to evaluate the effect of differential planting ratios on hybrid seed production of few promising CMS systems.

Materials and Methods

Experiment I

Seven CMS systems viz., Oxyrrhina, Siifolia, Tournefortii, Ogura, Moricandia (green), Moricandia (chlorotic) and Erucoides in Pusa Bold background (used as a maintainer variety, also a popular variety) were used for this study. All these CMS lines were grown in the field of Indian Agricultural Research Institute, New Delhi in Rabi, 2002 following a uniform planting ratio of 10:2 (CMS: pollen parent i.e., Pusa Bold) in a randomized block design with 4 replications each. The row-torow and plant-to-plant distances were 45 and 15cms respectively with a row length of 5m. The rows were oriented against the prevailing wind direction. All recommended agronomic practices were followed to grow a normal crop.

The male fertile plants in the CMS lines were rogued out at the time of flowering. Number of plants harvested in each row was recorded. The seeds were threshed and weighed separately row-wise. The seed yield of a row located in a similar position from the pollen parent row were pooled to obtain seed yield per plot i.e., row position (1 st , 2 nd , …5 th ) from the pollen parent row. The 1 st row is the nearest while the 5 th is the farthest (central position) from the pollen parent row. The seed yield was also estimated per hectare considering the net area for calculation. Analysis was done following usual statistical procedures.

Experiment II

Based on results obtained in Experiment I two best performing CMS lines viz., Ogura, Moricandia (green) were selected for further study under different row ratios. These were grown in three planting ratios i.e., 8:2; 12:2 and 16:2 (CMS: pollen parent) taking Pusa Bold as pollen parents in the field of Indian Agricultural Research Institute, New Delhi in Rabi, 2003.The experiment was laid out with 3 replications in 5m rows with row-to-row and plant-to-plant spacing as 45 and 15 cms respectively. The experimental layout was such that different planting ratios are in a block covering the three replications.

The two CMS lines also were planted in separate blocks. It was done to restrict the honeybee movement to some extent within a planting ratio. The distance between two replications kept was 5 m to avoid pollen dispersal through winds to a greater extent.

CMS Lines

Replication 

Results

Experiment I

The mean number of plants per plot i.e., two rows of 5 m length in the different row positions over CMS lines had been similar. There was no significant difference in the plant stand among the CMS lines except in Tournefortii. Moricandia (green) (73.53) had the highest mean plant population per plot and Tournefortii had the lowest (55.15) (Table 1). The low plant stand in Tournefortii was because of low seedling emergence.

There was a significant difference in seed yield per plot in different row positions. The 1 st two rows nearest to the pollen parent rows had the highest seed yield (609 gm) and the central rows located in 4 th and 5 th had the lower seed yield (i.e., 531 and 541 gm respectively) across the CMS lines (Table 2). The CMS lines also showed significant difference for seed yield per plot. Ogura and Moricandia (green) produced 883 and 852 g seeds respectively on the whole plot basis (Table 2).

The row wise seed yield data indicated that in general female rows just beside the male row had the highest seed yield and it reduced gradually towards the central row positions (4 th and 5 th row from the pollen parent row) (Table 2). However, the declining trend in seed yield towards the central rows was not observed in case of Ogura and Moricandia (chlorotic). This may be attributed to the attractiveness /preference of flowers of Ogura by honeybees. The similar seed yield among different row positions in case of Moricandia (chlorotic) could be due to its late flowering compared to that of other CMS lines for which honeybee population foraged on it was maximum. This indicated that there is a need of undertaking seed production in different planting ratios for CMS lines. Ogura and Moricandia (green) yielded to the extent of 1958 kg and 1893 kg/ha. Tournefortii was the lowest (376 kg/ha) yielder among the CMS lines (Table 3). This may be attributed to the floral and pod deformity in this CMS line.

Experiment II

Based on the results of the Experiment I, the two higher yielding CMS lines namely Ogura and Moricandia (green) were identified. These were grown in three planting ratios i.e., 8:2, 12:2 and 16:2 for standardization of hybrid seed production. The results indicated a non -significant difference in seed yield among different row ratios. However, maximum seed yield of Moricandia (green) and Ogura obtained was 15.75q/ha in 8:2 and 16.32q/ha in 16:2 planting ratios respectively. This validated our earlier observations of non-significant differences in seed yield among the row positions for Ogura.

Seed yield per row in two CMS lines planted in 3 planting ratios indicated that the seed parent rows of Moricandia farther from the pollen parent rows had a decline in seed yield as compared to that of rows nearer to the pollen parent (Fig. 1). However, in case of Ogura, there was an inconsistency in seed yield decline among the rows in relation to their position from the pollen parent in all the planting ratios. This indicated a possibility of undertaking seed production in a wider planting ratio in Ogura without considerable yield reduction in this CMS line.

Discussion

In B. juncea outcrossing ranging from 7.6 to 18.1 % has been demonstrated [START_REF] Williams | The pollination requirements of Swede rape (Brassica napus L.) and of turnip rape (Brassica campestris L[END_REF]. Though B. juncea is a predominantly self-pollinated species in nature, role of winds and insects cannot be ignored. It was reported that air-borne pollen can move up to 35 m from the pollen source maximum being up to 5 m [START_REF] Singhal | Wind pollination in Indian mustard [Brassica juncea (L.) Czern and Coss][END_REF]. This was reflected by the percent seed bearing pods, seeds per pod and seed yield. It was found that beyond 2 nd row i.e., 1.35 m distance from the pollen source no pods set leading to no seed production. It is to be noted that distance between rows was 90cms between the pollen parent and seed parent rows and 45cms among the seed parent rows.

The experiment conducted with 5:1 (Female: Male) planting ratio showed a decline in percent seed set, seeds per siliquae and seed yield per row in the seed parent rows farther from the pollen parent rows both under wind pollination and open pollination [START_REF] Singhal | Wind pollination in Indian mustard [Brassica juncea (L.) Czern and Coss][END_REF]. Therefore, our results validated that of their study.

Foraging by honeybees play the most crucial role in pollination. The differences in the bee activity between the parental lines is obvious because of the fact that the seed parent lines are devoid of pollens which is present in pollen parent. This possibly restricted their movement to the pollen parent rows and to the seed parent rows nearer to the pollen parent to a greater extent. The differential movement of honeybees from pollen parent row to the different seed parent rows was also observed in sunflower by the author (unpublished data). [START_REF] Singh | Altered phenotypic response of Peronospora parasitica in Brassica juncea seedlings following prior inoculation with an avirulent or virulent isolate of Albugo candida[END_REF] reported higher population of honeybees upto 4 th and 5 th seed parent rows from the male rows in 8:1 planting ratio indicating role of distances from the male row in honeybees foraging activity. Similar results were reported in sunflower (Drane et.al., Satyanarayana and Seetharam, 1982; DeGrandi-Hoffman and [START_REF] Degrandi-Hoffman | The size and distribution of the honeybee (Apis mellifera L.) cross-pollination on male sterile sunflowers (Helianthus annuus L.)[END_REF] and in cotton (DeGrandi- [START_REF] Degrandi-Hoffman | Identification and distribution of pollinating honeybees (Hymenoptera: Apidae) on sterile male cotton[END_REF]. However, [START_REF] Skinner | Abundance and spatial distribution of bees visiting male-sterile and male-fertile sunflower cultivars in California[END_REF] did not observe differences in honeybees number as a function of distance from pollen parent.

A higher female: male planting ratio did not show any significant adverse effect on the average seed yield per row obtained in different planting ratio and in case of Ogura. In case of Moricandia (green) a narrow planting ratio i.e., 8:2 gave higher seed yield as compared to that in other two planting ratios i.e., 12:2 and 16:2 although higher number of seed parent plants are available in the later planting ratios. Therefore, it can be concluded that planting ratio must be standardized for different CMS lines for seed production.

A decision on the planting ratio to be followed depends also on the existing natural bee population available at a given location, the area under the crop including other competing crops. Supplementing with additional bees through keeping beehives, the planting ratios could be modified.

The limitation of conducting the experiment is lack of control on the pollinator as such. Their behaviour to forage on the desired attractive flowers with more nectar content could be possible factor to influence them. However, with the limitations in field it was indicated that the distance between the pollen parent and seed parent had a role to determine the planting ratios. The role of wind cannot be ignored at least up to the 3 rd row i.e., 135 cms from the pollen parent row. It is thus suggested to follow a planting ratio of 8:2 in Moricandia (green) and 12:2 or 16:2 in Ogura based CMS hybrid seed production. 

Introduction

Cytoplasmic male sterility (CMS) is a main pollination control system for oilseed rape hybrid seed production in China (Fu, 2004). Alloplasmic male sterility has the advantage of less sensitivity to temperature, thus increases the safety of using oilseed rape hybrid seeds in oilseed rape production. Interspecific and intergeneric hybridization are efficient approaches for the induction of alloplasmic male sterility (Delourme and Budar, 1999). Somatic hybrids between Brassica napus and Sinapis arvensis with Chinese origin displayed male sterility with high female fertility [START_REF] Hu | Production of fertile intergeneric somatic hybrids between Brassica napus and Sinapis arvensis for the enrichment of the rapeseed gene pool[END_REF]. From these hybrids, a cytoplasmic male sterile line was established after backcross to the B. napus parental line [START_REF] Hu | dentification and genetic analysis of the fertility restoring gene for dominant male sterility accession Shaan-GMS[END_REF]. This CMS line was named Nsa represents napus, sinapis and arvensis, respectively)CMS, which is the first alloplasmic male sterile line developed in China by intergeneric somatic hybridization. In order to use this sterile system for oilseed hybrid variety development, it is necessary to confirm the novelty of this cytoplasm and to develop restorer lines for hybrid production. This paper reports the results of cytoplasmic determination and the development of the three lines for hybrid production.

Materials and methods

Fertile somatic hybrids were self-propagated and sterile ones were backcrossed to the B. napus fusion parent. Over 200 B. napus breeding lines/varieties were used for test cross. Test cross and specific PCR primers were used for maintainer-restorer relationship determination and analysis of specific mitochondrial DNA fragments. F 2 population derived from the CMS line and a restorer was used for marker identification.

Results

The sterility of Nsa CMS is complete and more temperature stable

The flowers of Nsa CMS plants are much smaller than normal B. napus plants, with non-extended stamens, wedge shaped and brownish anthers which do not release any pollen (Fig 1a). Selfing by bag-isolation of Nsa CMS plants did not result any seeds, whereas some seeds were set on Shaan 2A plants maintained by the same line after self ing (Fig 1b, Table 1).

Restorer-maintainer test and PCR of specific fragments showed Nsa is distinct from other CMS

Two hundred and twenty-two rapeseed varieties or breeding lines, including restorers of Pol CMS, nap CMS and Nca CMS, were test crossed with the CMS line. Fertility determination of the F 1 s showed all B. napus lines are maintainers of this CMS. PCR primers which can amplify specific bands from Ogu CMS and Pol CMS did not amplify Ogu CMS or Pol CMS specific bands (Fig. 2a,b). A pair of Rep-PCR primers can amplify an Nsa CMS specific band, thus distinguishs Nsa CMS from other CMS systems (Fig. 2c).

Fertility restorer lines were identified among lines derived from fertile somatic hybrids

Six lines which restored the fertility of Nsa CMS were identified after test cross with a restoration rate ranged from 93.7%-100% (Table 2). They were all derived from partially fertile somatic hybrids either by self-propagation or backcross with B. napus. The restored plants released stainable pollen grains and have normal flowers (Fig. 3a,b,c). Selfing of the F 1 plants yielded seeds as normal as ordinary fertile lines. 

Fertility abortion of the CMS started from meiosis and the restorer contains mainly cells with 40 chromosomes

Ultrastructure and microstructure observations showed that the fertility abortion started from the beginning of meiosis. The pollen mother cells started to degrade and vacuolated under electro-microscopy (Fig. 4a). Abnormality could be observed throughout the whole meiosis process, such as irregular division of the chromosomes at anaphase I and hexad formation (Fig. 4c,e,g). Finally, spores could not be developed and no functional pollen grains could be produced.

Cytological analysis of one of the restorer lines showed that the line had 40 chromosomes, indicating it is a disomic addition line with two extra chromosomes probably come from the alien species S. arvensis (Fig. 5a). Meiosis of the restore line showed most of the cells had 20 bivalents, and tetrads with spores of 20 chromosomes were most frequently observed, implying the high possibility of a homo-disomic addition line of the restorer (Fig. 5b,c). 

Discussion

Due to the stability of Nsa CMS, the perspective of this CMS system for hybrid variety development is promising. However, the restorer line which contains two more additional chromosomes may render the development of stably inherent restorer lines more difficult. And it is likely that the restorer genes reside on the additional chromosomes. Preliminary results also showed that the restorer lines possess high resistance to Sclerotinia stem rot and pot shattering. Further efforts should be paid on facilitating the introgression of restorer genes into B. napus chromosomes in order to obtain more useful restorer lines.

Introduction

Genetic diversity in canola (Brassica napus, AACC, 2n=38) is narrow [START_REF] Hasan | Surveying genetic diversity in the Brassica napus gene pool using SSR markers[END_REF]Seyis et al., 2003), and this needs to be broadened. The resynthesis of B. napus by crossing Brassica rapa (AA, 2n=20) and Brassica oleracea (CC,2n=18) has been considered to be an important strategy for broadening the genetic diversity in B. napus (Seyis et al., 2003;[START_REF] Engqvist | What can resynthesized Brassica napus offer to plant breeding?[END_REF]. However, in this approach non-canola quality traits are also introduced into the seeds of resynthesized B. napus from its parental species, especially from B. oleracea where no canola quality (≤2% erucic acid in oil and ≤30 µmol glucosinolate/g seed meal) germplasm is available. In this context, development of a canola quality B. oleracea is needed for efficient broadening of the genetic diversity in canola. This can be accomplished through introgression of canola quality genes from B. napus by crossing and backcrossing between these two species.

The cross between B. napus and B. oleracea is known to be quite difficult [START_REF] Downey | Rapeseed and Mustard[END_REF]. It has been used to transfer self-incompatibility traits (Ripley and Beversdorf, 2003) and cabbage aphid resistance [START_REF] Quazi | Interspecific hybrids between Brassica napus L. and Brassica oleracea L. developed by embryo culture[END_REF] from B. oleracea to B. napus; as well as triazine resistance (Ayotte et al., 1987) and resistance to Plasmodiophora brassicae [START_REF] Chiang | Transfer of resistance to race 2 of Plasmodiophora brassicae from Brassica napus to cabbage (B. oleracea var. capitata). I. Interspecific hybridization between B. napus and B. oleracea var. capitata[END_REF] from B. napus to B. oleracea. In Brassica it often occurs that self-pollinated progeny from the cross between amphidiploid and diploid species is stabilized into the amphidiploid type; while backcrossing of the hybrids with the diploid parent yields diploid type plants in the segregating population (Rahman, 2001;[START_REF] Zaman | Limitations for introgression of yellow seed coat colour in Brassica napus[END_REF]. Therefore, it is difficult to introgress a trait from canola B. napus into B. oleracea, as extensive effort is needed to obtain viable F 1 hybrids; as well as backcrossing the F 1 with B. oleracea to obtain BC 1 hybrids. To create an ample amount of offspring to work with, an efficient method of producing F 1 and BC 1 hybrids from these two species is needed. The objective of this study was to determine the optimal temperature and time of rescue of hybrid embryos for the interspecific cross between B. napus and B. oleracea var. alboglabra.

Materials and methods

Two canola quality Brassica napus doubled haploid lines, HiQ and A01-104NA, and one highly inbred (F 7 ) non-canola quality Brassica oleracea var. alboglabra line were used. Parental plants were grown in two growth chambers set at 20°/15°C and 15°/10°C day/night temperatures with a 16 hr. diurnal period. In each growth chamber the three parents were grown in two replications. There were four plants for each B. napus parent and eight B. oleracea plants in each replication. Reciprocal crosses were made where individual female plants were pollinated with bulk pollen from 4-8 randomly selected male parents. For all crosses siliques were harvested at two day intervals between 6 and 16 days after pollination (DAP), and were used for rescue of hybrid embryos. Excised siliques were surface sterilized with a 7% calcium hypochlorite solution for 10 minutes, and then rinsed twice with distilled water. The siliques were longitudinally dissected under aseptic conditions, and developing (fertilized) ovules were excised and counted. Developing ovules were determined to be those with a healthy and non-shrunken appearance. A small incision was made on the non-micropylar end of the developing ovules and these were floated on approximately 5 mL liquid medium in a 60×15 mm petrie dish. Liquid medium was the same as that used by Ripley and Beversdorf (2003): [START_REF] Nitsch | The induction of flowering in vitro in stem segments of Plumbago indica L. I. The production of vegetative buds[END_REF] medium supplemented with 300 mg L -1 casein hydrolysate, 200 mg L -1 glutamine, and a 13% concentration of sucrose. The medium was adjusted to a pH of 6.0, and was filter-sterilized. Cultured ovules were placed on a shaker set at 60 rpm. After 2-3 weeks on the shaker, the number of developing embryos resulting from cultured ovules was recorded.

Comparisons of mean fertilization rates of ovules were done by two sample t-test with unequal variances. For yield of hybrid embryos, chi-square analysis was performed using proc CATMOD in the SAS system (Statistical Analysis System, Inc. 1999), with a null hypothesis that there was no difference in the number of hybrid embryos per pollination between the six DAP (6)(7)(8)(9)(10)(11)(12)(13)(14)(15)(16) and two temperatures (20°/15°C and 15°/10°C). Due to the small number of embryos produced, data from the crosses involving HiQ and A01-104NA were pooled as 'B. napus'. Self-pollination of B. napus and B. oleracea were used as a control in this experiment.

Results

Self-pollination of B. napus yielded (17.0 ± 2.4) fertilized ovules per silique, while self-pollination of B. oleracea yielded (9.8 ± 5.7) fertilized ovules per silique. In general, interspecific crosses using B. napus as the female parent yielded a lower number of fertilized ovules per silique (3.8 ± 2.3) than crosses using B. oleracea as the female (7.4 ± 3.8). No significant difference for number of fertilized ovules was found due to growth condition (15°C vs. 20°C) while using B. napus as the female parent. However, using B. oleracea as the female parent, a significantly higher number of fertilized ovules per silique were obtained at a lower temperature (4.4 ± 1.9 vs. 9.8 ± 3.4; t=4.78, p≤0.01; Table 1). This was also evident from selfpollination of B. olerecea. Embryo yield was extremely low/zero at 6-8 DAP in all crosses. A significant interaction was found between temperature and DAP (χ 2 =9.46, P≤0.05) for embryo yield. Overall, using B. napus as the female parent, the greatest efficiency of embryo rescue occurred when siliques were harvested at 14 DAP and developed under 15°/10°C temperature, where 0.26 embryos per pollination were rescued (Figure 1). On the other hand, using B. oleracea as the female parent, the yield of rescueable embryos was significantly greater at a higher temperature than at a lower temperature (χ 2 =17.22, P≤0.01; Table 2). For this cross, only 0.7 % of fertilized ovules at a lower temperature yielded rescueable embryos, compared to 5.6% of fertilized ovules at a higher temperature. The highest number of embryos per pollination was obtained at 16 DAP under 20°/15°C, yielding 0.36 rescueable embryos per pollination (Figure 1). Furthermore, 97% of all embryos were obtained at 12-16 DAP for this cross.

Discussion

Several investigations have been done to improve the hybridization efficiency between relatives in the Brassicaceae family [START_REF] Rahman | Optimum age of siliques for rescue of hybrid embryos from crosses between Brassica oleracea, B. rapa, and B. carinata[END_REF]Zhang et al., 2004;[START_REF] Inomata | Embryo Rescue Techniques for Wide Hybridization[END_REF]Ayotte et al., 1987;[START_REF] Bajaj | Interspecific hybridization of Brassica napus and B. juncea through ovary, ovule, and embryo culture[END_REF][START_REF] Takeshita | Application of ovule culture to the production of intergeneric or interspecific hybrids in Brassica and Raphanus[END_REF]. These studies focused primarily on the method of embryo rescue, time of harvest of hybrid embryos (DAP), and type of culture media. To the best of our knowledge, no studies have been done on the effect of growing temperature and age of siliques on the efficiency of embryo rescue for the production of interspecific hybrids. The data presented in this paper suggest that the efficiency of embryo rescue in a B. napus and B. oleracea var. alboglabra interspecific cross depends greatly on the interaction between maternal genotype and temperature. The slower growing species B. oleracea var. alboglabra yielded the greatest number of hybrid embryos under higher temperatures, and at 12-16 DAP. On the other hand, the relatively rapid growing species B. napus yielded the greatest number of hybrid embryos under lower temperatures, and at 14-16 DAP. The results of this research can be applied for efficient production of interspecific hybrids of B. napus×B. oleracea crosses. 

Introduction

Chinese semi-winter rapeseed differs from spring and winter rapeseed from other parts in the world mainly due to the introgression from Chinese B. rapa. Recent researches have shown that some alleles from Chinese semi-winter rapeseed and Chinese B. rapa can favourably contribute to rapeseed seed yield (Qian et al. 2003, Qian et al. 2005;[START_REF] Udall | References[END_REF]. The main objectives of this study are, 1) to investigate the genetic changes by comparing normal rapeseed with new type rapeseed introgressed the genomic components of Chinese B. rapa, 2) to evaluate the potential of semi-winter rapeseed for hybrid breeding in spring and winter rapeseed, and vice versa, 3) to estimate the genetic effects involved, and 4) to estimate the correlation of parental genetic distance (GD) with hybrid performance.

Materials and methods

45 cultivars were chosen from the main rapeseed growing regions in the world to estimate genetic diversity using AFLP with 29 primer combinations. The material can be grouped as follows: 1) 10 new type rapeseed carrying genomic components of Chinese B. rapa (N group), including three F 6 lines derived from crosses between Chinese B. napus and Chinese B. rapa, three BC 1 F 6 lines derived from crosses (Chinese B. napus × Chinese B. rapa) × Chinese B. rapa (Qian et al. 2005), four new type F 4 lines derived from crosses Chinese B. napus × (B. carinata × Chinese B. rapa) (Li et al. 2005), 2) 9 semi-winter rapeseed from China (C group), including 4 parental B. napus of new type rapeseed and 5 elite inbred lines, 3) 9 winter rapeseed from Europe (W group), and 4) 17 spring rapeseed varieties from Europe, Canada and Australia (S group). Among them, 6 spring lines, 2 lines each spring rapeseed growing regions, and 4 winter lines, were crossed with 14 semi-winter rapeseed from China (10 new lines and 4 lines of their parental B. napus) to develop F 1 hybrids. The hybrids were evaluated together with their parents and commercial hybrids at different locations during two years. 8 spring rapeseed environments in Europe and Canada for 52combinations between 4 spring and 13 semi-winter lines, 4 winter rapeseed environments in Germany for 56 winter by semi-winter combinations and 3 semi-winter rapeseed environments in China for all 140 hybrids.

Results

1) Genetic diversity and evolution

Analyses of the 799 polymorphic AFLP fragments revealed that within groups, the new type rapeseed had the highest genetic diversity, followed by the semi-winter normal rapeseed from China. Spring and winter rapeseed had the lowest genetic diversity. Among groups, the new type rapeseed group had the largest average genetic distance to the other three groups (Table 1). This suggests that the introgression of Chinese B. rapa had increased the genetic variation of rapeseed. 2) Rapeseed heterotic patterns Although the exotic lines were not well adapted to the local environments, with poor seed yield per se, the hybrid combinations exhibited high heterosis for seed yield. In the spring rapeseed growing environments 92% and 68% combinations were above the mean performance of their parents for seed yield and oil content, respectively. Half of the combinations were superior to the local commercial hybrids for seed yield in the 2 winter rapeseed environments in the first year. Regarding the semi-winter growing regions in China, winter by semi-winter combinations exhibited higher heterosis than spring by semi-winter combinations (Figure 1) although the former flowered later and had a shorter time to develop seed. Weak association of parental GD was found with hybrid performance and heteosis, but the correlation between GCA (f + m) and hybrid performance was high and significant, e.g. for spring by semi-winter combinations (Table 2). Additive effects of the genes mainly contributed to hybrid performance as revealed by the predominance of variance of GCA over those of SCA in all of environments. In conclusion, rapeseed heterotic patterns using exotic germplasm can be used in hybrid breeding programs. 

Discussion

The germplasm of rapeseed is narrower in comparison with its two parental species partly due to its short history of domestication. Our results suggest that introgressions into B. napus from Chinese B. rapa significantly increased the genetic diversity, and that this introgression played an important role in Chinese rapeseed evolution in respect of the procedure of rapeseed domestication in China (Qian et al. 2006). The possible explanations are easy crosses between B. rapa and B. napus, and clear difference between Asian and European B. rapa since current rapeseed originated from a spontaneous hybridization between B. rapa and B. oleracea in Europe. The study of heterotic patterns also shows that Chinese semi-winter rapeseed exhibited favourable alleles for seed yield and other agronomic traits different from winter and spring rapeseed.

Interestingly, we found that some lines with high GCA in one environment or growing region generally exhibited the same tendency in other environments or regions. This is in accordance with the role of additive effects mainly contributing to hybrid performance detected in this study. It is useful to shuttle breeding by exchanging elite germplasm among different rapeseed growing regions. 

Introduction

Heterosis in seed yield of winter oilseed rape (WOSR) is well-known since many years. In 1996 the company NPZ-Lembke started the marketing of the first F 1 hybrid varieties, based on the male sterility Lembke (MSL). After ten years experience in development and cultivation, the European seed market has adopted this variety type to the benefit of the whole rape seed industry.

Materials and methods

The MSL system has been developed by NPZ-Lembke as a private genetic male sterility system. Several motherlines have been developed by crossings and backcrossing into high yielding backgrounds.

The MSL system can be described as follows:

-Good environmental stability of the male sterility -Very good restoration of fertility -Almost all varieties resp. lines are very good restorers -No penalty on yield or other agronomic characters of the hybrid -Glucosinolate content of the hybrids is similar or less than mid-parent level -Commercial seed production can be carried out in different environments with medium to good seed yields on the motherline and with high hybridity levels More than 40 MSL hybrids of WOSR have been registered in different national lists in Europe and commercially grown with great success.

Results

The development of the acreage of MSL hybrids is demonstrated in figure 1. Since 1996, the acreage has been continuously increased. In 2006/07 there are more than 1.3 MN hectares planted with MSL hybrids in Europe which is about 21 percent of the total acreage. Around 900,000 hectares thereof are planted in Germany representing a market share of more than 60%. In many other countries, e.g. Switzerland, Austria, Denmark, Sweden, Czech Republic and Ukraine, MSL hybrids are cultivated on-farm with commercial success.

The yield benefit of F 1 hybrid varieties in comparison to open-pollinated (OP) varieties has been demonstrated in a lot of variety trials. Figure 2 demonstrates the advantage of hybrids in the official variety recommendation trial network in Germany. The mean yield advantage over 11 years in 712 trials is 0.31 t/ha. The same or even higher benefit has been measured on farmers' fields (figure 3). The eight-year mean, based on a panel of 17,029 farmer interviews, revealed an average of 7% higher seed yield on-farm. It is obvious that F 1 hybrids have better yield stability under difficult growing conditions, they are better adapted to late sowing conditions, conservation tillage systems etc. Many new MSL hybrids have been developed which have merits in special characters (table 1). Experience has been gained in hybrid seed production, which is carried out in alternating female and male strip cultivation in suitable environments by well-trained and supervised seed producers. The hybridity level of each seed lot is measured in field grow-out tests, all seed lots sold are well above the 90% limit (figure 4). 

Discussion

After one decade of breeding MSL WOSR hybrid varieties, a lot of experience in breeding, seed production and cultivation has been achieved. Today the main obstacle in breeding high yielding F 1 hybrids is the lack of high heterosis between adapted double low inbred lines. We have introduced new and exotic germplasm in our breeding programme which will be selected for improved general combining ability (GCA). Further on the use of molecular markers for estimating genetic distances is a great challenge and part of current breeding programmes. Also the selection of adapted inbred lines for specific growing areas like atlantic or continental types is on the way. In order to reduce plant height and to improve straw stiffness, semi-dwarf hybrids will be of interest. There is no or less heterosis in oil content and disease resistances. Therefore these characters must be improved within the genepools of motherlines and fatherlines, which is part of recurrent selection procedures. Further genetic progress in new hybrids will be introduced to the market within the next years.

Introduction

The inheritance of dominant genic male sterility (GMS) in Brassica napus L. was demonstrated (Li et al., 1985;1986;1987;1988). A three-line method was established to produce hybrid seeds (Li et al., 1995). After improvement of the homozygous two-type line, a double low hybrid variety Heza 7 was developed by the three-line method in Brassica napus L. [START_REF] Zhou Xirong | Breeding of a dominant genic male sterility (GMS) hybrid variety Heza 7 with double low erucic acid and glucosinolate content in Brassica napus L[END_REF]. It was the first dominant GMS hybrid variety that was released by the National Crop Registration Committee.

Because there is no distinct morphologic difference between sterile and fertile plants of the homozygous two-type line, fertile plants can completely not be rogued in the field of production for the full sterile line by use of the temporary maintainer line as male parent. The sterile plants can be pollinated by male parent and the residual fertile plants of female parent. The purity of the full sterile line may drop to 95% or lower. Therefore, the indicative character must be used to firmly preserve the sterile rate of the full sterile line about 100%.

Generally, the color of rapeseed flowers is yellow, but also orange, clear yellow, white and so on (Liu, 1985). The yellow flower is dominance to the orange flower, controlled by two pairs of duplicate recessive genes (Y 1 and Y 2 ) (Li et al., 1994). The plants are orange-flowered for genotype y 1 y 1 y 2 y 2 , and yellow-flowered for other genotypes. The character of orange flower may be used as an indicative character to control the purity of the full sterile line.

In the present paper, we described developing of the homozygous two-type line with orange flowers in Brassica napus L.

Materials and methods

Huyou15, a double low rapeseed variety, is a temporary maintainer line (msmsrfrf) of dominant GMS. Huyou15AB is a heterozygous two-type line. It was obtained through a back cross using Huyou15 as recurrent parent. In this line, 50% plants are male sterile (Msmsrfrf) and the rest is male fertile (msmsrdrd). HF03 is a restorer line with genotype of RfRf.

The sterile plant of Huyou15AB was crossed with the restorer line HF03. During the florescence, the characters of fertility and flower color were investigated in the progeny of cross Huyou15A×HF03. Fertile plants were self-pollinated in F 2 and F 3 progenies. The progeny which segregated in a 3:1 ratio for male fertile and male sterile plants was identified by the percentage of sterile plants and by the results of test-crosses between sterile plants and the temporary maintainer line Huyou15. In the F 3 progeny that fertile and sterile plants segregate in a 3:1 ratio, sterile plants were pollinated by fertile plants to obtain a homozygous two-type line with orange flower if the progeny of sib-mating segregates in a 1:1 ratio.

Results

All of the 165 plants were fertile in F 1 population from which two plants with free pollination were selected. In F 2 generation, one progeny segregated for fertile and sterile plants, but another was full fertile (Table 1).

Six plants were self-pollinated in the F 2 progeny 03-4217 which segregated for fertile and sterile plants. In the F 3 progeny, five selfing-populations segregated for the two phenotypes, the percentage of sterile plants varied from 18.7% to 28.7% (Table 2).

In the F 3 population of 04-4307, there were 70 fertile plants with yellow flower, 22 sterile plants with yellow flower, 30 fertile plants with orange flower and 9 sterile plants with orange flower. The percentage of sterile plants was 23.7%, and the percentage of orange flower plants was 29.8%. This population segregated in a 3:1 ratio for fertile and sterile plants (χ 2 3:1 =0.0636), and in the same ratio for yellow and orange flower plants (χ 2 3:1 =1.0256). In this F 3 population, three sterile plants with orange flower were crossed by the temporary maintainer line Huyou15. All plants were sterile with yellow flower in the progeny of these three test-crosses (Table 3). Nine fertile plants with orange flower were self-pollinated from the F 3 progeny of 04-4307. The flower color was orange for all plants in the F 4 progeny. Five selfing-populations segregated in a 3:1 ratio for fertile and sterile plants. The percentage of sterile plants varied from 22.1% to 29.8% (Table 4). A sib-mating cross (05-4356) between sterile and fertile plant with orange flower was made in the selfing population of 04-4307. The flower color was orange for all of the 34 plants in the F 3 SM 1 generation. There were eighteen fertile plants and sixteen sterile plants in this population (Table 4). This cross segregated in a 1:1 ratio for fertile and sterile plants (χ 2 1:1 =0.0294). Its male parent (05-4350) segregated in a 3:1 ratio for the two phenotypes (χ 2 3:1 =1.2149).

Conclusion and Discussion

The fertility and flower color segregation indicated that the genotypes were MsMsrfrf for sterile plants, MsMsRf-for fertile plants; y 1 y 1 y 2 y 2 for orange flower plants, and Y 1 -1 y 2 y 2 or y 1 y 1 Y 2 -2 for yellow flower plants in the F 3 population of 04-4307. The results of test-crosses verified that the genotype of all sterile plants in this F 3 population was homozygous MsMsrfrf.

The fertility behavior of the progenies by sib-mating from this population has two kinds: one is 1MsMsrfrf:1MsMsRfrf (homozygous two-type line), another is MsMsRfrf (fertile) if the genotype of fertile plant is MsMsRfrf and MsMsRfRf, respectively. The flower color of all the sterile and fertile plants is orange because we selected only orange flower plants for selfing and sib-mating. So the cross 05-4356 by sib-mating is a homozygous two-type line with orange flower. The genotype of the sterile and fertile plants is MsMsrfrfy 1 y 1 y 2 y 2 and MsMsRfrfy 1 y 1 y 2 y 2 , respectively. The test-cross between sterile plants of this two-type line and Huyou15 (genotype msmsrfrf) produces only sterile plants with yellow flower.

When we use the homozygous two-type line with orange flower as female parent, the temporary maintainer line with yellow flower as male parent, we can obtain the full sterile line with yellow flower. The residual fertile plants in the two-type line will produce some fertile individuals in the full sterile line. But the flower color of these fertile plants is orange, they can be easily distinguished and pulled out during the florescence. The purity of the full sterile line is also guaranteed.

Introduction

For breeding of hybrid cultivars, there must be a sufficient amount of heterosis and a system for large-scale production of hybrid seed must be available along with an efficient method to identify hybrids with high combining ability. Many studies have shown that there is a considerable heterosis for yield in the oilseed Brassica species (Becker, 1987;Leon, 1991;Macvetty, 1995). These reports indicate that breeding methods of rapeseed and mustard are being used to the production and development of hybrid cultivars. In addition, it is necessary to test the combining ability of genetic materials before any work. In fact, combining ability of different cultivars is prerequisite for hybrid production in plants. Combining ability of some common cultivars have been studied using diallel cross method in different conditions [START_REF] Becker | Breeding of oilseed rape, An overview[END_REF], but there is a few reports on combining of different species of oilseed Brassica genus [START_REF] Shiga | Rape breeding by interspecific crossing between Brassica napus and Brassica campestris in Japan[END_REF][START_REF] Morinaga | Interspecific hybridization in Brassica. The cytology of F 1 hybrids of B. juncea and B. nigra[END_REF]. In this research, combining ability of 4 rapeseed and 4 mustard cultivars which had desirable characteristics in previous researches (Alizadeh and Abdolrahmani, 2000;[START_REF] Alizadeh | Oilseed research results[END_REF] were studied in the field condition of Dryland Agricultural Research Institute (DARI).

Materials and Methods

In the present study, combining ability of eight spring oilseed Brassica cultivars have been investigated. Plant materials including three Brassica napus (Westar, Echo and Torch), one Brassica rapa (Rainbow) and four spring type mustard cultivars (Cutlass, Landrace, Bard-1 and UCD) were planted in the research station of DARI in Maragheh in the spring of 2001.

All required crosses were made by hand pollination in flowering stage as a line×tester crosses (Landrace and Westar were as tester). Related offspring were harvested separately and were planted among with parents in spring of 2002. A randomized complete block design with 3 replications was used. Subsequent analysis were done according to Kempthorn method (1957) for line×tester crosses. The general combining ability (gca) effects were calculated by deviation of line-mean from average/mean of hybrids. Specific combining ability (sca) effects were deviation of each cross mean from all hybrid mean adjusted for corresponding gca effects of parents. Variances of gca and sca were estimated using covariance of half-sib and full-sib famillies as follow:

σ 2 gca = Cov (HS) σ 2 sca = Cov (FS) -2Cov (HS)

Results and Discussion

Analysis of variance for grain yield (GY), pods per plant (P/P) and thousand kernel weight (TKW) of parents and hybrids is presented in Table-1. The former partitioned into lines (females), testers (males) and females vs. males, components. Since the mean squares due to hybrids was significant , hybrid analysis is carried out by partitioning the hybrid sum of squares into its three components namely: Females in hybrids (F/H), Males in hybrids (M/H.) and 'female×male' in hybrids (Fh×Mh); which were significant for pods per plant. For other traits ie. GR and TKW, only Fh×Mh was significant (Table 1).

The comparison of parents vs. hybrids which indicates average heterosis, was significant for pods per plant (Table 1). Thus considerable amount of average heterosis was reflected in the hybrids. Significant differences among hybrids (Table 1), however, means varying performance of cross-combinations. The effects of gca for different characters (Table 2) showed that Rainbow have positive and highly significant gca effects for grain yield, pods per plant and grains per pod. The parrents Landrace and Westar, had significant possitive gca effect for grains/pod. However, The cultivar Westar, had significant negative gca effects for pods/plant and TKW. Most researchers concerning hybrid vigor in rapeseed have reported high heterosis in yield compared to mid-parent or better parent levels (Becker, 1987;Leon, 1991;Macvetty, 1995). This is more evident in the crosses of different geographical origins and pedigrees [START_REF] Brandle | Geographical diversity, parental selection and heterosis in oilseed rape[END_REF]. Grant and Beversdrof (1985) reported of highest specific combinations for seed yield heterosis between Canadian and European cultivars and Lefort-Buson et al. (1987) found similar results in hybrids between European and Asiatic selfed lines. In this investigation, only present breeding stocks were included which, met suitable requirement for cold dry lands of Iran [START_REF] Alizadeh | Oilseed research results[END_REF]. This narrows the genetic basis of the material and makes it difficult to definitely outline the best competitive varieties. So, on the base of this research, only recognizing of the best parent(s) from exist materials in order to transferring male sterility systems is reasonable which are Rainbow and Landrace refer to Table -2 Mean values of F 1 hybrids and sca effects of 8 crosses showing significant effects for one or more characters are presented in Table-3. The cross 'Rainbow×Cutlass' showed best performance for grain yield with highly significant sca effects. This cross also had highest number of pods per plant. 'Echo×Landrace' was another promising combination, giving significant sca effects for grain yield and pods/plant. Other crosses giving significant sca effects were; 'Echo×Westar' for pods/plant; 'Cutlass ×UCD' and 'UCD×Landrace' for TKW. In general, crosses with high sca usually involved a high general combiner as one of the parents. The general and specific combining ability are the main criteria of rapid genetic assaying of test genotypes under L×T analysis (Diers et al. 1996). In the test of general and specific combining ability in this investigation, there are different results according to different characteristics in the same cultivar or cross. For instance, the parent Westar had significant positive gca effect for grains per pod and in the same time, had significant negative gca effects for pods per plant and TKW. It may be inferred from the negative correlation between yield components, especially grains per pod and TKW in rapeseed [START_REF] Gabriele | Correlation studies for agronomic characters in segregating families of spring oilseed rape[END_REF].

Introduction

Hybrid vigor in rapeseed (Brassica napus L.ssp. napus f. biennis) was noted and verified by several authors (Thompson, 1983;Grant and Beversdorf, 1985;Lefort-Buson et al., 1987;[START_REF] Paul | Heterosis and inbreeding depression in forage rape[END_REF][START_REF] Paulman | Proceedings of a conference Einsatz von biotechnologischen Verfahren in der praktischen Rapszüchtung[END_REF]Frauen, 1991, Mohring et al., 1998). In addition to cytoplasmic male sterility (CMS) and genic male sterility (GMS) also self-incompatibility (SI) has been utilized in practical breeding of hybrid cultivars. In the Czech Republic, hybrids on the basis of male sterility systems MSL (Mänlicher Sterilität Lembke) and Ogu-INRA are planted and registered at present time. SI system is defined as the inability of a fertile hermaphrodite seed plant to produce zygotes after self-pollination. Sporophytic SI system in the Brassica family is controlled by multialelic S locus, which determines specificity of interaction between pollen and cells of stigma [START_REF] Nettancourt | Incompatibility in Angiosperms[END_REF]. S-alelles in Brassicaceae according to classical genetic analysis, based on phenotype effect, are divided to the allele group with a high level of dominance and to the group of recessive alleles [START_REF] Nasrallah | The self-incompatibility genes of Brassica: Expression and use in genetic ablation of floral tissues[END_REF]. [START_REF] Gemmell | Self-incompatibility in Brassica napus: seed set on crossing 19 self-incompatible lines[END_REF] found nine different S alelles controlling sporophytic SI in Brassica napus. Schweiger and Rudloff (1981) observed natural occurrence of SI in winter rapeseed and they found about 1 % SI plants in populations of oilseed rape. [START_REF] Esch E | Investigations on self-incompatibility in Brassica napus L. towards hybrid breeding[END_REF] noted the frequency of SI plants in oilseed rape populations about 0.08 %. [START_REF] Havel | Use of self-incompatibility in breeding winter swede rape[END_REF]Havel ( , 1996) ) detected the frequency of SI plants in several oilseed rape cultivars about 1 % but the 90 % of the progeny from the SI plants was self-compatible (SC). From large set of genotypes the six stable SI lines were found. Four of the detected lines had different S alleles, in the two another lines identification of S alleles has not been carried out. The initial SI plants were with high GSL and erucic acid content [START_REF] Havel | Use of self-incompatibility in breeding winter swede rape[END_REF]. SI reaction after quality improvement using of backcoss by fertile lines was lost. Therefore, the use of the method of microspore cultures for obtaining improved SI lines was considered. The occurrence of SI plants from the whole amount of DH regenerants derived from F 1 hybrids SI lines with 00 quality donors was 10 -27 %. Ziemborska and Harney (1986) also detected the number of self-compatible plants 71 -93 % in DH regenerants from anther cultures of Brassica napus var. napobrassica. Havel (1996) searched SI lines by means of fluorescence and seed-set methods. Fluorescence microscopic test, based on observing pollen tubes growth in UV light have been used for detection of SI plants [START_REF] Nettancourt | Incompatibility in Angiosperms[END_REF] combining with seed-set test. In final the seed-set test provided more accurate results. The occurrence of SI plants in population of low erucic acid and GLS content cultivars was from 0.3 to 3.9 % in dependence on the year [START_REF] Havel | Use of self-incompatibility in breeding winter swede rape[END_REF]. The procedure of maintenance and reproduction of SI lines is aimed at overcome SI reaction in the open flowers after self-pollination. As one of possibility to overcome SI reaction, using of increased concentration of CO 2 has been recommended [START_REF] Nakanishi | An efficient time for CO 2 gas treatment for overcoming self-incompatibility in Brassica[END_REF]. [START_REF] Fu | Overcoming self-incompatibility of Brassica napus by salt (NaCl) spray[END_REF], [START_REF] Mohring | Self incompatibility of winter rape (Brassica napus L.) as a pollination mechanism for production of hybrid varieties. Selbstinkompatibilitat in Winterraps (Brassica napus L.) als Bestaubungsmechanismus bei der Herstellung von Hybridsorten[END_REF] demonstrated overcoming of self-incompatibility in oilseed rape by spraying inflorescences with the 2 -10 % NaCl solution. In the field conditions, 5 % concentration of NaCl solution was applied.

Material and Methods

Production of SI lines with improved seed quality by the method of production doubled haploid regenerants The initial line Tandem 6/85 with high GSL and erucic acid content in seed was obtained at the workplace OSEVA PRO Ltd. Research Institute of Oilseed Crops at Opava (RIOC). Doubled haploid regenerants derived from the F 1 hybrids of SI line Tandem 6/85 and "00" quality donor OP-2051 after the first cycle of crossing were produced in the year 2000 at the Research Institute of Crop Production (RICP) Praha -Ruzyně. The seed-set test were used as the main method for selection lines with stable SI reaction. Assessment by minimizing methods (gas chromatography) of antinutritional substances in seed of DH regenerants was carried out at RIOC Opava. In the second cycle of improvement crossing five combinations of the best two SI DH lines OP-23 AI/3 and OP-23 AI/6 with 00 quality donors for DH production were created in 2002. The rapeseed lines originated from RIOC (OP-BN-03, OP-571/00) and registered varieties (Rasmus and Lisek) were used as the male parents. From these crosses, 72 DH SI regenerants were derived and analyzed for erucic acid content (figure 1) in 2004 and 2005. From these amount, 18 SI DH lines were with erucic acid content lower than 2 % in oil.

Assessment of anti-nutritional substances in seeds of SI plants

Individual fatty acid (FA) assessment in seeds of oilseed rape was carried out according to the "Method of single fatty acid assessment in rapeseed oil by the method of Gas Chromatography (GC) "modified for the analysis of single seed sample [START_REF] Kolovrat | Esterifikace mastných kyselin řepkového oleje[END_REF]. Methylesters of FA were analysed on gas chromatograph CHROM 5. Single glucosinolate assessment in seeds of oilseed rape was carried out according to the "Method of glucosinolate content assessment in rapeseed by High Pressure Liquid Chromatography (HPLC). " The method that is deduced from the International Norm ISO 9167-1:1992 (E) (1992) was partially modified for the purposes of single seed analysis [START_REF] Kolovrat | Metodika stanovení obsahu glukosinolátů v semeni řepky metodou vysokoúčinné kapalinové chromatografie (HPLC). Závěrečná zpráva[END_REF]. The analyses was carried out on liquid chromatograph Spectra-Physics, type SP 8100 XR with the detector SP 8440 XR UV/VIS and the integrator SP 4200.

Production of double-haploid regenerants from microspore cultures

Doubled haploid regenerants were produced by microspore culture method at the RICP Praha (Vyvadilová and Zelenková, 1992). The method was optimized for routine usage in winter oilseed rape and cruciferous vegetables breeding programmes (Klíma et al., 2004).

Seed multiplication of SI lines by NaCl treatment

Seed production procedure of SI lines by 5 % NaCl solution was verified on SI lines OP-23 AI/3 and OP-23 AI/6. The spraying was carried out 3 times per week during the flowering period. The number (percentage) of produced seeds of SI lines after NaCl treatment were counted by the method of mean weight of SI plants seeds compared with the produced seeds of plants OP-23 AI/3 and OP-23 AI/6 crossed with fertile line OP-2051. Mean weight of created seeds of F 1 plants was calculated as 100 %.

Results and Discussion

Production of SI lines with improved seed quality by the method of doubled haploid regenerants production

After the first crossing of initial SI lines with donor of "00" quality, decrease of GSL and erucic acid content was achieved. From 10 derived lines only two lines (OP-23 AI/3 and OP-23 AI/6) had distinctly lower erucic acid content than the initial SI material Tandem 6/85. The range of GSL content in set of first regenerants was ranged from 71.00 to 102.06 µmol/ g of dry matter of seeds. Erucic acid content was ranged from 3.20 to 33,98 %. After first crossing and producing of DH lines, no line with convenient "00" seed quality were obtained. Therefore, the production of DH microspore regenerants from the second cycle of hybrids of SI and quality donors was started from 2003. In total, 468 regenerants were derived in 2004 and 48.7 % of them (228 plants) were with fertile flowers. From the whole number of fertile DH regenerants 38.2 % (87 plants) showed to be with SI reaction. The occurrence of SI plants from the total number of fertile DH regenerants ranged from 32.4 to 45.5 % in accordance with the origin. The earlier results [START_REF] Havel | Use of self-incompatibility in breeding winter swede rape[END_REF] showed that in F 2 generation derived from SI hybrids the segregation ratio SI to SC plants was 1: 15. This indicates recessive self-incompatibility controlled by two allelic pairs. In the population of 228 DH regenerants, obtained in the year 2004, the segregation ratio SI:SC plants was 1:1.62 which did not correspond with either monogenic or digenic base of observed SI. Expected ratio of SI to SC regenerants is approximately 1:1. However, considerable shift to self-compatibility was observed, probably due to gametic selection against SI genotypes in microspore culture [START_REF] Kučera V | Utilization of doubled haploids in winter oilseed rape (Brassica napus L.) breeding[END_REF]. In addition, modifier genes (Hinata et al., 1983) could influence expression of selfincompatibility. Therefore, a suitable genetic background should be found for each of S allele in which is strongly and stable expressed [START_REF] Mohring | Self incompatibility of winter rape (Brassica napus L.) as a pollination mechanism for production of hybrid varieties. Selbstinkompatibilitat in Winterraps (Brassica napus L.) als Bestaubungsmechanismus bei der Herstellung von Hybridsorten[END_REF]). From the analysed set of 72 SI DH regenerants in 2004 and2005, 18 regenerants showed erucic acid content lower than 2 % and the rest of 54 regenerants over 2 % (figure 1). The mean of erucic acid content in the set of DH regenerants was 14.20 %. All of selected five plants analysed by HPLC method had GSL content lower than the limit 18 µmol /g by 9 % of seed moisture. The results of analyses indicate that in the case of SI DH regenerants from the second cycle of crossing with successive DH deriving the critical factor of seed quality was erucic acid content contrary to GSL content. As reported by [START_REF] Havel | Use of self-incompatibility in breeding winter swede rape[END_REF]Havel ( , 1996) ) it is more progressive to achieve lines with convenient GSL and erucic acid content by method of producing DH after crossing with donor of quality. The method proved to be applicable for the seed quality improvement of DH lines together with maintaining of SI reaction.

Seed multiplication of SI lines by NaCl treatment

The obtained results of spraying inflorescences of rape plants with 5% NaCl solution for seed production of SI lines are consistent with the statements of [START_REF] Fu | Overcoming self-incompatibility of Brassica napus by salt (NaCl) spray[END_REF] and [START_REF] Mohring | Self incompatibility of winter rape (Brassica napus L.) as a pollination mechanism for production of hybrid varieties. Selbstinkompatibilitat in Winterraps (Brassica napus L.) als Bestaubungsmechanismus bei der Herstellung von Hybridsorten[END_REF]. The seed production of two SI genotypes varied from 14.3 % to 16.4 %. The average production of seed of the both lines was 4.12 g/plant. 

Erucic acid content (%) in oil of derived SI doubled haploids

Conclusion

Two populations of SI DH regenerants after crossing initial SI lines with donor of quality were derived. 18 SI lines with desirable seed quality derived by method of production doubled haploids from microspore cultures after the second crossings of with seed quality donors were obtained. The average erucic acid content in these group of 72 analyzed SI DH regenerants was 14.20 % (in oil). In each of the following cycle of DH regenerants production, GSL and erucic acid content in seed decreased. According to the results of analyses, GSL content were not limited factor of seed quality in SI DH group. Field multiplication of SI lines using of NaCl solution was verified. Obtained SI lines with improved quality have been used for selfincompatibility research purposes and for creating new experimental SI hybrids after crossing with high yielding fertile lines.

Supported by the Ministry of Agriculture of the Czech Republic, Project No. 1G46061. ). Genetika a Šlechtění, 28: 243-252. (In Czech) ZIEMBORSKA J.M., HARNEY P.M. (1986): Self-incompatibility in H2 generations derived from anther culture of hybrids between self-incompatible rape and selfcompatible rutabaga. In: Proceedings of Crucifer genetics workshop III.. May 29-30, 1986, University of Guelph, Canada.: 70. ISO 9167-1:1992 (E) (1992): "Rapeseed -Determination of glucosinolates content, Part 1: Method using high-performance liquid chromatography"

Introduction

Mustard (B. juncea L. Czern & Coss) is one of the most important edible oil yielding crops in India grown during the winter season. The simple breeding efforts have not been adequate to increase seed yield of mustard. Heterosis breeding could be a potential alternative for achieving quantum jumps in productivity. Scope for exploitation of heterosis depends mainly on its direction and magnitude for seed yield to develop commercial hybrids. The present study was undertaken to select parents for effective hybridization programme for hybrid varieties development.

Material and methods

The material consisted of 8 parents and their 28 F 1 cross combinations obtained by 8X8 diallel crosses excluding reciprocals.The eight parents; RH-30, BIO-902,SEJ-2, Laxmi, Varuna, Pusabold, BR-40, and CM-3 (local selection) alongwith 28 crosses (F 1 ) were raised in 2 rows of 5m length with spacing of 30cm×10cm in randomized block design(RBD) with three replications during winter season of 2003-04 at Birsa Agricultural University, Ranchi, India. All recommended package of practices were applied to raise good crop. The observations were recorded on number of primary branches per plant (PB), number of secondary branches per plant (SB), number of siliquae per plant (SPP) and plant height(cm) at physiological maturity on 10 competetive plants per plot. After complete maturity, 1000-seed weight (g), seed yield per plant (g) and oil content (%) were recorded. The mean values of each genotype were subjected to analyze heterosis over better parent (heterobeltiosis) and over check variety (economic heterosis).

Results and discussion

The analysis of variance (Table1) revealed highly significant differences for all the characters studied in all the genotypes including parents. Out of 28 crosses, 14 showed highly significant economic heterosis for seed yield per plant (Table 2). None of the top heterotic cross was heterotic for all traits simultaneously. The cross Laxmi×BR-40 exhibited maximum heterosis over check variety, Pusabold for seed yield per plant (90.48%) with corresponding highly significant positive heterosis for number of siliquae per plant (44.40%), number of primary branches per plant (38.20%), number of secondary branches per plant (48.78%), and desirable significant heterosis for days to maturity (-1.70%). But, this cross did not show desirable significant heterosis for oil content and 1000-seed weight. This indicates that enhanced number of siliquae per plant contributing positive significant heterosis for seed yield. Similar results were also reported by [START_REF] Singh | Combining ability and heterosis for seed yield and its components in mustard (Brasssics juncea L)[END_REF], [START_REF] Ghosh | Combining ability and heterosis for seed yield and its components in mustard (Brasssics juncea L. Czern & Coss)[END_REF], [START_REF] Verma | Heterosis and combining ability for seed quality traits in Indian mustard (Brasssics juncea L. Czern & Coss)[END_REF], Verma et al. (1998) and Pradhan et al.(1993).

Oil content is an important economic component of oilseed crops. The crosses, SEJ-2×CM-3 and SEJ-2×Laxmi showed maximum positive significant heterosis for oil content (4.40%), but these crosses did not show positive heterosis fo seed yield. The cross, RH-30×BR-40 showed significant positive economic heterosis for oil content (3.20%) simultaneously showed highly significant positive economic heterosis for seed yield too (23.81%).

1000-Seed weight is also an important character of mustard. Bold seed size attracts the market. Out of 28 crosses, only 3 could exhibit the significant positive economic heterosis for seed size. These are; BIO-902×SEJ-2 (18.90%), BIO-902×Pusabold (9.40%) and RH-30×CM-3 (7.50%). Among these, only RH-30×CM-3 (7.50%) simultaneously showed significant positive economic heterosis for seed yield (30.95 %) without any penalty on oil content. The present study suggests that high heterotic crosses for seed yield; Laxmi×BR-40 (90.48 %) and other crosses, for oil content; SEJ-2×CM-3 (4.40%), SEJ-2×Laxmi (4.40%), RH-30×BR-40 (3.20%) and BIO-902×SEJ-2 (2.90%) and for bold seed size; BIO-902×SEJ-2 (18.90%), BIO-902×Pusabold (9.40%) and RH-30×CM-3 (7.50%) may be exploited for hybrid varieties development in mustard. It is reported that rapeseed F 1 hybrids can increase seed yield due to heterosis. But there is a sreious problem, that is, production of a little quantity of pollen called trace pollen by cytoplasmic male sterile(CMS) lines used as the female parents, which will result in seed yield decrease. Some people presumed it seems relate to trace pollen. Studies were undertaken in order to investigate causes of trace pollen production of a cytoplasmic male sterile line in Brassica napus.

Material and methods

Material

The CMS line 681A was used. 681A was obtained from the nature variation of XIANGYOU no.13 variety plant in the field, then the nature variation plant was passed through many generations hybridization and selection.

Methods

1.2.1 Field treatment 681A was planted on the field at Hunan Agricultural University. Six plants of 681A were observed. The number of buds with ≥1mm size and the length of the largest buds of main inflorescence of six plants for every time at interval of 2 days since March 8, 2002 were recorded. In addition the ratio of stamen length to pistil length of blossom out according to order on main inflorescence every day were also recorded and every flower were fixed by F.A.A fixation solution since March 16,2002 until the end on April 6, 2002 In the meantime the air temperature was also recorded. 1.2.2. Artificial climate chamber treatment And other 681A was treated in the September 30,2003 by artificial climate chamber with high temperature(20/17°C) and low temperature(10/7°C) respectively and the lights of both were 13 hours every day. The high temperature treatment was divided two steps: ⑴ when the main inflorescence occurrence first flower taking off difference sizes buds from main Inflorescences of three plants were observed under the microscope, and confirm the relation between bud size in length and stage of pollen development; (2) when that the largest bud is at 5 mm on the first branch, selection 4 branches retained the buds according to 4 grades with ≤2mm, 2. 1-3mm, 3.1-4mm, 4.1-5mm to continue treatment until the buds developed from 2 mm to 5 mm, then the flowers or buds were picked from the 4 branches respectively and under the microscope were observed. Others of plants were treatment with low temperature, it is same method as above .

Main results

Morphological character of flower organ in 681A

The flowers of 681A sterile line are smaller than its flowers of maintainer line and restorer line both, and with all yellow flower. The morphological character of flower organ in 681A can be divided six grades: (1) similitude normal flower, which have over 4 anthers with tittle pollens in six anthers, and stamen length to pistil length as ≥ 1/2, which can be called No.4 grade: (2) there were tittle pollens in 2-3 anthers of six anthers and stamen length to pistil length as ≤ 1/2,which can be called No.3 grade ;(3) there were tittle pollens in 1-2 anthers of six anthers and stamen length to pistil length as ≤ 1/2, which can be called No. 2 grade; (4) there were trace pollens and stamen length to pistil length is also smaller than 1/2, which can be called No. 1 grade . The variance of pollen number from No. 4 to No.1 grade were getting less and less. If no any pollen in the anther of stamen, it can be called No.0 grade . Normal flower it can be called No.5 grade .

Development of bud of 681 A

Table 1 showed the buds size 2mm developed to≥6mm buds about 10 days at start with flower of 681A. 

2.3

The relationship between tittle pollen and temperature in the natural condition 681A showed that fertile of pollen for low temperature condition and sterile of pollen for high temperature condition, and. .its critical temperature was about 10°C That means that sterile of pollen in over 10°C and fertile of pollen in below 10°C. Along with raise of temperature from 8.25±3.7 to 16.5±0.7 and the sterility of pollen was also raise, in other words the temperature was getting higher and higher, the tittle pollens were getting less and less, finally turn to complete male sterile. And this time the stage of development of 681A is at the end of flower stage.

2.4

The relationship between tittle pollen and control temperature by artificial climate chamber 2.4.1 Low temperature treatment(10°C/7°C) The results as Table 2 showed that different size buds of first branch of three plants were treated with 10°C/7°C temperature in artificial climate chamber for 15days, when buds sizes developed to 3.1 mm-4mm in length have appeared tittle pollen, its flowers number were 3.5 percent of the observed flower number, and others when buds sizes from about 2mm developed to 4.1 mm-5mm in length have more flower with .tittle pollen, that went up by 84.1 percentage and the flower have opened from over 2mm buds size showed all no any pollens. It can be presumed that bud size about 2mm was most sensitive stage in Low temperature The buds become smaller in high temperature treatment then that in low temperature treatment and the anthers length only 1 mm, triangle, milk white or yellow brown and no pollen, over 80 percent stigmas appear in ≤2mm buds, but other size buds a few stigma appear. In addition, it can be observed a phenomena of double pistils or three pistils, but number of stamen still was six as nomal flower.

According to above results showed trace pollen produce of Male Sterile Lines 681A was relate with temperature variance .its critical temperature was about 10°C That means that sterile of pollen in over 10°C and fertile of pollen in below 10°C. Along with raise of temperature from 8.25±3.7 to 16.5±0.7 and the sterility of pollen was also raise, in other words the temperature was getting higher and higher, the tittle pollens were getting less and less, finally turn to complete male sterile. And this time the stage of development of 681A is at the end of flower stage.

Introduction

Since many years, the increase in productivity through varietal improvement have reached to a plateau. The development of hybrids in many crops has brought about the spectacular improvement in the production and productivity. Under experimental condition, great deal of heterosis (>100%) for seed yield has been reported in rapeseed-mustard, which clearly demonstrated the presence of commercially exploitable magnitude of heterosis. In yellow sarson, some available genetic male sterile lines provided the way for pollination control. This will help in the development of rapeseed hybrids, which can bring in quantum jump in productivity of rapeseed. Hence the present investigation was undertaken to study the magnitude of heterobeltiosis and economic heterosis for seed yield and its attributes in Rapeseed [Brassica campestris var. Yellow Sarson].

Materials and methods

The crosses were attempted by adopting line ( 9)×tester ( 5) mating design during rabi 2003-2004. The resultant 45 hybrids along with their 14 parents were evaluated in a Randomized Block Design with three replications during rabi 2004-2005 at Main Castor and Mustard Research Station, S.D. Agricultural University, Sardarkrushinagar. The observations were recorded on days to 50% flowering, days to maturity, plant height, effective branches/plant, siliquae on main shoot, siliquae/plant, length of siliqua, seeds/siliqua, 1000-seed weight, oil content, harvest index and seed yield/plant. Heterosis was determined as percentage increase or decrease in F 1 over better parent and released variety 'Gujarat Sarson 1' (standard check).

Results and discussion

The analysis of variance for parents, hybrids and parents vs. hybrids were computed for seed yield and its attributes under study is presented in Table 1. The mean squares due to genotypes were highly significant for all the traits indicating considerably amount of genetic variability among genotypes for various characters studied. Further, partitioning of the genotypic variance into parents, hybrids and parents vs. hybrids, revealed that the parents as well as hybrids exhibited significant differences for all the traits. This indicated the existence of appreciable amount of genetic variability in the experimental material. The comparison of parents vs. hybrids was significant for all the characters except oil content, which indicated that the performance of hybrids was significantly different than that of the parents for most of the traits.

The magnitude of heterosis expressed as per cent increase or decrease of F 1 value over better parent (heterobeltiosis)and the best commercial standard check variety Gujarat Sarson 1 (standard heterosis or economic heterosis or useful heterosis). The three top ranking heterotic crosses for various traits are presented in Table 2. In the present study, out of 45 hybrids, 19 hybrids significantly out yielded the standard check GS 1. Their superiority seemed to have resulted from higher values of yield contributing characters, of which "YSC 99×RAUDYS 9708" recorded the highest economic heterosis (60.2%), whereas, high heterobeltiosis (97.2%) was recorded by the hybrid "MYSL 20/YP×PS 66". These hybrids were heterotic over GS 1 for most of various yield components also. These findings are in agreement with the reports of [START_REF] Labana | Heterosis and combining ability in yellow sarson(Brassica campestris L. var. yellow sarson)[END_REF], [START_REF] Prasad | Heterosis for some quantitative characters in Indian rapeseed[END_REF], [START_REF] Varshney | Heterosis in crosses between parents selected for harvest index and plant height in Indian rapeseed[END_REF], [START_REF] Verma | Combining ability and heterosis in yellow sarson[END_REF], [START_REF] Rai | Expression of yield heterosis in some inter-varietal crosses of Indian rapeseed. (Brassica campestris L. Prain)[END_REF] and [START_REF] Thakur | Heterosis and combining ability in rapeseed (Brassica napus L.) Indian[END_REF].

In case of number of effective branches per plant, high values of heterobeltiosis (81.69%) and standard heterosis (110.7%) were recorded. For siliquae per plant, 24 crosses manifested significant heterobeltiosis and 40 crosses exhibited significant economic heterosis in desired direction. It may be mentioned that for this important yield contributing trait all the 40 heterotic crosses, except two ("YSC 99×GS 1" and "MYSL 221×GS 1") exhibited positive significant standard heterosis indicating that for this trait the genes with positive effect was dominant. The heterobeltiosis and standard heterosis with respect to seeds per siliqua were moderate (21.1% and 26.3%, respectively). These results are in agreement with [START_REF] Labana | Heterosis and combining ability in yellow sarson(Brassica campestris L. var. yellow sarson)[END_REF], [START_REF] Prasad | Heterosis for some quantitative characters in Indian rapeseed[END_REF], [START_REF] Rai | Expression of yield heterosis in some inter-varietal crosses of Indian rapeseed. (Brassica campestris L. Prain)[END_REF] and [START_REF] Thakur | Heterosis and combining ability in rapeseed (Brassica napus L.) Indian[END_REF]. The heterosis over better parent and standard check for 1000-seed weight and harvest index were also moderate. Similar results were reported by [START_REF] Varshney | Heterosis in crosses between parents selected for harvest index and plant height in Indian rapeseed[END_REF] and [START_REF] Verma | Combining ability and heterosis in yellow sarson[END_REF]. In case of oil content, the values of heterobeltiosis (3.6%) and standard heterosis (2.6%) were very low. Similar trend was also noticed by [START_REF] Prasad | Heterosis for some quantitative characters in Indian rapeseed[END_REF], [START_REF] Rai | Expression of yield heterosis in some inter-varietal crosses of Indian rapeseed. (Brassica campestris L. Prain)[END_REF] and [START_REF] Thakur | Heterosis and combining ability in rapeseed (Brassica napus L.) Indian[END_REF].

The cross "YSC 99×RAUDYS 9708" had highest per se performance (29.5g/plant) and highest standard heterosis (60.2%) for seed yield per plant and yield components viz., branches per plant and siliquae per plant. Therefore, this hybrid has potential for commercial exploitation of heterosis if stable restorer is available. Huyouza No.1, which was developed from a recessive genic male sterility (RGMS) system controlled by two pairs of recessive duplicate sterile genes (ms 1 and ms 2 ) interacting with one pair of a recessive epistatic fertile gene (rf), was commercial F 1 hybrid seed with high yield, high quality, broad adaptability and resistance to diseases [START_REF] Chaocai | Breeding of a recessive genic male sterile (GMS) hybrid variety Huyouza No. 1 with double low in Brassica napus L[J][END_REF]. Since Huyouza No.1 was registered in 2003 by Shanghai Crop Registration Committee, and in 2005 by National Crop Registration Committee, it was broadly cultivated in Shanghai, Zhejiang, Jiangshu, Anhui, Hubei and Hunan.

In the present paper, we described the progenitive technique of full sterile line (Hu118A) and commercial F 1 hybrid seed production (Huyouza No.1).

Materials and methods

Plant Matetials

The RGMS line 20118AB of Brassica napus, which was developed by [START_REF] Sun | Inheritance and utilization of recessive genic male sterile line 20118A in Brassica napus L[END_REF], was used as female parent, with characteristics of 50% male sterile plants (20118A) with the genotype of ms 1 ms 1 ms 2 ms 2 RfRf, and 50% fertile plants (20118B) with the genotype of Ms 1 ms 1 ms 2 ms 2 RfRf. The temporary maintainer line M-6029 with the genotype of ms 1 ms 1 ms 2 ms 2 rfrf could maintain the sterility of male sterile plants (20118A), and consequently, product the full sterile line Hu118A. Huyou 15 as restorer line was used to product commercial F 1 hybrid seeds.

The full sterile line production in different isolation environment

To obtain the good-quality full sterile line Hu118A by use of the male sterile plants (20118A) and the temporary manitainer line (M-6029), three different isolation environments were arranged with three replications: (i) Hu118A was producted in the nature isolation envirionment (the recommended space isolation of 1,000m). (ii) Hu118A was producted by use of covering stalker in the florescence. (iii) Hu118A was producted by use of covering stalker and setting honeybee free as the pollination medium in the florescence. Each treatment was arranged in 180m 2 area including 430 temporary maintainer plants and 1720 male sterile plants accoding to planting ratio1: 4. The purity of full sterile seed were identified in the next year.

The effect of planting ratio on the yield of commercial F 1 hybrid seed

To product commercial F 1 hybrid seed with high yield and good quality, 5 different planting ratios (1:2, 1:3, 1:4, 1:5 and 1:6) were arranged in a randomized complete block design with three replications. Each treatment was planted in 20m 2 area by the density of 120000 /hm 2.

Results

The purity and yield of Hu118A in different isolation environments

When covering stalker to isolate the outside pollen in the florescence: (i) The total yield of Hu118A could get up to 770.40kg/hm 2 by use of setting honeybee free as the pollination medium. (ii) the total yield was only 337.05kg/hm 2 without honeybee, there was significant difference between the two methods (Table 1). When Hu118A was producted in the natural isolation envirionment (the recommended space isolation of 1,000m), the total yield 603.75kg/hm 2 was significantly higher than the second method mentioned above, but significantly lower the first methods, it showed that the pollination mediums had important effect on the yield. The purity of seed, respectively 97.99% and 97.76%, was similar between with and without honeybee. Nevertheless, the purity, only 90.60% was little worse in the open air of the natural isolation than the former two methods, but also got to national standard. The producation yield of commercial F 1 hybrid seed On the understanding that the purity of commercial F 1 hybrid seed could be coincident with national standard, we hoped to enhance the yield in order to reduce the cost. To decide the appropriate row ratio of parental lines, 5 different planting ratios (1:2, 1:3, 1:4, 1:5 and 1:6) were studied. Whereas the five planting ratios had significant differences for seed yield and number of seeds per ear. Planting ratios 1:3 and 1:4 were investigated to obtain similar results and produced significantly higher seed yields compared to the other ratios(Table 3). 

Discussion

The purity of the full sterile line Hu118A played an important role in the quality of hybrid seed production, on the other hand, because 50% fertile plants (20118B) with the genotype of Ms 1 ms 1 ms 2 ms 2 RfRf must be removed for producting the full sterile line, the area could be not big in order to shorten labor consuming and costs. Based on the two reasons, we need both the appropriate isolation environment and high-efficiency pollination system. In the present study, 3 different isolation environments were investigated, the result showed that Hu118A was producted by use of covering stalker and setting honeybee free as the pollination medium in the florescence.

There was significant difference in the yield of hybrid seeds because of planting ratio of parental lines resulting in the significant difference of yield components. The present study showed that the number of seeds per ear did not differ significantly between planting ratios 1:2 and1:3, but little higher than 1:4. Whereas the number of female plants showed significant differences among 3 planting ratios (1:2, 1:3 and 1:4), so seed yields of planting ratios 1:2 was much lower than that of both 1: 3 and1:4, the result was similar to the reports by [START_REF] Huiming | Study on the techniques for high-yielding seed production of three-lines hybrid Brassica napus with double low III. Effect of different parental lines ratio on the yield and purity of hybrid seed[END_REF], [START_REF] Xiao | Study on Producing Seed Technology of Double-Low Hybrid Rape Qianyou 12 III. Yield of Producing Seed and Changes of Economic Characters in Colony with Differently Parental Lines Ratio[END_REF] and [START_REF] Zhou Xiaoli | The Cultivation and Management Levels and Ratios between Parental Lines' Effects on Seed Yield of Hybrid Rapes of Good Quality[END_REF]. The planting ratios 1:5 and 1:6 produced significantly poor seed yields with fewer seeds per ear because of not enough pollens. In a word, the planting ratio 1:3 and 1:4 is more appropriate compared to the other ratios .

Introduction

Production of hybrid cultivars in oilseed rape is mostly based on the utilisation of cytoplasmic male sterility (CMS) or sporophytic self-incompatibility (SI). Although at the present time use of CMS appears to be more successful, some rapeseed hybrids created by means of SI have been released recently. Several foreign hybrids based on male sterility systems MSL originated from Germany and Ogu-INRA from France is registered in our country at present. No original Czech hybrid cultivar has been released yet. Breeding of hybrid cultivars based on self-incompatibility, CMS Ogu-INRA and Shaan 2A is being developed in the Czech Republic [START_REF] Kucera | Recent state and trends in breeding of winter rapeseed in the Czech Republic[END_REF].

Natural occurrence of SI plants in winter oilseed rape is very low, about 0.1 %, modern cultivars are entirely selfpollinating lines. Active S alleles conditioning the high and stable degree of SI could be transferred to the Brassica napus genome by means of resynthesis from the original species Brassica oleracea and B. rapa. Much easier way is detection of SI plants in older oilseed rape cultivars or breeding materials. However, SI lines still produced by means of traditional breeding procedures have been characterized by high glucosinolate (GSL) and erucic acid content. During successive generations of selection for quality improvement after crossing of these lines with 00 quality donors SI gradually vanished (Havel 1996).

Doubled haploid (DH) system has been used to produce SI homozygous lines with desired 00 seed quality [START_REF] Kucera | Development of self-incompatible double low winter oilseed rape lines by means of doubled haploid system[END_REF][START_REF] Kucera | Utilization of doubled haploids in winter oilseed rape (Brassica napus L.) breeding[END_REF]. This procedure could be complicated by gametic selection in microspore cultures that may cause lower frequency of SI genotypes. The occurrence of reliable SI regenerants ranged from 10 -20% [START_REF] Kucera | Development of self-incompatible double low winter oilseed rape lines by means of doubled haploid system[END_REF]. Previously obtained SI DH lines showed insufficient GSL and erucic acid content in next generations of reproduction. Some SI lines with desired traits were obtained from one SI genotype by means of repeated cycles of crossing with donors of quality combined with deriving of DH [START_REF] Koprna | Development of Self-incompatible Lines with Improved Seed Quality in Winter Oilseed Rape (Brassica napus L.) for Hybrid Breeding[END_REF]. However, for practical hybrid breeding and seed production of rapeseed the development of SI lines with different S genotypes is necessary. Detection of SI plants within a large number of regenerants by seed test is laborious and time consuming. Molecular markers have been developed for screening of self-incompatible genotypes in early stage of plant development [START_REF] Curn | Utilisation of molecular markers for screening of self-incompatible Brassica napus genotypes[END_REF].

Initial Ogu-INRA and Shaan 2A CMS and particularly their fertility restorers (Rf) also showed a high GSL content. CMS lines with improved seed quality have been produced by means of repeated crossing with various 00 quality donors. To develop Rf lines with decreased GSL and erucic acid content for both CMS systems repeated backcrossing with 00 quality donors combined with DH techniques have been used. By the use of these methods, some CMS and Rf lines from both male sterility systems were obtained. Molecular markers have been also verified for the detection of plants containing Rf genes.

The aim of this work was to verify the possibility to use doubled haploid system and molecular markers for creating new self-incompatible, CMS and Rf lines with desired seed quality suitable for breeding rapeseed hybrids.

Material and methods

Self-incompatibility

The initial self-pollinated SI lines with recessive determined self-incompatibility selected from older rapeseed cultivars (Havel 1996) were characterized by unsatisfactory seed quality in term of GSL and erucic acid content. Four F 1 hybrids of SI lines with different S genotypes and self-compatible (SC) donor of double low quality were used to develop DH lines with combination of SI and 00 quality. SI degree and stability of individual DH regenerants were tested using seed-set test, i.e. by repeated self-pollination in flowers and buds during all the period of flowering. Average number of seeds per developed pod after self-pollination in opened flowers (SF) and buds (SB) were determined. Plants with SF from 0,0 to 3,0 were considered as SI, with SF from 3,1 to 5,0 as partially SI and SF above 5 as completely self-compatible (SC).

Molecular markers for screening of self-incompatible genotypes by PCR analyse of SLG gene have been used. Genomic DNA of DH regenerants was extracted from young leaves of flowering plants by means of the DNeasy Plant Mini Kit (QIAGEN). PCR reaction was performed according to [START_REF] Curn | Utilisation of molecular markers for screening of self-incompatible Brassica napus genotypes[END_REF] In the four groups of doubled haploid regenerants containing 115 plants, seed-set test was compared with PCR analyses for SLG gene detection.

Cytoplasmic male sterility

Initial Ogu-INRA and Shaan 2A CMS and particularly their fertility restorers (Rf) also showed a high GSL content. CMS lines with improved seed quality have been produced by means of repeated crossing with various 00 quality donors. For development of Rf lines with decreased GSL content repeated backcrossing with 00 quality donors and subsequent deriving of DH regenerants are used. Molecular markers have been also verified for the detection of plants containing Rf genes. To this goal more than 500 RAPD markers were tested on the large set of plant samples with known combinations of Rf gene alleles.

Results and discussion

Detection of self-incompatible regenerants

The results of evaluation of four regenerants groups for SI/SC degree by seed test and molecular analysis are presented in Table 1. Identification of S-locus with SLG genes was used to detect self-incompatibility. However, a part of selected plants in the presumed SI group proved to be semi-SC. Seed test confirmed the strength and stability of SI. None of SC plants detected by molecular analysis showed to be self-incompatible according to seed-set test, but some plants designated as SI turned out to be self-compatible. Concordance rate between molecular analysis and seed test concerning SC plants ranged from 55 to 80%, on average 62 percent. Utilization of this method could facilitate to discard more of SC plants in the early stage of development in contrast to seed-set test that requires growing all plants up to flowering stage. Although the results from the molecular analyses and seed test are not completely in coincidence, PCR amplification of SLG genes appears to be suitable approach for incompatible individuals screening in rapeseed hybrid breeding programmes. At the present time new molecular markers for estimating SI individuals based on SCR gene analysis are being developed. Development of male sterile and fertility restoring lines Some CMS lines with decreased GSL and erucic acid content have been created by means of repeated backcrossing with various 00 quality donors. DH lines with stabilized desired traits have been mostly used as donors of quality. Decrease of GSL content in Rf lines in Ogu-INRA system by traditional breeding methods is complicated due to linkage of Rf gene with the rest of Raphanus genome. The improved Rf lines with a high 00 quality for this CMS system were achieved using repeated crossing and subsequent deriving of doubled haploids (Table 2). Using the same methods, some improved CMS and Rf lines for Shaan 2A system have also been obtained (Table 3).

Several RAPD molecular markers was verified for the Ogu-INRA CMS system which are applicable to discriminate of plants carrying Rf genes in segregating progeny after crossing of fertility restoring lines with donors of 00 quality. Although these markers are not able to distinguish Rf gene in heterozygous or homozygous constitution for the present, in case of deriving doubled haploids the homozygous fertility restorers are determined reliably. 

Introduction

The focus of current rapeseed breeding programs is the creation of hybrids. That implies finding new sources of CMS and their transfer to genotypes that have the genes for other agronomically important traits. In general, male sterility defines abnormal vital pollen grain development in plants. The expression of this trait is variable in expression and can range from complete absence to poorly developed anthers. In the aspect of pollen, it can vary from absence or deformed pollen grains to normally developed pollen grains in non-dehiscenced anthers (Vipen et al., 1999).

According to [START_REF] Yang | A promising alternative way of utilizing pol CMS for hybrid breeding in Brassica napus L[END_REF], pol (Fu, 1981) and ogu [START_REF] Ogura | Studies on the new male-sterility in Japanese radish, with special reference to the utilization of this sterility towards the practical raising of hybrid seeds[END_REF]) CMS systems are still the most important CMS systems for rapeseed hybrid breeding in the world. The CMS trait is unstable, because partial fertility can be found under high temperatures. That presents a serious problem when different types of CMS are used. The main problem with Ogura type of CMS is that the fertility-restoring gene is tightly linked to the genes that control high glucosinolates content [START_REF] Delourme | Hybrid rapesed breeding and production[END_REF], according to Yang et al., 1999).

The objectives of this work were to use cytogenetic methods to analyse the stability of CMS trait after the introduction in to the rapeseed inbred lines and to identify the differences between various types of CMS.

Materials and Methods

The material used in this study consisted of sterile inbred lines CMS 61,CMS 62,CMS 57 and CMS 15) followed by the progenies of backcrossing between selected sterile plants and the maintainer varieties. Nine genotypes were used from variety B 009, 3 genotypes from E 301, 3 genotypes from E 305 and 2 genotypes that were obtained through hybridisation with restorers, AK 21 and AK 22). The third group of the analysed material was made of inbred lines with different types of introduced CMS from the Novi Sad breeding program, and restorer lines ( Ku 27 Draghon, Ku 58 Draghon, Ku 85 Topas and R 2000 INRA).

The samples of flowers were taken at flowering time from the mentioned material and microscopic examination was used to determine the level of anther development, presence of pollen, morphology and viability of pollen grains.

Samples were also taken from plants with different types of CMS and the restorer lines for the analysis of meiosismicrosporogenesis (on flower buds). Acetocarmine method was used for the analysis of meiosis [START_REF] Georgieva-Todorova | Genetic and Cytogenetic Investigation of the Genus Helianthus L[END_REF]) and the pollen viability was determined by staining [START_REF] Alexander | Differential staining of aborted and nonaborted pollen[END_REF]. CMS 61,CMS 62,CMS 57 and CMS 15 showed that they are all male sterile. The differences between those lines considering the expression of CMS trait, were mainly at the level of anther development (Fig. 2) in compare to the male fertile flowers (Fig. 1b). Pollen was occasionally found in anthers, but it was sterile. The results of CMS trait stability testing in the progenies of backcrosses (13 genotypes from 3 different sources) showed that most of the plants were completely male sterile. Some progenies were marked as male fertile after the field inspection, but microscopic analysis showed that it was a matter of low pollen production with low viability (less than 10%) or the pollen was completely sterile. The genotypes AK 21 and AK 22 exhibited complete fertility restoration and the pollen viability was 96.8%. ) and post meiotic phases that ended with pollzen formation (Table 1., Fig. 3.). Normal phases of meiosis were found in Ku 27 Draghon, Ku 58 Draghon and Ku 85 Topas, but their frequency in the studied microscopic samples was low. The samples for the analysis of meiosis were male sterile flowers in which the archesporial anther tissue is degenerated so that the number of pollen mother cells is considerably lower in compare to the fertile flower sample. The interruption in post meiotic phases starts after the phase of tetrads and deformed microspores are frequently found in the sample preparation (Table 1., Fig. 4.). The analysis of sterility source Ku 85 Topas revealed degenerated tetrads which implied even earlier interruption of microsporogenesis than in other analysed CMS sources like Ku 27 Draghon and Ku 58 Draghon (Table 1.).

Results

Microscopic examination of inbred lines

Discussion

The results of CMS stability analysis showed in this paper, confirm the results of [START_REF] Atlagić | Cytogenetic study of CMS in rapeseed genotypes at the Novi Sad breeding center[END_REF], where the unreliability of visual field inspection was pointed out and the necessity for the use of microscopic analysis to determine the level of anther development and the presence of pollen. The findings at the molecular level showed that the interruption of pollen development is coded in the mitochondrial DNA. That is confirmed by the research of Dieterich et al. (2003), who identified regions of the mitochondrial genome potentially involved in the expression of alloplasmic »Tournefortii-Stiewe« cytoplasmic male sterility (CMS) in Brassica napus, after he analyzed transcripts of 25 mitochondrial genes in fertile and near isogenic male-sterile plants (BC 8 generations). On the other hand, after the introduction of CMS trait in to the new genetic environment, the interaction between nucleus and cytoplasm is possible and it can result in male fertility restoration. Schnabel & Wise (1998) confirmed such interaction and moreover concluded that CMS provides an excellent model for the investigation of pollen development and cytoplasm-nucleus interaction.

The analysis of meiosis in majority of rapeseed CMS types, showed that the phase of tetrads is when the interruption of microsporogenesis occurs. Contrary to those results, the research in higher plants (Kaul, 1988) and in some types of CMS in sunflower [START_REF] Atlagić | Cytogenetic study of different sources of CMS in sunflower[END_REF] show that the interruption occurs in the earlier phases of meiosis.

Conclusion

All analyzed inbred lines were male sterile with different level of anther development. The back cross progenies showed that all three CMS sources are stable and restorers were found for two genotypes. The analyzed types of CMS all had normal meiotic phases, but the post meiotic division showed irregularities that led to the interruption of microsporogenesis, most frequently at the phase of tetrads.

Introduction

Erucic acid as a long-chain fatty acid, can not be absorbed and decomposed in human body, and its nutrition value was low. However, erucic acid and its derivative products play important roles in industry, such as steelcasting, lubrication, plastic, paint, ink, cosmetic, and food, etc. Demand for erucic acid is increasing rapidly with the development of world industry [3] .

In 1980s, the objectives of improving rapeseed quality focused on the low erucic acid and glucosinolate contents. Breeding and commercial use of many single or double-low varieties accelerated the process of high quality and industrialization of rapeseed. Breeding high erucic acid rapeseed for industrial purpose is the constituent parts of rapeseed industry development. Because we didn't pay enough attention to this, high erucic acid germplasm was lost severely. We are extremely short of breeding materials with the erucic acid content of over 55%. It is necessary to accelerate studies on high erucic rapeseed germplasm, enrich high erucic gene pool, and to provide new high erucic materials with rapeseed breeding. Meanwhile, it is important for breeding high erucic acid rapeseed hybrid varieties that improve fertility and adaptability of high erucic acid rapeseed to strengthen industry competitive power.

Cross breeding is the conventional method of improving erucic acid content of rapeseed. On the one hand, breeding materials with higher erucic acid content were obtained by an interspecific cross. For example, a few varieties such as HERO, Mercury, Neptune, Venus and Castor, bred by Manitoba University of Canada, had erucic acid content of 53.0%~54.1% [4,5,6,7] . By an inter-varietal cross, the cultivar Gaojie No.1 [8] , which had erucic acid content of 60%, was bred by Agriculture Science Academy of Jiangshu. On the other hand, stable high erucic rapeseed varieties can be obtained by a wide cross between Brassica napus and B. campestris or B. juncea. For example, a new Brassica napus variety MianYou 13 [9] was bred by the wide cross between B. napus and B. juncea in Mianyang institute of Agriculture Science. In this study, we took the method of the wide cross between B. napus and B. campestris. We crossed a high erucic acid RGMS line with a high erucic acid B. campestris to develop high erucic RGMS lines and hence new combinations.

Materials and methods

Materials

The sterile plants in the RGMS high erucic line Mian 1AB-3 as the maternal (whose erucic acid content was 54.0%), were crossed with B. campestris var. purpuraria L.(whose erucic acid content was 51.5%).

Experimental method

F 1 progeny from the cross between Brassica napus and Brassica campestris were treated with 0.1% colchicines and open-pollinated. The plants in F 2 progeny were Individually selfed by bagging. We determined erucic acid content and selected for high erucic acid content each generation on the basis of yield and resistance evaluation. We selected some advanced high erucic plants and segregating sterile plants to do pair-wise sib-mating. We did selfing, sib-mating and erucic acid testing for generations so that the agronomic characteristics, fertility and erucic acid content were stable. Fatty acid composition was determined by gas chromatography according to the agriculture standard NY/T91-1998. Oil content was determined by nuclear magnetic resonance. Breeding process for Mian 303AB was shown in Fig. 1. In spring of 2001, we obtained F 1 progeny from the cross between the sterile plants of high erucic acid RGMS line Mian 1AB-3 and Brassica campestris var. purpuraria L. and sowed seed in autumn. Seedlings were treated with 0.1% colchicines. In spring of 2002, plants were selfed by bagging but we didn't get the selfed seed because of the abnormal seeds. We harvested the spontaneous pollinated seeds from the F 2 progeny and sowed them in autumn. In spring of 2003, we selected plants which had normal flower and plant-leaf type were inclined to that of Brassica napus, to do selfing by bagging. Erucic acid content of individual plant seed well were measured. We selected 4 individual plants, which seed well and had 58% erucic acid content, to sow in autumn. In spring of 2004, we investigated and found in the field in the initial flowering that, a individual plant fertility were segregated, and the sterile plants rate were 8.33%.Then we selected advanced plants to do 3 paired sib-mating and 17 plants selfing, sowed seeds in Kunming in autumn and measured erucic acid content. In spring of 2005, we selected good stable agronomic traits of individual plant with fertility segregation to do paired sib-mating and selfing, and tested erucic acid and oil content after harvest. Individual plant satisfied with our demands were sowed in autumn. In spring of 2006, the breeding lines, which had 50% fertility segregation rate, high oil contents, stable erucic acid content of over 58% and stable agronomic traits, were sib-mated. A GMS line was obtained and named 303AB.

Result and analysis

Breeding procedure of high erucic RGMS

Selecting for economic traits

Because the progeny population segregation from the cross between Brassica napus and Brassica campestris were complex, we not only selected high erucic acid content, but also selected economic traits. There were a selecting thought for progeny selecting that we attached to selecting seed-fertility plants had abundant and dense pods when attached to selecting short and ramifying-well traits, so as to obtain high erucic acid GMS line with short and ramifying-well plants and abundance and dense pods. The selecting thought was shot through the whole process of progenies selecting. In the medium-grade of soil, the density of 303AB was 120000 plants per hm 2 , the plant height could reach 1.6 to 1.7 m, the first ramification number reached 9.5~12, pods per plant reached 450~500, seed number per pod was 15~18, 1000-seed weight was about 3.5 gram, the erucic acid content reached 58%, oil content reached 40%, oil content of part of materials reached 45%.

Fertility performance

The segregation ratio of sterile plants of sib-mating progenies of Mian 303AB was about 1:1, the segregation ratio of fertile plants of selfing progenies was 3:1, the fertility segregation regulation was the same as that of Mian 1AB-3.We did the testcross between Mian 303AB and 30 high erucic acid lines of Brassica napus. The fertility performance was that plants were fertile fully and didn't come about fertility segregation. This above indicated that Mian 303AB was belonged to RGMS line, whose sterile gene originated from Mian 1AB-3.

Discussion

Taking the technology route of the wide cross between Brassica napus and Brassica campestris, we bred high erucic acid RGMS line Mian 303AB, which had 58% of erucic acid content, especially, the maximum value reached 61.87%. It was proved that it was effective to breed high erucic acid Brassica napus, and feasible to bred high erucic acid RGMS line. We need to further study the reason of improving erucic acid content of Brassica napus. It is possible that the erucic acid gene of Brassica campestris was integrated into Brassica napus, or micro-effective multi-gene were recombined.

Study has been proved that there were at least 5 erucic acid allele genes in Brassica campestris L. and Brassica napus L., that was e, E a , E b ,E c ,E d , controlled 0, 10%, 15%, 30% and 3.5% of erucic acid content, respectively [10,11] . High erucic acid mutation materials were found in different species of Brassica genus. Erucic acid content of one E gene reached over 16% [12] . It is the important way for improving erucic acid content of Brassica napus that how to obtain E gene controlled higher erucic acid content and transfer it into existing high erucic acid Brassica napus.

Qicunkou thought that erucic acid content of Brassica campestris had distinct differences between varieties and regions in our country. Oil cabbage in winter rapeseed region of the South, had the erucic acid content of 50%, and was stable between varieties, its genotype was E c E c , but had differences between varieties. Chinese cabbage in spring rapeseed region of the North, had the erucic acid content of 30%, its genotype was E b E b . It is very important to make full use of rich Brassica campestris resources in the south for breeding the high erucic acid rapeseed varieties [13] .

Introduction

Increase in demand on rapeseed and soybean meals is observed in last years because of withdrawal animal products from fodder production. [START_REF] Pastuszewska | Sruta rzepakowa jako pasza bialkowa i energetyczna -ograniczenia i perspektywy. (Rapeseed meal as protein and energetic fodder -achievements and perspectives)[END_REF]. In this circumstances the quality of rapeseed meal became a very important problem. The content of glucosinolate in seeds of winter rape is the main factor determining nutritional value of rapeseed meal for use as high protein component of fodder production. Further improvement of rapeseed meal quality is still connected with breeding of new varieties with decreased alkenyl glucosinolate level. This concerns both line varieties and hybrids. [START_REF] Bartkowiak-Broda | Odmiany mieszancowe rzepaku -Osiągnięcia i perspektywy. (Hybrid varieties of rapeseed -achievements and perspectives)[END_REF]Krzymanski et al.199;[START_REF] Friedt | Breeding of rapeseed (Brassica napus L.) for modified seed quality -Synergy of conventional and modern approaches[END_REF], Raney et al. 2003). Feeding experiments showed that the most detrimental effects to animals have alkenyl glucosinolate -especially progoitrin. Lowering the level just of these seed components should be the next target of breeding works. Indol glucosinolates are less detrimental for animals and some products of its hydrolysis may have positive effects [START_REF] Rakowska | Chemiczna i zywieniowa ocena srut rzepakowych otrzymanych roznymi metodami. (Rapeseed meals obtained with different methods and their chemical and nutritional evaluation)[END_REF]Shone et al. 2003;Wang Y et al. 2003).

Better understanding of glucosinolate inheritance in rapeseed should make the breeding more effective and speed up the variety breeding process. Knowledge of genetic background of heterosis and general and specific combining abilities are basis for hybrid breeding. Their occurrence and changes between F 1 and F 2 generation are also important.

Material and Methods

Six DH lines with very different in glucosinolate contents and compositions were crossed in complete diallel design. Obtained hybrids of F 1 generation and parental lines were grown in field trial in complete random block design in four replications. Seeds of F 2 generation were obtained with selfing from F 1 plants. Next autumn the trial with hybrids of F 2 generation and parents were grown in two replications.

Analyses of glucosinolate content and composition were made using gas chromatography of sillyl derivatives of desulphoglucosinolates (Michalski et al. 1995).

Calculation of GCA and SCA were performed according Griffings method (Griffing 1956). Heterosis effects were calculated for pedigrees of individual parents and for hybrids as compared with parent means. Different methods for estimation of heritabilities of glucosinolate contents in seeds were compared.

Study was done for three the most characteristic for rapeseed glucosinolates. They are two alkenyl glucosinolatesgluconapin and progoitrin and one indol glucosinolate 4-hydroxybrasscin. Parental lines and hybrids of F 1 and F 2 generations were very significantly differentiated according contend and composition of these glucosinolates.

Results

Results of chemical analyses and statistical calculations are shown in tables 1 to 7. 

Discussion

Analysis of variance for F 1 and F 2 generations showed that the GCA effects of parental lines for investigated glucosinolate were statistically very significant. Significant effects of SCA were found for gluconapin and progoitrin. SCA for 4-hydroxybrassicin was not significant. Differences between reciprocal crosses were also not significant (table 2). Calculated results for combining abilities for alkenyl glucosinolates suggested that more important in controlling these glucosinolate content are genes with additive effects. This conclusion is confirmed by genetic parameters calculated according Mather method presented in table 5. Also high correlation coefficients for alkenyl glucosinolate GCA and SCA between two generations may suggest the same conclusion.

4-hydroxybrassicin performed differently as compared with alkenyl glucosinolate. It looks so that this indol glucosinolate content is mainly influenced by non-heritable factors.

Data presented in tables 3 and 4 concern heterosis effects on glucosinolate contents in seeds. Highly significant and mainly positive heterosis effects observed in F 1 generation lost its significance in F 2 generation. This observation can be explained by disappearing of non-additive effects in F 2 generation. Inversely the results obtained for F 2 generation should be more useful for pedigree breeding.

Different methods for estimation of heritabilities of glucosinolate contents in seeds were compared. The expected heritabilities were calculated according Mather in narrow and in wide sense. Realised heritabilities between F 1 and F 2 generations were investigated by calculations of regression coefficient, correlation coefficient and determination coefficient. The best heritability estimation should be determination coefficient, because the hybrid generations were grown in different conditions in two following years. Good agreement was found for heritabilities in narrow sense (h 2 =0.914) and determination coefficient (r 2 =0.908) for progoitrin content. A little worse for gluconapin (h 2 =0.868, r 2 =0.913). Heritability in narrow sense according Mather for 4-hydroksybrassicin was to high and was not confirmed by determination coefficient between F 1 and F 2 generations.

Conclusions

Alkenyl glucosinolate content in seeds and its composition were controlled genetically on additive manner with partial heterosis mainly in direction to higher content. This heterosis effect was diminished in F 2 generation. High heritability was find for these compounds.

Variability in 4-hydroxybrassicin was mainly conditioned by non-heritable factors and its heritability was much lower.

Introduction

Rapeseed is an important oil crop in Yunnan province, with annual production of over 50 thousand tones, predominantly for local markets. A key objective of the Yunnan Provincial Brassica Improvement Program and the Yunnan Domestic-tech Cooperation Project has been to develop line or hybrid varieties adapted to a range of environments in Yunna, with emphasis on increasing seed yield and reducing hybrid growing costs. Breeding for high yield hybrids has been an effective strategy to meet the domestic markets in China as well as in Yunnan province, and the improvement of rapeseed varieties has successfully been achieved through shifting from high erucic and high glucosinolates to low erucic and low glucosinolates, and from open pollinated varieties to hybrid cultivars (Wang et al. 2004).One of the further objectives for oilseed rape variety improvement is to fully exert the potentiality of heterosis as well as to increase oil content and improve resistances to biotic or abiotic stresses (Fu et al. 2004). Breeding of hybrids is an effective procedure to significantly improve seed yields. Although there are a number of different types of CMS systems with distinct genetic features Pol cms hybrid system is one of the most valuable approaches for producing more seeds than conventional way. However, breeders have been puzzled by trace-pollen problems of Pol cms lines [START_REF] Fu | Some investigation on Polima cytoplasmic male sterility in B. napus[END_REF][START_REF] Fu | The research on Pol cms srerile lines[END_REF]Yang et al. 1987[START_REF] Yang | Studies on the morphology of the flowers and the antonym of the anther development of RGCMS lines in Brassica napus L[END_REF]. In this paper, the breeding of a thermo-insensitive sterile line is reported.

Material and methods

YN02A sterile line was bred by the Institute of Industrial Crops, Yunnan Academy of Agricultural Sciences, which was a quality trace-pollen Pol cms line, and more than 440 genetic resource lines were used for wide testing crosses to screen new maintainer lines. As female parent, YN02A crossed with male parents respectively and the fertility of F 1 was determined by observing the functional pollen quantity of the anthers. The complete sterile plants in the F 1 populations were selected and backcrossed with corresponding male parents continuously. Flower's morphology of the F 1 plants also was studied for selecting high open-pollinating sterile lines.

Results

Breeding procedure

Though wide testing crosses and determination of fertility of the subsequent generations, it was observed in 2000 that one of the 440 testing male parents which numbered 3511 could maintain the Pol cms line YN02A well with non functional pollens and some of the test cross F 1 plants showed desirable flower morphologic traits for ensuring adequate pollination during blooming periods. Favorable sterile plants in the F 1 population were selected and continuously backcrossed with 3511 lines next years. After 8 backcross generations, YN04252A Pol cms line was bred in 2004 and the corresponding recurrent paternal parent became its maintainer line YN04252B after continuous selfing.

Flower morphological traits and fertility of the YN04252A

Morphological observations showed that YN04252A plants were complete male sterility under all environments for 5 years. YN04252A bore smaller flowers than that of corresponding maintainer line, with shorter floral shoot length and petal length, shorter filament length, longer pistil length, slimmer but straight stigma and transparent triangle anthers. The flowers of YN04252A produced as much nectar sugar as its maintainer line did and its petals stretched normally with bright light yellow color, thereby keeping more attractive to insects than YN02A. Studies also showed that there were 2.1% ineffective flowers under the early spring environments in Kunming in this Pol cms line, which adversely affect the hybrid seed yield (Table1 and Table2). 

Agronomic traits of the YN04252A

YN04252A is a medium to early maturing Brassica napus Pol cms line with high open pollination rates, which exhibited about 86.0% effective pod numbers relevant to either of the maintainer line and restorer lines and shared the same restoration lines with YN02A. Its plant height is about 167cm with about 8.3 main branches per plant. The number of pods per plant and the number of seeds per pod were 377 and 15.7 respectively with average 1000-seed weight 3.52g. 

Conclusion

Utilization of Pol cms hybrids has had appreciable economic value in Yunnan province. Within B. napus genetic recourses, there is a considerable variation for keeping sterility of Pol cms lines but only a limited number of genotypes have potentialities to ensure Pol cms lines to be complete sterile under different environments. Pol cms also brings about abnormal pistils and less nectar sugars under some genetic background. Breeders must be faced with these difficulties before releasing hybrid cultivars. GMS+CMS is a creative strategy to crack the problem (Yang et al. 1993) but there are still several obstacles. Conventionally, wide test crossing is an effective way to improve Pol cms system.

Introduction

Rapeseed (B. napus L.), in particular its winter form, is receiving increasing attention by farmers in Serbia. The most important reason for this lies in the fact that the farm price of the commercial seed of this crop has become higher even than that of soybean and sunflower seeds. Such high farm price springs from the need for the production of biodiesel, as rapeseed oil is regarded as providing better quality raw material than any other oil crop. Based on EU regulations on the minimum percentage of biodiesel that must be mixed into D 2 diesel fuel and D 2 consumption in Serbia, the present needs for biodisel in Serbia are estimated at 50,000 t. As the average seed yield of rapeseed is currently at 2-2.5 t/ha, rapeseed production should be established on over 60,000 ha in the country in order to satisfy the present domestic demand for this crop. Rapeseed oil that does not contain erucic acid can also be used for human consumption.

Oil obtained from the seeds of rapeseed varieties and hybrids grown in Serbia is 3.65-4.91% palmitic acid (16:0), 1.06-1.90% stearic (18:0), 59.90-67.90% oleic (18:1), 15.60-20.90% linoeic (18:2), 6.45-10.95 linolenic (18:3), 0.0-0.67% arachidonic (20:0), 1.07-3.24% eicosenoic (20:1), and 0.0-0.40% behenic acid (22:0). The erucic acid content depends on whether the variety or hybrid belongs in maturity group 0 or 00 (Marinković, unpublished data).

Recent studies by nutritionists (Grundy, 1986;[START_REF] Yodice | Nutritional and stability characteristics of high oleic sunflower seed oil[END_REF] have led to the appearance of a new nutritional philosophy that recommends maximum use of monounsaturated acids in the human diet. According to Grundy (1986), the consumption of fat rich in oleic fatty acid can effectively reduces cholesterol levels, since this acid reduces the levels of lipoproteins, which carry low density cholesterol around the bloodstream, without having any effect on the levels of triglycerides or lipoproteins carrying high density cholesterol.

Linoleic acid (vitamin E) is an important essential polyunsaturated fatty acid that also reduces blood cholesterol levels and is a main component of cell membranes. As it is necessary for growth and reproduction and as a protection from excessive water loss and radiation injury (Anonymous, 1968), it must be taken in through food, because the human organism is incapable of synthesizing it from other fatty acids.

The objective of this study was to investigate the combining abilities of several rapeseed varieties and the mode of inheritance and gene action for linoleic and oleic acid contents.

Materials and methods

Genetic material used in this study consisted of five rapeseed varieties (Banaćanka, Orkan, Valeska, Aligator and Alaska). During 2003, they were subjected to half diallel crosses (no reciprocals). Stamens on plants used as the female parent were removed manually in the early morning hours to prevent any potential self pollination.

A trial with the F 1 generation hybrid combinations and the parents was set up in 2004 at the Rimski Šančevi Experiment Field of the Institute of Field and Vegetable Crops in Novi Sad. The plants were sown on a chernozem soil in three replications using a randomized block design. The rows were 5 m long and 25 cm apart with a 5-6 cm spacing between the plants. The seeds of the hybrids and parents were planted manually in four rows.

Fatty acids in the oil were determined as methyl esters using gas chromatography [START_REF] Medison | One-step lipid extraction and fatty acids methyl esters preparation from fresh plant tissues[END_REF]. Analysis of variance was done according to [START_REF] Hadživuković | Statistički metodi. Univerzitet "Radivoj Ćirpanov[END_REF], while the mode of inheritance was assessed using the test of significance of generation means relative to parental average [START_REF] Borojević | Način nasleđivanja i heritabilnost kvantitativnih svojstava u ukrtanjima raznih sorti pšenice[END_REF].

Analysis of variance of general (GCA) and specific (SCA) combining ability was done according to Griffing (1956), Method 2, Model 1.

Results

Significant differences in oleic acid content were found among most of the varieties and their combinations (C 18:1). Among the varieties, the highest value for this trait was found in Valeska (71.60%) and the lowest in Aligator (67.64%). Among the F 1 hybrids, the highest oleic acid content was recorded in the Banaćanka×Orkan combination (72.41%).

In the inheritance of oleic acid content in the F 1 generation, positive heterosis was found in one hybrid combinations, dominance of the better parent in two, and dominance of the poorer parent also in one. In the rest of the combinations, the mode of inheritance could not be determined, as there were no significant differences between the parents (Tab. 1).

Analysis of the combining abilities showed highly significant values for both GCA and SCA. However, genes with nonadditive effects played the predominant role in the inheritance of this trait (Tab. 2). This finding was supported by the values of genetic components calculated from the variance components, as the value of the dominant component (δ 2 D=δ 2 S=1.84) was higher than that of the additive one (δ 2 A=2δ 2 g=0.31).

Positive GCA values were found in three and negative ones in two varieties (Tab. 3). The variety Orkan had the highest GCA value and the difference compared to the other varieties was significant.

The relatively low variance of SCA (δ 2 s i ) found in Banaćanka and Alaska indicate that these varieties pass down their high ability for a high oleic acid content evenly, whereas the high variance of SCA in Orkan shows that there are specific combinations of this variety with other varieties that will have considerably higher oleic acid contents than expected, and conversely, that there are other such combinations that will have considerably lower oleic acid contents than expected. Because of this, Banaćanka and Alaska are probably superior to Orkan when used in the development of synthetics, while Orkan is superior to the other two genotypes when it comes to obtaining specific combinations with a higher oleic acid content (Tab. 5).

The linoleic acid content (C 18:2) of the varieties used in the study ranged from 14.94% (Valeska) to 19.06% (Aligator). Among the hybrid combinations, the highest value of this trait was found in the hybrid Aligator×Valeska.

In the inheritance of linoleic acid content in the F 1 generation, heterosis, intermediacy, and dominance of the better or poorer parent were manifested (Tab. 1).

As highly significant differences for GCA and SCA were obtained, it can be concluded that genes with additive and dominant effects play the important roles in the inheritance of this trait. According to the values of genetic components calculated from the components of variance, the additive component (δ 2 A=2δ 2 =2.28) was considerably higher than the dominant one (δ 2 D= δ 2 s=0.41), meaning that genes with additive effects played the predominant role in the expression of this trait. Similar results have been reported by Marjanović -Jeromela et al. (2001).

The GCA effects were highly significant in four varieties. In two of the varieties they were negatively so and in two positively.

The best general combiner, the variety Aligator, had a considerably lower value of SCA variance than the variety Alaska and can hence be successfully used for developing synthetics. Alaska, thanks to its higher SCA variance value (δ 2 s i ), can be successfully used for the obtainment of specific combinations with increased levels of linoleic acid (Tab. 5).

Highly significant positive SCA effects were observed in one hybrid combination, while two had significant positive SCA effects. Two more combinations had positive SCA effects, while five had negative ones. (Tab. 4). The highest such effects were found in a combination that included the poorest general combiner for this trait, the variety Orkan.

Conclusion

In the inheritance in the F 1 generation of the fatty acids studied, positive heterosis, dominance of the better parent, dominance of the poorer parent, and intermediacy manifested themselves.

The variety Orkan was found to be more suitable for obtaining specific combinations with an increased oleic acid content, while the variety Alaska was determined to be more suited for developing specific combination with increased linoleic acid levels. 

Introduction

Cytoplasmic male sterile (CMS) three-line method is one of the most important approaches in the heterosis utilization in Brassic napus. However, the main problem of the CMS system applied in production upon to now is that most of CMS lines such as Polima CMS lines and Shan 2A have trace pollens which can influence the purity of hybrid seed under the condition of low temperature. Therefore, breeding stable CMS line which is not sensitive to low temperature is very meaningful to avoid the risk of seed production.

A new stable CMS line 991A which is not sensitive to low temperature has been bred in our breeding practice, which is reported as follows.

Materials and Methods

Materials

CMS line D6A bred from the separating offspring of Qingyou2 which is temperature-sensitive and has a lot of tracepollens under low temperature, and its maintainer D6B, inbreeding line P13 and 18 restorers of D6A are all from Institute of Hunan Yahuaseeds.

Methods

Breeding for 991A and 991B: A stable sterile line without trace pollen under the condition of continuous low temperature even below 5 °Cwas found in Spring of 2000 in Changde of Hunan province from the back-crossings of P13 with D6A, which was named as 991A. Its maintainer 991B was bred from the back-crossings of P13 with D6B.

Fertility investigation: The fertilities of D6A and 991A were investigated from 2001 to 2004 in Changsha. Thirty plants of every line were observed. The fertility is identified as the following standards: 1. completely sterile flowers: the length of stamens is shorter than 1/2 length of pistils and there is no pollen in anthers; 2. partially sterile flowers: the length of stamens is as long as 2/3 length of pistils and there are trace-pollens in anthers and the anthers can spread pollens; 3. fertile flowers: the length of stamens is longer than or as long as that of pistils and there are a lot of normal pollens in anthers.

Research on the exchange of nucleus and cytoplasm: The maintainer of 991A and D6A were exchanged each other and the following combinations were gained: two F 1 : (991A×D6B), (D6A×991B); two BC 1 : [(991A×D6B)×D6B], [(D6A×991B)×991B]. The fertility of all combinations were also investigated.

Testing for the restorers of 991A: 991A and D6A were test-crossed with 18 restorers of CMS line. The fertilities of F 1 of these test-crossing combinations were investigated for their restoring rates.

Hybrid seed production: Hybrid seeds of combination 991A/C14910 and D6A/C14910,991A/P1 and D6A/P1 were produced under natural isolated condition at Changsha(2003).The rates of sterile plants of all hybrid combinations were observed,and the hybrid seed purity was evaluated.

Results

Fertility performance of 991A and D6A: 2001: 1) D6A: there were a lot of trace pollens from 9 to 23 March.

2) 991A: some trace pollens(small yellow spots on anthers,1mm long or so) were found but could not be spread on the anthers in only 10.3% of total plants from 10 to 16 March. Nevertheless, no trace pollen was found on other plants in total flower stage. 2002:1) D6A: there were a few of trace pollens from 16 to 20 March.

2)991A: there was no trace pollen in total flower stage. 2003: 1) D6A: there were some trace pollens from 14 to 19 march.

2)991A: there was no trace pollen in total flower stage. 2004:1)D6A: there were some trace pollens from 29 February to 5 March.

2) 991A: there was no trace pollen in total flower stage.

Effect of nucleus and cytoplasm on trace pollen

After the maintainers of D6A and 991A were exchanged each other, the combination F 1 and BC 1 displayed different fertility. The results of fertility investigation (Table 1) to two F 1 and two BC 1 generations compared with the fertility of D6A and 991A were as follow:

Two F 1 :It showed that the sterile degree of combination (991A×D6B) (which sterile degree was 97.4%) was almost as high as that of 991A(97.41%) in the spring of 2001.The sterile degree of combination (D6A×991B) (which sterile degree was 94.65%) was between that of D6A(88.43%) and 991A .But the lasting period of trace-pollens occurring for combinations 991A/D6B and D6A/991B were the same(10 days),that of 991A was the shortest(6 days) and D6A was the longest (14 days).

Two BC 1 :The sterile degree of combination [(991A×D6B)×D6B] (which sterile degree was 94.99%) was near that of D6A but apparently lower than that of 991A(100.0%) in the spring of 2002.That of [(D6A/991B)/991B](97.69%)was between that of D6A and 991A.The lasting period of trace-pollens occurring for combination [(991A/D6B)/D6B] was as long as that of D6A(5 days),and longer than that of [(D6A/991B)/991B].With regard to that 991A and 991B, and D6A and D6B, have the same nucleus respectively, the above results may mean that the nucleus of 991A can apparently decrease the influence of trace-pollen, and the cytoplasm of 991A is less sensitive to low temperature than that of D6A. The restorers and maintainers of 991A:From the above results, it can be found that 991B can keep the sterility of D6A and D6B can keep the sterility of 991A, which means that D6A and 991A have the same maintainers. Furthermore, all F 1 generations of test-crossing combinations of 991A with 18 restorers of CMS line D6A are all fertile, which means that D6A and 991A have also the same restorers.

Hybrid seed production test:The rates of sterile plants of 991A/C14910 and 991A/P1 were 2.1%,1.4%,respectively,while D6A/C14910 and D6A/P1 were 15.9%,13.7%, respectively.The hybrid seed purity of the combinations produced by 991A was higher than that of combinations produced by D6A.

Summary and Discussion

According to the fertility investigations of F 1 and BC 1 generations through exchanging maintainers of 991A and D6A, it is thought that the sterile stability of 991A is the result of interaction of nucleus and cytoplasm. Some variations may occurred in cytoplasm. Therefore, it may be more effective through adopting the methods of "one-cytoplasm-and-multi-nucleus"(a maternal plant cross with more paternal plants) or "one-nucleus-and-multi-cytoplasm" in the process of breeding stable CMS lines.

991A is a new stable CMS line insensitive to low temperature. It has the same maintainers and restorers as D6A.

Hunan Province is located in the middle reaches of the Yangtze River. Cold waves arise frequently,and air temperature is changeable.991A is suited for hybrid seed production in Hunan climate condition. 991A and 991B are fine basic materials for breeding new stable CMS lines, and some trans-breeding works are being undertaken.

Introduction

Enhancement of crop productivity through heterosis breeding has two prerequisites; availability heterotic combiners and an effective CMS/restorer system for economic production of hybrid seeds. Presence of two distinctly divergent heterotic gene pools, the Indian and East European, in Brassica juncea has already been reported (Pradhan et al., 1993;Srivastava et al., 2000). Though a large number of CMS/restorer systems have been described in B. juncea (Delourme and Budar et al., 1999), none of these provide a reliable means for commercial production of hybrid seeds. However, recently, we reported a new CMS which was identified in a doubled haploid population of B. napus and subsequently transferred to B. juncea and used successfully to develop hybrids in B. juncea [START_REF] Sodhi | A new cytoplasmic male sterility for hybrid seed production in Indian oilseed mustard Brassica juncea[END_REF]. In this paper we report the yield potential of first CMS based hybrid in B. juncea, DMH-1, as recorded through multilocation yield trials, demonstration trials on farmer's fields and minikit trials for the three consecutive growing seasons.

Materials and Methods

The isolation of '126-1' CMS line and its transfer to B. juncea var. Pusa bold has been described in detail by [START_REF] Sodhi | A new cytoplasmic male sterility for hybrid seed production in Indian oilseed mustard Brassica juncea[END_REF]. DMH-1 hybrid seed was produced by growing 3 rows of '126-1' CMS Pusa bold (A line) alternating with 1 row of EH-2 as pollinator (R line) in isolation.

DMH-1 yield potential was confirmed by testing in multilocation trials, demonstration trials and minikit trials. Initialy small plot level (5 m×2.7 m size plots) multilocation yield trial of DMH-1 was conducted at three locations namely; Delhi, Bassi Pathana of Punjab and Gwalior of Madhya Pradesh. The entries included in a multilocation trial were DMH-1, national and zonal check varieties. At each location the entries were sown in three replications. At each location, crop was raised as per standard package of practices recommended for mustard cultivation. Plot level yield data was recorded after harvest of the crop.

Demonstration and minikit trials of DMH-1 were conducted in 2 acres size of farmer field. In one acre DMH-1 was sown and in the remaining one acre area local commercial variety was sown for comparison. Both DMH-1 and commercial variety were raised as per standard package of practices recommended for mustard cultivation. Demonstration trials were taken up at limited number of locations, whereas, the minikit trials were conducted in 14 districts of mustard growing belt in north-west India consisting of 405 minikits.

Results

Origin of '126-1' CMS Pusa bold

Cytoplasmic male sterility system designated as '126-1' CMS, was identified as a spontaneous variant among a doubled haploid population of Indian synthetic B. napus ISN 706. The procedure for transfer of '126-1' CMS to B. juncea var. Pusa bold has been described in [START_REF] Sodhi | A new cytoplasmic male sterility for hybrid seed production in Indian oilseed mustard Brassica juncea[END_REF]. The unique feature of this CMS is that any line can be a maintainer on repeated backcrossing and any line other than the maintainer line can be a restorer in the F 1 generation. DMH-1 was developed by crossing '126-1' CMS line of Pusa bold to normal B. juncea line EH-2.

Multilocation yield trials of DMH-1

DMH-1 along with national check varieties, Varuna and Kranti, and local checks were sown in a replicated trial at three locations to assess the yield potential of DMH-1 hybrid. Mean yield data recorded in the multilocation yield trials have been given in table 1. In all the three locations DMH-1 recorded the highest mean yield with heterosis percentage of 15.5 %, 43.3% and 23.2% heterosis over best zonal check varieties at Delhi (Del), Bassi Pathana (Bassi) and Gwalior (Gwl) locations, respectively (Table 1). The average heterosis was 27.3 % over zonal checks. 

Farmer's field demonstration trial of DMH-1

Demonstration yield trials of DMH-1 were conducted in 2 acre size plot at farmers field at 12 locations in winter growing season 2004-05. Yield potential of DMH-1 was compared with best local as well as commercial cultivars (Table 2). The DMH-1 gave a mean yield of 19.8 quintals/ha over all locations as compared to commercial cultivars which gave a mean yield of 15.3 quintals/ha with an average heterosis of 29.4 %. In 2005-06 DMH-1 was tested more extensively in farmer's field demonstration and minikit trials. A total of 27 demonstrartion trials were conducted in six mustard growing area (Table 3). Mean yield and percent heterosis of 27 demonstration trials have been given in Table 3. The average yield of DMH-1 varied from 24.3 to 29.2 quintals/ha whereas the average yield of check varieties varied from 17.8 to 22.9 quintals /ha. The average heterosis at different locations varied from 19.1% to 44.4%. 

Minikit trials of DMH-1 hybrid

Minikit trials of DMH-1 were conducted in 14 districts of mustard growing area of north west India. Yield data of 405 minikit trials have been given in Table 4. At Bharatpur, DMH-1 gave highest yield of 32.5 quintals/ha with an average heterosis of 30.3 %. In minikit trials the highest yield of 37.9 quintals/ha was recorded at Alwar with an average heterosis of 25.1%. At Bhiwani, Mahendragarh and Hissar the trials were undertaken in comlete rainfed (no irrigation) condition. The DMH-1 recorded an average yield heterosis of gave 17.2 %, 5.4% and 22.9% in Bhiwani, Mahendragarh and Hisar respectively.

Discussion

In Brassica species majority of the CMS systems that have been described are alloplasmic in nature. None of the alloplasmic systems described in B. juncea could be exploited for hybrid seed production either due to floral abnormalities or due to lack of male fertility restorers. One instance, where some success has been achieved in terms of hybrid seed production is 'Ogu' CMS in B. napus [START_REF] Delourme | Radish cytoplasmic male sterility in rapeseed: Breeding restorer lines with a good female fertility[END_REF]. The '126-1' CMS system used in DMH-1 hybrid production has many advantages in terms of hybrid seed production. The most unique and agronomically interesting feature of '126-1' CMS in B. juncea is that any line can act as fertility restorer in the F 1 generation but can be developed as a maintainer after a few generations of backcrossing. 

Conclusions

DMH-1 is the first ever CMS based hybrid tested over a large area in the mustard growing region of India. In this paper yield superiority of DMH-1 over national checks, zonal checks and commercially grown varieties has been established by demonstration and minikit yield trials. Results of demonstration and minikit trials indicate that it is possible to get about 30 % increase in seed yield of mustard through DMH-1 cultivation. DMH-1 is highly resistant to white rust (Albugo candida) and tolerant to stem rot diseases. During winter season 2005-06 approximately 15 tons of DMH-1 hybrid seed was produced, indicating an important step towards development of CMS based hybrids in Indian mustard.

Introduction

Using and breeding of new double low hybrid rapeseed varieties is now the key point of rapeseed scientific research and production in the world (Li Shulin,1985,Li Dianrong,1993, Fu Tingdong,2001). Since Fu Tingdong et al (1981)first reported discovering Polima cytoplasm male sterility in Brassica napus L.in 1972, rapeseed breeders in World have paid much attention to rapeseed heterosis. Up to 2006, rapeseed breeding and research organizations in China had successively bred more than 100 hybrid rapeseed varieties. The planting area of hybrid rapeseed varieties in Chna also occupies over 55% . The rapeseed sterility systems mainly used in China are cytoplasm male sterility, dominant genic male sterility and recessive genic male sterility (Li Shulin,1985, Hou Guozuo,1990, Li Dianrong,1993, Li Shulin,1993, Wang Hua,1993, Sun Chaocai,1997, Chen Fengxiang,1998, Fu Tingdong,2001).The inheritance and use of the double low recessive genic male sterile two-type line 20118AB were reported in this paper.

Material and methods

Tested materials were a recessive genic male sterile two-type line 20118AB (the ratio of fertility segregation is stably 1:1 and 3:1 by the sterile plants crossed with the fertile plants and fertile plants selfed, respectively.) and 3 maintainer lines, M-6029, M-6034 and M-S-21041, bred by Shanghai Academy of Agricultural Sciences and 98 single or double low rapeseed varieties introduced from the domestic and foreign countries.

Test cross: Crosses between male-sterile line 20118A and the different varieties had been made. Sterile plants from malesterile line 20118A and F 2 of test-cross were crossed with the maintainer lines, M-6029, M-6034, M-S-21041, respectively.

Sib-mating: Sib-mating crosses in the two-type line 20118AB and in the segrergating generations of test crosses were also made.

Selfing: The F 1 , F 2 and male parents of test crosses and male parents of sibmating crosses were all selfed. The tests of goodness fit for the descendants of fertility segregations obtained by above methods was done.

Results

Fertility expression of F 1 in sib-mating and selfing of the two-type line 20118AB

In 1995, ten sibmating and selfing crosses between sterile plants and fertile plants in 20118AB were made respectively. The fertility segregation of F 1 was 1 fertile plant to 1 sterile plant in sibmating crosses and 3 fertile to 1 sterile in selfing crosses (Table 1).

Fertility expression of F 3 in test crosses between sterile line 20118A and other rapeseed varieties

In 1996-1999, 98 combinations were made between the sterile plants of 20118A and different rapeseed varieties. The fertility expressions of all F 2 of 98 combinations were fertile. Some plants in the F 1 from different test crosses were selfed. The fertility segregation ratio of fertile to sterile was 61:3 in 6 F 2 lines and 15:1 in 2 F 2 lines. Selected fertile plants in the lines of the segregation ratio of fertile to sterile by 61:3 were continuously selfed. 72 F 3 lines were obtained. Among them, 44 lines were all fertile, 9 lines of fertility segregation ratio were 61:3, 6 lines were 15:1, 9 lines were 13:3 and 4 lines were 3:1(table 2). The results showed that the fertility of male-sterile line 20118A was controlled by two pairs of recessive sterile genes with duplicate effect and 1 pair of recessive fertile gene with epistatic effect . 

Breeding of maintainer lines of 20118A

The fertility segregation ratio of the combinations, 20118A×5001 and 20118A×S-20135, in F 2 was 61:3. The fertility segregations of the plant lines in F 3 had full fertile, 61:3, 15:1, 13:3 and 3:1, respectively. In 2000~2001,sibmating crosses were made in which the combinations of fertility segregation were 61:3 and 13:3, and the corresponding male parents were selfed, respectively. The descendant's fertility segregations were listed in table 3. The results showed that the fertility segregation of F 1 crossed between the sterile plants and S-21041 was 104 sterile, 2 fertile, and for M-6029 and M-6043 was full sterile, respectively. Corresponding male parents were all fertile by selfing (Tabe 3).

The use of the recessive genic male-sterile line 20118A

The fertility of 20118A is controlled by two pairs of recessive duplicate sterile genes and one pair of recessive epistatic fertile gene. When the genes of ms 1 and ms 2 are recessive homozygous ms 1 ms 1 ms 2 ms 2 , and the gene of rf is dominant homozygous RfRf or heterozygous Rfrf, the plants are sterile(genotype is ms 1 ms 1 ms 2 ms 2 RfRf or ms 1 ms 1 ms 2 ms 2 Rfrf). When rf gene is recessive homozygous rfrf, rf has epistatic effect to ms 1 and ms 2 . The plants with the genotype of ms 1 ms 1 ms 2 ms 2 rfrf is all fertile and also a maintainer line. The genotypes of the restorer line are Ms 1 Ms 1 _ _ and _ _Ms 2 Ms 2 . Used this system, hybrid seeds can be produced. First, the homozygous two-type line was kept by sib-mating and the sterile line could be obtained by removal 50% fertile plants in the two-type line. Second, the full sterile line(ms 1 ms 1 ms 2 ms 2 Rfrf) could be produced by the cross between the sterile line and the maintainer line. Lastly, hybrid seeds were produced by the cross between the full sterile line and restorer line(Fig. 1).

Discussion

At present, the types of recessive genic male sterile rapeseed with multitudinously restoring resources were reported by 1 pair of gene, 2 pairs of genes and 3 pairs of genes (Hou Guozuo,1990, Li Shulin,1993, Wang Hua,1993, Sun Chaocai,1997, Chen Fengxiang,1998,). The maintainer gene has not been found in rapeseed controlled by 1 pair and 2 pairs of recessive genes. The maintainer line of recessive genic male sterility which controlled by two pairs of recessive duplicat sterile genes and one pair of recessive epistatic fertile gene had been discovered and three double low hybrid rapeseed varieties, "Huyouza No.1", "Huyouza No.2" and "Xiangnong 03", had also been bred by Shanghai Academy of Agriculture Sciences

In the two-type line 20118AB, the genotype of sterile plant is ms 1 ms 1 ms 2 ms 2 RfRf, and the fertile plant's is Ms 1 ms 1 ms 2 ms 2 RfRf or ms 1 ms 1 Ms 2 ms 2 RfRf, The fertility segregation through sibmating between the sterile plants and fertile plians in the two-type line 20118AB is stable 1:1.The full sterile line(ms 1 ms 1 ms 2 ms 2 Rfrf) can produce by the 20118A and the maintainer line, but it is only used once in the rapeseed breeding process. The author thinks that the full sterile line should be better called as a temporary line. Fig. 1 The utilizing model of the genic male sterile two type line 20118AB

Introduction

The spontaneous hybridisation of related species by combining their genomes (alloploidy) has played a prominent role in plant evolution. A main reason for the success of allopolyploids are the favourable interactions between genes on their homeologous chromosomes which is similar to the positive interactions between different alleles of one gene causing classical heterosis [START_REF] Shull | The composition of a field of maize[END_REF] in heterozygous genotypes. Those favourable interactions between homoeologous loci should result in an increased performance of allopolyploids compared to their parental species, even in homozygous genotypes (Figure 1). Therefore, such positive epistatic interactions can be called "fixed heterosis" (Abel et al., 2005). Brassica napus (genome constitution AACC) is a very suitable model system to analyse "fixed" heterosis, because artificial "resynthesized" lines can easily be developed from diploid parental species B. rapa (AA) and B. oleracea (CC). 

Material

The genetic materials comprise one Brassica rapa var. trilocularis line (RO18 = A 1 ) from the John Innes Center, one Brassica rapa var. olifeira line (6748-1430 = A 2 ) from Agri Food Canada and two Brassica oleracea var. alboglabra lines (A12 = C 3 and S2C3-4-1 = C 4 ) (John Innes Center and Crucifer Genet. Cooper). All lines were double haploids or highly inbred lines. For a detailed description of the material see Abel et al. (2005). The lines have been selected depending on their detected amount of fixed heterosis. The resynthesis of this four lines showed a fixed mid-parent-heterosis between 49,9% and 70,5%.

Recombinant inbred lines (RILs) from a cross between the two B. rapa, the two B. oleracea and the resulting synthetic B. napus line are developed as shown in Figure 2. In the parental lines (A 1 A 2 , C 3 C 4 ) a sample of 150 RILs each will be genotyped. For a comparable detection power for the QTL in the amphidiploid species an amount of 300 RILs will be used. Due to the polyploidisation the genetic variance explained by the QTL will be higher in the parental RILs than the genetic variance explained in the amphidiploid species. Therefore more lines (N=300) have to be analysed in the resynthesized B. napus to reach a comparable detection intensity.

QTL mapping

Fixed heterosis is not depending on heterozygosity, and therefore the mapping populations consist of homozygous plants (instead of testcrosses required to analyse QTL for classical heterosis).

To identify the contribution of individual genes to the fixed heterosis by QTL mapping, three segregating populations were developed (Figure 3). Two of them in the diploid parental species only segregating for loci in the A and C genome, respectively, and a third one developed from a corresponding allopolyploid which is segregating for loci in both genomes.

In this study we will use AFLP and SSR markers. AFLPs (Vos et al., 1995) are a cost effective and fast technique for detecting polymorphisms in DNA and for developing a framework map. In addition some SSR markers that are distributed equally over the genome are needed to align the results with other linkage maps. After this first approach more SSRs will be selected supplementary that are more closely linked to "interesting regions".

In former studies saturated mapping of microsatellite markers in B. oleracea, as well as in B. campestris and B. napus, could be successfully used to reveal the homoeologous relationships between B. napus and its progenitor genomes [START_REF] Saal | Microsatellite markers for genome analysis in Brassica.II. Assignment of rapeseed microsatellite to the A and C genomes and genetic mapping in Brassica oleracea L[END_REF]. So SSR loci are well conserved among various B .rapa accessions, and most can be applied to related species such as B. oleracea, B. napus, and A. thaliana with high accuracy (Suwabe et al., 2006). A linkage map based on molecular markers that would allow discrimination between homologous and homeologous regions is required for a comparative analysis in Brassica. 

A + A + /A -A - C + C + /C -C - A + A + /A -A -C + C + /C -C - no QTL QTL no QTL QTL?
Type II loci

AA C + C + /C -C - AA C + C + /C -C - Type I loci QTL no QTL QTL? no QTL
QTL mapping at a specific locus For the observed QTL three types can be classified as follows (Figure 3):

A + A + /A -A - CC A + A + /A -A -CC RIL-population RIL-population RIL-population A 1 A 2 C 3 C 4 C 3 C 4 A 1 A 2 A 1 A 1 C 3 C 3 x A 2 A 2 C 4 C 4 C 3 C 3 x C 4 C 4 A 1 A 1 x A 2 A 2
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QTL which are detected in the A genome but not at the corresponding position in the C genome; II QTL which are detected in the C genome but not at the corresponding position in the A genome; III QTL which are detected both in the A and C genome at corresponding positions. The principle of the QTL mapping is the comparison of QTL identified in the A and C genome alone with the same QTL in the allopolyploid situation. Under the assumption of fixed heterosis the effects of QTL can be modified in the allopolyploid situation. At least some of the QTL only detected in the A genome (I) should disappear in the allopolyploid, because the C genome may contain a positive allele which is masking the effect in the other genome (meaning that A + A + CC and A -A -CC have the same performance). Likewise some of the QTL only detected in the C genome (II) should disappear, because the A genome may contain a positive allele. QTL detected in both genomes (III) will not disappear, but there should be an epistatic effect between them (Table 1), because (A + A + C -C -+ A -A -C + C + ) should have a higher performance than (A + A + C + C + + A -A -C - C). 
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Because homozygous lines are used, only additive effects and additive×additive epistasis can occur. With only an additive gene action (no epistasis/fixed heterosis) all QTL detected in the A and C genome should have the same effect in the allopolyploid situation. So the genetic variance of the homozygous RIL populations of the parental lines can be defined as Σ a A 2 and Σ a C

2

. Respectively, the genetic variance of the allopolyploid genome is defined as

Σ a A 2 + Σ a C 2 .
In case of deviation from the expected genetic variance in the allopolyploid situation this would be an evidence for epistatis. If fixed heterosis exists it is to be expected that the variance among the RILs of the alloplolyploid is larger than the sum of the variance of the diploid RILs.

Outlook

The expectations described above are only valid if the effect of a negative allele in one genome can be completely compensated by a positive allele in the other genome, otherwise the QTL will not completely disappear but will have a smaller effect. Moreover, not all QTL contributing to fixed heterosis can be detected but only those QTL which segregate at least in one of the two genomes. Nevertheless this approach will allow to identify at least some of the QTL for fixed heterosis which can then be analysed in detail in further investigations. Due to the use of SSR markers it will be possible to compare these results with the results of QTL mapping in other groups working on Brassica and on Arabidopsis.

Additionally phenotypic data will be evaluated via biomass measurement of all genotyped RILs. The trait biomass has been chosen because of the expected difficulties in the flowering behavior, fertility and seed development especially due to the high inbreeding generation of the tested lines. By analysing the data from the biomass trials detected QTL which influence fixed heterosis can be identified.

As to our knowledge, this is a new approach still not experimentally tested. The experiments already started and we hope to present interesting results soon.

In present rapeseed heterosis use, because Pol CMS and S2A CMS, MICMS are sensitive to temperature in flowering season, they are easy to produce the trace amount of pollen grains under the low temperature [1] , while the genic male-sterile line must wipe out 50% fertile plants in breeding [2] , which increase the breeding cost. If leaked, some sterile plants may appear in the hybrid, it will be dangerous to the rape breeding and planting. Therefore the development of the new sterile sources was still important foundation in the rapeseed heterosis use. In the flowering season of 2002, we discovered one natural male sterile plant in breeding progeny (Brassica napus L) with halberd-like stamen, no pollen in anther and fused long stamens of some flowers but normal pistil, and its sterility is stable. The further research indicated that, the flower structure of this sterile plant is different from that of genic sterile lines, Pol CMS, with also different restoring and maintaining genes with Pol CMS.

Material and method

Materials

YZA is obtained from the offspring of the natural sterile plant testcross and backcross with B2 which was discovered in 2002. The stamens were like halberd with no pollen in anther, the long stamens of some flowers were fused two by two (Figure 1), while pistils were normal and the sterility was stable. Yang A2 is a Pol CMS, B1, B2 are Pol CMS B-line, R1, R2, R3, R4,R5, R6 are Pol CMS R-line. 1002AB is double recessive genic sterile line.

Methods

In 2003, we obtain F 1 hybrid by crossing with YZA as female parent, B1, B2, R1, R2, R3, R4,R5, R6 as male parent, investigated the sterility of the hybrid F 1 in 2004, and backcrossed with the hybrid F 1 as female parent, and B1, B2, R1, R2, R3, R4,R5, R6 as male parent, investigated the sterility of the backcrossing hybrid F 1 in 2005.

In 2006, we took 100 flowers of B2, YZA, 1002AB, and Yang A2 each, on the main axle, survey lengths of various part of flower.

Results and analysis

2.1 Flower shape and structure of YZA, Pol CMS and GMS 2.1.1 Flower shape of YZA, Pol CMS and GMS In Fig. 1, besides the B2 stamen, other sterile stamens are lower than the pistil, in which relative positions YZA stamen are higher, the 1002AB sterile stamen is lower than the pistil, the Yang A2 stamen lowest.

The anther has very large difference in the shape. The B2 anther is full of pollen grains. YZA anther is extremely similar with 1002AB, like halberd with no pollen inside or outside. The Yang A2 stamen degenerates obviously with the anther like triangle, no pollen inside or outside. As seen in Table 1, the B2 flower is larger than sterile flower. Several sterile flower petals are similar in length and width, in which 1002AB is slightly larger than the others. The sepal length of YZA and Yang A2 is shorter than B2 and 1002AB, besides the Yang A2 stalk is shorter than B2, YZA, 1002AB. The long stamen and the short stamen of YZA is longer than 1002AB and Yang A2. The pistil length of YZA and Yang A2 is close, and the pistil length of B2 and 1002AB is close. The YZA proportion of pistil vs. stamen is highest, and Yang A2 is lowest.

Inheritant analysis of YZA

2.2.1 The fertility expression of testcross hybrid F 1 of YZA Backcrossed with respective male parents to testcross hybrid F 1 , the descendant fertility situation is listed in table 3. Backcross progeny is also sterile with 100% sterile plants. So, YZA can not be the GMS. Because if YZA is dominant genic sterile, there will be fertility and sterile plants in the backcross F 1 ; If recessive genic sterile, it will be all fertility to plants in the backcross F 1 [1] .

Discussion

The test results indicated that there were many difference in flowers of YZA, 1002A and Yang 2A. The results of testcross and backcross showed that YZA was different from Pol CMS and GMS, may be a new cytoplasm male sterility source. Certainly, the existing evidence is also insufficient to prove whether YZA is different with Ogu CMS [3] , Nap CMS [4] and so on, its real status also does wait for further experiments to determine.

Since the discovery, after the careful observation, YZA sterility has not changed along with the temperature change, the anther inside and outside dose not has the pollen among the entire flowering season, the anther shape is similar with GMS. We had not discovered restoration gene for YZA, we will further enlarger the testcross scope, and seek restoration gene, and analyze its genetic pattern, and breeding safe hybrid to apply in the rape planting.

Discovery and development of the new sterile system

Rapeseed mustard (Brassica juncea L.) including spring type and winter type is an important oilseed crop in western China, most winter type is grown in upland of Yunnan, Guizhou and Sichuan, where climate is low rainfall and drought during the period of growth. Cytoplasmic male sterility (CMS) was studied and hybrids was developed to increase the crop yield in Yunnan from 1986 [START_REF] Huaqing | Study on utilization of heterosis in mustard (B.juncea) --Breeding for mustard hybrids of high quality and vigorous heterosis[END_REF]1991), two outstanding hybrids with low erucic content based on "OuxinA" and "YimenA" CMS was registered and utilized commercially [START_REF] Qiu | Molecular analysis of long pod mutant line of Mung bean generated by space mutagenesis[END_REF][START_REF] Yunsong | Research achievements in oilseed mustard[END_REF]. However, the application of CMS three lines hybrids was limited by lower seeds production because of insufficient pollination and low seed setting. Moreover, it needs long time to breed three lines resulted in a lower efficiency hybrid breeding.

In 1997, a fertile parent in a sister cross of genic male sterility (GMS) "05S" was found to show full sterile in summer sowing, the left seeds was sowed in September to check the flower fertility, it showed fertile or partial fertile at flowering in January 1998, self seeds was sowed in June, the flower fertility still showed full sterile at flowering in July of 1998, the ecotypic male sterility of this material was preliminary confirmed. By the method of propagation in autumn sowing and selection in summer sowing, an ecotypic male sterile line named "K121S" was developed in 1999 (Li et al., 2002). At the same time, a stable GMS line with 50% sterile plant named "116A" was also developed from "05S" by continual sister cross and its fertility was not influenced by environment. A genetical model of the system was set up and the temperature sensitive gene role was discussed (Li et al., 2004;2006). This finding will provide an alternative way for mustard hybrids breeding.

Fertility alteration research of "k121s"

The fertility expression of "K121S" under the natural situation

Different sowing date experiment was conducted continuously in two years from 2000 to 2002 to evaluate the fertility behavior of "K121S" in Kunming, China, Yunnan academy of agricultural sciences (YAAS). 13 sowing dates including 6 in autumn from Sep 5 to Dec 18 and 7 in summer from Apr 4 to Aug 27 were arranged in each year. The results showed "K121S" had a visible and stable fertility alteration characteristic, the self seeding rate could up to 70% under the autumn sowing condition from Sep 5 to Oct 16, but in summer sowing from Apr 4 to Jul 4 it was zero (fig. 1 

The influence factor analysis to fertility alteration

The temperature and photoperiod were considered as the candidate factors to influence the fertility alteration. Using the fertilities data of different date sowing, the correlations between self seeding rate with temperature and daylength conditions at seedling, bud and florescence stage was firstly analyzed, results showed that the fertility was significantly correlation with the daily average air temperature (DAT) in florescence, daylength in bud stage and florescence. However, the role of daylength in bud stage and florescence was excluded by applying stepwise regression analysis method (data not show). Results suggested the fertility alteration was mainly affected by the DAT-florescence, and the "K121S" was belonged to the temperature sensitive type.

The farther analysis to the relationship between self seeding rates and day-to-day DAT before flowering indicated the fertility was strongly affected by the DAT of three to five days before flowering (table 1), so that, three to five days before flowering was considered to be the sensitive stage to temperature.

The critical temperature of fertility alteration

A critical DAT of 10.8 °C was predicted by the regression model "Y=0.1346x-1.4561, R 2 =0.8424" set up by sterile degree (Y) and the DAT of fertility alteration sensitive stage (x). 3 Genetical analysis for the new system

The fertility of the test crosses F 1 s

All F 1 s including reverse crosses between "K121S" and "OuxinA" CMS maintainers and restorers were fertile whenever at summer sowing or autumn sowing situation in Kunming (data not showing). The results indicated the sterility of "K121S" was controlled by recessive nucleus gene, and was not matter with cytoplasm.

The fertility of the F 2 s and BC1s populations

The fertility of F 2 and BC 1 progenies from the crosses between "K121S" and two fertile materials "Kunyang Wulong" and "Wuding Laoshuiba" at summer or autumn sowing situation in Kunming was evaluated and the result was listed in table 2. The fertility segregation of F 2 agreed with the proportion of 61:3 at autumn sowing but 15:1 at summer sowing; BC 1 accorded with the proportion of 7:1 at autumn sowing but 3:1 at summer sowing in Kunming situation. The results suggested the fertility inheritance was related to three pair interaction genes.

Fertility of the reciprocal crosses between "K121S" and "116A" and "120A"

Fertility performance of the reciprocal crosses between "K121S" and "116A" and "120A" was investigated and the result was listed in table 3. The cross between K121S and the fertile plant of 116A always showed agree with the segregation proportion of one to one on fertile and sterile plant at all situations, but the reverse cross was full sterility any in summer or autumn sowing situation. Dissimilarly, the progeny of K121S crossed with the fertile plant of 120A exhibited the fertility similar to K121S that was fertile at autumn sowing but full sterile at summer sowing, the reciprocal cross showed agree with 1:1segregation ratio between fertile and sterile plant at autumn sowing situation but full sterile at summer. The results suggested strongly that the three types MS line have the same site for fertility genes. 

Conclusion

The inheritance and utilizing way of the new sterile system

Genetic researches suggested K121S belongs to a thermosensitive genic male sterility (TGMS) system which fertility controlled by two pair recessive duplicate sterile gene (ms 1 and ms 2 ) interact with a pair of recessive inhibitor gene with sensitivity to temperature (i), genotype is (ms 1 ms 1 ms 2 ms 2 ii). The inhibitor gene is active and the MS genes can be suppressed to cause the male fertile when DAT is below to the critical point, but it's inactive and the MS genes can be expressed normally when DAT above the critical value. Besides the TGMS K121S (TypeIII), in this system there are another two types GMS line which no sensitivity to temperature: TypeI-116A (ms 1 ms 1 ms 2 ms 2 II) can be kept by fertile plant with genotype (MS 1 ms 1 ms 2 ms 2 II) or (ms 1 ms 1 MS 2 ms 2 II) in 1:1 ratio through sister-cross, TypeII -120A (ms 1 ms 1 ms 2 ms 2 Ii) just can be maintained by TypeIII under autumn sowing in Kunming situation. A full sterile population with insensitive to temperature can be obtained by TypeI crossed to TypeIII in lower temperature situation and can be used to produce hybrid in any condition. Therefore, TGMS two lines method and GMS three lines method can all be used to produce hybrids based on the new system.

The fertility stableness and safe utilization of the TGMS line "K121S"

Research indicated that the fertility of "K121S" was strongly affected by DAT of 3-5 day before flowering, it's full fertile under the 10.8 °C, till above 18.2 °C it change to complete sterile. So that, hybrid production can be performed safely under the situation of flowering DAT is above 18.2 °C, the condition is easy to find in China, like as summer sowing in Kunming or spring sowing in Xining of Qinghai province, and so on.

Introduction

In recent years, the study of heterosis utilization in Brassica napus in our country developed strikingly. Single or doublelow hybrids took a great proportion of rapeseed production in acreage. Because of the shortcomings in the CMS three line and GMS two line systems, large areas of rapeseed production meet certain problems. Many rapeseed breeders have been seeking technical routes to overcome the disadvantages of CMS three line and GMS two line systems in present time. For example, Li Shu-Ling and Chen Feng-Xiang have developed genic male sterile lines, which are controlled by dominant epistasy and recessive epistasy, respectively, and have established corresponding three line systems. Since the middle of 1990's, we have studied the fertility segregation rules of part of our genic male sterile lines, and developed the recessive genic male sterile lines Mian 7AB-4-1 and Mian 7AB-4-2, and their maintainer lines and restorer lines. Meanwhile, a GMS three-line hybrid Mianyou 12 has been registered by the state authority. This hybrid has been released to crop production. A new GMS threeline hybrid Mianyou 17 was also released to production.

Materials and Methods

A number of genic male sterile lines, Mian 1AB-1 (double-high), Mian 1AB-3 (double-high), Mian 9AB-1 (double-high), Mian 4AB-3 (low erucic acid), and Mian 7AB-4 (double-low), have been developed in our institutes. A few sterile materials, such as Shu 6A-1, Rong 4A-1, Youyan 9A-1, Guizaxuan 1A-1, Deyou 4A-1, Pin 87-161-134, and Pin 93-496(originated from Crop institute of Sichuan Agriculture academy), were obtained from some experimental combinations in parts of breeding places in Sichuan and Guizhou. We used these materials to catty out test-crosses for transfer of fertility by backcross. The experiments were carried out in our institute. Furthermore, we did fertility observations in Ma'erkang. Erucic acid content was measured by gas chromatography, glucocinolates content was measured by liquid chromatography, and oil content was measured by nuclear magnetic resonance.

Results and Analysis

Discovery and breeding of genic male sterile three lines

In 1991, we used a double-high recessive GMS line Mian 1AB-1 bred in our institute as the maternal parent, and Pin 87-161-134 as the paternal parent to transfer fertility. Sterile plants in F 2 were sib-mated in pairs. Through multi-generation selection, recessive GMS line Mian 7AB-4 (double low) was bred. During the selection for advanced lines, segregation ratios of fertility in some sib-mated families and the self progenies of fertile plants were distinctly different from the theoretical values of 1:1(or 3:1) and 3:1 (or 5:1). In 1995, we used 6 sterile plants to sib-mate with 10 fertile plants in Mian 7AB-4 with a incomplete diallel design, and the fertility of sib matings and the selfed progenies of 10 fertile plants was investigated. Based on the statistic panalysis, we found that the sterility rate of the sterile plants was significant positively correlated to that of the selfed progenies of the fertile plants. Through regression analysis, we could preliminarily concluded that sterility rate of corresponding sterile plants could get to over 70% when sterility rate of selfed progenies in fertile plants reached 40%~50%. Under the theory conducting, we took sterile characteristic as the selecting objective, and segregated and purified two kind of different sterile stains, named Mian 7AB-4-1 and Mian 7AB-4-2, respectively. Sterility rate of sibmating and selfing of fertile plants in the former, were about 50% and 25%, respectively. But that in the latter were over 80% and 60%, respectively. There were no distinct differences in morphological characters between them. The breeding program of Mian 7AB-4-1 and Mian 7AB-4-2 was shown in Figure 2. Mian 7AB-4-1 andMian 7AB-4-2 2.2 The main traits of Mian 7AB-4-1 andMian 7AB-4-2 Mian 7AB-4-1 and Mian 7AB-4-2 were planted to a middle level fertility rice field in September. We cultivated with a density of 110 thousand plants per ha. Compared to Mian 7AB-4-1, plant height of Mian 7AB-4-2 was decreased by 7 cm, pod number per plant increased by 35, seed number per pod increased by 0.4, 1000-seed weight dropped by 0.36 gram, oil content increased by 0.56%, erucic acid content increased by 0.28%, glucosinolate content increased by 9μmol/g, and whole growth duration increased by 2 days(Table 1). Other characters were not obviously different between the two lines. For example, branches were symmetric; leaves were dark green; leaf margin was sinuate with little saw-teeth; leaves bore wax but no seta; petals were middle sized and yellow; seed was ball-shaped and in red brown.

Fertility performance in sibmating between Mian 7AB-4-1 and Mian 7AB-4-2 and testcrossing between the sterile plants of Mian 7AB-4-1 and the fertile plants of Mian 7AB-4-2

From 1998 to 2006, we had investigated the flower morphology and the fertility performance of sibs between Mian 7AB-4-1 and Mian 7AB-4-2 and the progeny of Mian 7AB-4-1(sterile plants) and Mian 7AB-4-2(fertile plants). There were no distinct differences in flower morphology between them, filament was long, anther shape was wrap-pined, no pollen in shrunken anther, the color was light yellow to light brown. The cross-pollination habit was good. The setting of seed also was normal. The sterile plant rates in the two lines were not obviously different among years, showing a good stable fertility. In March and July, 2000, we invited some experts to make field technical inspection and indoor achievement evaluation for Mian 7AB-4-1 and Mian 7AB-4-2. The evaluation was presided by the Sichuan Provincial Department of Science and Technology. The evaluation conclusions were that the project objective was distinct, the pertinence was strong, the technical routes were innovative, the breeding procedure was clear, the fertility was stable, the maintainer lines and the restorer lines of the GMS lines' have been developed. It created a new pathway in rapeseed breeding in Sichuan.

Discovery and introduction of exotic male sterile materials

In Spring of 2001, we observed male sterile plants in Shuza 6, Youyan 9, Zaxuan 1, Deyou 4 and Rongyou 4 from the Sichuan Provincial regional trials. According to the flower morphology, all male sterile plants, except those from Rongyou 4, a CMS hybrid, belong to GMS. We also introduced GMS 97AB from Deyang Kele seed Co.,LTD.

Fertility performance in testcrosses and backcross between many sterile plants and the fertile plants in Mian 7AB-4-2

From 2002 to 2006, we made testcrosses between the sterile plants in Shu 6A-1, Youyan9A-1,Zaxuan 1A-1,Deyou 4A-1, Rongyou 4A-1,Mian 1AB-3, Mian 4AB-3, Mian 7AB-4-1 and Mian 9AB-1,De 97A-1 and the fertile plants in Mian 7AB-4-2,. Also we made backcrosses with male sterile plants of F 1 progeny and fertile plants of Mian 7AB-4-2. In table 3, Mian 7AB-4-2 could remain very high sterility in most of GMS materials, but could completely recover the fertility of De 97AB. This will be further studied. The testcross progenies between Mian 7AB-4-2 and Rongyou 4 were half-sterile plants. It was shown that we could breed the corresponding maintainer line and restorer line for Mian 7AB-4-2 and many same-type GMS line, furthermore, Mian 7AB-4-2, different from the other current maintainer line, could separate its fertility, and sterility rate could reach over 80% by backcross. Therefore, we thought that Mian 7AB-4-2 was a new type GMS material of brassica napus.

Fertility performance of the GMS two-line and three-line hybrids

In 2005, we developed 4 combinations of two line and three line hybrids with the two-line and the three-line system from Mian 7AB-4-2 and tested their yield performance in a varietal trial. It is shown in table 4 that the plant height and 1000-seed weight of the three-line hybrids were lower than that of the two-line hybrid. The seed number per pod and yield per plant were higher than the two-line hybrid, but the differences were not big. The results were similar to those of Houshumin's.

Conclusion and discussion

As many well known GMS lines such as S45AB, 117AB and Mian 9AB, Mian 7AB-4-1 and Mian 7AB-4-2, belonged to double-recessive GMS lines. Their sterility was iso-allelic, but not iso-allelic with De97AB-1. The sterility was complete and the restoring sources were wide. Mian 7AB-4-2 was a good maintainer line for many GMS lines of the same type. The rate of sterility was over 90%. It was very important in the application of GMS lines. The features different from the temporary maintainer line 9012AB reported by Chen Fengxiang include: Mian 7AB-4-2 showed segregation in fertility, and the sterility rate reached about 70%. According to the genetic theories, we could primarily deduced that there may be one or many pairs of gene to control the sterility in rapeseed. These genes may link to dominant genes. Because Mian 7AB-4-2 had about 70% sterile plants, and fertile plants were few and pollen amount were not enough, it is difficult to use Mian 7AB-4-2 as a maintainer line in seed propagation of the three-line GMS lines. We are applying biotechnology to multiply the fertile plants in Mian 7AB-4-2 to solve the problem of propagation of the three GMS lines. It is affirmed that the method is applicable after a few years of practice. 

Introduction

Several of methods are used for hybrid heterosis in rapeseed but the cytoplasmic male sterility is the most important one for commercial hybrid seed production. In China the widely used CMS system is Pol-CMS. Use this system four varieties had been bred by our institute. Those varieties can promote the yield to 10%-20% generally compare the normal varieties and now the utilizing area is nearly a million hectare a year. Plo-CMS system was built by Fu.T.D in 1990. Compare to the Ogura CMS, it is expressed sensitive to temperature in male sterility. But in practically using, the temperature sensitive problem can be relieved by change the sowing time or location, for example on south of China for propagation and north of China for hybrid seed production (Fang liangyi.2003). In this way it can adjust the blooming time for hybrid seed production under relatively high temperature and obvious enlarged scale of the Pol-CMS system utilization. But using this method can not be solved the phenomena of sensitive problem completely, so more stable Pol-CMS line is still needed. In this paper we used a interspecific hybrid material (B.napus.L ×B.Campestris) as maintain resource and bred a new stable Pol-CMS line B23A. This new line has stable male sterility, double low quality, excellent yielding characters and strong resistance to diseases which is a very valuable material in hybrid heterosis utilization.

Breeding process of the Pol-CMS line B23A

A Pol-CMS line 254A was used as the female to be crossed with an interspecific intermediate material BE23 (B. napus×B.campestirs) in 2000. And its offspring population was found the sterility segregation from semi-sterile to highly sterile degree. This phenomenon indicates that the material BE23 belonged to the maintaining type but affected by different minor gene which made the sterility separating in the offspring. This kind of material caused the selecting become possible.

From 2001 on, two methods were used to select the stable sterile line and its corresponding maintainer. One was initial screening by testcross in single plant pairs. That means that the same female plant was crossed with several different male parents. Completely sterile plants in offspring of segregation were selected to backcross respectively with different plants of BE23 and the desired male plants were selected by compare the offspring sterility for the next backcross generation. Another was two-way testcross in the late period of selection. According to branch number, each 2-3 desired MS plants selected from the initial screening were crossed respectively with each 2-3 corresponding maintain plant.

In the initial screening, sterile plants whose stamens in the location 1/4 lower than the pistils as highly sterile plants (HS) and those without any pollens as completely sterile plants (CS) were determined. Four combinations had HS plant over 50%and CS plants over 40% among the 11 backcross combinations in 2001. Five combinations had HS plants over 30% and CS plants over 60% among 12 backcross combinations in 2002. However with the method of the two-way testcross in the same year, 4 combinations reached over 90% in CS plant among 15 testcross combinations. Through further selection, the stable male sterile line BE23A and its maintaining line BE23 were successfully bred. It is indicated that it would be a useful method for initial screening at the early stage and two-way testcross at the late stage. Because both the desired sterile and maintain plant may be selected at the same time in the two-way testcross which will be accelerated the breeding program.

Male sterility performance in Pol-CMS line BE23A

Resourced from Pol CMS system, BE23A has the same genetic properties as others from the system in their relationship between fertility restoration and sterility maintenance. Its sterility is controlled by the Pol cytoplasm and a pair of major gene with multiple pair of minor gene sensitive to the low temperature. When it crossed with restoring line, the F 1 will restored the fertility, which is expressed by their completely fertile population. But when it crossed with ordinary varieties the F 1 will be expressed semi sterility because the latter carry no restoring gene and still influenced by minor gene. As for the maintaining line BE23,it was origin from the interspecific cross and was bred by directive selection which decreased the effect of the minor genes to a very low degree, thus maintaining the sterility effectively. This function of maintain sterility is from Campestirs gene or from the interspcific interaction still need to identify.

BE23A floral organ structure is a little different from that of its initial sterile resource 254A, the flower bud turn to slender from triangle in 254A shape, petals to ellipsoid and semi -slit from narrow long and all slit, and a little wider then the 254A's. BE23A has white, slender and empty anthers, comparatively big pistils and stigmas, and flat petals in dark -yellow color. Generally in pol CMS system, those CMS line with smaller petals and pistils usually have complete sterility but become bad in their economic characters .However BE23A has gone beyond this limit. Compared to the 254A its economical characters have been greatly improved. The floral structures of BE23A can be seen in Table 1.

Pol-CMS BE23A falls in type of another abortion. Under normal temperature at the flowering stage, it will reach high sterility degree, with its stamens abortive and wrinkled to white and without any pollen in it. But when it meeting the continuous low temperature below 12C for over a week, a few plants will turn to triangular shape in their anthers and produce a few pollens. After that it will turn to completely sterility in the late flowing stage. In hybrid seed production with the BE23A as the female, F 1 will not be greatly influenced in their fertility restoration because of the foreign pollen's competitive vigor, it much more then the BE23A's pollen. We used BE23Afor hybrid seed production in the natural condition in resent yeas the rate of the restorations can be over 95%.it is much better than other Pol CMS line in our Institute and can promote 5-10% in fertile purity (table 2).

Biological properties of BE23A

Some intespcific characters have been found in BE23A such as deep green color and round shape in leaf, short plant in height, big petal and full nectary in floral organ. Also BE23A is an early -maturing CMS line, with initial flowering at early stage of March and finally flowing at early stage of April in Changsha area. And the F 1 competed with this sterile line will usually ripen 3-5 days earlier then the male parent even if it crossed with a late maturing restorer. In the field production, a few BE23A plant's initial flower buds will become yellow when meeting very low temperature. However, once it flowering, its flowers will turn normal without any yellowing and dying buds again. The BE23A has a strong vegetative growth, with vigorous seedling stage, erect leaves in dark-green color. Under average fertilizer application, it will have 10-12 green leaves before the winter and considerable resistance to cold during the wintering stage. From the next spring, it will grow stably and uniform which with medium plant height, developed first branch, compact pod grains and heavily 1000-grain weight (Table 3).At the same time its stem is sturdy that has good resistance to diseases and lodging. For practical application, the quality of BE23A also was gotten the desirable require by press selecting. The content of erucic arrived 1% in two generations and the glucosinolate arrived 35μmol/g in four generations.

As the BE23A has good economical character, the combination yield completed with it obvious increased. From 2004 on, 24 combinations were completed by BE23A, the F 1 increase yield 5.3%-19.5% over the combinations by 254A with the same restore parent. So BE23A not only improved the male sterile performance but also the yield character by interspecific cross. It has the fine prospect for commercial hybrid breeding. 

Introduction

Rapeseed mustard is the second most important source of edible oil in India. The production of rapeseed mustard in India has undergone phenomenal change since last two decades. It has increased from 0.76 million tonnes in 1949-50 to 7.59 million tonnes in 2004-05 (Anonymous, 2005)). This jump is mainly attributed to wide spread adoption of improved technologies as a result of Technology Mission on Oilseeds project. But the gap still stands at 1.5 million tonnes/annum in edible oils. The requirement for oils and fats will be much higher in view of ever increasing population in future. In next 20 years, an additional 17 million tonnes of rapeseed-mustard seed need to be produced. To produce this quantity, there is little scope of horizontal expansion. The only practical option left is the vertical increase of yields. Because the present day cultivars have reached a plateau in their production, so focus has now been shifted to F 1 hybrids of Brassica species. [START_REF] Singh | Studies in breeding of brown sarson I. comparison of F 1 's and theirs parents[END_REF] were the first to report heterosis in brown sarson. Subsequently many studies have estimated the 13 to 91% of heterosis in B. juncea for seed yield [START_REF] Banga | Heterosis in Indian mustard[END_REF][START_REF] Kumar | A study of heterosis in Indian mustard[END_REF][START_REF] Rai | Development of hybrid cultivars in oilseed Brassica: status and strategies[END_REF][START_REF] Thakur | Heterosis and inbreeding depression in Indian mustard[END_REF][START_REF] Baishakh | Heterosis for yield in Indian mustard[END_REF]Verma et al., 1998). A number of cytoplasmic sources have been introgressed to Brassica species in order to develop stable male sterility systems with high female fertility (Parkash et al., 1997). Using these cytoplasmic male sterility (CMS) systems, F 1 hybrids have been developed but no hybrid cultivars have been widely commercialized so far in want of suitable fertility restoration (Singh et.al., 2003). The basic requirement for developing commercial hybrids in crops like Brassica is the availability of promising hybrids (preferably with more than 20% standard heterosis), stable performing male sterile (A), maintainer (B), and fertility restoring (R) lines, good synchrony of flowering in seed and pollen parents and adequate seed setting on male sterile seed parents through natural cross pollination. Thus, evaluation of available CMS sources for flowering and seed yield characters for development of seed production technology of the hybrids becomes essential. Hence in the present study an attempt has been made to identify the best CMS line of Brassica juncea for flowering and seed yield attributes.

Materials and Methods

Materials and Method Seven cytoplasmic male sterile (CMS) lines viz.; Moricandia (chlorotic), Moricandia (green), Tournefortii, Erucoides, Ogura, Siifolia and Oxyrrhina of B. juncea in Pusa Bold background and a maintainer variety, Pusa Bold were collected from the Division of Genetics and National Research Center on Plant Biotechnology (NRCPB), Indian Agricultural Research Institute (IARI), New Delhi for their evaluation. Studies were undertaken at the field and laboratories of Division of Seed Science and Technology of IARI, New Delhi during winter seasons of the year 2000-01 and 2001-02. The seven CMS lines were sown with Pusa Bold as the pollen parent during 2000-01 in two dates of sowings i.e. 24 October and 18 November. Based upon the observations during the year 2000-01 the sowing was done on 25 October only in the year 2001-02. The field experiments were laid out with three replications in a randomized block design for both the years and sowing dates. The planting ratio of 4:2 (A:B) was kept in each plot with row-to-row and plant-to-plant spacing of 45 cm and 15 cm, respectively in the year 2000-01 and in the year 2001-02 the planting ratio of 4:2 (A:B) was kept in each plot with rowto-row and plant-to-plant spacing of 75 cm and 15 cm, respectively. The crop was grown under conditions ensuring normal growth of plants. Days to bud initiation, first flowering, termination of flowering and flowering duration (days) were recorded on plot basis and for yield attributing characters namely; number of branches per plant, number of seeds per pod in primary, secondary and tertiary branches, pod length, beak length, 1000-seed weight were recorded on 5 random plants of each genotype. The actual seed yield (g)/plant and per plot were recorded in each replication for each genotype while seed yield per hectare was estimated for each genotype. The data for both the years were analysed following usual statistical procedure.

Results

Flowering time and duration

The data on days to bud initiation, first flowering, termination of flowering and flowering duration is presented in Table 1. The results showed that Pusa Bold was the earliest in flowering. Among the CMS lines Erucoides was the earliest in bud initiation and first flowering while Moricandia (chlorotic) was the latest. The CMS lines and Pusa Bold were at par in flowering except Moricandia (chlorotic). No significant difference in termination of flowering was noticed in the CMS lines except Moricandia (chlorotic) and the similar was true for flowering duration. Since all the CMS lines were in a common background, so their flowering behavior was similar. [START_REF] Pant | Genetic variability in Indian mustard[END_REF] reported no significant differences for days to flowering among the 25 genotypes of Indian mustard. Introgression of diverse CMS systems into a similar nuclear background did not change the flowering behaviour. In other words the CMS gene does not determine the flowering characters. It was also observed that the duration of flowering decreased about 10 days in the late sowing (18 th November) in the first year of planting across the genotypes. 

Seed yield and yield component characteristics

The results obtained on siliquae characters viz.; pod length, beak length and number of seeds per pod (Table 2) indicated that secondary branches had higher pod length (46.54 mm), beak length (7.59 mm) and number of seeds per pod (14.49) as compared to those in primary (44.71,7.04,13.29) and tertiary branches (45.96,7.17, 13.75) respectively. Among the CMS lines Ogura had the longest pods (51.56) while Tournefortii had the shortest (39.67). Beak length was the longest (8.67) in Pusa Bold and shortest (6.67) in Tournefortii and Moricandia (chlorotic). Maximum seeds per pod (15.33) were recorded Ogura and Moricandia (green) as compared to that in Pusa Bold (11.89). This could be a reason for higher seed yield in these two CMS lines.

The CMS lines differed significantly for the yield character (Table 3) viz. number of branches per plant, 1000-seed weight, seed yield per plant, seed yield per plot and thus the seed yield per hectare. There was significant difference in the number of branches among the lines evaluated. Except the CMS line, Oxyrrhina all the lines had more number of branches than that of Pusa Bold in both the years. The average test weight was highest (7.7 g) in case of Moricandia (green) while it was lowest (5.0 g) in Tournefortii. The seed yield per plant and per plot were highest in Moricandia (green) followed by Ogura; however, per hectare yield was highest in Pusa Bold. Similar results for the entire yield contributing characters were obtained in both the years for all genotypes. In second year the yield advantage over the first year in all the lines was observed. 

Discussion

Higher mean temperature (> 17 °C) at vegetative stage (Fig. 1) reduced the number of days to bud initiation and flowering drastically (46.4 days) as compared to lower temperatures (≤15 °C) before bud initiation and flowering (53.9 days). The decrease in duration of flowering by 10 days in the late sowing might due to high temperature. [START_REF] Siedenschnur | The effect of the weather on the development of winter rape as bee forage in northern areas[END_REF] also reported that under higher daily temperature conditions the flowering period becomes shorter in winter rape. Similar nature of flowering behaviour was expected since all the CMS lines were in a common varietal background, however, the differences in flower behaviour of Moricandia (chlorotic) might be attributed to chlorosis (light yellow color) of the young leaves resulting in delayed plant growth and consequently late flowering. Singh et al. (2003) evaluated performance of different cytoplasmic male sterility (CMS) systems and observed that the plant height, seeds per siliquae, seed weight, oil and protein contents, days to flower, days to maturity, seed yield, biological yield and harvest index and found that all the CMS lines within the CMS systems were similar under similar type of growing conditions. [START_REF] Tyagi | Effect of sowing dates on phenological development of Indian mustard (Brassica juncea L.) varieties[END_REF] also observed that early sowing resulted in early flowering, a longer seed filling period, a longer reproductive phase and ultimately a higher seed yield per hectare. Days taken to maturity were reduced in delayed sowings. Hence, it is suggested that for taking up the hybrid seed production the CMS and restorer/maintainer lines should be timely sown.

There was a significant difference in the number of branches among the lines evaluated. Except Oxyrrhina all the lines had more number of branches than that of Pusa Bold. The yield advantages in second year over the first year among all the lines were mainly due to the wider spacing during the year. It is also evident that mid October sowing is suitable for seed production of the CMS lines as compared to the mid November sowing. Among the CMS lines Ogura had the longest pods, while Tournefortii had the smallest. Beak length was the longest in Pusa Bold and smallest in Tournefortii and Moricandia (chlorotic). Interestingly more seeds per pod were recorded Ogura, Moricandia (green) as compared to that in Pusa Bold. This could be a reason for higher seed yield in these two CMS lines. [START_REF] Chen | Study of fertility and agronomic traits in cytoplasmically male-sterile lines of Indian mustard[END_REF] reported that the seed yield/single plant under natural pollination was 7.2 g, 16.6% higher than for normal plants. In economic traits, the CMS lines were almost equal to the maintainer lines and standard varieties. A hybrid of B. napus based on tour CMS (PGSH-51) has been released in India and has given 18% more yield than check variety [START_REF] Downey | Emerging trends in oleiferous Brassica[END_REF]. Hybrids (Mankar, 2000) and line composites can be developed even without fertility restorer genotype (Singh et al., 2003). Hence, it is recommended that the mustard hybrid and line composites based on Moricandia (green) and Ogura CMS backgrounds could be the promising options.

Introduction

Brassica campestris originated from china, it has a very long cultivation history [1] , extensive germplasm and plentiful genetic diversify [2] . It is not only important oil crop, but also rather important vegetable crop. The yield of B.campetris. is lower and its heterosis utilization is very difficulty, so its production is restricted. However, it has some outstanding peculiarity, such as early-maturing and cold-resistant, as a result, it is still cultivated extensively in some area in China. In order to raise its yield, we need to utilize heterosis. WANG et al. [3,4] thought there were some high oil content germplasms in Chinese-cabbage, No-heading Chinese-cabbage, purple Tsai-tai and Caixin. Our study further indicated purple Tsai-tai had early-maturing, short flower-period, rapid wooden growth of stem and branch, rapid, shorter plant height, more branches etc. Chinese cabbage had rapid leaf born rate, more leaves, strong vegetative body, more pods, more seeds etc. In this paper, some hybrids were produced through crossing Chinese cabbage, No-heading Chinese-cabbage, purple-Tcaitai and rapeseed in B.campestris L which were bred by ourselves and studied on their vegetative and yield heterosis and genetic effect. This will provide theory for rapeseed high yield breeding in B. campestris.

Materials and methods

Materials and Designs

35 hybrid combinations were produced through crossing 5 sterile lines with 7 restoring lines by NCII mating design. They and their parents were planted in trial field of Hybrid Rapeseed Research Center of Shaanxi Province according to complete random block design with three replications and three rows per block, each row was 2.6m, the distance of row and between individuals was 0.4m×0.167m. Management of trail field was same as ordinary production field. Before winter coming, 10 plant were sampled from each blot to measure their vegetative characters. Before maturity, 5 plants were sampled from each blot to measure their agronomic characters to determine their heterosis and genetic effects of all characters. The classification of 12 parents was listed in table 1. 

Statistical analysis

The heterosis and genetic variance components of all characters were estimated by adopting additive-dominant model and conducting MINQUE (1) method of Genetic Model of Quantitative Characters written by Zhu Jun [5] . The Standard error of all parameters and their significance were estimated by sampling randomly the block using Jack-knife method [6] .

2 Results and analysis

Heterosis analysis of vegetative characters

The performance of vegetative characters, reflecting vegetative vigor of hybrids in the period of vegetative growth, is the base of reproductive growth and yield heterosis. So analyzing vegetative heterosis is the reference for screening strong combinations. Heterosis of vegetative characters in F 1 among subspecies or Varieties(Table2) showed that petiole fresh weight had the highest average heterosis in F 1 , it got to 44%, and weight of stem and leaves, fresh weight per plant, petiole length, the biggest leaf width, the biggest leaf length, width of root-stem zone, leaves, fresh weight of root, length of root were 41%, 37%, 20%, 19%, 17%, 14%, 10%, 6% and 3%, respectively, and petiole fresh weight got to difference at 0.05 level, weight of stem and leaves, petiole length, petiole width and the biggest leaf length were all got to difference at 0.1 level. The over-parent heterosis of only the biggest leaf width among all vegetative characters of F 1 got to the difference at 0.1 level. For other traits, some of them had stronger over-parent heterosis, such as petiole weight, weight of stem and leaves and fresh weight per plant were 34%, 29% and 25%, but they didn't get to significant level. 

Heterosis analysis of main agronomic characters and yield

Table3 showed that F 1 average heterosis of other traits except silique density were all positive. In them, plant height, length of inflorescence, seeds per silique, 1000-seed weight and yield per hectare all got to significant at 0.05 or 0.01, and the average heterosis of yield per hectare was the highest, reaching 63%. These indicated that there were stronger heterrosis among subspecies or varieties in B.campestris, so it was worth to utilize. Among all traits of F 1 , only the over parent heterrosis of yield per hectare and plant height were significant at 0.05 levels, while seeds per silique got to significance at 0.1 levels, other traits were all negative heterosis. 

Table3 Heterosis of agronomic and yield characters of hybrid among subspecies or varieties

Genetic effect analysis

The genetic effects of all agronomic characters of hybrids among subspecies or varieties were listed in table 4. The additive effect of yield per plant and yield per hectare were zero, while their dominant effects were 0.474 and 0.878 and got to significance at 0.05 or 0.01 levels, so they were all controlled by dominant genes. The ratios of Va/Vp and Vd/Vp of plant height, effective primary branches, siliques of effective primary branches, siliques of main inflorescence, seeds per silique and 1000-seed weight were all got to significance at 0.05 or 0.01 levels, therefore, these traits were all controlled by additive genes and dominant genes. The ratios of Va/Vp of branch height, secondary branches, siliques of secondary branch, siliques per plant and siliques density were also got to significance at 0.05 or 0.01 levels, but their Vd/Vp were not significance at 0.05 level, which indicated these traits were mainly controlled by additive genes. The Vd/Vp of length of main inflorescence got to significance at 0.05 level, but its Va/Vp was not significance, therefore, it was mainly controlled by dominant genes, additive gene effect was smaller for it.

Discussion

B. campestris is classified into 3 subspecies, Chinese-cabbage, No-heading Chinese-cabbage and turnip, and every subspecies has different varieties. Their germplasm resources are very rich in china. Li Jiawen [7] thought rapeseed in B. campestris was only a variety descendant of No-heading Chinese-cabbage, so their origin is similar and their chromosomes are AA=20, therefore, there are stronger compatibility among them, and their seed production of F 1 is rather good, so we can directly utilize the hybrid between vegetable B. campesstris and rapeseed in B.campestris. This was identified in our rapeseed breeding practices. At present, utilization of crops heterosis includes varieties, subspecies, and interspecific hybridization [8] , but only hybridization among varieties were mainly utilized in crop production. Generally speaking, the genetic diversity of varieties in subspecies is smaller, so to utilize their hybrids is limited in production, however, the F 1 of subspecies has stronger heterosis [9] .This study indicated that the average heterosis and over-parent heterosis of yield per hectare got to 63% and 48%,respectively. We analyzed 9 high yield combinations whose yield were over 3000Kg/hm 2 .The results indicated that 8 combinations were subspecies or varieties. So it is easier to select better combinations among subspecies or varieties in B.campestris. At the same time, these high yield combinations had more siliques per plant and higher 1000-seed weight, which came from the genes of vegetable of B.campestris.

From above results, for the fresh weight of F 1 among subspecies or varieties, its average vegetative heterosis and over parent heterosis got to 37% and 25%. This was related to the stronger heterosis of fresh weight per plant, petiole fresh weight, the biggest leaf length, the biggest leaf width, petiole length, fresh weight of stem and leaves etc, which may be the cause of stronger heterosis in yield per hectare.

Grasping genetic effects of all characters is helpful to select and breed varieties. If the characters were controlled by additive genes, it was easier to breed excellent variety because of its additive effects in segregation generations; if these characters were controlled by dominant genes, the best performance in F 1 was not repeated in later generations, selecting it directly was not good. In all characters studied in the paper, plant height, effective primary branches, siliques of main inflorescence, seeds per silique and 1000-seed weight were controlled by additive and dominant genes altogether, effective branch height, effective secondary branches, siliques of secondary branches and siliques per plant were mainly controlled by additive genes, but yield per plant and yield per hectare were both controlled by dominant genes, and showed stronger heterosis in F 1 , which was not same as the former study because of distant blood relationship.

Introduction

At present, the hybrids in Brassica napus in China were mainly produced through CMS, but their yield was lower. In addition, double-recessive GMS was also used in hybrid production,but about 50% normal fertile plants must be removed from female parent rows, it results in labor-intensive, instable seed purity, lower yield of hybrids and higher cost. However, the recessive interaction epistasis GMS has no above negative effects, and can produce three-line hybrids by all recessive sterile line. Compared with CMS three-line hybrid production, it must use temporary-maintainer line, so the hybrid is triple-cross hybrid. In different crops, compared single-cross hybrid, triple-cross hybrid heterosis is different. The reports about the heterosis comparison between triple-cross hybrids and single-cross one with all recessive GMS line in Brassica napus is less, some primary studies on this aspect were done in this paper.

Materials and methods

Five homozygous all sterile line(such as T12A/ TML12 etc) were obtained by homozygous two-type line of the recessive epistasis GMS (T12AB,T13AB,T16AB,T17AB, T25AB), which were bred by ourselves, crossing with its homologous temporary maintainer line(TML12, TML13,TML16,TML17,TML25). Two heterogeneous all sterile line(T17A/ TML 52, T25A/ TML 57) were also gotten by crossing homozygous two-type line with its heterogeneous temporary maintainer line. Using homozygous two-type line, homologous all sterile line, heterogeneous all sterile line as female parent, respectively, 5 restoring lines as male parent, 12 combinations were gained (5 single-cross hybrids, 5 homozygous triple-cross hybrids, 2 heterogeneous triple-cross hybrids, table 1).

The experiment was arranged using random block design with 3 repetitions and 180 thousand plants per hectare, planting on September 18, 2005. Ten individual plants were sampled from each block to measure their characters before harvest.

In addition, the hybrid production test was carried out in the same isolation net, using homozygous two-type line T12AB,all sterile line T12/TAM12 and CMS shaan-3A as female parents, respectively, restorer line R510 as male parent, at the same time, 3 different sterile lines were planted in field to identify their seed setting ability in nature condition. Every ten individual plants were sampled from field and isolation net to measure their characters before harvest. (table 2).

Results and analysis

Heterosis of hybrids of all sterile line

7 triple-cross hybrids were produced by all sterile lines(5 homozygous all sterile lines, 2 heterogenous all sterile lines), and 5 single-cross hybrids were produced by homozygous two-type lines for measuring their main agronomic characters and resistance to S.sclerotiorum (table 1). The results showed that plant height of triple-cross hybrids was shorter than that of corresponding single-cross hybrids except for H11, it was good for hybrids resistance to lodging. The pods of all branches in single-cross hybrids were more than corresponding triple-cross hybrids except for H31, while pods of main inflorescence in triple-cross hybrids were more than corresponding single-cross hybrids, which suggested that single-cross hybrids in ability of setting pods of branches was better than triple-cross hybrids, but triple-cross hybrids had better ability of setting pods in main inflorescence. The pods per plant had obvious variation. The triple-cross hybrids, H32, H33, H42 and H43, had significant heterosis in pods per plant; the triple-cross hybrids, except for H21, had less seeds per pod compared with corresponding single-cross hybrids. Other triple-cross hybrids than H22 and H42 were better than corresponding single-cross hybrids in resistance to S. sclerotiorum, and heterogeneous triple-cross hybrids were better than homozygous triple-cross hybrids. The ability resistance to S. sclerotiorum was controlled by multi-gene, and triple-cross hybrids combined a temporary maintainer line, and heterogeneous triple-cross hybrids unlike homozygous TML included a heterogeneous TML, so it is possible that the heterogeneous TML will introduce more genes of resistance to S. sclerotiorum into the triple-cross hybrids to strengthen their ability of resistance to S. sclerotiorum. The triple-cross hybrid had no significant difference in yield per plant with corresponding single-cross hybrids, but the probability (71.4%) of higher yield combinations among triple-cross hybrids (their yield was higher than average yield among 12 triple-cross hybrid) was higher than among single-cross hybrids(28.9%). However, high yield combinations are also related to genotype.

Comparison of seed setting in different all sterile lines

A significant characteristic for all sterile line is its convenience and higher yield in reproduction. From table 2, CMS Shaan3A had significant superiority in length of pod and seeds per pod; the homozygous two-type line was preponderant in pods and yield per plant; recessive all sterile line had the highest yield of reproduction not only in isolation net but also in field, which reproduction yield in isolation net was high 42.5% and 40.2% than CMS Shaan3A and homozygous two-type line, respectively, and the yield in field was also high 24.3% and 10.6% than both, respectively. Therefore, it is safe and convenient and high yield to reproduce hybrids seeds using all sterile line, and production cost for hybrids also is reduced greatly. 

Disscussion

In the study, the probability that good combinations appear in triple-cross hybrids produced by recessive genetic all sterile line was higher than that of in single-cross hybrids, and reproduction of triple-cross hybrid was convenient, safe with higher yield, and competitive ability in market was strong with low seeds cost. Triple-cross hybrids had rather dominance in resistantlodge, resistant-disease, yielding ability and reproduction yield. Therefore it is inevitable and necessary to substitute all sterile line for recessive homozygous two-type line, and which has expansive utilization foreground. The higher yield combinations can be selected by test cross with a great of different genotypes. Because of less utilization, genetics and breeding and characters of hybrids relative to recessive all sterile line need studying further.

Thermo-sensitive genic ms (TG ms) line is a new type of ms line in Brassica napus, which is utilized through reproducing itself when it is in the state of fertility and producing F 1 hybrid when it is in the state of sterility grown in different seasons or in different ecological regions. The fertility of TG ms line is controlled by recessive ms genes and thermo-sensitive genes together, which means that the restorers are easily found and the fine combinations with strong heterosis can be easily gained.

The first TG material P 3-3 of rape was discovered in 1991, and a stable ms line Xiangyou91S [1] was successfully bred by means of systematic breeding from P 3-3 . Using Xiangyou 91S, some fine new TG ms lines such as Xiangyou 402S [2] have been bred. One remarkable character of Xiangyou 91S and Xiangyou 402S is that their fertility changes with the temperature changing during the forming stage of their flowers. The lines display complete male-fertility when the temperature is lower than one critical low point, and display complete male-sterility when the temperature is higher than one critical high point, and display partial male-sterility when the temperature is between the low critical point and the high critical point [3] . With the fertility changing, the morphology of flowers changes too. Their petals and stamens become smaller and smaller with the sterile degree increasing, but the other parts of flower do not change apparently.

A new thermo-sensitive ms material with large flowers was found from the plant group of a restorer of TG ms line in the procedure of seed production of TG ms two-line hybrid. Some studies on the fertility, flower morphology and genetics of this ms material have been conducted, which are reported as follows.

Materials and Methods

Materials

Inbreeding line 99104 with double-low (low erucic acid and low glucosinolate) quality and fine agronomic traits which was bred from the offspring of multi-crossing{[(Zhongyou821×84039)×325] ×325} used as the restorer of TG ms line, two test-crossing lines : 04014 and 04107, TG ms line Xiangyou402S, recessive genic (RG) ms line and its maintainer Xiangyou402AB, are all from Crops Research Institute of Hunan Academy of Agricultural Sciences.

Methods

1.2.1 Discovery and breeding of 104S One thermo-sensitive ms plant was found among the plants of 99104 after their stems were cut down in the procedure of hybrid seed production of the combination (Xiangyou 402S×99104) in spring 2000. This plant displayed normal fertility before it was stemmed and displayed partial sterility or complete sterility after being stemmed.

The ms plant was reproduced through inbreeding using those partially sterile flowers. Systematical selection had been carried out in the inbreeding offspring according to the agronomic traits, quality traits and resistance to Sclerotinia sclerotiorum and virus. A stable ms line with the similar agronomic traits to 99104 and double-low quality from the offspring of this ms plant was gained in 2004, which was named as 104 S. Among the inbreeding offspring from the same ms plant, one completely male sterile plant was also found in 2001, which was crossed with one plant of 99104. From this combination, one stable group with 50% fertile plants and 50% completely ms plants had been gained in 2004, which was named as 104AB.

1.2.2 Investigation of the fertility of different ms lines Investigations for the fertility of the following materials: 104S, 104A, 402S, 402A and 99104, were made by means of continual observation in 2004. Every material was planted in the plot with area of 6.67 m 2 . Five typical plants of every material were selected out for the fertility investigation. The investigation was carried out once five days from the beginning of flowering, and the flowers were taken off after investigation. The petals from ten flowers of every material were measured at five main stages. The fertility was identified according to the methods in reference [4]. Average fertility index (AFI) is used as the fertility data of plant group. AFI=(1×flower number of grade one+2×flower number of grade two+3×flower number of grade three+4×flower number of grade four+5×flower number of grade five+6×flower number of grade six)/total number of all flowers. The fertility index of plant group is bigger, the sterility degree is lower. It is defined here that the plants with AFI more than 5.0 are fertile (F), and the plants with AFI from 1.0 to 5.0 are partially sterile (PS) and the plant with AFI less than 1.0 are completely sterile (CS).

Genetic studies

The following crossings were made to get F 1 generation in 2004: 104S×04014, 104S×04107, 04014×104S, 04107×104S, Xiangyou402A×104S, 104A×Xiangyou402S. The F 1 generation of every combination was planted in Autumn of 2004 and the inbreeding was made in Spring of 2005 to obtain F 2 generation. The F 2 generations were planted in Autumn of 2005, and the fertility of F 2 was investigated in Spring of 2006. In the process of fertility investigation, the thermo-sensitive plants with different transforming stage were noted respectively, and classified as three groups: turning early, turning late and the middle type between the early and the late.

Results

The fertility and morphological characters of flowers of different ms lines

The results of fertility investigation (Table 1) show that Xiangyou 402A and 104A are completely sterile (The fertility index of both lines are 0) and 99104 is fertile (The fertility index is more than 5.0) in total flowering stages, and the fertility of Xiangyou 402S and 104S changes (The fertility index changes from 0 to 5.17 and from 0 to 5.54 respectively) with the developing process. Before 10 March, Xiangyou 402S and 104S are all fertile. From 10 to 20 March, some flowers of Xiangyou 402S turn to partial sterility, while all flowers of 104S are still fertile. From 20 to 30 March, most flowers of Xiangyou 402S still display partial sterility, and some flowers of 104S begin to transform to partial sterility but most flowers are still fertile. From 30 March to 9 April, most flowers of Xiangyou 402S turn to complete sterility and only a small amount of flowers still keep partial sterility. At this stage, most flowers of 104S are partially sterile and only a little of flowers had transformed to complete sterility. After 9 April, all flowers of Xiangyou 402S are completely sterile, while the flowers of 104S do not turn to complete sterility until 19 April.

With regard to the fertility change, it can be found that 104S has the similar regular to Xiangyou402S of which flowers transform from fertility to partial sterility then to complete sterility with the growing process. Nevertheless, 104S transforms from fertility to sterility later than Xiangyou402S does. With the fertility changing, the flower morphology of Xiangyou 402S and 104S change too. Their pistils, sepals and honey-body do not change obviously. The stamens of both ms lines diminish with the sterile degree increasing until they become small trigon without pollen. The petals of Xiangyou 402S change very greatly in size, while the petals of 104S do not change apparently. From Table 2, it can be found the petals of 104A are apparently bigger than that of Xiangyou402A, and the petals of Xiangyou402S and 104S are almost as big as that of 99104 when they are completely fertile before 12 March, and almost as big as that of Xiangyou402A and 104A respectively when they are completely sterile. The average size of 104S (9.14×14.74 mm×mm) is apparently bigger than that of Xiangyou402S (7.82×13.16mm×mm). 

Genetic characters of 104S

The investigating results (Table 3) for the fertility of F 1 and F 2 generation of the combinations of 104S with two testcrossing lines in both modes of positive and negative crossing show that all plants of F 1 generations are fertile, and the plants of F 2 generation of four combinations all separate in the proportion of about 3 (fertile ones) : 1(completely and partially sterile ones), which mean that the fertility of 104S is jointly controlled by a couple of recessive nuclear genes and thermo-sensitive genes, and the cytoplasm has no effect. Meanwhile, the proportions of thermo-sensitive plants to completely sterile ones in F 2 generations of four combinations all accord with 3:1, and there are three kinds of thermo-sensitive plants with different transforming stage, which show that the thermo-sensitive genes of 104S contain a couple of mainly effective genes and some minim genes (Table 4). 

The allelism of different ms genes and thermo-sensitive genes

Among the plants of F 1 generations of combination Xiangyou402A×104S and 104A×Xiangyou402S, sterile or TS plants had not been found (Table 5), which means that the ms genes in Xiangyou402S and 104S are not allele.

In the offspring of F 2 generations of two combinations, fertile, TS and completely sterile plants were found. Two kinds of plants with different size of flowers were found among the completely sterile plants of both combinations respectively. One kind had big flowers and another had small flowers. However, only plants with big flowers were found among the TS plants of combination Xiangyou402A×104S, and only ones with small flowers were found among the TS plants of combination 104A×Xiangyou402S, which means that one type of thermo-sensitive genes can just only control the corresponding ms genes, but can not effect another ms genes. Therefore, the thermo-sensitive genes of Xiangyou402S and 104S are not allele too.

The proportions of plants with different fertility in the F 2 generation of two combinations show that Xiangyou402S has two couples of recessive ms genes and a couple of thermo-sensitive genes, and 104S has a couple of recessive ms genes and a couple of thermo-sensitive genes. 

Summary and Discussion

According to above results, 104S is a new TG ms line different from Xiangyou402S in flower morphology and genetic base.

104S has the similar changing regular of fertility with the temperature changing at the flowering stage to Xiangyou402S, in which the sterile degree will increase till complete sterility with temperature increasing, but the petals of 104S do not change obviously unlike Xiangyou402S. The fertility of 104S is jointly controlled by a couple of recessive ms genes and thermosensitive genes which contain a couple of mainly effective genes and some minim quantitative genes.

From the fertility investigation of 104S, it is found that the transforming stage of 104S is later than that of Xiangyou402S, which means that 104S has a higher critical temperature from fertility to sterility than Xiangyou402S. This character of 104S is not beneficial to the utilization, because a high critical temperature may lead to trace pollens which influence the purity of hybrid seed in the process of seed production. Therefore, it is necessary to improve 104S to breed new ms lines with proper critical temperature of fertility transforming. From the F 2 generations of positive and negative combinations of 104S with two test-crossing lines, various thermo-sensitive plants with different transforming stage were found, which means that it is

Introduction

Cms three-lined method is one of the most important approaches of heterosis utilization in rapeseed. There are many types of cms sources such as Pol cms, Shan2A, nap cms, MI cms and Ogu cms and tour cms, et al, among which Pol cms is the main one applied in production. However, most of Pol cms lines used nowadays in production is unstable with the changing of environmental temperature [1-3] . Trace-pollens will occur when these ms lines under the condition of low temperature, which can greatly influence the purity of hybrid in the process of seed production and decrease the heterosis of F 1 [4,5] . The previous study shows that the basic reason of trace-pollen occurrence is the thermo-sensitive (T s ) genes existing in the nucleus of Pol cms lines [6] . One of the ways to solve the problem of trace-pollen is to breed the stable ms lines without thermo-sensitive genes by means of a large amount of test-crossings and systematic selections. Nevertheless, some researchers reported that the ms plants with trace-pollens had better economic traits and higher combining ability than those without trace pollen [7, 8] , and the further research showed that T s genes had the similar regulating function to that of restoring gene R f [9] . Therefore, breeding the stable ms lines without Ts genes means that the loss overweighs the gain [10] . Yang G S, et al [11] put forward a solution to decrease or eliminate the influence of trace-pollens by means of improving Pol cms lines using recessive genic (RG) or dominant genic (DG) ms materials at the premise that the economic traits and combining ability of ms lines are not influenced, and some stable ms lines which contain Pol cms plants with trace-pollens and completely sterile plants have been bred [12, 13] . Xi D W put forward to breed completely sterile lines through improving Pol cms lines using thermo-sensitive genic (TG) ms materials [14] . A stable ms line without trace-pollen, which is named as Xiangyou66A, has been bred accord to this proposal [15] , which indicates that it is feasible to breed the stable completely cms line with thermo-sensitive genes through improving Pol cms line. To make sure the genetic mechanism of establishing stable cms system without trace-pollen, some genetic and breeding studies have been carried out and the results are reported here.

Materials and Methods

Materials

Pol cms line Z04A which is thermo-sensitive and has a lot of many trace pollens under the condition of low temperature, and its maintainer Z04B and its restorer 1030R; RG ms two-used line Xiangyou402AB, 104AB and 127AB; TG ms line Xiangyou402S, 022S which has been bred from the separating offspring of combination [(Xiangyou91S×127B)×127B], 104S and 1030RS with restoring gene R f which has been bred from the separating offspring of combination [(Xiangyou91S×1030R)×1030R], are all from Crops Research Institute of Hunan Academy of Agricultural Sciences.

Methods

1.2.1 Analysing for the inheritance of different recessive ms genes and thermo-sensitive genes In another research [16] , the genetic characters of 104S were studied. The results showed that the fertility of 104S was jointly controlled by a couple of recessive ms genes and a couple of mainly effective thermo-sensitive genes modified by some minim genes, and its ms genes and thermo-sensitive genes were not the allele of those of Xiangyou402S. To make sure the inheritance of other genic ms lines, the fertility of F 1 and F 2 generations of the following test-crossing combinations was investigated in 2004 and 2005 respectively: (Xiangyou402A×Z04B), (127A×Z04B), (Xiangyou402S×Z04B), (022S×Z04B) and (1030RS×Z04B). The fertility was identified according to the methods in reference [17]. Average fertility index (AFI) is used as the fertility index of plant group. AFI=(1×flower number of grade one+2×flower number of grade two+3×flower number of grade three+4×flower number of grade four+5×flower number of grade five+6×flower number of grade six)/total number of all flowers. The fertility index of plant group is bigger, the sterile degree is lower. It is defined here that the plants with AFI more than 5.0 are fertile (F), and the plants with AFI from 1.0 to 5.0 are partially sterile (PS) and the plants with AFI less than 1.0 are completely sterile (CS).

1.2.2 Analysing for the allelism of different recessive ms genes and thermo-sensitive genes From the breeding procedure of different ms lines, it can be sure that 022S and 1030RS and Xiangyou402S [18] have the same source of thermo-sensitive genes from Xiangyou91S. Meanwhile, Z04A and Z04B also have the same thermo-sensitive genes causing the trace-pollen in Z04A. The allelism of thermo-sensitive genes between Z04B and those TG ms lines can defined based on the studies of item 1.2.1. To make sure the relationship of recessive ms genes and thermo-sensitive genes from different sources, furthermore mutual-test-crossings between different ms lines were undertaken in 2004: (Xiangyou402A×127B), (127A×104B), (Xiang402A×022S), (127A×Xiangyou402S), (104A×104S), (127A×104S), (104A×022S), (127A×022S), (127A×1030RS), (104A×1030RS), (022S×1030RS), (XY402A×XY402S), (Xiangyou402S×1030RS) and (022S×104S). The fertility of all test-crossing F 1 generations was investigated in 2005.

1.2.3 Improving Pol cms line using different genic ms lines The nucleus of Pol cms line was transposed by three RG ms lines and three TG ms lines respectively. The hybridizations and continuous back-crossings were conducted using Z04A as the maternal and the following materials as the back-crossing fathers: Xiangyou402B, 127B, 104B, 022S, 104S and 1030RS. In the procedure of breeding, once completely sterile plants were found, they would be selected as the back-crossing mothers, and so would be done in next each generation.

Results

Inheritance of different genic ms lines

Z04B is a stable inbreeding line with fine economic traits and double-lowed quality. It has been determined that Z04B has thermo-sensitive gene T s leading to a lot of trace-pollens in the breeding procedure of Z04A. In the F 1 generations of the test-crossing combinations with RG and TG ms lines using Z04B as the paternal, no sterile plant has been found (Table 1). In the F 2 generations of all combinations, the plants with different fertility displayed a distributing proportion of 15 fertile plants to 1 sterile plants, which indicates that Xiangyou402A, 127A, Xiangyou402S, 022S and 1030RS all have two couples of recessive ms genes based on the analysis of χ 2 . No partially sterile plant was found among the offspring of combination (XY402A×Z04B) and (127A×Z04B), that means the thermo-sensitive genes of Z04B can not influence the sterility of Xiangyou402A and 127A. On the other hand, the sterile plants from the combinations with several TG ms lines displayed a distributing proportion of 3 PS plants to 1 CS plants, which means that TG ms lines Xiangyou402S, 022S and 1030RS have a couple of thermo-sensitive genes. Furthermore, various types of plants with different sterile degree were found among PS plants of three combinations with three TG ms lines. They can be classified as three types according to their transforming stage from fertility to sterility: 1) early type: turning before 20 March with AFI more than 1.0 but less than 2.0; 2) middle type: turning at the stage from 20 March to 10 April with AFI from 2.0 to 3.0; 3) late type: turning after 10 April with AFI more than 3.0 but less than 4.0. The distribution of PS plants of different types in three combinations displays the normal distribution, in which the proportion of middle type of plants is highest. This result indicates that these thermo-sensitive genes are modified by some quantitatively minim genes. 

Allelism between different recessive ms genes and thermo-sensitive genes

Table 3 shows the fertility of F 1 generations of mutual-test-crossing combinations with several RG and TG ms lines. Partially sterile plants were found in five combinations: (XY402A×022S), (104A×104S), (022S×1030RS), (XY402A×XY402S), (XY402S×1030RS), which means that Xiangyou402A and 022S have the allelic ms genes, and Xingyou402S and 022S and 1030RS have the allelic ms genes and allelic thermo-sensitive genes originating from Xiangyou91S. Meanwhile, only fertile plants were found in other combinations, which presents the following points: (1) There is no allelic relationship between the ms genes of Xiangyou402A and 127A and 104A respectively. (2) The ms genes of 127A and 022S are not allele and the thermo-sensitive genes of 022S can not regulate the fertility of 127A. (3) The thermosensitive genes of 104S are not the allele of that from 022S and 1030RS. Therefore, the thermo-sensitive genes of 104S can not regulate the fertility of 127A and the thermo-sensitive genes of 022S and 1030RS can not regulate the fertility of 104A. The fertile plants from three RG ms two-used lines had been selected out as the back-crossing parents to improve Pol cms line since 1997, 1998 and 2001 respectively. Three ms groups with different fertility were gained. It can be found from Table 4 that, it took different time to get completely ms plants and relatively stable ms groups through continuous backcrossings in three programs (Table 4). 
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In program I, it had taken five years and four generations to get CS plants, and eight years and seven generations to get group I with 76.9% PS plants and 23.1% CS plants. χ 2 test shows this distributing proportion in groupIaccords with three to one. According to this point and the genetic characters of Xiangyou402A analyzed in 2.1, the genotype of Xiangyou402B can be deduced as: N (M s1 M s1 m s1 m s1 ) From the breeding procedure, it can be found that the ms group with about 75% PS plants and 25% CS plants had been obtained after five generations upon to 2003. The similar proportion was kept along with the next back-crossing generations.

In programII, it had taken three years and two generations to get CS plants, and nine years and eight generations to get groupIIwith 46.8% PS plants and 53.2% CS plants. χ 2 test shows the proportion in groupIIaccords with one to one. According to the genetic characters of 127A, the genotype of 127B can be deduced as: N (M s2 m s2 m s2 m s2 ) The ms group with about 50% PS plants and 50% CS plants was obtained after three generations in 2000.

In programIII, it had taken three years and two generations to get CS plants, and five years and four generations to get groupIII with 52.4% PS plants and 47.6% CS plants. χ 2 test shows this proportion in groupIII also accords with one to one. According to the genetic characters of 104A, the genotype of 104B can be deduced as: N (M s3 m s3 ). The ms group with about 50% PS plants and 50% CS plants was obtained after three generations in 2004.

The effect of improving Pol cms line using TG ms two-used lines

In program IV, V and VI, three TG ms lines had been used to improve Pol cms line respectively since 2000 and 2001. Three stable ms groups were gained, among which both of group IV and V were completely sterile, and group VI was partially sterile with trace-pollens, which means that CS plant can not be got when the restoring gene R f exists. In programIV, 22.6% CS plants were found in F 1 BC 1 , but a small number of PS plants were still found in next back-crossing generations and the CS group was not got until F 1 BC 4 in 2005. In programV, 41.9% CS plants were found in F 1 BC 1 , and the CS group was got just in F 1 BC 2 . This presents that programV is more effective than programIV. This result maybe has something to do with the number of ms genes from 022S (with two couples of ms genes) and 104S (with one couple of ms genes). On the other hand, the fertility performance of each back-crossing offspring in program IV and V also indicates that 022S and 104S have not R f genes. 

F 1 ×022S 100%PS 2003 F 1 ×104S 100%PS 2001 F 1 ×1030RS F 2002 F 1 BC 1 ×022S 77.4%PS+22.6%CS 2004 
F 1 BC 1 ×104S 58.1%PS+41.9%CS 2002 
F 1 BC 1 ×1030RS 53.4%F+46.6%PS 2003 
F 1 BC 2 ×022S 7.3%PS+92.7%CS 2005 Group V 100%CS 2003 F 1 BC 2 ×1030RS 100%PS 2004 F 1 BC 3 ×022S 2.1%PS+97.9%CS 2004 
F 1 BC 3 ×1030RS 100%PS 2005 Group IV 100%CS 2005 Group VI 100%PS
According to the fertility performance of each back-crossing offspring in six programs, it can also be determined that all the back-crossing fathers have T s of Z04A and Z04B .

Summary and discussion

About the inheritance and allelism of recessive ms genes and thermo-sensitive genes from different sources.

According to the above genetic analysis to several RG ms lines and TG ms lines and the previous studies on the genetic base of 104S and 104AB [16] , it can be concluded as the following points:

(1) All of the ms genes from Xiangyou402A, 127A and 104A are not allele. The ms genes from 127A and 022S are not allele too, which means that the ms genes from 127A have been eliminated through selection in the procedure of breeding 022S. The sterility of Xiangyou402A and 127A is controlled by two couples of recessive ms genes respectively, and the sterility of 104A is controlled by a couple of recessive ms genes.

(2) The ms genes and thermo-sensitive genes of Xiangyou402S, 022S and 1030RS are allele originated from Xiangyou91S. The thermo-sensitive genes from Xiangyou402S and 104S are not allele, and they all contain a couple of mainly effective genes modified by some quantitatively minim genes. These thermo-sensitive genes can just regulate the fertility of their corresponding ms lines but can not regulate that of others. Meanwhile, there is no allelic relationship between these genes and the thermo-sensitive gene T s from Z04A and Z04B. Furthermore, the above several TG ms lines also have T s besides their own thermo-sensitive genes.

(3) Presuming the thermo-sensitive gene from Z04A as T s1 and that from Xiangyou402S and 104S as T s2 and T s3 , and their corresponding recessive genes as t s1 , t s2 and t s3 respectively, the genotypes of several ms lines used in this study can be deduced as follows:

Z04A: S (M s1 M s1 M s1 M s1 M s1 M s1 M s2 M s2 M s2 M s2 M s3 M s3 r f r f T s1 T s1 t s2 t s2 t s3 t s3 …); Xiangyou402A: N (m s1 m s m s1 m s1 M s2 M s2 M s2 M s2 M s3 M s3 r f r f T s1 T s1 t s2 t s2 t s3 t s3 …); 127A: N (M s1 M s1 M s1 M s1 m s2 m s2 m s2 m s2 M s3 M s3 r f r f T s1 T s1 t s2 t s2 t s3 t s3 …); 104A: N (M s1 M s1 M s1 M s1 M s2 M s2 M s2 M s2 m s3 m s3 r f r f T s1 T s1 t s2 t s2 t s3 t s33 …); Xiangyou402S and 022S: N (m s1 m s1 m s1 m s1 M s1 M s1 M s1 M s1 M s1 M s1 r f r f T s1 T s1 T s2 T s2 t s3 t s3 …); 1030RS: N (m s1 m s1 m s1 m s1 M s2 M s2 M s1 M s2 M s2 M s3 M s3 R f R f T s1 T s1 T s2 T s2 t s3 t s3 …); 104S: N (M s1 M s1 M s1 M s1 M s2 M s2 M s2 M s2 m s3 m s3 r f r f T s1 T s1 t s2 t s2 T s3 T s3 ….).

About the effectiveness of improving Pol cms line using RG and TG ms lines and the genotype of the gained ms groups.

From the breeding procedure of six programs, it can be found that it is feasible to decrease or even to eliminate tracepollen using RG and TG ms materials to improve Pol cms line. Comparing above six ways, it seems that the programs of using TG ms lines are more effective than that of using RG ms maintainers considering the fertility performance of the gained ms groups and the time taken in back-crossings. Nevertheless, the result is not optimistic when the TG ms lines with R f genes such as 1030RS are used as the back-crossing parents because their back-crossing offspring still have trace-pollens. The original plan of breeding 1030RS and using it to Pol cms line was to breed stable ms lines without trace-pollen but with wider restoring resources like RG or TG ms lines. This proposal seems to be impossible now. Therefore, the restorers of Pol cms line should be avoided as the back-crossing parents in the procedure of breeding the thermo-sensitive maintainers.

According to above deductions for the genotypes of different ms lines, the genotypes of the gained groups can also be deduced:

Group

I: 75% PS plants [S (M s1 ---M s2 M s2 M s2 M s2 M s3 M s3 r f r f T s1 T s1 t s2 t s2 t s3 t s3 …)] + 25% CS plants [S (m s1 m s1 m s1 m s1 M s2 M s2 M s2 M s2 M s3 M s3 r f r f T s1 T s1 t s2 t s2 t s3 t s3 …)]; Group II: 50% PS plants [S (M s1 M s1 M s1 M s1 M s2 ---M s3 M s3 r f r f T s1 T s1 t s2 t s2 t s3 t s3 …)] + 50% CS plants [S (M s1 M s1 M s1 M s1 m s2 m s2 m s2 m s2 M s3 M s3 r f r f T s1 T s1 t s2 t s2 t s3 t s3 …)]; Group III: 50% PS plants [S (M s1 M s1 M s1 M s1 M s2 M s2 M s2 M s2 M s3 -r f r f T s1 T s1 t s2 t s2 t s3 t s3 …)] + 50%CS plants [S (M s1 M s1 M s1 M s1 M s2 M s2 M s2 M s2 m s3 m s3 r f r f T s1 T s1 t s2 t s2 t s3 t s3 …)]; Group IV: 100% CS plants [S(m s1 m s1 m s1 m s1 M s2 M s2 M s2 M s2 M s3 M s3 r f r f T s1 T s1 T s2 T s2 t s3 t s3 …)]; Group V: 100% CS plants [S(M s1 M s1 M s1 M s1 M s2 M s2 M s2 M s2 m s3 m s3 r f r f T s1 T s1 t s2 t s2 T s3 T s3 …)]; Group VI:100%CS plants[S (m s1 m s1 m s1 m s1 M s2 M s2 M s2 M s2 M s3 M s3 R f R f T s1 T s1 T s2 T s2 t s3 t s3 …)].

About the genetic mechanism of establishing stable cms lines without trace-pollen.

Two ms groups with 100% completely sterile plants have been gained responding to the breeding of Xiangyou66A. From the deduced genotype of groupIV and groupV, it is known that both of the groups have pure recessive ms genes and at least two types of thermo-sensitive genes. Why can the stable cms lines without trace-pollen be got at the state of thermosensitive genes existing and what relationship is between different genes and the cytoplasm? A "circular regulation" mode is put forward to explain the genetic base of cms lines without trace-pollen, of which the main points are listed as follows:

(1) The occurrence of trace-pollens of Pol cms lines is caused by the thermo-sensitive gene "Ts 1 " in the nucleus. That is to say, "T s1 " can regulate the expression of sterile cytoplasm "S".

(2) "S" and "T s1 " can not regulate the expression of recessive ms genes. Therefore, the plants with pure recessive ms genes display complete male-sterility even though they are in the condition with "S" and "T s1 ".

(3) Thermo-sensitive genes like "T s2 " and "T s3 " can regulate the expression of their corresponding recessive ms genes to result in the normal or trace pollens in the condition of normal cytoplasm. The regulating function will be restrained by "S" in the condition of sterile cytoplasm. Consequently, the plants with "S" and thermo-sensitive gene "T s1 " and "T s2 " or "T s1 " and "T s3 " display complete sterility. However, this restraining action of "S" can be released by restoring gene "R f ", thus tracepollen occurs again.

Thermo-sensitivity of CMS lines which causes trace-pollen is always a boring problem in the application of CMS threelined hybrid in rapeseed. Among the existing CMS systems applied in production, such as Pol, Shan 2A and MI CMS lines, most of them are thermo-sensitive. The previous research [1] testifies that the basic reason of causing trace-pollen on Pol CMS lines is the thermo-sensitive genes existing in the nucleus of the maintainers. Other researches [2-4] show that the ms plants with trace-pollens had better economic traits and higher combining ability than those without trace-pollen, and the thermo-sensitive genes had the similar regulating function to that of restoring gene R f . Therefore, it is thought that eliminating thermo-sensitive genes to breed the stable ms lines through wide test-crossings and systematic selections is not worth [5] .

To breed the stable CMS lines without trace-pollen but with finer economic traits and higher combining ability, some improving studies in view of Pol CMS line had been conducted by using recessive genic ms line and thermo-sensitive genic ms line respectively since 1991, and a new CMS line without trace-pollen had been bred after thirteen years and twelve generations.

Materials and Methods

Materials

Pol CMS line 254A, Z04A which had been bred by means of transposing the nucleus of 254A using Zhongshuang 4 as the maintainer, RG ms two-used line 86AB, TG ms two-used line Xiangyou91S and Xiangyou402S, and 15 test-crossing lines are all from Hunan Crops Research institute. Zhongshuang 4 comes from the Oil Crops Research Institute of the National Academy of Agricultural Sciences, and the check Xiangyou 15 used in the variety comparing trial comes from the Oil Crops Research Institute of Hunan Agricultural University.

Methods

Establishment of new CMS line

Firstly, a middle line with about 50% completely sterile (CS) plants and 50% partially sterile (PS) plants has been bred using the fertile plants of a RG ms two-used line to transpose the nucleus of Pol CMS line through hybridizing and continuous back-crossings. Then, a ms group with 100% completely sterile plants has been bred through hybridizing and continuous back-crossings using the completely sterile plant from above middle line as the maternal and TG ms two-used line as the backcrossing paternal. Based this ms group, a stable ms line with fine comprehensive traits has been bred using other fine TG ms line as the back-crossing parents. In the breeding procedure, the comprehensive traits such as economic trait and quality trait besides the fertility must be paid attention.

Investigating for the fertility of different ms lines

The fertility of different materials containing newly bred CMS line Xiangyou66A and its maintainer Xiangyou66B, Xiangyou402S, Z04A and its maintainer Zhongshuang4, had been continuously investigated in 2002 and 2003 respectively. The investigation had been carried out once two days on the typically single plants of each material from the beginning stage of flowering. The flowers would be taken down after investigation each time to prolong the flowering stage and increase the number of flowers. The statistics had been made once ten days.

The fertility identification of single flower was conduced according to the methods in reference [6]. Fertility index (FI) is used to show the fertility state of plant group. FI=(1×flower number of grade one+2×flower number of grade two+3×flower number of grade three+4×flower number of grade four+5×flower number of grade five+6×flower number of grade six)/total number of all flowers. The fertility index of plant group is bigger, the sterile degree is lower. It is defined here that the plants with FI more than 5.0 are fertile (F), and the plants with FI from 1.0 to 5.0 are partially sterile (PS) and the plants with FI less than 1.0 are completely sterile (CS).

1.2.3 Identifying for the restoring-maintaining relationship of the new CMS line and evaluating its heterosis Fifteen source materials were selected to test-cross with Xiangyou66A and Z04A in the spring of 2002. The test-crossing F 1 generations and their corresponding parents were planted in the autumn of this year. The fertility of above F 1 generations was identified in the spring of 2003 to make sure the relationship of xiangyou66A. Some materials with 100% restoring plant ratio to Xiangyou66A in the identification trial were selected out to continue to test-cross with Xiangyou66A in the spring of 2004. The F 1 generations were planted for the variety comparing trial in the autumn. Three repeats were adopted and Xiangyou 15 was used as the check in the trial with each plot of 20 m 2 . The planting density is about 180000 plants / hm 2 . Fifteen plants in each plot were selected out at the ripe stage for testing their economic traits. The pods of each plot were harvested after they were ripe, and their seeds were dried and weighed in single.

The breeding procedure of Xiangyou66A and its main traits

2.1The breeding procedure

The breeding procedure of Xiangyou66A is shown in Fig. 1. From Fig. 1, it can be found that there are three stages in the procedure. In the first stage from 1991 to 1994, a middle group "Hecheng A" with about 50% completely sterile plants and 50% partially sterile plants had been gained through hybridization and back-crossings using the fertile plants of 86AB as the back-crossing parent to cross with Pol CMS line 254A. In the second stage from 1994 to 1999, a stable CMS line "Xiangxin A" with 100% completely sterile plants had been got through hybridization and continuous back-crossings using TG ms line Xiangyou91S as the back-crossing parent to cross with the completely sterile plants selected out from "Hecheng A". In the third stage from 2000 to 2003, Xiangyou66A had been bred using another TG ms line Xiangyou66B as the back-crossing parent to cross with "Xiangxin A".

It is worth to point out that Xiangyou66B is the sister line of Xiangyou402S which had been bred by means of hybridizing and systematic breeding from the combination [(Xiangyou91S×Zhongshuang4)×Zhongshuang4] [7] . The difference between them is just that Xiangyou66B has higher critical transforming temperature than Xiangyou402S. In the breeding procedures of two TG ms lines, the processes of early generations from F 1 to F 3 were the same. The selecting goal for the fertility of single plants in high generations after F 4 was different between two TG ms lines. The transforming stage of Xiangyou402S was emphasized the moderateness with transforming critical temperature 14~19°C, while the transforming stage of Xiangyou66B should be late with higher transforming critical temperature. A stable TG ms line had been gained in 2000, which was named as Xiangyou66A because its line number was 99066 in 1999. At the same time for breeding Xiangyou66A, some of its plants had been selected out to cross and back-cross with "Xiangxin A" since 1999, and a stable CMS line without trace-pollen was got in 2003, which was named as Xiangyou66A. 

254A×86B PS 1992 F 1 ×86B F 1 PS 1993 PS plant×86B F 1 BC 1 PS+CS 1994 CS plant×Xiangyou91S F 1 BC 2 (Hecheng A) PS+CS 1995 CS plant×Xiangyou91S F 1 BC 2 D 1 PS+CS 1996 CS plant×Xiangyou91S F 1 BC 2 D 2 CS 1997 CS plant×Xiangyou91S F 1 BC 2 D 3 CS 1998 CS plant×Xiangyou91S F 1 BC 2 D 4 CS 1999 CS plant×Xiangyou66B F 1 BC 2 D 5 (Xiangxin A) CS 2000 CS plant×Xiangyou66B F 1 BC 2 D 5 E 1 CS 2001 CS plant×Xiangyou66B F 1 BC 2 D 5 E 2 CS 2002 CS plant×Xiangyou66B F 1 BC 2 D 5 E 3 CS 2003 CS plant×Xiangyou66B F 1 BC 2 D 5 E 4 (Xiangyou66A) CS

The fertility performance of different ms lines

The results of fertility investigation (Table 1) show that the sterility of Xiangyou66A is stable with 100% sterile plant ratio and 100% sterile degree in different years. Its pistils, sepals and honey-body grow normally, but its petals become narrow bars which bases are separate and its stamens become small trigons without pollen. Zhongshuang 4 is completely fertile in whole flowering stage. The sterile plant rates of the plant group of Xiangyou402S, Xiangyou66B and Z04A are all 100%, but their fertilities display different characters with the growing process. At the beginning stage of flowering before 5 March, all flowers of Z04A were partially sterile with FI more than 4.0, and most of the flowers of Xiangyou402S and Xiangyou66B

were partially sterile and a small number of flowers of them were completely sterile with FI more than 3.0 but less than 4.0. At the transition between the beginning stage of flowering and the full blooming stage from 5 March to 25 March, most of the flowers of the three ms lines were partially sterile with a lot of trace-pollens and their FIs were about or more than 4.0. At the full blooming stage from 25 March to 4 April, the trace-pollen of the three ms lines decreased with the temperature increasing, especially that of Z04A decreased apparently and its FI of two years counted in 25 March were both less than 2.0 and became 0 till 4 April, which means that its flowers blooming after 25 March were completely sterile. While Xiangyou66B and Xiangyou402S still kept the state of partially sterility for a long time but the trace-pollens of Xiangyou66B were more and lasted longer time than that of Xiangyou402S. The flowers blooming on Xiangyou402S after 4 April and those blooming on Xiangyou66B after 14 April all became completely sterile.

In terms of sterile degree, that of Xiangyou66A was lowest with FI less than 1.0 in two years, and that of Xiangyou402S and Z04A was lower with average FI of 1.45 and 1.50 respectively, and that of Xiangyou66B was highest with average FI of 2.33. 

The economic traits and quality of Xiangyou66A

Xiangyou66A is half-wintered middle-ripe rapeseed, which total growth duration is about 220d when it is planted in the southern region of China in autumn. Its main economic traits tested on 20 plants taken from the isolating field randomly are listed in Table 2. Compared with its maintainer Xiangyou66B, its plant height and branch height are higher and its 1000-seed weight is weightier, but its first branches, pods, seeds per pod and yield of single plant are less than those of the latter. In the procedure of breeding Xiangyou66B and Xiangyou66A especially in early generations for selecting the single plants, the qualities as well as the fertility and the economic traits had been taken into account and those plants with erucic acid in oil more than 1% and glucosinolate in cake more than 30μmol/g had all been eliminated. According to the analysis results tested the Center of Determination for Oil Crops and Products Quality of Agricultural Administration in 2004, the erucic acid content in seeds of Xiangyou66A taken from the isolating reproduction field was 0.05% and the glucosinolate content was 17.99μmol/g cake.

The restoring-maintaining relationship of Xiangyou66A and evaluation for its heterosis

The investigating results for the fertility of test-crossing F 1 generations (Table 3) in 2003 show that, in addition to the known Pol CMS restorers 1030R and Zhong 2R, other four test-crossing lines 9011, 9016, 9024 and 9044 have the completely restoring action to the fertility of Xiangyou66A and Z04A with 100% restoring plant ratio in their F 1 generations, and 9018 has half restoring action to two ms lines with about 50% restoring plant ratio, which means that its restoring genotype is not pure yet. 9022 can completely restore the fertility of Xiangyou66A with 100% restoring plant ratio but can just partially restore that of Z04A with 93.87% restoring plant ratio, which may be caused by pollution in the procedure of pollinating to Z04A. All F 1 generations of other test-crossing lines such as 9007, 9015, 9019, 9021, 9025, 9027 and 9031 with two ms lines are partially sterile, which indicates that these sources are all the maintainers of two ms lines. From the above results, it can be sure that Xiangyou66A and Z04A have the same restorers and the same maintainers.

The results of the variety comparing trial for testing the heterosis of seven combinations with 100% restoring plant ratio in identification trial showed that they had different yield heterosis (Table 4). The analysis of variance indicated that the difference was significant with 1% level between varieties but insignificant between repeats. There are 6 combinations overyielding compared with the check by 2.28%~19.21%, among which three combinations over-yielded by more than 10%. 

Discussion and summary

Successful breeding of Xiangyou66A means that it is feasible to breed stable CMS line without trace-pollen by means of improving Pol CMS line using thermo-sensitive genic ms lines, which is based on the following points: 1) The thermosensitive genes existing in the nucleus of Pol CMS lines and thermo-sensitive genic ms lines are all regulating genes whose functions are realized through regulating the fertility of ms lines, and above two kinds of thermo-sensitive genes are not allele. The furthermore studies have testified that the thermo-sensitive genes in Pol CMS lines can not regulate the recessive ms genes. 2) Stable completely sterile group can be gained through combining the cytoplasm of Pol CMS line and recessive ms genes. 3) Polima sterile cytoplasm can restrain the expression of thermo-sensitive genes in thermo-sensitive genic ms lines. Therefore, the improved groups with the Polima cytoplasm and the nucleus of thermo-sensitive genic ms lines are completely sterile. However, this restraining action of sterile cytoplasm can be released by the restoring gene R f , which causes the expression of thermo-sensitive genes again, thus, the improved CMS lines by using those thermo-sensitive genic ms lines with R f genes. Above three points will be reported in other studies.

From the breeding procedure of Xiangyou66A, it can be found that the thermo-sensitive maintainer is the key for establishing the stable CMS system without trace-pollen. In the procedure of breeding new thermo-sensitive maintainer, the selection of parent is very important. The combining ability of parent should be the emphasis to be taken account except its economic traits and qualities. According to the character of new CMS system which has the same restoring-maintaining relationship as Pol CMS lines, the parents has better to be selected among the maintainers of Pol CMS lines especially those which can cause a lot of trace-pollens. The restorers should be avoided to be selected lest trace-pollen occur in new lines. Meanwhile, those thermo-sensitive single plants transforming late from fertility to sterility should be selected in early generations which may be beneficial to the reproduction of new ms lines. The breeding method for the restorers of new CMS system is the same as that for Pol CMS restorers, and the practical technologies such as reproduction of parents and hybrid seed production are also the same as those of Pol CMS system.

The results of the variety comparing trial showed that the combinations with Xiangyou66A had fine yield performance. Six of seven combinations over-yielded compared with the check, among which the increasing rates of three combinations were more than 10%. Therefore, Xiangyou66A is a fine ms line with high practical value.

There are significant heterosis for seed yield and other agronomic traits in rapeseed. The exploitation of male sterility is a major approach to ensure outcrossing in the female parent and produce hybrid seed economically and on a large scale. Cytoplasmic male sterility (CMS) had been widely used in rapeseed in China. However, some CMS systems may be environmentally unstable in maintaining male sterility and/or male-fertility restoration. Furthermore, the possible association between cytoplasm type and disease susceptibility is widely concerned.

In crop breeding, 'two-line hybrid' has two means. The narrow sense 'two-line hybrid' only include environment sensitive genic male sterility (EGMS, including thermo sensitive genic male sterility (TMS) and photoperiod-thermo sensitive genic male sterility (PTGMS)) system but the broad sense including any system producing hybrid by a couple of female and male lines that were multiplied by selfing, such as self-incompatibility (SI), dominant genic male sterility (DGMS), recessive genic male sterility (RGMS), ecotypic cytoplasmic male terility (ECMS), and male sterility induced by chemical hybridizing agent (CHA) except EGMS,. The advantages of two-line system are the higher yield potential than three-line and three-way system and, for CHA, EGMS, and ECMS, the simplification of procedure for multiplying female parents.

Self-incompatibility (SI)

Self-incompatibility system was thought as a potent approach for hybrid breeding due to allowing blending the parents to produce hybrid. However, this approach encountered serious problem such as instability of incompatibility expression and difficulties in multiplication of female parent. This approach had been disfavored due to the great success of male sterility system.

Dominant genic male sterility (DGMS)

A dominant male-sterility that can be restored by the epistatic inhibiting gene or the allelic restoreing gene have been found in B. napus [START_REF] Li | Genetic male sterility in rape (B. napus L.) conditioned by interaction of genes at two loci[J][END_REF], Hu et al 2004, Song et al 2005). So it is possible to produce two-line hybrid by it. The male sterile is maintain by sibling-cross between 50% homozygous and male-sterile plants and 50% heterozygous and fertile plants. In order to produce hybrid, the plants with the male sterile must be selected in the field before flowering, and then used as the female parents. It is labor intensive but practisbale to remove the 50% fertile plants from the female parent by view of plentifulness of labor resource in China. But the restorer resouces is very few and it is not easy to get a lot of hybrid combination.

Recessive genic male sterility (RGMS)

In China, recessive genic male sterility (GMS) based on 117A [START_REF] Hou | Genetic study on genic male sterility (GMS) material No. 117A in Brassica napus[END_REF] and S45A is widely used in breeding hybrid rapeseed. It use similar procedure as in DGMS system for propagating the male sterile line and producing hybrid and also need plenty of labor resource to rogue the 50% heterozygous fertile plants. But the main advantage is any other line can be use as the restorer, so it is very easy to get a lot of hybrid combination with higher yield potential. Many hybrids based on this two system, such as 'Youyan 7', 'Youyan 9','Youyan 10' 'Shuza 6', 'Shuza 7', were registered.

Environment sensitive cytoplasmic male sterility (ECMS) or ecotype-sensitive CMS

Yang et al (1995) and Liu et al (2000) find some ECMS type such as 'AB1' and '508-1S' that was sterile in higher temperature and long daylength and [START_REF] Dong | Cytological studies on anther development of ecological male sterile line 533S in Brassica napus L[END_REF] also find a reversely ECMS line '533S' that was sterile in lower temperature and shorter daylength. Some hybrid, for instance, 'Liangyou586' (ECMS) (Liu et al., 2000), 'Huayouza 12', and 'Huayouza 13' (ecotype-sensitive Polima CMS), had been registed recently. However, this system only simplifies the multiplication of female parent, and still need develop many restorer lines. It did not avoid the disadvantages of CMS system.

Environment sensitive genic male sterility (EGMS, TGMS, PTGMS)

Xi et al (1994), Wang et al (1997), andLi et al (2002) report some new type in EGMS in B. napus and B. juncea. We also find three PTGMS lines in Brassica napus and the quality were in improvement now (unpublised). The PTGMS line become male-fertile under low temperatures and/or short daylength, hence it can maintain and propagate itself. The advantages of this method are: (i) male sterile line is multiplied by selfing, without a maintainer as CMS line; (ii) any other genotype can be used as paternal parent; (iii) negatives associated with CMS can be avoided. A commmercial hybrid 'Xiangzayou 5' based on TGMS has been registered in China [START_REF] Xi | Breeding of a two-line hybrid variety Xiang zayou 5 with double-low quality in Brassica napus L[END_REF]. It showed that EGMS system is also promising.

Chemical hybridizing agent (CHA)

The major advantage of using a CHA to produce hybrids is that, theoretically, almost any normal inbred line may serve as a female parent and it does not require the establishment of a CMS or NMS system. This will substantially reduce the time required for hybrid development.

Some chemicals had been identified as an effective CHA chemicals for rapeseed (Guan et al. 1998, Guan and Stringam 1998, Singh and Chauhan 2004) but it would seem that only zinc methyl arsenate were ever successfully used to produce commercial hybrids in rapeseed (Guan and Stringam 1998). Some commercial hybrids including 'Shuza No.2','Shuza No. 3','Shuza No.5','Yuhuang No.1','Yuhuang No.2','Xaingzayou No.1','Xaingzayou No.6',etc, have been developed using zinc methyl arsenate, and registered in China. This has demonstrated the potential use of CHAs in hybrid breeding. However, methyl arsenate could cause pollution to the environment (Guan 1995). In view of this, development of more effective CHAs without environmental and health risks is still important in the exploitation of heterosis in rapeseed. The authors have identified 15 chemicals that can induce male sterility in rapeseed, and found tribenuron-methyl to be one of the best (Yu et al 2006). Tribenuron-methyl is suggested to be a potential CHA based on the efficacy of inducing over 94% male-sterile rate, very low cost, low residues and low toxicity.

These approaches except SI are employed mainly in China because there are plentiful of labor and the difference between the average seed cost of hybrid and of conventional line is not significant for each farmer who only manage 0.1ha field for rapeseed. All of these approaches have been put in practice in China, but CHA and RGMS approach were more successful up to now. However, as the labor cost increase quickly in China, RGMS will lost its predominance some day. In China, from subtropics to cold zone, from western plateau to eastern lowland, rapeseed was cultivated widely, so it is easy to find different regions for the multiplication of EMS and for hybrid producing. However, application of this system is limited by the instability of atmosphic temprature before and during the anthesis since the decline of temperature could render the fertility.
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Abstract

A sulfonylurea Herbicide tribenuron-methyl was used to induce male sterility in B.carinata, B.rapa, B.juncea, and B.napus at the rate of 0.5μg per plant. Application at the bolting-stage with ≤2mm longest buds and reaped 10 days later resulted in 92%, 98%, 99% and 100% plants to be male sterile in B.juncea, B.carinata, B.napus, and B.rapa, respectively, as well as some slight phytotoxicity, i.e. reduction of plant height, space between floral buds and size of floral organs. The results suggested that tribenuron-methyl could be used as an efficient chemical hybridizing agent for Brassica. Key words: Brassica; male sterility, chemical hybridizing agent, herbicide Brassica is very important resource of vegetable, cooking oil, and condiment for human being. Significant heterosis for seed yield and other agronomic traits had been well documented in Brassica. The use of hybrids in agricultural crops is considered as an important technique to enhance plant production and value. The ability to prevent the selfing of the female parent, which would depress the seed purity, is very important in producing hybrid seed. Therefore, the exploitation of male sterility is the major approach to ensure outcrossing in the female parent and economically produce F 1 seed in large scale.

Using of some chemical substances called chemical hybridization agents (CHAs) or gametocides to induce male sterility in female parents provide a rapid, flexible and effective system for hybrid production. Theoretically, almost any normal inbred line may serve as a female parent and does not require establishing a CMS or NMS system. This will substantially reduce the time required for hybrid development. A good CHA should have the following characteristics: it should not cause significant environmental or health risk, and should be economic and easy to apply. The treated line should not in general be harmed by the CHA, and there should be flexibility in time of application to overcome adverse weather effects.

In rapeseed, much effort have been made to identify an effective and safe CHA chemicals but without much success. Researchers had developed various types of CHAs (Guan et al 1998, Guan and Stringam 1998, Singh and Chauhan 2004). However, to our knowledge, only zinc methyl arsenate was ever used in producing commercial hybrid in B.napus (Guan and Stringam 1998). Some commercial hybrids including 'Shuza No.2','Shuza No. 3','Shuza No.5','Yuhuang No.1','Yuhuang No.2','Xaingzayou No.1','Xaingzayou No.6',etc, have been developed using zinc methyl arsenate, and registered in China. This demonstrated the potential use of CHAs in hybrid breeding. However, the capability of zinc methyl arsenate inducing male sterility is too low. It resulted in about only 80% complete male sterility in B. napus (Guan and Stringam 1998) and much lower in B.rapa [START_REF] Tian | Preliminary studies on gametocide on B.campestris[END_REF] as well as serious phytotoxicity. Moreover, methyl arsenate could cause pollution to environment. Therefore, development of more effective CHA without environmental and health risk is still important to utilize the heterosis of rapeseed. In a previous experiment, the herbicide Express® (Du pont, USA), which contain 75% active ingredient tribenuron-methyl, and 25% inert ingredient, was found to be effective to induce male sterility on B.napus at the application rate from 0.5% to 2% of the labeled rate (15g/ha) for weed control (Yu et al 2006). Tribenuron-methyl, (methyl 2-[[[[(4-methoxy-6-methyl-1, 3, 5-triazin-2-yl) methylamino] carbonyl] amino] sulfonyl] benzoate), is a widely used sulfonylurea herbicide owning to its superior efficacy of weed control as well as low residue, and low toxicity to animals. The present paper reports its efficacy on inducing male sterility and phytotoxic effect on some Brassica subspecies.

Material and method

Plant materials

B.carinata cultivar 'SVP Sao Tome', B.rapa. cultivar 'Tobin', B.juncea cultivar 'Shaanbei Huangjie', B.napus cultivar 'Qinyou No.3' were used in the experiment. The seeds of B.carinata cultivar 'SVP Sao Tome' were kindly provided by Genebank of Research Institute of Crop Production, Prague, Czech Republic.

Field experiment

Field experiment was carried out at Northwest Agriculture and Forestry University, Yangling (Longitude 108°E, Latitude 34°.15'N), China. B.rapa, B.juncea, and B.napus were sowed in autumn of 2005 but B.carinata was sowed in the spring of 2006. Each treated plot had 70 plants that were sowed in five two-meter-long rows, with 50 cm spacing between rows and 13 cm between plants. Every two replications were separated by the contrast (treated only with water) served as male parents. The inflorescences and upper leaves in each plot were sprayed with 2 ml of 0.25 μg a.i./ml of tribenuron-methyl per plant at the bolting stage with ≤2mm longest floral bud. The treatments were repeated again 10 days later. The lifetime and the percentage of complete /partial sterile plants in each plot were investigated. The pollen viability was estimated under a light microscope by Aceio Carmine staining test. Ten plants were sampled randomly from these open plants, and the data on plant height, the size of twenty flowers per plant and seed set rate were collected to estimate the phytotoxicity. Seed set rate of 10 sampled plants (open-pollinated) was calculated with a formula: seed set rate percentage = (number of seeds per treated plant / number of seeds per contrast plant) ×100.

Results and analysis

The treatments with tribenuron-methyl were found to be quite effective in inducing pollen sterility in the four Brassica families. The treatments resulted in 92%, 98%, 99% and 100% plants to be male sterile in B.juncea, B.carinata, B.napus, and B.rapa, respectively. The male-sterile flowers were showed in Fig. 1. The development of vegetative and reproductive parts was suppressed due to the treatments (Table 1). The initiation of flowering of B.carinata, B.rapa, B.napus, and B.juncea were delayed 2 to 3 days. The height of treated plants decreased and the main inflorescences shortened compared to the control plants. The length of pistil, diameter of corolla was also reduced. However, the flowers opened widely, and the honey glands worked well, just like some nuclear male sterility. Thus these reduction in the size of flora organs were not serious as some inheritable male-sterility such as Ogura CMS and Polima CMS. Seed set on the plants under open pollination was 56.6%, 34.9%, 33.3%, and 49.2% for B.carinata, B.rapa, B.juncea, and B.napus compared to the corresponding control. The reduction in seed set was largely because there are not enough pollen for pollinating in male sterile plants but the reduction in the number of floral buds and ovules per ovary was also be considerable. Above all, phytotoxic effect was not serious at the test dosage of tribenuron-methyl because the seed-set is at the same level as some inheritable male-sterility such as Ogura CMS and Polima CMS in B.rapa, and B.napus under open-pollinated condition. 

Conclusion and discussion

Based on the obtained results, it could be concluded that the duplicate treatment with 0.5μg tribenuron-methyl appeared to be sufficient to induce over 92% plants in B.napus, B.carinata, B.juncea, and B. rapa to be male sterile under investigated conditions. If partial male-sterile plants were rogued from hybrid-producing field, it is possible to produce hybrid with high varietal purity.

Tribenuron-methyl is suggested to be a promising CHA for B.rapa, B.napus, B.carinata, B.juncea because of higher efficacy than methyl arsenate, the CHA ever being successfully used in China, very low cost, low residue and low toxicity to animals at the application rate.

B. carinata has several characteristics such as non-dehiscent siliques and tolerance to heat and drought, and resistance to blackleg disease and aphids and flea beetles. So it has been thought as a promising crop in Africa, Canada, and India. However, hybrid breeding for this crop is hampered by unavailability of male sterility system. High level of male sterility induced by tribenuron-methyl brings an opportunity for utility the heterosis of B. carinata.

The exploitation of plant heterosis is an effective approach to provide more food production than conventional breeding method. Male sterility is the most important approach for the utility of the heterosis because commercial hybrid can be produced on a large scale based on these systems. Difficulties in breeding elite male sterile lines and producing commercial hybrid seed will hamper the development of hybrid crop.

Recently, the development of two-line hybrid rice, rapeseed, and wheat is very quickly in Asian, especially in China. Normally, a two-line hybrid was based on environment (thermo and/or photoperiod) sensitive male sterility (EMS). The male fertility is regulated by temperature and / or daylength, normally, the pollens are completely sterile when the plant is grown under warmer and long-day conditions, and fertile pollens are produced when the plant is grown under cooler and short-day conditions. Thus, EMS can be planted in stripe as the female parent to produce hybrid seeds under long day conditions, and can be selfed under short-day conditions. Therefore, in "two-line" system, the maintainer line of male sterility in "three-line" hybrids was not required, which greatly reduce the costs in labor, time, and resources in hybrid production. Second, almost all normal varieties can be used as restore lines, this save much time for breeding restore lines. A further advantage is that employ EGMS system can avoid some potential adverse effects of male-sterile cytoplasm, for instance, Texas CMS in maize is susceptible to southern corn leaf blight and Ougra CMS in Brassica cause chlorosis on plants under cold condition.

In China, rapeseed was cultivated from subtropical to cold zone and both spring and winter type was used, so it is easy to find different regions either for the multiply of EMS or for hybrid producing. EMS was considered as an important approach for hybrid rapeseed breeding. Up to now, one thermo-sensitive genic male sterile (TMS) line 'Xiang 91S' (Xi et al 199) and a photoperiod-thermo sensitive genic male sterile (PTMS) line 'H90S' (Wang et al) have been identified and their sterility was controlled by interaction between 2-4 pairs of recessieve gene and 1-3 pairs of thermo-sesitive gene, and three pairs of recessieve gene, respectively. 'Xiang 91S' has been improved to be double low lines and a hybrid "Xiangzayou 5" [START_REF] Wu | Advances of study on the agronomic marker traits in Brassica napus L[END_REF] based on it had been registered. Li et al (2002) and [START_REF] Su | Preliminary studies on GMS two line system in B. juncea[END_REF] also reported two EMS lines 'K121S' and 'Zunai S' in Brassica juncea.

Some time environment sensitive cytoplasmic male sterility (ECMS) was also included in EMS. Yang et al ( 1), [START_REF] Liu | Breeding of GMS two-line system 501-8S sensitive to temperature and photoperiod in Brassica napus[END_REF][START_REF] Dong | Cytological studies on anther development of ecological male sterile line 533S in Brassica napus L[END_REF] found some ECMS types in B.napus. Some hybrid such as "Liangyou 586" (based on ECMS) (Liu et al., 2000) and "Huayouza 12"(based on ECMS from Polima CMS), had been registered recently. However, these system only simplify the multiplication of female parent by substituting self-pollination for cross-pollination and did not resolve the problem of CMS. Notwithstanding, discovery and identification of new type of EMS will help researchers grasp more knowledge about male sterility and reveal the interaction mechanism between microspore development and ecological factors. We found and breeded three EGMS lines '373S', 'Hy 50 S', and 'CZ803S' in Brassica napus and their quality were in improvement now. In the present paper, the breeding and response to temperature, daylength, and humidity of the environment-sensitive male-sterile line '373S' was investigated.

Material and Method

Material

In the spring of 2001, a spontaneous male sterile population was found at Yangling (Latitude 108°E, Longitude 34°,15′N)

when the authors are making field collection. The seeds of five plants in this population was taken back and sowed in experimental field. However, only one plant in a family of them coding 02-373 showed about 10 male sterile flowers at the initiation of blooming but then became male fertility and all the other plants was male fertile. The author assumed that the fertility of this plant might be influenced by ecological factors such as atmospheric temperature and daylength. So this plant was bagged to make self-pollinating. Three male fertile plants and twenty-nine sterile plants were obtained in next generation. However, the male sterility of these twenty-nine sterile plants was not stable. They become 100% male fertile at the initiation of blooming but 100% male sterile at the latter stage of blooming. This phenomenon corresponded well to the regulation of local climate change, i.e. temperature rising and day length prolong in late March. An environment-sensitive male-sterile line named '373S' was bred from this chimerically male sterile plant after three-generation successive selfing.

Method

The correlation between the change of male fertility and the atmospheric temperature, relative humidity, and daylength from 1-10 days prior to flowering was analyzed. To daily exam the change of male fertility, male fertility index (MFI) was record as 0, 1, 2, 3, 4, 5, and6 for a single flower with zero to six stamens with elongated filament and normal anther that can shed pollen. MFI for individual plant was the average of MFI for all fresh flowers on the day, and MFI for a male sterile line was the average of MFI for ten random-selected individuals.

Results

The fertility of '373S' fluctuated in the early spring due to the drastic change of climate at Yangling. '373S' became 100% male fertile at the initiation of blooming (late March to early April) but 100% male sterile at the latter stage of blooming (from late April). In the transition stage from male fertile to sterile, the number of anther that could shed pollen in a flower would decrease gradually.

The correlations between the daily male fertility and atmospheric temperature, relative humidity, and day-length from 1 to 10 days prior to blooming were analyzed. The results showed that temperature 4 to 7 days prior to blooming and humidity 6 days prior to blooming significantly and negatively correlated with the male fertility (Table 1). '373S' will become male fertile when temperature is below 11°C but complete male-sterile when temperature is over 15°C (data not showed). Relative humidity 6 days prior to blooming also significantly correlated with the male fertility. However, the sensitivity to humidity was not validated because the increase of humidity was always accompanied by the fall of temperature in the spring. No significant correlation between the male fertility and day-length was found. Therefore, '373S' was considered as a thermo-sensitive male sterile line. 

Discussion

The inheritance analysis results showed that the male sterility of '373S' may be controlled by 2 pair of recessive nuclear gene (unpublished). Owing to the thermo-sensitive characters, 373S can multiply itself by sowing one-week early in winter rapeseed area and meanwhile, produce two-line hybrid in spring rapeseed areas or in winter rapeseed area by sowing 2-3 week late. The advantages of this method are: (i) male sterile line is multiplied by selfing, and does not need a maintainer as CMS line;(ii) any other genotype can be used as parent, this ensure the flexibility of choice parent; (iii) some negatives associated with CMS can be avoided.

However, the production of hybrid on larger scale in these systems maybe limited by the instability of atmosphic temprature before flowering since it could render the fertility. So it needs to select the EMS line with lower critical temperature in the breeding and improvement of '373S'.

Breeding of temporary all maintainer with purple leaf in oilseed rape

(Brassica napus L.)

Introduction

Heterosis utilization is one of effective ways to increase yield of oilseed rape (Brassica naups L.). The yields of the elite hybrids are higher by 20-30% than conventional varieties. The growing area of hybrids accounted for about 30% in 1998 and several systems of heterosis utilization have been developed in China, such as, Polima CMS, Shan2A CMS, two-line recessive genic male sterile (GMS), and three-line recessive epistatic GMS, and so on (Fu 2000).

Hybrid purity has much effect on yield. Yield decreased 0.2%-0.4% for each 1% purity drop when hybrid purity was from 75% to 95% [START_REF] Chen | Influence of different seed purity on yield of CMS hybrid in Brassica Napus L[END_REF]. Purity of parent line is main factor influencing the hybrid purity. Hybrid purity decreased 4.1% for every 1% fall of mother line purity (Li 1993). Oilseed rape Brassica napus L. is cross pollinating crop, its natural crossing rate is about 30%. Parent line purity of hybrid is liable to decrease because of biological contamination during the reproduction of parent line. One of methods to increase parent line purity is to mark parent line with agronomic marker traits (hereinafter AMT).

AMTs are special traits which are remarkably distinct with the common traits, therefore can be used as genetic markers. Compared with molecular marker, AMT marker can mark either individual plants or special characteristic, and also has advantages of easy identification, low cost and high efficiency. Marking parent line of hybrid with AMT and breeding of AMT parent line, will benefit pulling out of non-AMT plants during reproduction of parent line and its hybrid according its AMT, therefore easily enhance purity and reproduction efficiency of parent line and hybrid (Wu et al.2005).

So far about ten AMTs in Brassica napus L. have been discovered, such as purple leaf, purple stem, yellow seedling, waxless leaf, white flower, apetalous flower and so on (Liu 2000, Wu et al. 2005). CMS line 702A with waxless leaf from "Nilla" in Brassica naups L. was developed, and 16 of 27 hybrids derived from it showed higher yields than check Zhongyou 821 by 2.2%-65.6% [START_REF] Mo | Improvement and application of waxless germplasm material(B. naups L) in heterosis[END_REF]. The genic and cytoplasmic double MS line Z01-1A with the Chlorophyll-reduced (Cr) trait marker was bred, and 5 hybrid showed higher yield than check variety [START_REF] Wang | Breeding a genic and cytoplasmic double-MS line with Cr marker in Brassica napus[END_REF]. In this paper, the inheritance of newly-found purple leaf from mutants, which were discovered in the 12-204TAM line with green leaf of recessive epistatic GMS system in Brassica napus L in 2002, was studied. New TAM line with purple leaf was developed and effect of purple leaf trait on the hybrid performance was evaluated.

Materials and methods

Plant materials: Recessive epistatic GMS line 9012A, G9012A and maintainer 12-148TAM, 12-204TAM in Brassica napus L are all of green leaf, while leaves of maintainer PL12-204TAM are purple. All lines mentioned were developed by Crop Research Institute, Anhui Academy of Agricultural Sciences, and were grown in the experiment field in Hefei during 2002-2005. Inheritance analysis: PL12-204TAM line with purple leaf was used as male and female parent in the crosses with 12-148TAM, and was made cross with 9012A, G9012A. Partial F 1 plants of some crosses were selfed to obtain F 2 seed or were backcrossed to the PL12-204TAM parent line. All crosses were made by hand, subsequently, parental, F 1 , F 2 and BC 1 seeds were sown in separate plots. Leaves color were investigated in winter. The data were analysed using χ 2 test to determine the goodness of fit to different genetic ratios in the F 1 ,F 2 andBC 1 . Maintaining rate determination: To investigate the sterility rate of F 1 progeny from cross between 9012A and PL12-204TAM, which was maintaining rate of PL12-204TAM.

Effect of purple leaf trait on the hybrid performance: A randomized block design was used in this experiment, with two replications for each treatment. All together there were 6 treatments, including 2 hybrids and their 4 parent plants, among which 2 mother plants from 12-148TAM and 2 father plants from PL12-204TAM. 5-rows plot size was 2m×1.67m (3.34m 2 ). Row distance and plant distance were 0.33m, 0.13m respectively. Direct sowing was carried out and a density of 22.5 plants•m -2 was set 50 days after emergence. At harvest, 10 plants were chosen at random from middle 3 rows for each plot for agronomic evaluation. The average from all together 20 plants for each treatment was used to evaluate the effect of purple leaf trait on the hybrid performance.

Results

Breeding of PL12-204TAM with purple leaf: In the winter of 2002, 56 mutants with purple leaf trait were discovered in the population of 228 individual plants from a selfing progeny of 12-204TAM (plot number: TM084). The mutant rate was 24.6%. The performances of mutants were poor. New line with purple leaf, tagged with PL12-204TAM, was bred after 3 selfing generations of mutants. The expression of purple color began on the cotyledon. PL12-204TA showed stable purple leaves in winter, and then purple color degree declined with time in spring, to almost normal green during the stem elongation and bud period. Except for weakness, the performance of PL12-204TM was very similar to its wild type 12-204TAM (Fig. 1). In 2004, crosses between 9012A and individual plants from PL12-204TAM were made, and maintaining rate results were in Table 1. Most maintaining rates were 100%, except the plot 05TM413 with 97.3%, possibly due to the biological contamination during cross making. The results indicated that the maintaining ability of mutants was kept during the mutation, that is, a spontaneous mutation. Inheritance of purple leaf trait: Irrespective of whether PL12-204TAM line was used as the male or female parent in crosses with normal green leaf line 12-148TAM. All F 1 plants were of green leaf, and no intermediate type was observed (Table 2). In the F 2 and BC 1 progeny, the segregating rates of green leaf to purple leaf were 15:1(χ 2 =0.048), 3:1(χ 2 =0.027) respectively. These results showed that two pairs of recessive nuclear genes controlled the purple leaf trait, and cytoplasmic factor didn't cause any effect on the expression of purple leaf trait in PL12-204TAM. Performance of PL12-204TAM and influence of its purple leaf trait on the hybrid: The agronomic performances of selfing progeny of two parent plants from PL12-204TAM-1, PL12-204TAM-2 were weak with average height of 76.0-84.3cm, 4-5 first-order branches, no second-order branches, and low average seed yield per plant of 0.5-0.6g. But two hybrids derived from PL12-204TAM and 12-148TAM line had over-parent heterosis of 19.7-20.7% on seed yield per plant, 13.2-19.3% on the plant height, and 29.8-50.3% on number of seeds per pod (Table 3). 

Discussion

In the heterosis utilization system of three-line recessive epistatic GMS, two-purpose line and TAM line produce all sterile line in small scale, which later together with restorers makes hybrid, dramatically saves time and labour during the hybrid production based on the two-line recessive GMS system where about 50% of fertile plants from mother line will be pulled out, therefore greatly increased hybrid production efficiency and hybrid purity. Besides high efficiency, compared with other systems, three-line recessive epistatic GMS holds following advantages: wide range of restores, which make it easy to select combination with high heterosis, high stability and completeness of sterility, high hybrid production yield with low risk, and are being widely applied in the hybrid production now [START_REF] Chen | Genetic studies on GMS in Brassica napus L 1.inheritance of recessive GMS line 9012A[END_REF], Sun et al. 2002, Zhang et al. 2004, Wang et al. 2004).

TAM is the most important parent line in the system of three-line recessive epistatic GMS, which contribute to the high efficiency during hybrid seed production. So the TAM purity is vital to the hybrid seed purity and hybrid seed production efficiency. While maintaining character in TAM is controlled by 3 pairs of recessive genes [START_REF] Chen | Genetic studies on GMS in Brassica napus L 1.inheritance of recessive GMS line 9012A[END_REF], which can't be identified according to its morphological traits, therefore purity of TAM declines quickly during reproduction. Marking TAM with AMT marker is good way to solve this problem. A TAM line with milk white flower which was controlled by one pair of recessive genes was reported (Wu et al. 2006). In this paper a TAM with purple leaf, PL12-204TAM has been developed. And two hybrids derived from PL12-204TAM with purple leaf and 12-148TAM with green leaf, showed over-parent heterosis of 19.7-20.7% on yield. The results show much application potential of the purple leaf trait in the oilseed rape heterosis utilization as AMT marker.

Inheritances of several leaf color mutants were studied so far. Red leaf trait of 9512 line was controlled by one pair of dominant genes [START_REF] Tu | Inheritances of some morphological characters in the seedling stage of rapeseed (Brassica napus L.)[END_REF], which was the same as inheritance of aubergine leaf trait of Zi001, Zi013 from distance crossing between Brassica napus L. and vegetable with aubergine leaf trait (Huang et al. 2005). While purple leaf trait 191-407 line was controlled by one incomplete dominant gene (Li et al. 1997). The inheritance of purple leaf trait of PL12-204TAM was different, which was controlled by two pairs of recessive nuclear genes.

Only in winter purple leaf trait in this study was very stable. In autumn, it was light purple, and purple color degree declined with time in spring, to almost normal green during the stem elongation and bud period. Similar phenomena were also observed in the study of purple leaf or red leaf trait (Li et al. 1997, Tu andFu 2001). Purple leaf trait didn't appear when PL12-204 TAM line was planted in room condition (no direct sunshine) or in the climate chamber. The results indicated that light and temperature possible affected the expression of the purple leaf trait. Ultraviolet can destroy the cell pigment synthesis system, and change cell pigment composition, lead to the change of leaf color [START_REF] Hollosy | Effects of ultraviolet radiation on plant cells[END_REF]. Further study need to be carried out to test if the color change in PL12-204 TAM is something to do with ultraviolet light in the sunshine or not.

Introduction

Brassica rapa is being cultivated for centuries in different parts of the world as oilseed, leafy vegetables or fodder based on its morphological characteristics. In northern Spain, it is used as winter fresh fodders where it is left either to be grazed in situ by fodded sheep or harvested to feed cattle in winter fold yards [START_REF] Padilla | Genetic diversity in a germplasm collection of Brassica rapa subsp rapa L. from northern Spain[END_REF]. Other characteristics of B. rapa are the wide genetic variation between and within cultivars [START_REF] Zhao | Genetic variation in Chinese and European oilseed rape (B. napus) and turnip rape (B. campestris) analysed with isozymes[END_REF]Qian et al. 2003), fast growth and early maturity with less nutrient demand [START_REF] Bradshaw | Turnip (Brassica rapa L. ssp. Rapifera Metzg.) population improvement and cultivar production[END_REF]. Recently, biomass production has received much attention as energy source in most parts of the world for biogas production and other applications. Breeding of high yielding, pest and disease resistant biomass crops has therefore been accelerated and in Europe. Biomass from poplar, miscanthus, willow, reed canary grass and some energy grains are highly used for energy production [START_REF] Venendaal | European energy crops overview. Utilisation for power and heat generation and for the production of transport fuels[END_REF]. In developing countries and to be specifically Africa, it has been estimated that biomass constituted about 60% of total energy used in 1995 (IEA 1998). Winter B. rapa develops high early biomass which can be harvested earlier in the year for biogas production and then followed by a second crop. As at present, no breeding investigation has been conducted on the early biomass yield potential of B. rapa. The need to generate information on genetic variation, biomass yield, combining ability and heterosis of B. rapa is necessary for its application as biomass crop. This study therefore determines the general combining ability (GCA) and specific combining ability (SCA) and heterosis in a 15×15 diallel set in B. rapa populations under two locations to identify best parental combinations for biomass yield.

Materials and methods

The plant materials used in this experiment consisted of 15 B. rapa populations. They are of European origin and obtained from different genebanks in Germany, Sweden and Czechoslovakia (Table 1). The populations represent a large range of materials from different geographical regions. Seed samples from each population were analysed with flow cytometer to confirm their diploid level.

The 15 parental populations were crossed during April 2005 in a 15×15 half-diallel without reciprocals by producing fullsibs (FS). Three FS were produced from each parental combination. Crossings were done by isolating two plants between parental populations with one pollination bags, at the beginning of flowering. After harvesting and threshing, equal amount of seeds from each of the three FS seeds were bulked to form 105 cross combinations. In August 2005, the 105 FS bulks plus the 15 parental populations and a control 'Perko', totalling 121 entries were sown. Sowing was done at a rate of 1000 seeds plot -1 and plot sizes were 11.25 m 2 . The experimental design was an 11×11 lattice with two replications at two locations, Göttingen and Einbeck in central Germany. Each plot consisted of 6 rows plots, at a row length of 7.5 m and 0.25 m row distance. Data were recorded on days to flowering (from the day of sowing until 50% of plants were flowering), fresh biomass yield (kg/m 2 ), dry matter content (%), and dry biomass yield (g/m 2 ). Plots were harvested on 10th May 2006, using a harvester that cut at 5 cm above ground and the total fresh biomass yield was measured. From each plot a sub-sample of 300g fresh weight was dried at 60 o C for 6 days to determine the dry matter content. Based on this, total dry biomass yield per plot was calculated. 

Statistical analysis

Separate variance analyses for all four traits were run for each location using PLABSTAT software [START_REF] Utz | PLABSTAT: A computer program for the statistical analysis of plant breeding experiments[END_REF]. A combined analysis of variance using adjusted means obtained from each location was then computed. A random effects model was assumed for the analysis. The sum of squares for entry effects were then partitioned into parents, FS and parents vs. FS effects. The sum of squares for parents vs FS effects were calculated as follows; SSpvfs = SSe -SSp -SSfs; where SSpvfs is the sum of squares for parents vs FS, SSe is the sum of squares for entries, SSp is the sum of squares for parents and SSfs is the sum of squares for FS. Effects of FS were further divided into GCA and GCA, according to analyses III of [START_REF] Frisch | Analysis and interpretation of the variety cross diallel and related populations[END_REF]. Heterosis increase as suggested for populations [START_REF] Frisch | Analysis and interpretation of the variety cross diallel and related populations[END_REF], were estimated for percent mid-parent heterosis (MPH %) and percent high-parent heterosis (HPH %). The following formulae were used for the estimation in each location for all traits, MPH% = (FS-MP)/MP100 and HPH = (FS-HP)/HP100, where MP is mid-parent and HP is high parent.

Results

Generally, the FS performed better than the parents for all traits as shown by their mean values over locations (Table 2). Full-sibs were higher than the parent by 11%, 0.9% and 11% for DBY, DMC and FBY, respectively. Variation across locations was also higher in the FS than in the parents depicted by the differences between minimum and maximum trait values. Flowering was however late in the parents in comparison with FS. The mean values at the individual locations differed for both parents and FS for all traits. Means of DBY, FBY and DTF were higher in Einbeck (448.82 g/m 2 , 3.99 kg/m 2 and 252.79 days respectively) for FS while DMC and DBY were higher in Göttingen (13.91 % and 445.05 g/m 2 respectively) for parents. The combined ANOVA showed highly significant variance for all traits between the two locations (P = 0.01) (Table 3). Significant differences among entries were also observed for all traits except DTF. Separation of entries into parents, parents vs. FS and FS indicated no significant variation for the parents and the parents vs. FS effects. Nevertheless, DMC and FBY were highly significant for FS effect. Partition of FS into GCA and SCA showed significant GCA for only DMC while SCA showed significant differences for DBY (P = 0.1), DMC (P = 0.05) and FBY (P = 0.01). With the exception of SCA, all the different sources (entries, parents, FS and GCA) significantly interacted with the environment for DBY. However, no environment×interaction effects was observed for DMC, indicating the stability of the trait across locations.

Both MPH% and HPH% varied among the FS and for the different traits (Table 4). Maximum MPH% and HPH% for DBY, FBY, DMC and DTF over mid-parent and high parent were 49.93%, 44.44%, 19.375 and 1.22%, and 45.13%, 38.74%, 14.73% and 1.01% respectively. The average heterosis was however, negative for DTF in both MPH% and HPH%, and for DMC in HPH%. Negative mean value for DTF is desirable as it expresses the earliness of FS over parental populations. The average effects of heterosis for DTF and DMC were however very low when compared with FBY and DBY which were about 12% and 3%, respectively for MPH% and HPH%. Analysis of variance for MPH% and HPH% showed the level of variation for location, crosses and their interaction (Table 5). Significant variation in heterosis over locations was observed for MPH% and HPH% for all traits except FBY and DBY. Full-sibs also recorded significance for all levels of heterosis for all other traits except DTF. 

Discussions

The results from our studies showed that mean of the inter-population FS performed better than the mean of parental populations for all traits except DTF indicating the presence of heterosis (Table 2). Individual locations for parents as well as FS for all traits gave different mean values explaining the effects of environment location interaction and ANOVA was highly significance for all traits over locations. Significant GCA variances were lower than SCA variances indicating the predominance of non-additive gene action. However, the magnitudes of GCA mean squares were higher than SCA for all traits explaining the importance of additive effects. According to [START_REF] Melchinger | Overview of heterosis and heterotic groups in agronomic crops[END_REF], SCA largely contributes to variance of traits for parents derived from diverse background and this is because their gene pools consist of different heterotic groups. The mean MPH% of 13% for DBY that we observed in our study is in the range 25% observed in B. rapa biomass yield after six generations of population improvement by half-sib family selection [START_REF] Bradshaw | Turnip (Brassica rapa L. ssp. Rapifera Metzg.) population improvement and cultivar production[END_REF]. However, this is lower than MPH% of about 30% in trigenomic hybrids of B. napus and B. rapa observed by [START_REF] Liu | Association of RFLP markers and biomass heterosis in trigenomic hybrids of oilseed rape (Brassica napus×B. campestris)[END_REF] that were derived from crossing inbred lines. After observing 50% less MPH% for seed yield in inter-population F 1 s when compared with inbred parent derived F 1 s in B. carinata, [START_REF] Teklewold | Heterosis and combining ability in diallel cross of Ethiopian mustard inbred lines[END_REF] concluded that populations used as parents already utilize a considerable level of heterozygosity. [START_REF] Schuler | Heterosis in inter-varietal hybrids of summer turnip rape in Western Canada[END_REF] also reported 18% MPH% for seed yield in inter-cultivar F 1 s of B. rapa. In our study there were significant (P = 0.01) correlations of 0.73 between MPH% and FS and -0.57 between MPH% and parents. Also in other studies it was observed that the higher the parental value due to heterozygosity of their genetic makeup the lower the heterosis [START_REF] Becker | Chances and limitations for the use of heterosis and synthetic cultivars of rapeseed[END_REF][START_REF] Teklewold | Heterosis and combining ability in diallel cross of Ethiopian mustard inbred lines[END_REF]. In summary, the 13% mean MPH% for DBY is quite considerable. Nevertheless, with the identification of best parental combinations we expect to develop FS with higher level of biomass in the coming years.

Introduction

Heterosis is a major breeding tool for improving productivity potential of crop plants and genetic diversity of parental lines is usually considered to be an important factor to maximize the chances of heterotic combinations. Brassica rapa is a cross pollinated crop owing to self incompatibility. The availability of CMS systems in this crop has now prompted efforts to develop F 1 hybrids. Although, prevalence of self-incompatibility is a limiting factor for exploiting CMS systems. Not many attempts have been made to assess genetic diversity of adequate number of germplasm lines and its association with performance of F 1 combinations. Present communication reports the outcome of a very elaborate study, involving 159 diverse morphotypes, to delineate germplasm on the basis of morphological diversity and polymorphism generated by molecular markers. Association of diversity patterns with heterosis was also attempted at a limited scale.

Material and Methods

Experimental material comprised 159 diverse morphotypes of Brassica rapa comprising toria (99), brown sarson (22), yellow sarson (12, including 6 land races), toria introgression line [START_REF] Szot | Examination of mechanical properties of pods of certain varieties of spring rapeseed[END_REF]. All the brown sarson types were of exotic origin. Beside this, twenty hand bred F 1 combinations were also evaluated. The F 1 combinations were developed based on divergent clustering. Parental lines and the hybrids (along with commercial check variety, TLC 1) were raised separately as paired row in an augmented design at a row to row spacing of 30 cm and plant to plant spacing of 10-15cm. Standard agronomic practices were followed throughout the crop season. Data were recorded for ten random plants per genotype/F 1 and averaged for key morpho-physiological characteristics including yield and its components. Statistical analysis for morphological data and polymorphic data generated by RAPD primers was conducted using the software programme NTSYS pc version 2.02e (Rholf 1998). Clustering was done on the taxonomic distance matrix with the unweighted pair group method based Arithmetic average (UPGMA). Dendrograms were generated based on the genetic distance matrix. Heterosis was estimated as increase or decrease in the mean performance of hybrid(s) over commercial variety, TLC 1, expressed as per cent.

Results

Diverse morphotypes of Brassica rapa comprising toria (99), brown sarson (22), yellow sarson (12, including 6 land races) and toria germplasm carrying stable introgressions from a wild species Enarthrocarpus lyratus [START_REF] Szot | Examination of mechanical properties of pods of certain varieties of spring rapeseed[END_REF] were evaluated for for various morphological traits to understand diversity patterns. Cluster analysis divided test germplasm (159) into four groups (Table 1), two major groups each comprised 59 and 96 lines respectively, with dissimilarity coefficient of 1.19. Three and one genotype each were grouped into two small groups with dissimilarity coefficients of 1.10 and 2.26, respectively.

Group I carried 13 brown sarson, 9 yellow sarson, 9 introgressed and 28 toria lines. Majority of toria genotypes (69) were clubbed with small number of brown sarson (9), yellow sarson (1) and introgressed lines (17) in group II. Group III had three genotypes two from toria and one from yellow sarson. A yellow sarson land race Bathari Mandi appeared to be the most diverse. PBT 37, PBT 47, PT 2-2002-26, QRT MK 3411, RADAYS, S 31-2, Sissue, SL 5-13, SL 5-15, SL 5-213, SL 244, SPAN, T 9, TH 68, TK 032, TKG 5, TL 15, TL 23, TL 28, TL 88-12, TL -88-9, TL 9001, TL 9001-85, TL 96-6, TL-88-29, TL-88-4, TLV 2019 TL 2, TL 11, TL 13, TL 17, TL 25, TL 2001, TL 2012, TL 2013, TL 2014, TL 2015, TL 2016, TL 2017, TL 2018, TL 2020, TL 2022, TL 2023, TL 2032, TL 2033, TL 2034, TL 2036, TL 3, TL 30, TL 88-13, TL 88-14, TL 88-16, TL 88-17, TL 88-18, TL 88-31, TL 88-5, TL 9001-1, TL 9001-5, TL 9001-4, TL 9002, TL 9002-2, TL 9003, TL 95-5, TL-95-21, TL 95-22, TL 96, TL 96-19, TL 96-3, TL 9802, TL 99-2, TLC 1, TLC Based on genetic diversity, intergroup and intragroup crosses weere made and resultant hybrids evaluated for better parent and standard heterosis. Standard heterosis in the intragroup hybrids ranged from -5.4 to 102.0 per cent (average 31 %), corresponding estimates for the intergroup hybrids were -45.9 to 103.5 per cent (average 17 %). Similarly, better parent heterosis ranged from -32.2 to 231.6 per cent (average 92 %) for intragroup hybrids and standard heterosis ranged from -44.8 to 82.6 per cent (average 0.1%) for intergroup hybrids. Intergroup hybrids showed higher heterosis as compared to intragroup hybrids (Table 3).

Diversity analysis based on polymorphism generated by 30 confirmed polymorphic RAPD primers allowed delineation of a sample germplasm (42), selected on the basis of morphological grouping, into four distinct groups (Table 2). The group III and IV were major groups each comprising 12 and 23 genotypes and related to each other with similarity coefficient of 0.72. Majority of exotic brown sarson lines (10) along with 2 toria lines were clubbed in group III. Group IV comprised brown sarson (6), yellow sarson (4), and toria lines (13). IB 309 appeared to be the most diverse and related to group II with similarity coefficient of 0.68. The group II represented 3 yellow sarson types, including two land races, 2 toria, and 1 brown sarson line. PTYS 2010, PTYS 2005, Sunford, TL 15, TL 2014, TL 2016, TL 2018, TL 2022, TL 2034, TL 2036, TL 30, TL 88-18, TLC 1, Torch Toria ( 13) Brown sarson ( 6) Yellow sarson (4) Inter and intragroup combinations based on molecular diversity analysis revealed that standard heterosis in intragroup combinations ranged from -45.9 to 103.5 per cent (average 31.7 %), where as better parent heterosis ranged from -34.3 to 231.6 per cent (average 58.2 %). Standard heterosis in intergroup crosses ranged between -19.0 and 52.1 per cent (average 6.4 %) and better parent heterosis ranged from -44.8 to 57.7 per cent (average -7.7 %). Molecular data revealed intra group combinations were more heterotic as compared to intergroup combinations (Table 3).

Discussion

Morphological assessment allowed delineation of a fairly large and geographically diverse B. rapa germplasm into four broad groups. The grouping was largely inconsistent with ecotypic and/or geographic diversity. For further fine tuning the diversity patterns, a representative sample (42) from each morphological grouping was used for delineation based on polymorphism generated by molecular (RAPD) markers. Four groups could be formed. The grouping based on molecular markers appeared more consistent with available pedigree records. For example, group II comprised four yellow sarson types (all land races) and two toria types. Aside the toria genotypes Mitra and PBT 37, group III comprised ten exotic brown sarson accessions. Group IV, largest one, was a loose grouping. It included 13 toria, 6 brown sarson and 4 yellow sarson (including 2 land races). There was no perfect sympatny between diversity groups based on morphological and molecular analysis.

Molecular markers have been used in the past to assess genetic variation available in B. rapa [START_REF] Das | Assessment of genetic variation within Brassica campestris cultivars using amplified fragment length polymorphism and random amplification of polymorphic DNA markers[END_REF]. Several combinations, showing high heterosis were identified (Table 3). However, the level of heterosis is likely to reduce significantly in large scale yield evaluation. Uniformly higher level of average heterosis in intragroup combinations than that observed in intergroup combinations was indicative of poor correlation between geographic/genetic diversity and hybrid performance. 

Conclusions

Geographic/ecotypic/genetic diversity may not be used as a sole criterion for identifying the parents of a hybrid combination. This analysis can, at the best, be used to reduce the number of germplasm lines as candidates for evaluation in hybrid combinations.

GENETICS AND BREEDING

Breeding for Quality

Introduction

Frying stability of edible oil is inversely correlated to the degree of unsaturation of its fatty acids [START_REF] Eskin | Stability of low linolenic acid canola oil to frying temperatures[END_REF][START_REF] Przybylski | Stability of low linolenic acid canola oil to accelerated storage at 60 ºC[END_REF][START_REF] Warner | Frying stability of Soybean and canola oils with modified fatty acid compositions[END_REF], Scarth and McVetty 1999, Xu et al. 1999[START_REF] Carre | Frying stability of rapeseed oils with modified fatty acid compositions[END_REF]. Linolenic acid (18:3) is the most important factor [START_REF] Xu | Chemical and physical analyses and sensory evaluation of six deep-frying oils[END_REF][START_REF] Carre | Frying stability of rapeseed oils with modified fatty acid compositions[END_REF] and it has been demonstrated that even at levels as low as 1.6% it contributes to unacceptable odour under heating [START_REF] Eskin | Stability of low linolenic acid canola oil to frying temperatures[END_REF]) and there is a significant difference between 1.1% and 2.2% 18:3 [START_REF] Carre | Frying stability of rapeseed oils with modified fatty acid compositions[END_REF]. Oils with increased oleic (18:1) at the expense of linoleic (18:2) and 18:3 show even higher stability (Scarth and McVetty 1999). The optimum profile is 5 to 7% saturates, 67 to75% 18:1, 15 to 22% 18:2 and ≤=3% 18:3 (Scarth and McVetty 1999). To overcome the shortcomings of canola oil for frying applications its is partially hydrogenated. However, hydrogenation leads to the formation of trans-fatty acids, particularily from 18:3 and trans-fats have been linked to ischemic heart disease [START_REF] Stender | Influence of trans fatty acids on health[END_REF]. Because of these health concerns, in December 2002 Canada passed regulations requiring the labeling of food products as to the content of trans-fat (SOR/2003-11). As of 2004 Denmark banned the selling of oils containing >2% industrially produced trans-fat (Stender and Dyer berg, 2004). The American Heart Association Nutrition Committee has recommended reducing trans-fat comsumption to ≤1% of energy (Lichenstein et al. 2006). Therefore, breeding efforts to develop high stability (HS) canola cultivars have intensified and high stability canola is in commercial production in Canada. This paper describes our efforts at developing at a agronomically competitive B. napus canola with increased levels of 18:1 and extremely low levels of 18:3 through pedigree selection.

Material and Methods

Greenhouse 2001/2004: Eighteen selected HS F 4 and F 5 lines from a cross of low 18:1(2%) B. napus canola by low 18:2 winter B. napus (Raney et al. 2003) were crossed to N99-508 (a elite selection from a cross of Quantum and LG3260). Halfseed selection for HS oil profile and greenhouse selection for early flowering was performed on the F 2 , F 3 , F 4 and F 5 seeds and plants. Fatty acid profiles of half-seed selections were confirmed on 10-20 seed samples from harvested F 3 , F 4, F 5 and F 6 seed. Further half-seed selection was then only done on plants with the most desirable fatty acid profiles. In this manner about a 10% selection pressure was achieved for each cycle of selection. At all generations the selected plants were selfed, but in order to avoid fixing of the desired traits at an early stage, crosses were also made among certain F 3 plants representing different F 2 families. These crossed F 4 lines were continued with another half-seed selection at the F 5 generation to the F 6 generation Field 2004/2005: 286 selected F 5 and F 6 lines were tested in 2004 in a replicated single row, 3 meter field nursery. In 2005 14 F 6 and F 7 lines were retested in a 3 location, 4 replicate yield trial. Because of the lack of sufficient selfed seed for the replicated trials, open-pollinated seed from the 2004 nursery was used.

Chemical analysis: Half-seed fatty acid composition was determined by a modification of the gas chromatography (GC) method of [START_REF] Thies | Schnelle und einfache analysen der fettsäurezusammensetzung in einzelnen raps-kotyledonen I. gaschromatographische und papierchromatographische[END_REF]. Seeds were germinated overnight on moistened filter paper. The seeds were split. The inner cotyledon and radical were preserved intact on 1% agar gel in microtiter plates at 4º until analysis was complete (2-4 days), selected and planted in pots in the greenhouse. The outer cotyledon was placed in a 250 µl autosampler vial insert and allowed to dry overnight. 25 µl hexane and 50 µl 0.8% metallic sodium in methanol were then added and the cotyledon ground with a glass rod. After 15 minutes 25 µl 0.2 M NaPO 4 pH 7 was added, methanol and hexane evaporated under a stream of air (1 minute), and 0.2 ml of heptane added. The samples were injected into a FID equipped gas chromatograph (model 6890 Agilent Technologies, Santa Clara, CA, USA; column: HP-Innowax, 7.5 m × 0.25 mm × 0.5 μm, hydrogen, constant flow, 1.3 ml/min; injector: 280°, 1 µl, split 1:40; oven: 190 -240°, 20°/min., final time 0.6 min.; detector 300°). Individual fatty acids are expressed as percentages of all fatty acids detected. Bulk analysis of individual plants grown in the greenhouse was performed on 10-20 seed samples from harvested plants. Evaluation of seed from field rows and plots was performed on 3 gram samples taken from harvest envelopes. GC conditions were similar to the half-seed method. Reported oil and protein contents are NIR predictions. Total glucosinolate was measured by GC.

Results

2004 Nursery: 2004 was a very, cool year with an early frost. Despite this many lines entered in the test reached maturity. Harvest was done in late September and early October. Relative to the 2000 and 2001 nurseries of the HS parent lines the overall agronomic performance of this nursery was much improved. Stands were better and maturity was generally within a week of the checks instead of the 3 weeks later seen with the HS parents earlier. Because of the cool conditions most of the HS parent lines included in the nursery did not produce harvestable seed and therefore no fatty acid is reported for them from this nursery. After fatty acid analysis was completed on this nursery it was evident that many lines possessed or nearly possessed the desired HS profile (Table 1) and there was very good agreement between the replicate rows (Table 1 -standard deviation data). The fatty acid profile seen in the HS parents was fully recovered in several lines ( Table 1, 10378, 10380, 10384, 10385, 10390, 10540). In fact it was observed that some lines may contain ≤1% 18:3 (10380, 10384, 10605). Line 10605 demonstrated that it is possible to obtain this extremely low level of 18:3 without extreme elevation of 18:1. Oil contents were also a considerable improvement over the HS parents with many approaching the oil content of the checks and N99-508. Because of the cool conditions most of the HS parent lines included in the nursery did not produce harvestable seed and therefore no fatty acid is reported for them from this nursery. Reported is 2000 nursery hoop tent data of those parent lines which are ancestors to the 14 selected lines from the 2004 nursery. The 2000 data explains the likely source of the 1% or lower 18:3 progeny.

2005 Yield Trial: One of the three sites seeded was destroyed by hail, so only the two Saskatoon sites is reported (Table 2). On average the yield of the 14 selections was about 80% of the check cultivar, 46A65. The best yield was 88% of the check (10379). This, although not acceptable yet, does represent a very substancial improvement over the original HS selections, which could not be tested because of their extreme lateness and poor performance. Oil content of the selections was quite improved as well, the best line (10378) was nearly equal to the check and the worse case (10560) was 2.2% lower. The protein content of several lines was within acceptable levels. The fatty acid data of the selections in general confirmed the observations of the 2004 nursery, but 18:1 was somewhat lower (1-4%) and 18:3 was somewhat higher (~1%) in all cases. They all still meet or exceeded HS criteria. All lines contained 0.1% or less erucic acid and the total saturated fat content (12:0 to 24:0) of most lines met or exceeded the canola standard of 7% or less. As expected, the glucosinolate content of the selections did not meet canola standards. The decline in the fatty acid profile of the selections is explained by the outcrossing to inferior individuals which could have occurred in the 2004 nursery (see nursery mean and median, Table 1), since openpollinated seed was used to plant the 2005 replicated yield trials. Protein -average protein content over 2 sites; TSF -total saturated fat (12:0 to 24:0); GSL -total glucosinolate, µmoles/gram seed.

Discussion

From the 2004 nursery data it is evident that extremely low levels of l8:3 can be effectively selected in HS Brassica napus. The benefit of this extreme low level of 18:3 will be frying oils with improved stability, odour and imparted flavour. The 2005 yield trial confirms the 2004 nursery, but demonstrates the effect of outcrossing on 18:1 and 18:3 contents. [START_REF] Pleines | Genetic control of linolenic acid concentration in seed oil of rapeseed. (Brassica napus L.)[END_REF] found that 18:3 is under partial maternal control, which explains why the outcrossing to inferior individuals which would have occurred in the 2004 nursery did not appreciably affect the 18:3 values of that nursery, but would affect the levels seen in 2005 nursery when open-pollinated seed was used to plant the test. These 14 selected line represent a very significant agronomic improvement over the original HS lines (Raney et al. 2003), but improvements still have to be made in yield, maturity, oil and glucosinolates. Therefore, another cross to elite germplasm is necessary.

Conclusions

We claim here the development of Brassica napus lines having high stability edible oil with up to 70-80% oleic and as little 1% or less linolenic acid. This trait has been recovered from the original cross (Raney et al. 2003) and now with improved agronomics from a cross with a standard canola line (N98-508). If canola cultivars are developed which have this high stability oil profile, in particular the 1% linolenic acid, improved cooking oils can be developed which will extend the frying stability and other characteristics of high stability oil. We next plan to incorporate the high stability oil trait into elite yellow-seeded germplasm making yellow-seeded high stability oil canola, which will also have enhanced uses for the low fibre meal.

Introduction

The rapeseed (B. napus) is now one of the most important sources of edible vegetable oil for China. The total planting acreage, total production and yield have increased significantly since high quality rapeseed breeding initiated in China in early 1980s. The seed oil content, a key quality trait has not been emphasized by most of rapeseed breeders because of the demanding need of reducing the contents of glucosinolate and erucic acid in the seeds (Liu, 1992). In fact, breeding for higher oil content is an important way to increase rapeseed economic value and farmer's income by increasing oil production in their limited land.

Oil content of dry seed weight of rapeseed cultivars in China is 38-42% which is lower than that of Australia and Europe cultivars ranging from 42% to 44%. There are several reasons that lead to the low oil content in China. First, high oil content is not included in the breeding goals. Second, most of the breeding programs do not have simple, fast, and accurate methods to determine oil content. Third, high oil content germplasms are rare for the most of breeding programs.

The technique of microspore culture is very effective for crop improvement and variety development, especially in rapeseed. Double haploid breeding and microspore culture have been well developed and utilized in plant breeding programs [START_REF] Li | Microspore culture and double haploid breeding in rapeseed. (in Chinese)[END_REF][START_REF] Lichter | Induction of Haploid Plants from Isolated Pollen of Brassica-Napus[END_REF][START_REF] Simmonds | Significance of preprophase bands of microtubules in the induction of microspore embryogenesis of Brassica napus[END_REF]. Many oilseed rape cultivars were developed by microspore culture in the world, but reports on using microspore culture to develop high oil content oilseed rape have not seen. In present study, a set of high oil content DH rapeseed lines were obtained through microspore culture of F 1 plants and single plant selection for two consecutive years.

Materials and Methods

Four single crosses were made between four parents with different oil content in the spring of 2000. They were Huayou3/Legency; Huayou3/Stellar, Huayou6/Legency and Huayou6/Stellar in 2000. DH cultivars Huayou3 and Huayou6 were developed by anther culture by the rapeseed research center of the Institute of Cash Crops, YAAS, China. Their oil contents were 43.0% and 42.5% respectively. Legency and Stellar were spring rapeseed cultivars from Canada. They are late maturity cultivars in Yunnan environment comparing to local cultivars. Four hybrids were planted in the experimental field of YAAS and their flower buds were used in microspore culture in the fall of 2000.

The protocol of microspore culture was based on the previous reported method [START_REF] Cun | The high efficient microspore culture and breeding technique of rapeseed in Yunnan[END_REF]. For microspore isolation, 20 flower buds with a size of 3-4mm were collected from the field at 8-10am. Those flower buds were surface sterilized with commercial 20% sodium hypochlorite for 10-15 minutes and washed three times with distill water. The flower buds were then smashed with 10-50 ml glass injectors in filter-sterilized 0.5ml B5-13 medium (B5 medium with 13.0% sucrose and buffered at pH5.8). The solution was filtered through a 46-um nylon mesh into a centrifuge tube. The crude microspore suspension was centrifuged to select microspores at late single-nuclear and early double-nuclear stages. The microspores were washed with B5-13 medium three times and NLN-13 medium (NLN medium with 13.0% sucrose and buffered at pH6.0) one time. The microspores were re-suspended in 4 ml NLN-13 medium supplemented with 300-500 mg/L colchicine and 0.5 g/L activated charcoal, and incubated in the dark at 31 °C for 24-30 hours.

The microspores were washed with NLN-13 medium to wipe off colchicine, divided into 6 Petri dishes, and incubated in the dark at 31 °C for additional 4-10 days until the clusters of 4-10 cells could be seen under microscope. The Petri dishes were incubated in the dark at 25 °C until torpedo embryos were developed. The embryos were transferred to B5-13 medium supplemented with 1μmol ABA and incubated in the light at 17-23 °C for 15-25 days. Mature embryos were transferred to B5-1 solid medium (B5 medium with 1% sucrose and 1% agar) and allowing the formation of seedlings. Plantlets were transferred to greenhouse 25-35 days later, and then transplanted in the experimental field in 15-25 days. DH seeds were harvested separately.

DH seeds were sowed in the experimental field in Jingling, Kunming in October, 2001. Each family was sowed in 6 rows with 6 hills per row. The plants were sinned to 2 plants per hill at the 5-leave stage. More than 36 plants were kept for each family. One to five plants of every family with uniform agronomic traits were selfed with pollen bags and seeds from individual plants were harvested in bulk. The seed oil contents were tested and those with high oil content were advanced to next round selection.

The oil content test followed method described in Guan's book (Guan, 1985). The seeds from individual plants were cleaned. 10 g seeds were used in the analysis. Each sample tested three times. Two similar results from three results were averaged to get the oil content of the sample.

Results

Microspore culture and DH plant development 1500 embryos were obtained from the four crosses in January to March in 2001. 1003 plants geminated from those embryos including 405 plants from the cross Huayou3/Legency, 214 plants from the cross Huayou3/Stellar, 321 plants from the cross Huayou6/Legency and 63 plants from the cross Huayou3/stellar. Total of 692 plants were harvested, including 313 plants from the cross Huayou3/Legency, 156 plants from the cross Huayou3/Stellar, 178 plants from the cross Huayou6/Legency and 45 plants from the cross Huayou3/stellar. The results showed that the embryo inducing rates in microspore culture and embryo germination rates were different among four crosses which indicated significant genotype effects on the efficiency of microspore culture and embryo germination (Table 1). The oil contents of 15 selected lines among 16 lines from 2002 were increased by 0.12%-2.42%. The oil contents of three lines among 16 lines were higher than 49% with highest one of 50.52% (Table 3).The increasing oil content in the selected lines indicated that it is highly possible to increase oil content of rapeseed by making a cross between high oil content lines, fixing desirable gene combination with microspore culture, and continuously selecting for high oil content individuals.

The 16 lines of above 45% oil content from 2002 were evaluated in two locations, Jiangchuan and Jinning of Yunnan province in 2003. Selections were applied among and within families based on oil content, economic traits and their uniformity. Seeds from high oil production area Jiangchuan had consistent higher oil content comparing to Jinning. This result indicated that the oil contents of these lines were stably inherited.

Discussion

Rapeseed oil is a traditional cooking and industrial oil. Due to increasing price of oil price and decreasing of fossil energy resources, rapeseed oil as a potential biodiesel material has drown widely attention for many countries. As a result, increasing rapeseed oil content became a major breeding goal for rapeseed breeding programs. Traditional methods for high oil content rapeseed breeding were through pedigree selection, hybrid breeding, yellow-seed selection and mutation breeding etc (zhou, 1992). It takes many years to develop a high oil content rapeseed cultivar by using these methods. In present study, four single crosses were made between four genotypes, microspore were obtained from those F 1 plants and cultured to form DH plants, DH plants were selfed to produce seeds, oil content of seeds from individual DH plant was analyzed, high oil content germplasms were obtained within three year. This method of breeding for high oil content is of high efficiency. The results of present study showed that the frequency of producing high oil content individuals was highly related to their parent genotypes. Among 16 lines with above 45% oil content, 8 of them are from the cross Huayou3/Legency, 7 of them are from the cross Huayou6/Legency. One of them are from the cross Huayou3/Stellar, and none of them is from the cross Huayou6/Stellar. This indicated that the variation of oil content in the progeny was highly correlated with its genetic background. In the 16 lines with above 45% oil content, seeds harvested from Jinning having higher oil content also produced higher oil in Jiangchuan. This indicates that the heterosis of the high oil content can be fixed in the progeny of a hybrid of different genetic background materials. This can be achieved using gamete level selection through microspore culture and DH haploid breeding. Secondly,high oleic acid content oil con endure a long period of preservation and a long period of shelf life. Thirdly, high oleic acid content oil can become conduct transesterification reaction effectively. This is propitious to producing biodiesel. There are already some reports about high oleic acid content rapeseed breeding at home and abroad. To improve oleic acid content, EMS mutation breeding and transgene breeding have mainly been used. There are few reports about 6 °Co ionizing irradiation to produce high oleic acid. This research explored the possibilities of selecting high oleic acid content breeding materials by 6 °Co ionizing radiation used in consecutive selection of high oleic acid content rapeseed.

High oleic acid content breeding materials of

Materials and measures

The varieties XIANGYOU15 (Brassica napus) dry seeds were treated by 6 °Co ionizing radiation dosage 10 Krad. The oleic acid content of XIANGYOU 15 is 59.77%. After treatment the oleic acid content of 13 plants (total 160 plants) was overtaking XIANGYOU15. The frequency of oleic acid content mutation was7.5%.

The highest oleic acid content was 66.37%. Use the 66.37% high oleic acid content mutant we do consecutive directional selection. The plant number selected in per gerenation was 160-600 plants. When the plants blossomed, bags were placed over the plants in the plot to induce self-fertilization. After being harvested and dried, FOSS near infrared analysis instrument was used to analyze the fatty acid formation of every plant seed.

High oleic acid content mutant M604-855(oleic acid content 91.5%) fad2 gene cloning and sequencing: electron PCR was used in promoter design and DNASTAR was used in translation and information analysis, then sequence joint matching and multi-sequence joint matching were used in mutant analysis.

2.Main research results

The variation of oleic acid content in M1-M5 seeds

The results show that in M3-M4 oleic acid content only increased slightly. Breeding material with oleic acid content higher than 70% did not appear. But in M5 greatly different oleic acid average content and the highest oleic acid content increased dramatically. Oleic acid content of many of the plants was higher than 70%. The highest oleic acid content was 93.5% (Table 1). 

Discussion

Main reasons that 6 °Co radiation led to high oleic acid content variation

According to former research in lipin biochemistry (Ohlrogge et al. 1995;Mekhedov et al.2000;Thelen et al.2002), the main gene that causes stearic acid to be converted into oleic acid is fad1.The the main gene that causes oleic acid to be converted to linoleic acid is fad2.The increase in mutant oleic acid content is likely to be because the function of fad1 is strengthened and that induces the oleic acid formation, or because of fad2 gene aberrance or loss of function that means the oleic acid cannot be converted into linoleic acid and thus stays at the oleic acid stages (Fig 1). This also can increase oleic acid content. In this research, fad2 gene DNA sequencing as published on the internet and fad2 gene DNA sequencing of the high oleic acid content mutant were compared. The base site 270 of the high oleic acid content mutant fad2 had changed to A. This induced codon TGG (Trp) to be converted to TGA (stop codon). These changes in structure led to loss of function of fad2. More research needs to be done to confirm whether such variation will occur in every high oleic acid content mutant and whether fad1 gene function will be strengthened. 6 °Co radiation treatments M5 oleic acid content was increased rapidly in this research. And it was produced at the base of successive directional selection. Thus it may be imagined that mutation occurred at the stage of the later generations. However we believe mutation actually occurred under 6 °Co r ray treatment. There were 14 individual plants with oleic acid content exceeding CK during the first treatment. The highest oleic acid content was 6.59 percent point higher than CK. Because the colony seed was analyzed, it was impossible to separate the mutant plants in the earlier generations. After several successive selections and selffertilization separations, the plants with highest mutation could be separated. In this research, The base G was converted to base A in fad2 gene DNA sequencing. According to molecular mechanism of gene mutation, no matter what transversion or transition happens, several replications are needed. That is to say several generations are needed. That was also the reason high oleic acid content mutation occurred in later generations.

Generations of high oleic acid content produced by

Fad2 gene DNA sequencing of high oleic acid content mutant: 

Conclusions

4.1 The high oleic acid content breeding materials of rapeseed (B. napus) were obtained by 10 krad 6 °Co r ionizing irradiation treatment of dry seeds. The seed oleic acid content exceeded CK during each generation. The highest oleic acid content was 6.59 percent higher than CK.

4.2 Under consecutive directional selection, the oleic acid content of M2, M3 and M4 progeny increased to different degrees. The oleic acid content was higher than 70% for most plants and the highest reached 93.5%.

4.3 Fad2 gene DNA sequencing as published on the internet and fad2 gene DNA sequencing of high oleic acid content mutant were compared. The base G was converted to base A in fad2 gene 270 site of high oleic acid content mutation (M^04-855). This induced codon TGG (Trp) to be converted to TGA (stop codon). These changes in structure led to loss of function of fad2. Oleic acid content was increased rapidly. 

Introduction

The oil content of oil seed rape belongs to the most important traits beside grain yield. Both oil content and grain yield result in the trait oil yield per growing area which is an essential criteria to evaluate the competitiveness of the crop with respect to other oil crops. Usually improving single traits for quality through breeding per se doesn't change the certified seed price on the market. Therefore, the farmer gets the increased oil content as an extra bonus. Given an established premium system, all parts of the production chain, the farmer, the oil industry and the consumer will profit. The higher the oil content, the higher is not only the oil yield but also the effectiveness of the oil crushing process, the payment to the farmer, the competitiveness of the local oil crop compared to oil imports, the value of the crop for the non food (e.g. bio fuel) sector, and the lower is the price for the consumer.

The impacts of an increase of oil content to the economy are enormous. For example, in Europe app. 15 millions tons of rape seed are produced per year. Every per cent oil increase leads to a gratis higher oil yield of 150.000 tons, moderately lowered by a price bonus paid to the farmers.

Premium systems

Increasing the oil content leads to a higher attractiveness of the crop to the oil crushers. In some countries including Germany, the farmers benefit from choosing varieties with high oil content because the oil crushers pay a bonus for this trait via a premium system. To illustrate such a system the German premium system shall be shown here. The oil crushers calculate the farmer's price according to the following formula:

Farmer's price for the harvested grain lot = market price + [(oil content of the grain lot (%) -basic oil content of 40%)*1,5%]

To the current price for rapeseed (valid for an oil content of 40% at 9% humidity of the grains) a factor is added build from the difference (%) of the real measured oil content of the farmer's grain lot multiplied by 1,5. For example, a variety with an oil content of 44% will get a 6% higher price [(44%-40%) *1,5]. As to be seen, each additional per cent of oil will be weighted 50% higher than each additional per cent of grain yield.

In addition to the premium price per se, premium systems may lower the overall risk of crop production as well. As shown in Figure 1, choosing a variety with e.g. 5% higher oil content can compensate for 7% less grain yield. Cultivars with 1% -5% more oil than the basic level Compensation for grain yield (%) Fig. 1. Compensation for lower grain yield via bonus for higher oil content in oilseed rape.

It is expected that the trend to an overproportional payment for the oil content will continue or even increase. Especially the trend to build small decentral oil crushers will strengthen the demand for higher oil contents. This is due to the fact that small oil crushings cannot use high temperatures or chemical additives like hexan. In consequence, the residues after crushing show a relatively high level of oil which cannot be further exploited as oil.

Genetics and Breeding

Oil content in rape seed has been found to be highly heritable (Becker et al. 1999, Wu et al. 2006). Although the absolute oil content may vary considerably due to environment, the relative oil content, i.e., the range of different cultivars to each other will be highly stable.

However, oil content is determined by a relatively high number of genes with mostly additive gene action, whereas dominance effects have been found to be not significant (Grami and Stephansson 1977, Grami et al. 1977[START_REF] Engqvist | Relative importance of genetic parameters for selecting between oilseed rape crosses[END_REF]). In addition, epistatic effects may contribute to the variation in oil content (Zhao et al. 2005). Hitherto, a number of at least 18 and of up to 36 QTLs/genes influencing oil content have been reported (Zhao et al. 2005, Li et al. 2006[START_REF] Zhao | Conditional QTL mapping of oil content in rapeseed with respect to protein content and traits related to plant development and grain yield[END_REF]. This explains the considerable challenge for the breeder to simultaneously breed for higher oil content combined with improved grain yield and the many other agronomical traits. Indeed the breeders felt often a negative correlation between oil content and grain yield. However, this might be only due to the limited resources of a breeding programme. In order to enhance the selection gain for this complex package of breeding goals, breeding methods such as convergence breeding and doubled haploid technique have been applied. Furthermore, the search for new genes/alleles in prebreeding material like land races, resynthesized rape seed and rape seed accessions of geographical distant origin may be successful.

But beside the use of improved breeding strategies, the development of the NIRS technique (near infrared spectroscopy) has lead to an essential breakthrough in breeding for high oil content. Usage of this high throughput technique has enabled a fast, non-destructive and cost effective measurement.

The breeding progress for oil content can further be exploited through the development of hybrids which have been more and more applied in oilseed rape during the last decades. To current knowledge, it seems that there is no heterosis for oil content. Although some smaller heterotic effects seem to have occurred (own results), these findings could have been due to heterotic effects on agronomical traits which had an indirect impact on oil content. However, the improved genetics for oil content may be directly transferred to hybrid components via backcrossing techniques. Furthermore, depending on the hybrid system applied, high-oil lines may be directly used as a hybrid component. Combining the additive genes for oil content with the heterosis for grain yield in hybrids offers the chance to benefit overproportionally from oil genetics via the trait oil yield.

Breeding Progress

Enhancing the oil content while simultaneously improving grain yield and agronomical traits is a major challenge to the breeder. Since the oil content is based on a high number of genes only a relatively small but continuous progress seems to be possible. Figure 2 shows the development of the oil content of winter oilseed rape (WOSR) in Germany over a period of 10 years.

As to be seen in Figure 2 an average annual increase of 0,16% can be calculated for the respectively best line. However, especially during the last 3 years 2002-2004 the rise of the oil content has been shown to be overproportionally high. This may be caused by the outcome of clear focussed breeding programmes but also by the application of modern breeding techniques. Recently in Germany and Great Britain released WOSR cultivars like Oase, Lioness, Billy, Lilian, and Barrel are now available on the market. The cultivars combine the high oil content with a very high seed yield and a nice agronomic performance package. Table 1 shows the breeding progress in oil content for some new German WOSR cultivars compared to the best standard cultivars in the German official trial. 1995 1996 1997 1998 1999 2000 2001 2002 2003 As for hybrids, examples for the successful transfer of higher oil content genes to hybrids are to be seen in the German official trials in WOSR (Table 2). In these trials, the newly released high-oil cultivar Oase was already used as best standard line. The new applied hybrids WRH287 and WRH288 reached an oil content of 42,8% which was at the same level as Oase. The oil content is the last yield component formed during plant growth. As there is often a strong correlation between oil content and the number of days between flowering and maturity, a good disease and lodging resistance of the cultivars has to be ensured. On the other hand, in order to get the benefit from outstanding oil content, the farmer but also the experimental trial manager has to bear in mind that the crop has to be brought to its full maturity before harvesting. Too early combining will result in slightly reduced oil contents and heavily reduced seed yields due to seed losses by unthreshed seed.

y = 0,1597x -0,2733 -2,0 -1,0 0,0 1,0 2,0

Prospects

Conventional (hybrid) breeding in combination with modern biotechnology tools will offer further options for identification and generation of new genotypic variation for oil content which then can be efficiently exploited for the development of significantly improved varieties. To which extent special traits like changed fatty acid profiles (Ecke et al. 1995, Möllers and[START_REF] Möllers | Genetic variation of palmitate and oil content in a winter oilseed doubled haploid population segregating for oleate content[END_REF] or yellow seeds [START_REF] Eckstein | Yellow-seeded Brassica napus -a new generation of high quality canola for Canada[END_REF]) may limit or enhance the increase of oil content and whether a biological maximum does exist needs further clarification. The obvious economic advantages should generally be rewarded by the establishment of premium systems along the whole chain in all oilseed rape growing countries. In addition, the high oil content may further increase the relative preference of rapeseed worldwide.

Introduction

Since the 1980's, breeding for high quality rapeseed has been strongly emphasized in China. The main efforts have been made towards the double-low contents, i.e., low erucic acid and low glucosinolates. Not much effort has been paid to breeding for high oil content in rapeseed (Liu, 1992) [1] . In recent years, the demand for vegetable oils in China has increased quickly. Rapeseed is regarded as the primary oil crop for vegetable oil production in China. About 50% of the edible vegetable oil is extracted from rapeseed (Guo, et. al., 1996) [2] . Production of vegetable oil in rapeseed can be further increased with increased seed yield per unit area, increased planting area or increased oil content in the seed. It is difficult to further increase the unit area yield of rapeseed in China as hybrid rapeseed has been widely popularised at present. It is also difficult to further enlarge the planting areas [START_REF] Zhou | The discovery of female sterile individuals in ramie [Boehmeria nivea(L.) Gaud[END_REF] [3] . So breeding for higher oil content is the main approach to increase of oil production in rapeseed. Studies have shown that 1% of increase in oil content equals to 2.3-2.5 % increase in seed yields [START_REF] Wang | Strategy for rapeseed genetic improvement in China in the coming fifteen years[END_REF] [4] . Previous studies have shown [5-7] that yellow seeded rapeseed has generally a higher oil content in seed [START_REF] Chen | Two convenient methods to evaluate soybean for resistance to Sclerotinia sclerotiorum[END_REF][START_REF] Josson | Breeding of improved oil and meal quality in rape (Brassica napus) and turnip rape (Brassic campesrtris)[END_REF]Guan, 1985). Compared with black and brown seeds, yellow seeds possesses a thinner seed coat, higher oil and protein contents, less cellulose, polyphenol compound, tannin and tannic acid contents. Yellow seeded rapeseed has become an important breeding objective in rapeseed.

Collection and evaluation of high oil rapeseed germplasm are the primary work in high oil rapeseed breeding. Sichuan Agricultural University has collected a number of local superior B. rapa cultivars to identify for high oil content resources. Ya'an Yellow Rape was one of the best high oil content landraces with high breeding potential. It is a yellow seeded, high oil content landrace of B. rapa L., preferred by the local farmers. It has been long cultivated and is still widely planted in Ya'an district, a western mountainous region in Sichuan Province, People's Republic of China. It is an open pollinated, genetically balanced population with typical self-incompatibility. It has a number of superior characteristics such as early maturity, high yellow seed rates, high oil content, good adaptation (or tolerances) to the barren soil and/or to the dim and wet weather. Its seed oil content is normally 45~46%, over 5 percent points higher than B. napus types. However, a wide variation in both seed colour and oil content was observed in the population. In the present study the variation in seed colour and the relationship between seed colour and oil content were studied in Ya'an Yellow Rape. It is hoped to provide useful information for the further improvement of the variety and for utilization in high oil rapeseed breeding.

Material and Methods

Material

The material used in this study was a seed sample of Ya'an Yellow Rape collected from the local farmers in Ya'an by the Rapeseed Research Centre, Sichuan Agricultural University in 2003.

Methods

Field observation

From 2003 to 2006, a population of 2500 to 4000 individual plants of Ya'an Yellow Rape was planted on the Teaching and Research Farm of Sichuan Agricultural University, in a plot of 200 to 330 m 2 , with a density of about 120000 plants per hectare. The crop was sown in mid-October and harvested by the end of April. Sample plants were randomly taken each year in the population at harvest. The seed colour and oil content were examined for each plant in the lab. In 2005, the top 20 plants with the highest oil contents were selected to form a sub-population. In 2006, the sub-population was further observed for changes in seed colour and oil content. The selected 20 plants were all yellow-seeded, with an oil content of 49.35 -53.01% (average 50.36%).

Seed-colour classification

Classification of seed-colour was made according to Li (2004) [8] and Liu (2005) [9] . The observation was done visually with the help of a 5x magnifying glass. Seed colour was normally classified into two classes: yellow and brown. In 2006, the yellow seeded plants were further classified into three subgroups, i.e., pale yellow, fine yellow and brownish yellow. The oil content of different subgroups of yellow seeded plants was determined.

Determination of oil content

Oil content of seeds harvested from individual plants was determined with a NIRS instrument, model NIR5000 made in Demark. The instrument was finely calibrated for analyses of rapeseed oil content and fatty acid profile. Results of the high oil and the low oil samples were confirmed by the standard Soxhlet extraction method (Guan, 1985) [7] using EXTRACTION SYSTEM B-811 made by BUCHI Company in Swiss. The oil content determined by NIRS was highly consistent with that by Soxhlet extraction method.

Results

Variation of Ya'an Yellow Rape in seed colour and oil content

The seed-colour of individual plants was scored visually in three successive years 2004, 2005 and 2006, and the corresponding oil contents of the yellow and the brown seeds were statistically analyzed. Two kinds of seed colour, i.e., yellow and brown, could be distinguished in Ya'an Yellow Rape. The average rate of yellow seeded plants was 77.59% and the rate of brown seeded plants 22.41%. The difference in yellow-seeded plant rate was minor over the three years (Table 1). As shown in Table 1, the ratio of yellow-seeded plants to brown-seeded plants was 3:1, indicating that the yellow seed colour was controlled by a single dominant gene. However, this needs confirmation.

Oil content of seeds collected from yellow-seeded plants was consistently higher than those from brown-seeded plants. The oil content averaged over the yellow-seeded plants was 46.081%, while that over the brown-seeded plants 43.36%. The difference in averaged oil content between yellow and brown seeded plants was 3.45%, significant at 1% level (Table 1). 

Seed colour of individual plants

848 plants of Ya'an Yellow Rape were totally scored From 2004 to 2006, including 658 yellow-seeded and 190 brownseeded plants. We found that the colour of seeds from a single plant was uniform. Namely, the seeds of a single yellow-seeded plant were all yellow, and the seeds of a single brown-seeded plant were all brown. We did not observe any plants with mixed seed colours. This implied that the seed colour of Ya'an Yellow Rape was controlled by the genotype of the mother plant.

Difference in yellow colour and oil content in the yellow seeded plants

In 2006, 254 yellow-seeded plants were further observed individually to asses the differences in yellow colour and oil content. With a more careful observation, the seed colour of the yellow-seeded plants could be subdivided into 3 types: pale yellow, fine yellow and brownish yellow. The pale yellow and fine yellow seeded plants were main types, accounting to over 87% whereas the brownish yellow seeded plants a minor type (Table 2).

The oil contents of the three subgroups of yellow seeded plants were presented in Table 2. It appeared that the brownish yellow seeded plants had higher averaged oil content (47.84%) than the other subgroups (oil contents 46.79% and 45.92%, respectively) although these subgroups had wider distribution of oil contents. However, the brownish yellow seeded plants had averaged oil content similar to the other subgroups in the 50 highest oil content plants from the 254 sample plants. The results showed that the three subgroups of yellow seeded plants were not markedly different in seed oil content. The distribution of variation in oil content In 2006, the oil content of 488 plants of Ya'an Yellow Rape was determined individually, and the distribution of variation in oil content was assessed (Table 3 and Fig. 1). It can be seen that there was a wide range of distribution in the variation of oil content in whole population as well as in the two groups of plants, i.e., the yellow seeded plants and the brown seeded plants. A binomial distribution, instead of a normal distribution, was found in the whole population. However, in the each group of plants the distribution of oil content was near normal. The yellow seeded group had higher average oil content (Table 3, Fig. 1). This indicated that the oil content was a complex character in Ya'an Yellow Rape, which may be controlled by both major qualitative gene(s) and minor quantitative genes. 

Effects of bulk selection in the landrace

In 2005, a bulk selection only based on the oil content was done with the 120 sample plants observed. Twenty (16.7%) highest oil content plants were selected and a new population was composed of an equal amount of seed from each plant. The oil content of the 20 plants ranged from 49.35% to 53.01% with an average of 50.36%. The new population was evaluated in 2006 for the yellow-seeded plant rate and oil content. It was shown that the yellow seeded plant rate and the oil content were both markedly increased (Table 4), indicating effectiveness of bulk selection. Further bulk selection was continued in 2006. 

Discussion

Yellow seeds are generally believed to be a character related to high oil content in rapeseed. Much attention has been paid to the character in high oil rapeseed breeding. In this study Ya'an Yellow Rape was identified to be a unique landrace with a high rate of yellow seeded plants and especially high oil content. In the three-year observation the yellow seeded plant rate and the oil content in the population were virtually constant (Table 1). This suggested that the population has been genetically equilibrated although it is allogameous because of self-incompatibility. However, there is still a great variation in both seed colour and oil content among the plants within the population. So there is possibility of further improvement for higher oil content through selection within the population.

In many previous studies [7,1 °], yellow seeds were found to coexist with brown or black seeds in the same plant, or sometime even in the same silique (Heyn, 1973;Jonsson, 1979;Schwetka, 1981;Hawk, 1982). In the present study the seed colour was found to be uniform in a single plant. No mixed seed colours were observed in a single plant. This indicated that the seed colour of Yaan Yellow Rape was determined by the genotype of mother plant, which is consistent with the observation by [START_REF] Li | A study on the inheritance of yellow seeded B. campestris[END_REF] [11] in B. rapa. According to the ratio of yellow-seeded to brown-seeded plants in the population, i.e., 3:1, the yellow seed trait appeared to be controlled by a dominant gene. The inheritance of the yellow seed character in the population needs to be further studied.

In Ya'an Yellow Rape the yellow colour of seed can further be roughly classified into three groups, pale yellow, fine yellow and brownish yellow. This indicated that the yellow seed colour is also inherited with complexity in B. rapa L. However, the oil contents among the three subgroups of yellow seeds were not considerably different. It therefore seems not necessary to pay much attention to the degree of yellow color of the seed in selection for high oil content.

It is also seen in Ya'an Yellow Rape that the distributions of oil content of the yellow-seeded and the brown-seeded plants were highly overlapped. This implied that there were low oil content individual plants in the yellow-seeded group while there were high oil content individual plants in the brown-seeded one. So the yellow seeded trait should not be considered as the sole character for high oil content in breeding.

A considerable progress in both yellow-seeded plant rate and oil content was made through bulk selection only based on oil content. Similar results of selection were obtained by Dong et. al. (1999) [12] . However, there is a great variation in both seed color and oil content within the population, so further selection can be effective for improvement of oil content in this population.

Introduction

India contributes 25.2 and 13.8% to the world's rapeseed-mustard hectarage and production, respectively. In India, these crops account for 21.6 and 23.2% of the total oilseed cropped area and production, respectively. Indian mustard (B. juncea L.) is the predominant crop among rapeseed-mustard, occupying nearly 80% of the total cropped area under these crops in the country. Indian cultivars have high glucosinolate content (80-125 μ moles/g defatted seed meal). Glucosinolates is a group of plant thioglucosides found principally among the members of family Brassicaceae. The vegetative tissue and seed of Cruciferous contain one or more of the 120 known glucosinolates [START_REF] Fenwick | Glucosinolate and their break down products in food and food plants[END_REF]) Glucosinolates co-exist with an enzyme called myrosinase which mediates their breakdown to a range of active compounds, isothiocyanates, nitriles, oxazolidimethiones which rendered the seed meal unsuitable for use as animal feed, especially for non-ruminants. The breakdown products of glucosinolates are goitrogenic [START_REF] Bell | Meal and by-product utilization in animal nutrition[END_REF]. The toxicity manifestation of these products is goiter, as a result of iodine uptake impairment, liver damage, increased liver weight, reduced body weight and food intake in farm animals. The presence of high glucosinolates in seed meal of Indian mustard cultivars is a strong non -tariff barrier in international market and fetches low prices. In the breeding programme in the country efforts are underway to reduce the level of the glucosinolate content up to the internationally acceptable norms (≤ 30 μ moles/g defatted seed meal). Knowledge of genetic architecture of a character is imperative for the success of the breeding programme. Information on this aspect for glucosinolate content in Indian mustard is meager (Sodhi et al. 2002). Therefore, the present investigation attempts to study the genetics of glucosinolate content in Indian mustard

Materials and methods

The material for the present investigation consisted of high glucosinolate parent (Varuna, RL 1359 and PCR-7) and a low glucosinolate parent (NUDHYJ-3), F 1 , F 2 , B 1 and B 2 generations of three crosses, NUDHYJ-3×Varuna, NUDHYJ-3×RL-1359 and NUDHYJ-3×PCR-7 (Table 1). These grown in a randomized complete block design with two replications during rabi (Oct.-April) 2004-05. The rows were 5 m long and spaced 30 cm apart and spacing between plants was maintained at 10 cm with in a row. There were a single row each of P 1 , P 2, B 1 , B 2 and F 1 and five rows for F 2 generations in each replication. Standard agronomic practices were followed to raise a good crop. The plants were selfed and selfed seeds were harvested separately. The number of plants taken randomly from each replication ranged from 8 for P 1 , P 2 , F 1 , 140 for F 2 , 8 for B 1 and 9 for B 2 generations of each cross. Total glucosinolate content was estimated by using the method based on complex formation between glucosinolate and tetrachloropalladate (II) as described by Kumar et al (2004). The seeds were dried overnight in an oven at 50°C. The dried seeds (200 mg) were crushed with a mortar and pestle and transferred to screw capped tubes, 70% methanol (300 ml) was added and kept in a water bath (80°C) for 5 minutes. After cooling at room temperature, double distilled water (2 ml) was added to the tubes and heated in a water bath (80°C) for 15 minutes. Subsequently, tubes were left to cool at room temperature and centrifuged at 5,000 rpm for 5 minutes. The upper layer containing intact glucosinolate (5 ml) was then transferred to an ELISA plate and 0.002 M sodium tetrachloropalladate solution (300 µl) was added to each hole of ELISA plate. The plate was heated in an oven at 70°C for 30 minutes. The intensity of colour was measured at 405 nm using microscan ELISA reader based on complex formation between glucosinolate and tetrachloropalladate (II).

Mean and variances were calculated for each generation separately and used for statistical analysis. Adequacy of additive -dominance model was tested using scales given by [START_REF] Hayman | The description of genetic interactions in continuous variation[END_REF] and Cavalli (1952). Gene effects for glucosinolate content were estimated following [START_REF] Hayman | The separation of epistatic from additive and dominance variation in generation means[END_REF] using a six-parameter model. The significance of gene effects was tested by calculating variances, standard errors and "t" values separately for each effect as discussed by [START_REF] Singh | Biometrical Methods in Quantitative Genetic Analysis[END_REF]. The minimum number of effective factor pairs was calculated by the method of [START_REF] Burton | Quantitative inheritance in pearl millet (Pennisetum glaucum)[END_REF]; [START_REF] Castle | An improved method of estimating the number of genetic factors concerned in cases of blending inheritance[END_REF] and [START_REF] Weber | Inheritance and inter-relationship of some agronomic and chemical characteristics in an inter-specific cross in soybean[END_REF].

Results and discussion

Analysis of variance indicated significant differences for glucosinolate content among different generations. The mean glucosinolate content of NUDHYJ-3 (26.5 µmoles) was significantly lower than that of Varuna (116.3 µmoles), RL 1359 (109.8 µmoles) and PCR-7 (117.4 µmoles). The mean glucosinolate content of F 1 of the three crosses did not differ significantly from the F 2 means (Table 1). However, F 2 and backcross generation means were significantly different from each other. The mean glucosinolate contents of the parents were significantly different from the means of F 1 , F 2 and backcross generations. The means of B 1 and B 2 were significantly different from each other in the three crosses. The means of B 1 and B 2 were towards the recurrent parent suggesting the important role of additive effects in the genetics of trait. The glucosinolate content of the F 1 in all the crosses were towards the low glucosinolate parent and close to the mid-parental-value (Table 1) suggesting that genes displaying partial dominance for high glucosinolate content might be controlling synthesis of glucosinolate in these crosses. The F 2 segregants fell within the parental range with no transgressive segregants toward high glucosinolate parent. Nevertheless, a low transgressive segregant (1.1-2.5%) surpassing the low glucosinolate parent were screened in the crosses NUDHYJ-3 × Varuna and NUDHYJ-3 × PCR-7.

The simple additive dominance model was inadequate, as revealed by different scaling tests, to explain the total genetic variability for glucosinolate content in different generations of the crosses, NUDHYJ-3×Varuna, NUDHYJ-3×RL 1359 and NUDHYJ-3×PCR 7 (Table 2), suggesting the presence of non-allelic interactions in the genetic control of glucosinolate. The results were also supported by the joint scaling test, as χ 2 values for the adequacy of 3-parameter model were highly significant indicated involvement of digenic or multigenic interactions in the genetic control of glucosinolate content. In these crosses, both additive [d] and dominance [h] gene effects were significant but dominance effects were larger than additive effects. Further, dominant×dominant [l] and dominant×additive [j] interaction effects were significant in the crosses NUDHYJ-3×RL 1359 and NUDHYJ-3×PCR-7. In the cross, NUDHYJ-3×Varuna, all the three interactions, [i], [j] and [l] were significant (Table 2). Although both additive and dominant effects were significant but dominant effects and their interactions were predominant in inheritance of glucosinolate content in these crosses as the magnitude of non-additive gene effects higher than the flexible component (additive effects). The opposite sign of both [h] and [l] suggested duplicate type of gene action in the genetics of this trait.

The minimum number of effective factor pairs for glucosinolate content as estimated by different methods ranged from 4.8 to 5.5 in the cross NUDHYJ-3×Varuna, from 5.2 to 5.6 in the cross NUDHYJ-3×RL 1359 and from 4.1 to 4.4 in the cross NUDHYJ-3×PCR-7. The results indicated that the parents utilized in these crosses differed by at least 4-5 pairs of major genes for glucosinolate content. These results were in agreement with [START_REF] Magrath | The inheritance of Aliphatic glucosinolates in Brassica napus[END_REF] who reported that five unlinked loci controlling this trait in Brassica napus. However, Sodhi et al. (2002) and Thiagarajah (1995) reported 6-7 genes controlling inheritance of glucosinolate content in Brassica juncea.

The study suggested that early generation selection for low glucosinolate content would not be quite effective owing to prevalence of non-additive gene effects of [i] made it obvious selection should be made in advance generations. The selection to be useful should be deferred to advanced generations when dominance effects are substantial reduced. The bi-parental mating followed by pedigree selection in F 3 /F 4 generation may a suitable approach to select for low glucosinolate content. 

Introduction

Traditionally, the fatty acid composition of the oil has been considered to be the main factor defining oil quality. Therefore, grate agronomical and breeding efforts have been devoted to its modification for special purposes, including both food and nonfood uses of the oils. With few exceptions in which significant maternal effects have been reported, fatty acid concentration is determined by the genotype of the developing embryo and environmental factors (Velasco, Perez-Vich and Dernandez-Matinez, 1999). Germination enhancement technologies based on presowing seed hydration have attracted considerable interest in both seed physiological research. In recent years, the meaning of the term priming has evolved from its original specific sense of increased germination synchrony and is now commonly used to describe seed presowing hydration methodologies without discrimination where seeds are imbibed by whatever means (McDonald, 2000). Very few studies have been conducted specifically relating to primed seeds. The purpose of this study was to evaluate the role of osmopriming on accumulation of fatty acid contents which can be used as a marker for priming effects on antioxidant activities in canola seeds.

Materials and Methods

Three canola cultivars, namely, SLM046, Okapy, and Licord were used in this study. For seed priming, canola seeds were treated with polyethyleneglycol (PEG) 6000 at five concentrations -10 (P1), -12 (P2), -14 (P3), -16 (P4), and -18 (P5) bars (Michel and Kaufmann, 1973) for 12 (T1) and 24 (T2) hours. 500 seeds were placed in Petri dishes containing 5 cc of PEG and transferred to germinator at 25±1 and 75% RH. At aforementioned time intervals, 200 seeds were removed from germinator and used for fatty acid evaluation. For fatty acid determination, the method of Metcalfe et al., (1966) was used. Gas Chromatography instrument, model UNICAM 4600, with capillary column BPX70 having 30 cm length was used for fatty acid discrimination.

Results

Priming treatments for 12 hours a -14, -16, and -18 bars reduced the palmitic acid contents in SLM064 cultivar (Table 1). At -18 bar, the content of this acid reduced by almost 60%. However, the responses of other cultivars were not similar. For Okapy cultivar, this reduction was detected at -10 and -12 bars. Comparing to control, in Licord, priming at -10 bar reduced the acid palmitic content by 61%. Except for SLM064, priming at 12 hours did not change the palmitic acid content in other canola cultivars dramatically. Priming for 24 hours at -14 bar reduced the palmitic acid content in SLM064 by 39% (Table 1).

Palmitoleic acid increased in three canola cultivars at all priming treatments (Table 2). However, cultivars did not respond similarly. For Licord cultivar, 12 hours and 24 hours of priming resulted in a various pattern of acid content. Palmitoleic acid content most affected by PEG treatments. The highest concentration of this acid was increased by 84% and 138% for 12 and 24 hours of priming, respectively. Similar to Licord cultivar, priming at 24 hours increased significantly palmitoleic acid content of SLM063 and Okapy cultivars (Table 2). In SLM064 cultivar, priming for 24 hours at -12 bar was the only treatment which reduced stearci acid content (Table 3). This reduction for Okapy cultivar was detected at 12 hours of -12 bar osmopriming. At this treatment, acid content was reduced by 66%. It seems for Licord cultivar both 12 and 24 hours of priming could reduce the stearic acid content. Moreover, more than one of priming concentrations such as -10, -12, and -16 bar effectively reduced stearic aicd content (Table 3). For Licord cultivar, priming for 12 hours at -10 and -12 bars, reduced stearic acid content by 34 and 45%, respectively. Averaged over all, priming for 12 hours at -12 bar reduced stearic acid content most effectively than other treatments.

Okapy and Licord cultivars for 12 hours and -10 bar resulted in least oleic acid content (Table 4). However, for SLM064 both 12 and 24 hours of priming treatments at -16 and -14 bars, respectively, reduced oleic acid content. For Licord and Okapy cultivars, a short period of priming treatment (T1P1) reduced oleic acid content by 61 and 45%, respectively (Table 4). In all cultivars 24 hours of priming treatment, resulted in higher oleic acid content. Higher PEG concentrations increased oleic acid content of canola cultivars by almost 30%. Averaged overall, SLMo64 exhibited the least while Okapy cultivar had the highest oleic acid content (Table 4). It seems priming treatments did not affect linoleic acid contents of canola cultivars (Table 5). Priming treatment for 12 hours at -12 bar reduced the linoleic acid content of Okapy by 80%. The highest concentration of linoleic acid content was detected for 24 hours and -12 bar priming treatment. For Licord the least linoleic acid concentration was detected at 12 hours of priming at -10 bar (Table 5). SLM064 was the only cultivar with higher variation of response. Both 12 and 24 hours of priming reduced the linoleic acid content of this cultivar (Table 5). Averaged overall, SLM064 exhibited the least linoleic acid content while Licord had the most. 

Discussion

It is widely recognized that toxic oxygen species (AOS) are produced as products of mitochondrial respiration and glyoxysomal lipid degradation, and are removed within plant cells by antioxidative enzymes which scavenge free radicals before they disrupt biomolecules. One major harmful effect of free radical reaction is believed to be the accumulation of free fatty acid and other lipid-degradation products in membrane bilayers, which increase the lipid phase transition temperature and cause the irreversible formation of gel phase domain, which are lethal when the cell is rehydrated [START_REF] Mckersie | The role of oxygen free radicals in mediating freezing and desiccation stress in plants[END_REF]. Baily and colleagues (2000) found in sunflower seeds that malondialdehyde (MDA) content, a measure of the deree of lipid degradation, remained unchanged during osmopriming, while activities of superoxide dismutase and catalase increased strongly. Furthermore, although MDA concentrations increased markedly after drying, the declined again during six hours from the start of reimbibition, compared to an increase in control imbibed unprimed seed. This supports the idea that the enzymatic antioxidant dfense system operates efficiently in sunflower seeds to scavenge AOS produced during osmopriming and that the system survives in an enhanced state in dried primed seeds to operate during the first hours after subsequent reimbibition. The results of this study suggest that osompriming of canola cultivar could alter the fatty acid contents of seeds. This reduction could protect these oilseed cultivars after imbibtion and changing the dry phase state of seed.

Introduction

Erucic acid (22:1) is associated mainly with plants of the family Brassicaceae. From the last decade, high erucic acid rapeseed (HEAR) cultivars have regained interest for industrial purposes because erucic acid and its derivatives are important renewable raw materials for the oleochemical industry. It is used for the production of plastics, lubricants, slip and coating agents, soaps, printing inks, surfactants, etc. A substantial increase of 22:1 content could significantly reduce processing costs and would increase the market prospects of HEAR oil. In conventional HEAR oil, 22:1 is exclusively esterified at the sn-1 and sn-3 positions of the glycerol backbone, thus limiting its content to 67%. To overcome this limitation, the fatty acid elongase fae1-gene has been over expressed in combination with the LPAAT plsC-gene from Limnanthes douglasii, which enables the insertion of 22:1 in the sn-2 position of the glycerol backbone. But this has not led to a major increase in 22:1 content [START_REF] Han | Functional characterization of β-ketoacyl-CoA synthase genes from Brassica napus L[END_REF]). One explanation for this result was the insufficient availability of oleoyl-CoA as a substrate for fatty acid chain elongation, due to its competitive desaturation and irreversible incorporation into storage lipids. To test the first assumption, conventional HEAR was crossed to rapeseed with a reduced content of polyunsaturated fatty acids (PUFA, 18:2+18:3). In selected recombinant F 3 -plants, 22:1 content remained unchanged (50% 22:1), although the PUFA content decreased from 23% to 7% [START_REF] Sasongko | Toward increasing erucic acid content in oilseed rape (Brassica napus L.) through the combination with genes for high oleic acid[END_REF]. Therefore, the present study was undertaken to cross fae1-plsC-overexpressing transgenic rapeseed plants [START_REF] Wilmer | Very high erucic acid rape: a dream or reality[END_REF] with high erucic acid and low polyunsaturated fatty acid (HELP) plant material [START_REF] Sasongko | Toward increasing erucic acid content in oilseed rape (Brassica napus L.) through the combination with genes for high oleic acid[END_REF] to increase the erucic acid content beyond 70% in the seed oil.

Materials and Methods

The transgenic winter rapeseed genotype 361.2B (provided by J. Wilmer, Biogemma Ltd.) carrying two copies of fae1-plsC-gene (linked on one T-DNA) and having 60% 22:1 was crossed with the non-transgenic F 4 -line 6575-1 (HELP; 50% 22:1, 27% 18:1 and 7% 18:2+18:3) derived from a cross between the high erucic winter rapeseed cv. Maplus and a low erucic, low polyunsaturated fatty acid winter rapeseed line [START_REF] Sasongko | Toward increasing erucic acid content in oilseed rape (Brassica napus L.) through the combination with genes for high oleic acid[END_REF]. F 1 plants were grown in the greenhouse and at flowering selfed to obtain F 2 seeds. 220 F 2 plants and 8 plants from each of the parent were grown in the greenhouse. At flowering plants were bagged to secure self pollination. DNA was isolated from 57 randomly selected F 2 plants and PCR was performed with plsC-specific primers to follow the segregation pattern of the fae1-plsC-transgene. Finally F 3 seeds were harvested and analysed for their fatty acid composition and trierucoylglycerol (trierucin) content by GLC as described by [START_REF] Möllers | High-temperature gas chromatography for the detection of trierucoylglycerol in the seed oil of transgenic rapeseed (Brassica napus L.)[END_REF] taking 100mg seed sample from each plant.

Results and Discussion

The F 2 population (F 3 seeds) showed a continuous variation for erucic acid (22:1) content in the seed oil, ranging from 45% to 72% (Fig. 1). There were no separable classes as expected for a polygenic inherited trait. There were a considerable number of F 2 plants having a higher 22:1 content compared to the parent line 361.2B. In conventional high erucic acid rapeseed the 22:1 content is inherited by two genes and in crosses with low erucic acid genotypes, a 1:4:6:4:1 segregation can be expected in F 2 . However, the contribution of the two genes and their alleles to the total 22:1 content may be different. In addition to this, the quantitative variation in 22:1 content in the present F 2 population is caused by the segregation of two transgene copies (see below) and likely by the segregation of genes responsible for the low PUFA (18:2+18:3)-content. The low PUFA content in parent 6575-1 is caused by a mutation in the oleic acid desaturase fad2-gene which causes a reduction of 18:2 content by around 15% and by 2 to 3 other unknown genes having minor effects. The scatter plot in Fig. 2a shows that among the F 2 population there are some F 2 plants (F 3 seeds) that have a higher 22:1 and a reduced PUFA content compared to the transgenic parent 361.2B. These F 2 plants had an oleic acid (18:1) and eicosenoic acid (20:1) content which were about equal to the transgenic parent 361.2B (Fig. 2b+c), suggesting that the reduction in PUFA content has led to an increased 22:1 content in the range of 5-10%. In some of the high erucic acid segregants, the PUFA-content was as low as in the HELP parent line 6575-1, indicating homozygosity for the genes causing low PUFA-content. Erucic acid content was negatively correlated with the contents of polyunsaturated fatty acids (r = -0.22**), oleic acid (r = -0.61**) and eicosenoic acid (r = -0.64**). The analysis of the trierucin revealed a positive correlation between erucic acid and trierucin (r = 0.58**; Fig. 2d); in individual F 2 plants up to 25% trierucin was detected in the seed oil. The capability of forming trierucin is linked to the transgenic character of plants, expressing the fae1-plsC-transgene. Differences among the F 2 plants in trierucin content are caused by the presence of either one or both of the transgenes in the homozygous or hemizygous state. Beside trierucin (C69), the triglyceride species C67 consisting of one molecule eicosenoic acid and two molecules erucic acid was found (not shown).

Four out of 57 randomly selected F 2 plants were negative in the PCR reaction for the plsC transgene (see an example in Fig. 3), confirming that the transgenic parent 361.2B had two transgene copies which led to a 15:1 segregation in F 2 . This result was also found when looking at the segregation of the trierucin phenotype (data not shown). All F 2 plants which were positive in PCR for the plsC-gene contained trierucin, whereas those which were negative in PCR did not have trierucin. The fatty acid composition of some selected high erucic acid F 2 plants (F 3 seeds) is shown in Table 1. The total content of monounsaturated fatty acids (MUFA) is in the range of the HELP-parent. 

Conclusions

The around 70% 22:1 detected in selected recombinant F 2 plants compare favourably to the 22:1 contents of both parental lines, cultivated together at the same time in the greenhouse. Following field experiments, [START_REF] Sasongko | Toward increasing erucic acid content in oilseed rape (Brassica napus L.) through the combination with genes for high oleic acid[END_REF] reported for line 6575-1 erucic acid contents of 50%, which is 4% higher than the mean of 6575-1 (n=8). This indicates that with the material developed in the present study up to 75% erucic acid in the seed oil can be expected in field experiments. This would represent a significant improvement in comparison to the 50% erucic acid normally obtained from conventional HEAR cultivars in commercial field production.

To find out whether the ß-ketoacyl-CoA synthase activity of the fae1-gene is still limiting, crosses with the transgenic high erucic acid lines expressing the fae1-plsC-transgene of [START_REF] Han | Functional characterization of β-ketoacyl-CoA synthase genes from Brassica napus L[END_REF] are currently performed. Further increases in erucic acid content can also be expected from progress in reducing the remaining PUFA-content from now 8% to values of 2-3%. However, this has so far not been achieved by mutagenesis or transgenic approaches. Oleoyl-CoA is elongated in the cytoplasm to 20:1 and 22:1 by subsequent condensation with malonyl-CoA. Malonyl-CoA is produced from acetyl-CoA by the acetyl-CoA carboxylase (ACCase). Acetyl-CoA itself is deliberated from citrate by cytoplasmic ATP-citrate lyase. Increased erucic acid contents may be expected from over expression of these two genes in transgenic rapeseed. However, cytoplasmic acetyl-CoA is also a precursor for a range of secondary compounds in rapeseed, e.g. phytosterols and sinapate esters [START_REF] Fatland | Reverse genetic characterization of cytosolic acetyl-CoA generation by ATP-citrate lyase in Arabidopsis[END_REF]. [START_REF] Amar | QTL analysis of phytosterol content in rapeseed (Brassica napus L.)[END_REF] reported a close negative correlation between erucic acid, phytosterols and sinapate esters, respectively, in a winter rapeseed DH population segregating for erucic acid. This indicates that availability of acetyl-CoA may be limited and that genetic combination of HELP rapeseed with material having a low phytosterol and sinapate ester content may have a positive effect on erucic acid content. It seems that a number of additional small steps are necessary to realize erucic contents of 80% and above.

Introduction

Conventional oilseed rape is a hermaphrodite plant with a highly variable autogamy rate. The autogamy rate seems to mainly depend on the genotype but also on the environmental conditions. On the other hand, intraspecific but also some interspecific cross-pollination can occur by pollen dispersal due, in various proportions, to wind or pollinating insects (mainly honeybees) according to the situation. Thus the interest of cleistogamy (permanent closing of flower) lies in two ways:

To favour self pollination To reduce gene flow by limiting pollen dispersal The cleistogamous trait as been selected from induced mutagenesis in oilseed rape and patented (Renard & Tanguy, 1997). The trait is controlled, in major part by one gene (Clg1) and a positional cloning project is in progress to isolate this gene (Genoplante Project).

Since 1988, several field experiments have been carried on cleistogamous lines in order to study their impact on pollination. In particular the evaluation of the benefits brought by cleistogamy to increase harvest purity in several cropping systems has been simulated using a spatio-temporal model: the GENESYS rape [START_REF] Colbach | GENESYS-COLZA: a model of the influence of cropping system on gene escape from herbicide tolerant rapeseed crops to rape volunteers. II Genetic exchanges among volunteer and cropped populations in a small region[END_REF][START_REF] Colbach | Evaluation and use of a spatio-temporal model of cropping system effects on gene flow. Example of the GENESYS model applied to three co existing herbicide tolerance transgenes[END_REF]. Although some results were impaired by the lack of stability in the newly created lines, a positive effect of cleistogamy on the autogamy rate was strongly suggested [START_REF] Fargue | Predictive study of the advantages of cleistogamy in oilseed rape in limiting unwanted gene flow[END_REF]. Presently, lines with a stable cleistogamy exist but a verification of the stability of the trait under several climatic and agricultural conditions are needed.

The second aim is to verify the impact of cleistogamy both on autogamy and pollen dispersal limitation under several hazard conditions i.e. respectively when cleistogamous flowers are placed in a high airborne pollen concentration emitted by an unwanted variety or when some volunteers of normal oilseed rape are flowering in a field sown with a cleistogamous line having particular genetic specificity (for instance brought by a transgene).

Another aim is also to measure the autogamy rate of a cleistogamous line according to its distance from a neighbouring and contaminating pollen source composed of a classical cultivar having a high erucic acid marker.

A third part of our study deals with the pollinating insects. Previous studies have been undertaken on the impact of the closing of the flowers on the pollinating insects' behaviour. It has been shown that honeybees and bumblebees visit closed flowers only to probe nectar to make honey [START_REF] Pierre | Plant development mutants: incidence on honeybees behaviour and pollination[END_REF] but do not open them to collect pollen. Acting so, they have no contact with the reproductive organs of the closed flower and have not a high impact on the pollen dispersal [START_REF] Pierre | La cléistogamie chez la fleur de colza empêche-t-elle la dispersion du pollen par les insectes pollinisateurs ? C.R[END_REF]. This typical behaviour is observed when the insects are foraging in a homogeneously cleistogamous field.

Nevertheless, their behaviour is still unknown when some cleistogamous plants are placed in a conventional field and reciprocally, i. e. when classical flowers are scarce and look unlike the major celistogamous plants present in the field. This has to be taken into account to reliably evaluate the efficiency of cleistogamy on plant containment and coexistence.

Material and Methods

Measure of the stability of the cleistogamous trait under several conditions

The aim of this protocol is to check stability of cleistogamous trait during flowering among 2 genetic backgrounds (lines Clg A and Clg B) compared to 2 commercial leading cultivars. Experiments are carried at 5 locations in UK, Germany and France (European project "Co Extra"). In order to estimate the local climatic and pedoclimatic effects, the experimental sites are placed near weather station able to provide rain falls, max and mini daily temperatures, and relative humidity. In addition, situation (valley, plain, slop, plateau...), type of soil (texture, amount of stones or soil analysis if available), estimation of the water availability in the field are considered. Trials are managed following classical farmers technical practices and several parameters are recorded from sowing to harvest: sowing date, seeds per m2, elementary plots surface, fertilization, treatments during vegetation especially fongicides and growth regulators (chemical, date, quantity), harvest date.

Observations are made at different vegetative phases of the plant: regularity of plant density in Autumn or Winter, fresh aerial weight / m², phoma leaf spots, date of stage C2 and F 1 ,height at stage C2, G2 index, pest and disease, lodge, seed weight at harvest.

The key observation is the "opening level" of flowers on primary and secondary stems at flowering. These observations are made weekly on plots.

The opening level is noted from 1 to 5. Notation concerns the whole mature inflorescence. Note 1 corresponds to a completely opened inflorescence similar to a conventional open oilseed rape; note 3 corresponds to half opened and note 5 corresponds to a completely closed inflorescence. A flower is noted as closed when petals are grouped making a cone and looks as a big yellow bud. A particular pattern exists: some flowers have grouped closed petals but there is one lateral gap between them. When several flowers of the inflorescence are opened in such a way the notation can be considered 3* (* indicating this particular form of opening). Because the opening level can vary greatly according to several factors, notations will be done at the beginning of flowering, at full flowering and at the end of flowering under various conditions. For the same reasons, notations will be performed in the morning and in the afternoon of the day. In case of variability among plants in the plot, 20 plants per plot are considered.

Measure of the impact of cleistogamy on autogamy and pollen dispersal

Experimental design 1: study of the autogamy rate The experimental design consists in a 1ha field sown in major part (96%) with a conventional oilseed rape cultivar 'cv. H' having a marker: a high erucic acid seed content. A minor part (2%) is sown with a low erucic cleistogamous line (Clg A) and another part (2%) with a low erucic male-sterile line of the cultivar 'ms cv. L'. In addition several test plants of the male-fertile cultivar 'cv. L' are haphazardly sown in the field. All these plants ('ClgA', 'cv. H', 'cv. L', 'ms cv. L') are freely pollinated by insects or wind and 40 of them, randomly chosen, are marked and harvested at the end of the experiment. In order to make comparisons between open-pollination and controlled pollinations (self-pollination and cross-pollination) other plants of the 4 genotypes are maintained under individual pollen proof cage for self-pollination (30 plants per genotype) whereas crosspollinations are manually made between 'cv. H' used as male and respectively 'cv. L', 'ms cv. L' and the emasculated line Clg A used as females.

Experimental design 2: study of the pollen dispersal In order to investigate the ability of cleistogamous flower to reduce pollen dispersal, cleistogamous lines with a high erucic acid seed content as marker have been created by INRA.

The experimental design consists in a 1ha field sown in major part (96%) with a cleistogamous oilseed rape line 'Clg H' having the marker. A minor part (2%) is sown with a low erucic conventional cultivar 'cv. L' and another one 2% with a low erucic male-sterile line of the cultivar 'ms cv. L'. All these plants ('Clg H', 'cv.L', 'ms cv. L') are freely pollinated by insects or wind and 40 of them, randomly chosen, are marked and harvested at the end of the experiment. In order to make comparisons between open-pollination and controlled pollinations (self-pollination and cross-pollination) other plants of the 3 genotypes are maintained under individual pollen proof cage for self-pollination and control (30 plants per genotype) whereas manual crosspollination are made between 'Clg H' used as male and respectively 'cv. L', 'ms cv. L' used as females.

Measure of the autogamy rate of a cleistogamous line according to the distance from a contaminating pollen source

The objective of the protocol (European Project "Co Extra") is to measure the autogamy rate of a cleistogamous line neighbouring a classical plot of a cultivar having a high erucic acid marker.

The trial (in an isolated field, and replicated at 3 sites: France, UK and Germany) consists in 2 big neighbouring plots (50m length×50 or 30m width, each):

-one sown with the cleistogamous line ClgA -one sown with a mixture of 99% 'mf cv. H' (high erucic cultivar = erucic plot) used as contaminating pollen source and 1% of Clg A in order to estimate the rate of autogamy of isolated cleistogamic plants inside the erucic canopy.

Each plot is constituted of 33 belts of 5 sowing rows (1.5m).

The autogamy rate is estimated through erucic acid content of seeds of the cleistogamous line issued from self or allo pollination. The measure is done according to the distance from the erucic plot at 10 belts: n°1, 2, 3,4,5,15,[START_REF] Szot | Methods for determination od basic mechanical properties of oilseeds[END_REF][START_REF] Szot | Methodology of mechanical examination of and properties of rapeseed pods and stem[END_REF][START_REF] Szot | The influence of the Spodnam DC preparation on agrophysical properties of rape silique and seed losses at maturation and harvest[END_REF][START_REF] Tys | Estimation of rape silique resistance to cracking and rape seed shattering resistance for some selected varieties and lines of spring rape[END_REF] i.e. respectively at 0, 3, 4.5, 6, 7.5, 22, 45, 46.5, 48 Method: in the three experiments, the erucic acid seed content is measured by Gas Chromatography in seeds produced respectively by open-pollination, self-pollination or manual cross-pollinations. In every sample, the analysis is made on a mix of 20 seeds (or at least more than 500mg of mixture).

Study of the foraging behaviour of honeybees

A 10 combs Dadant hive is placed in the field at the beginning of flowering. The number of foraging honeybees is regularly recorded on 3 belt transects (10m length) and meanwhile the number of available flowers is measured at the same places. From these data the number of honeybees/1000 flowers is evaluated to verify if their foraging activity is enough to ensure insect pollination. Individual honeybee foraging behaviour is studied in order to know if foragers visit scarce cleistogamous flowers when they are surrounded by normal flowers (Experiment1) or, on the opposite, when scarce normal flowers are surrounded by cleistogamous flowers (Experiment2). The observations are made in a circle of 0.56m diameter (# 0.25m²) with in its center a cleistogamous (Experiment 1) or a normal flower (Experiment 2). Observations are made from place to place in the field. The number of normal and cleistogamous available flowers in the observation area is evaluated and compared to the number of visit to normal and cleistogamous flowers by the honeybee during one minute. The numbers of passage between both types of flowers are also recorded. Meanwhile, the individual foraging behaviour is registered: i) crawling over posture for pollen and/or nectar foraging (inducing high pollen loading and pollen deposition), ii) inserting lateral posture for nectar foraging (no contact with anther = low pollen transfer), iii) attempt to open the closed flower to forage for pollen.

Conclusions

The first step consisting in a verification of the stability of the cleistogamous trait will be extensively studied in very various conditions. This phase of our study is necessary if commercial production of cleistogamous varieties is looked in the future. The second step is to verify the benefits of cleistogamy on autogamy and /or reduction of pollen dispersal. The 3 experimental designs used correspond to the highest risk of contamination (high airborne allo-pollen concentration). In addition, the risk of pollen dispersal due to the foraging behaviour of insects is taken into account. Concerning the method used, the main point is to reliably evaluate the average erucic acid content (± standard error) of the pure seeds, the seeds issued from manual cross-pollination in order to proportionally determine what the autogamy rate (1-allogamy rate) due to free pollination is in every case.

Introduction

The myrosinase-glucosinolate system has been a subject of many chemical investigations (Heqnauer 1986). Specific βthioglucosidases known as myrosinases are responsible for degradation of glucosinolates (β-thioglucoside-Nhydroxysulfatases). The resultant hydrolysis products are more biocidal than the intact glucosinolates, being toxic to both generalist insect herbivores (Li et al., 2000) as well as to crucifer specialist insects (Li et al., 2000). Several myrosinase isoenzymes have been reported in seeds, seedlings and vegetative tissue of oilseed rape [START_REF] Lenman | Characterization of a Brassica napus myrosinase pusedogene: myrosinases are members of the BGA family of β-glycosidases[END_REF]. Most studies to date have been focused on variation in glucosinolates without much emphasis on the levels of myrosinase activity in various vegetative and reproductive structures at different development stages. The present studies aimed to screen different crucifer accessions for the variation in myrosinase activity and total glucosinolate levels at varied plant growth stages (at pre-as well as post-anthesis) in different plant parts.

Materials and Methods

Four crop Brassica species namely, B. juncea, B. napus, B. rapa and B. nigra were evaluated for myrosinase activity and glucosinolate content in various crop growth stages over two years. Different plant tissues namely young leaves, pod wall and seeds were collected at varied plant growth stages (pre-anthesis, termination of flowering on main shoot and at maturity). Standard agronomic practices were followed throughout the growing season. Myrosinase activity was measured as described earlier (Li et al., 2002). Total glucosinolates content in mature seeds was measured by the method of Kumar et al. (2004).

Results and Discussion

Analysis of variance revealed significant differences for mean square values of myrosinase activity among the genotypes in different Brassica species at almost all the stages of crop growth. In leaves, overall mean values for myrosinase activity were generally lower (Table 1) in diploids (Brassica rapa and Brassica nigra) as compared to the digenomics (Brassica napus and Brassica juncea). Higher leaf myrosinase activity of Brassica juncea and Brassica napus was in consonance with a past report [START_REF] Xue | Temporal, cell specific and tissue preferential expression of myrosinase genes during embryo and seedling development in Sinapis alba[END_REF]. It ranged from 0.68 (ACN-40) to 2.07 (ACN-50), 0.08 (KH-2099) to 1.50 (ALM-129), 0.08 (VKS-11/6) to 0.53 (Sunshine) and 0.13 (FRG-2) to 1.37 (N-17) in B. napus, B. juncea, B. rapa and B. nigra respectively. These ranges are in agreement with those of Li et al. (2002) who reported myrosinase activity ranging from 0.22-0.63 n mol mg -1 min -1 in B. juncea cotyledons. In B. napus, leaf myrosinase activity was positively correlated with that of green tissues (developing seeds and developing pod wall), no such correlation was recorded at the other developmental stages. In B. juncea and B. nigra myrosinase activity of developing seeds and developing pod wall was strongly correlated to that of developing pod wall and in mature seeds (Table 2). B. rapa showed strong positive correlation of myrosinase activity at all the developmental stages. All the crop Brassica species investigated showed negative correlation between myrosinase activity and glucosinolates content especially in green tissues (leaves, developing pod wall). Across all the species, a negative and significant correlation between myrosinase activity and but-3-enyl was indicated. In contrast, a positive correlation was recorded with 2-OH-but-3 enyl.

Introduction

Indian mustard (Brassica juncea (L.) Czern & Coss.) is the most important oilseed Brassica species in Indian Subcontinent. This is vulnerable to number of diseases such as Alternaria blight, white rust, downy mildew and powdery mildew. Among these white rust has been found to cause severe losses (up to 54.5 per cent) in yield [START_REF] Saharan | Assessment of losses and control of white rust of Indian mustard[END_REF] under late sown conditions. All the high yielding cultivars/varieties of Indian mustard are susceptible to this disease. Studies on disease resistance mechanisms at biochemical level have revealed the importance of phenolic compounds, protein, reducing as well as total sugars in different crops [START_REF] Chand | Some characteristic of mungbean and urdbean varieties resistant and susceptible to yellow mosaic virus[END_REF][START_REF] Dhawan | Changes in phenolic compounds and sugars in relation to white rust of Indian mustard[END_REF][START_REF] Gupta | Changes in phenolic compounds, sugars and total nitrogen in relation to Alternaria blight in Indian mustard[END_REF]. The biochemical basis of resistance, clearly indicated that higher amount of phenols is important for enhancing the level of resistance [START_REF] Dhawan | Changes in phenolic compounds and sugars in relation to white rust of Indian mustard[END_REF]. Yadav et al., 1996 observed in Indian mustard that white rust resistant genotypes possess higher content of phenols as compared to the susceptible ones. However, there is scanty information in the literature on the mode of inheritance of this trait in Indian mustard but the Knowledge of gene effects governing phenol content would be a prerequisite to initiate a sound breeding programme to develop white rust resistant cultivars in this crop. Therefore, the present investigation was undertaken to study the gene effects for phenol content in three crosses of Indian mustard involving genetically diverse parents.

Material and Methods

Genetically diverse Indian mustard genotypes differing in their response to white rust namely; RH 8113, RC781, UDN69 (resistant), RH9624, Varuna and Sarita (susceptible) were involved in crosses to develop six Generations (P 1 , P 2 , F 1 , F 2 , BC 1 and BC 2 ) in respect of three crosses viz; RH 8113×RC781 (R×R), UDN69×RH9624 (R×S) and Varuna×Sarita (S×S). Six generations in each of the three crosses were developed during 1999.The experiment to study gene effects for phenol content was conducted in a compact family block design replicated thrice under two environments i.e. normal (E 1 -21 st Oct., 2000) and late (E 2 -23 rd Nov., 2000) sown at research area of Department of Plant Breeding CCS HAU, Hisar.

The second environment was created by delayed sowing because under normal sown conditions the temperature remain high with low humidity so the chances of inoculum build up of this disease are very less whereas, under late sown conditions low temperature accompanied with high humidity provide better chances for the growth of fungus. Seeds of each of the nonsegregating generations(P 1, P 2, F 1 ), backcrosses(BC 1 , BC 2 ) and F 2 's were sown in one, two and eight row plots of four meter length in each replications, respectively, The row to row and plant to plant spacings were maintained as 30 cm and 15cm, respectively. The random leaf samples were collected at vegetative (35DAS) and siliquae formation stage (65 DAS) having diseased and healthy leaves and analyzed for total phenols as per Swain and Hillis, (1959). The data was subjected to generation mean analysis to estimate the gene effects following the methods suggested by Cavalli (1952) and [START_REF] Jinks | Estimates of the components of heterosis[END_REF] to judge that how best the model fit well in each cross.

Results and Discussion

The results obtained in present studies revealed that phenol content was, in general higher in E 1 as compared to E 2 at 35 DAS as well as 65 DAS irrespective of resistance or susceptibility of parents to white rust. The reduction in phenolic compounds was more at 65 DAS than at 35 DAS. [START_REF] Guleria | Biochemical changes in relation to white rust development in Indian mustard[END_REF] also observed that the phenolic constituents were generally higher in resistant cultivars than susceptible ones. More reduction in the phenolic constituents was observed in susceptible cultivars as compared to resistant genotypes. [START_REF] Kumar | Alterations in sugars and phenols in Brassica juncea during interaction with white rust (Albugo candida)[END_REF] also reported more reduction in phenolic compounds after infection of white rust in susceptible than resistant genotypes in Indian mustard. It was found in the experiment undertaken that the disease incidence was more in E 2 at 65 DAS as compared to E 1 and at 35 DAS. Considering E 2 as most favourable environment and 65 DAS as most appropriate plant growth stage for the disease development. A comparative evaluation for phenolic content among parents revealed interestingly that phenolic content in most of the parents was at par with each other at 65 DAS in E 2 . However, after infection susceptible parents RH 9624, Varuna and Sarita exhibited 31.07 to 38.03% reduction in phenol content incidentally these genotypes were also at par with each other for phenol content at 65 DAS post infection. The resistant parents, however, revealed much lower reduction in phenol content (4.73 to 13.36%) at 65 DAS post infection. Similar results were reported by [START_REF] Gupta | Metabolic changes in mustard due to Alternaria leaf blight[END_REF] in case of Alternaria blight of mustard. They also reported that magnitude of post infection reduction in phenolic compounds was more in susceptible cultivars as against resistant ones. Therefore, the genotypes which have the ability to maintain the values of phenolic compounds after the incidence of disease are more important for white rust resistance. The F 1 ' s exhibited in general, either intermediate values of parental genotypes for phenol content or tended towards the parent possess low phenol contents. However, the crosses involving both or at least one of the resistant genotypes, the F 1 ' s at 65 DAS showed considerably higher phenol content.

The results of the present studies revealed that the additive -dominance model holds adequacy for the crosses RH 8113×RC 781 at vegetative stage and UDN 69x RH 9624 at siliqua formation stage under healthy conditions (E 2 ). Whereas, for other crosses additive-dominance model was found inadequate, indicating the presence of non-allelic interactions. Therefore, the data was subjected to work out the digenic non-allelic interactions.

The additive as well as non-additive gene effects were found significant in all three crosses under most of the situations. The dominance gene effects had higher magnitude than the additive gene effects. The additive×additive type of interactions were significant in crosses RH 8113×RC 781 in E 1 and E 2 under both the stages; UDN 69×RH 9624 under diseased (D) conditions only and in the cross Varuna×Sarita across the environments and stages except at siliqua formation stage in healthy leaves under late sown conditions. Additive×additive kind of interactions being fixable in nature and can be exploited for further improvement through simple selection. The additive×dominance type of interactions were found significant in crosses RH 8113×RC 781 at siliqua formation stage in both the environments; UDN 69×RH 9624 at vegetative stage under late sown conditions and in E 1 at siliqua formation stage; Varuna×Sarita across the environments and stages except at siliqua formation stage under late sown conditions. The dominance×dominance types of interactions were found to be significant for crosses RH 8113×RC 781 at siliqua formation stage under late sown conditions (healthy and diseased); UDN 69×RH 9624 under diseased conditions and Varuna×Sarita in both the environments at vegetative stage and at siliqua formation stage under late sown conditions (healthy leaves). Duplicate type of epistasis was also found in crosses RH 8113×RC 781 at siliqua formation stage under late sown conditions, UDN 69×RH 9624 under diseased conditions whereas, Varuna×Sarita under late sown conditions at vegetative stage. Similar results were reported by Yadav et al. (1996) in Indian mustard and Singh (1989) in guar. However, a supplementary study on a larger number of genotypes and these crosses is needed to establish a correlation between phenol content and disease resistance over time and space so as to chalk out a coherent strategy for breeding white rust resistance in Brassica. Considerable proportion of additive as well as additive×additive gene effect for phenol content in the crosses RH 8113×RC 781 in both stages and environments whereas, UDN 69×RH 9624 under diseased condition only, warrant use of simple pedigree selection for further improvement. On the other hand intermating in advance segregating generations followed by delayed selection will in general, be useful to improve any trait, when additive and non-additive gene effects with epistatic effects are significant. This kind of breeding approach will be helpful in accumulating favorable alleles, responsible for the genetic control of phenol content.

Conclusion

The higher amount of phenol content as well as its stability across the environments of utmost interest to plant breeders engaged in breeding for white rust resistant genotypes in oilseed Brassica species. Therefore, the efforts should be made to further enhance phenol content to a desired level with its stability under heavy disease pressure. Based upon, the genetic information generated on the breeding material studied in the present study, it is advocated that intermating in segregating generations of selected stable plant progenies followed by selecting in advance generation would help to enhance the level of phenolic constituents and their stability with resistance to white rust. 

Introduction

Rapeseed is one of the most important oilseed crops used as a source of vegetable oil and a substitute for fossil diesel fuel. Vegetable oils with a high content of olecic acid are of interest for nutritional and industrial purposes. The optimal composition of vegetable oils for human consumption is a compromise between the demands of nutrition physiology and the requirements of food technology. From a nutritional aspect, the content of saturated fatty acids should be as low as possible, and in this respect, oilseed rape has the most valuable oil of all major oil crops (Scarth and McVetty, 1999). The success of the Korean biodiesel industry is dependent upon the availability of adequate supplies of reasonably priced feedstocks. The greatest experience with regard to biodiesel usage has been gained with rapeseed oil methyl ester. Due to its fatty acid composition, RME naturally has a CFPP(Cold Filter Plugging Point) value of around -10 • Celsius and oxidation stability of -9 hours. The latter can be improved by increasing the proportion of oleic acid and so-called high oleic. Low linoleic types have now been bred. However, a change in the fatty acid pattern in compliance with the requirements of the automotive and mineral oil industries would result in change to harvesting, storage of rapeseed and logistics and thus incur higher costs. The oil contents of fundamental significance and in the future, is likely to become the competitive factor on international markets.

Reduced levels of polyunsaturated fatty acids and the resulting increase in the level of the monounsaturated oleic acid are associated with a higher oxidative stability and reduced oxidation products in the oil without need for extensive hydrogenation (Schierholt et al., 2001). A diet containing a high content of oleic acid can reduce the content of the undesirable low-density lipoprotein cholesterol in blood plasma (Grundy, 1986) and monounsaturated fatty acids more effectively prevent arteriosclerosis than polyunsaturated fatty acids [START_REF] Chang | Effects of the ratio of polyunsaturated and monounsaturated fatty acid on rat plasma and liver lipid concentration[END_REF]. Genotypes with increased oleic acid content have been reported for several oil crops, such as Glycine max (L.) Merr. (Takagi and Rahman,1966), Brassica rapa L. (Tanhuanpää et al., 1966), Brassica carinata A. Braun (Velaco et al., 1966), and Brassica napus (Rücker and Röbbelen, 1995).

The objective of this study was to search high oleic acid line from improved germplasm which was selected lines with zero-erucic acid and low-glucosinolate suitable as edible oil through pedigree breeding method from 1970 to 1990. We will make restore line use of high oleic acid line for developing F 1 hybrid.

Materials and method

Breeding for improvement of fatty acid composition in rapeseed has been emphasized for high quality rapeseed breeding in Korea. In 1970's, it was established breeding program in order to develop variety with zero-erucic acid and low glucosinolate which is suitable as edible oil. We should introduce variety with good quality oil from oversea including Germany, Canada, France, Japan, and Poland. Most of the Asian varieties have high oil content and were lower oleic and higher erucic acid content than the European varieties. We were used good quality varieties such as 'Oro', 'Bronowski', 'Erra' and 'Tower'.as crossing parents.

The possibilities of isolating of a plant free from erucic acids on Asian varieties and lines were detected in study. Therefore, Canadian variety of summer rapeseed with high oleic acid and zero erucic acid was reciprocally crossed with high erucic acid varieties to introduce two recessive zero erucic acid genes to Asian varieties.

A rapid testing technique of fatty acids and effective early selection of superior individual plants with good quality oil in the segregation populations through analyzing germinated cotyledon of rapeseed by paperchomatography was developed and utilized at the Mokpo Experiment Station in Korea.

The rapid analysis of fatty acids by paperchromatography has been practiced using outer cotyledon germinated and safe nurturing of selected individual plants through green plant vernalization under the low temperature conditions. Half of the outer cotyledon germinated was sampled to analyze fatty acid composition, resulting in complete and safe nurturing of the individual plants selected during the green plant vernalization period. The quarter cotyledon technique was the best for growing healthy seedling of the selected plants, but half seed technique was poor in growing the seedlings.

So we were developed a lot of lines with good quality of fatty acid and spread adoptable cultivars in southern region of Korea.

Recently, rapeseed has been important vegetable oil crop as the advent of biodiesel. Potentials for raw materials for the production of biodiesel is supported by increasing the proportion of oleic acid in rapeseed. It was selected 20 lines containing oleic acid over 65%. The erucic acid showed the negative correlation with oleic and linoleic acid.

Results

Lines of #76152 were selected through single cross between Brnowski(♀) and Erra(♂). Line of #76157 was selected through single cross between Oro(♀) and Bronowski(♂). Line of #76161 was selected through single cross between Oro(♀) and Erra(♂). Line of #78113 was selected through three way cross of Oro//(Erra/Bronowski). Lines of #82009 was selected through four way cross of (Lesira/Erra)//(Oro/Tower). Line of #82015 was selected through three way cross of Mangunjaelae(local variety)//Erra/Tower.

YL-MB-60-3-2-3 was selected through mutation breeding by using X-ray.

The oleic acid content of 82009-B-101-1-1 was highest among 20 lines with selected high oleic acid. The content of linoleic acid and linolenic acid was decreased little by little according to increase the content of oleic acid. The oil content of selected 20 lines showed ranges of 44-45% (Table 1). In Korea, potentials for raw materials for the production of biodiesel is based on the productivity of rapeseed. And we have to increase rate of arable land utilization as cultivating rapeseed at winter season in order to secure raw materials of biodiesel. In case of double cropping in rice field, rapeseed cultivation brings the yield reduction of rice because the harvesting time of rapeseed falls on the transplanting time of rice. The condition of previous decision could be support scientific approach such as variety improvement, and cultural practice in order to problem solution of the yield reduction of the rice. It is shortening the growth period of rapeseed for early maturity. So we need to develop variety with early maturity.

Crossing method of three ways was profitable to select lines with early maturity. The maturing time of 82015-B-2-2-2 was June 9 th and very past among 20 lines. The maturing time of 82009-B-82-1-1 was very late among 20 lines as June 19 th (Table 2). 

Discussion

Fatty acid composition of vegetable oil plays an important role to decide its quality. Vegetable oils containing a very high proportion of oleic acid(C 18:1) and correspondingly low proportions of polyunsaturated fatty acids are desirable commodities because they widely used in human and animal diets and in many industrial applications. Especially, the increment of oleic acid content among fatty acid composition of rapeseed oil is in possession of potentials for raw materials for the production of biodiesel.

Development of zero-erucic acid or low glucosinolate variety was one of the major objectives in quality improvement program. So we made use of varieties with good quality of fatty acid composition which was introduced from oversea. It was profitable for improving variety of high oleic acid by three way cross or four way cross.

Introduction

Among edible vegetable oils, rapeseed-mustard oil has the lowest amounts of saturated fatty acids (FA) and also contains nutritionally desired oleic acid along with two essential fatty acids, linoleic and linolenic. In India, B. juncea (Indian mustard) occupies 80% of the total acreage, followed by B. rapa and B. napus (rapeseed). However, the traditionally grown varieties of Indian mustard have high erucic acid and low oleic acid in the seed oil, thus so far the emphasis has been on successful reduction of erucic acid. Attempts towards introduction of variable fatty acid profile has recently reported generation of high oleic, low linolenic acid B. juncea in several countries [START_REF] Stoutjesdijk | Genetic manipulation for altered oil quality in brassicas[END_REF], Oram et al. 1999, Potts et al. 1999) using either the RNAi or haploid mutagenesis approach. On the other hand in India recent efforts towards nutritional quality improvement have led to the development of several early maturing B. napus strains having low erucic acid/high oleic acid and the effort to popularize it with farmers is underway [START_REF] Prem | Development of an efficient high frequency microspore embryo induction and doubled haploid generation system for Indian mustard (Brassica juncea)[END_REF]. However, B. napus cultivation is still restricted to a much smaller area as compared to B. juncea. Hence there is an imperative need to develop B. juncea varieties with desired fatty acid composition that are ideal for human nutrition and suitable to grow under wider agroclimatic conditions. Therefore, the present work was undertaken with the purpose to transfer high oleic acid trait from B. napus into B. juncea via application of in vitro embryo rescue, and to select the plants having comparatively high oleic acid and low linolenic acid content in the seed oil.

Materials and Methods

B. juncea strains TERI(OE)M07 and TERI(OE)M21, having low erucic acid and early maturity were chosen as female parents and the B. napus strains TERI-Unnat [TERI (OE)R03] and TERI-Shyamli [TERI(OE)R09] having low erucic acid and high oleic acid (60 to 70%) were selected as pollen donors. The interspecific crosses and sequential embryo rescue were performed as per Agnihotri (1993) using ovary culture on MS medium [START_REF] Murashige | A revised medium for rapid growth and bioassays with tobacco tissue cultures[END_REF] supplemented with Kinetin (Kn) 1.0 ppm, napthalene acetic acid (NAA) 0.1 ppm, gibberellic Acid 1.0ppm and casein hydrolysate 10.0ppm followed by culture of ovules disected from the cultured ovaries on the same media till embryos were sufficiently enlarged for disection. The embryos were regenerated on MS medium containing one tenth concentration of growth hormones mentioned above for plantlet development. The plants obtained from each hybrid embryo were multiplied through axillary bud proliferation. The micropropagated plantlets were rooted on MS medium containing Kn 0.1 ppm, NAA 0.01ppm and casein hydrolysate 50 ppm for 2-3 weeks. The 8-10 cm tall plantlets at 3-5 leaf growth stage were hardened and grown in pots in a growth chamber (Conviron PGV-36) with 14 h, 25°C/ 10 h, 15°C day/night cycles and 60% relative humidity. The hardened plants were transplanted in the field during 1998-99. The plants having closer resemblance to B. juncea plant type, with fully/partial pollen fertility were backcrossed (BC) to low erucic acid B. juncea female parent for restoration of plant type. The BC 1 self and open pollinated seeds were collected and used for fatty acid analysis by GC as per [START_REF] Kaushik | Evaluation of improved method for determination of rapeseed-mustard FAMES by GC[END_REF]. Recurrent backcrossing was performed till the fourth backcross and at each progeny level high oleic acid content was used as the selection criteria.

Results

Eight F 1 hybrids were realized and these showed intermediate morphological characteristics with B. napus type leaves. Some of these plants had either poor or profuse branching giving a bushy appearance. The flowers from these plants had rudimentary anthers with partial pollen fertility. Three F 1 hybrids had B. juncea type agronomic features while the rest resembled more to the B. napus parent. Only a few BC 1 seeds were obtained, with a majority of them being shriveled, and thus could not be subjected to fatty acids analysis. For this reason the open pollinated seeds set on the selected plants were analyzed for their fatty acids content. Only a few BC 1 seeds were obtained from four F 1 plants resembling B. juncea, having partially or well developed anthers and good seed set. These were chosen for further progeny advancement and the seeds were grown in single plant progenies with recurrent backcrossing during three consecutive Brassica growing seasons. The BC 1 progenies segregated for three distinct plant types; resembling B. juncea (11-48%), resembling B.napus (10-18%) and intermediate type (41-90%). Thereafter, only the individual plants that had B. juncea characteristics were selected for recurrent BCs. Despite predominantly B. juncea type agro-morphological features the BC progenies showed segregation for leaf morphology wherein after each BC the proportion of plants with B. juncea type leaves increased by about 50%. While all the BC progenies had low erucic acid and moderate to low linoleic acid, the oleic acid content was higher in plants with B. napus type leaf morphology (Table 1). After BC 4, the inbred lines were developed from plants selected for >50% oleic acid content. The FA profile of these lines is depicted in Figure 1. The high oleic acid trait was stable in these lines, however the B. napus type leaf morphology was a predominant feature in the lines having >60% oleic acid. 

Discussion

B. juncea and B. napus share a complementary A-genome and the complementarity between the B and C genome has recently been established [START_REF] Hasterok | FISH and GISH analysis of Brassica genomes[END_REF]. Thus the two species share elasticity for horizontal gene transfer and this premise was tested in the present work for transferring the high oleic acid trait across the species boundary. Such interspecific crosses have been carried out for development of yellow seeded B. napus, transferring resistance to blackleg from B. juncea to B. napus [START_REF] Roy | A study on disease variation in the populations of an interspecific cross of Brassica juncea L.×B. napus[END_REF], vice versa for white rust [START_REF] Gugel | Resistance to white rust in Brassica juncea from an interspecific cross with B[END_REF] and for transferring low glucosinolate genes to B. carinata using B. juncea as a bridge species (Getinet et al., 1997). However, the linkage of morphological trait such as B. napus leaf characteristics to a biochemical trait, high oleic content in the present study, has not been reported yet. Such a phenomenon is possible if recurrent backcrossing created an alien B. napus chromosome substitution in B. juncea background and the genes for high oleic and B. napus type leaf characteristics were contributed from this genomic region. However, detailed cytological/ molecular confirmation is required to prove this hypothesis.

Conclusions

The wide hybridization, aided through in vitro ovary/ ovule/ embryo rescue has remained one of the important tools for introgression of economically important traits across species barrier (Shivanna, 1996). In B. juncea the increase in oleic acid content with a corresponding reduction in erucic acid content is less pronounced as compared to B. napus, where a quantum jump in the amount of oleate results from reduction of erucic content to zero (Banga et al. 1998). Similar results are obtained in the present study, where an increase in oleic acid content upto 50% has been obtained in plants resembling B. juncea against the oleic acid content of upto 70% in plants still having leaf type resembling B. napus.

Introduction

Interspecific hybridization is of great importance for the transfer of useful traits into crop plants e.g. male sterility [START_REF] Wojciechowski | Some morfological and phenological traits and fertility of lines of artificial winter oilseed rape originated from male-sterile plants (Brassica napus var. oleifera L.)[END_REF][START_REF] Wojciechowski | Cytological study of male sterility in Brassica napus L[END_REF], self incompatibility [START_REF] Werner | Hybrid Oilseed rape -the self-incompatibility system explained[END_REF], resistance to different diseases [START_REF] Liu | Embryology research on crossabilty of Brassica napus and B. carinata[END_REF] and seed coat colour (Li et al. 2003[START_REF] Rahman | Yellowseeded Brassica napus from interspecific crosses[END_REF]. The control of seed colour of oilseed rape (B. napus, genomes AACC=38 chromosomes) has attracted the attention of many plant breeders and researches because development of yellowseeded froms would imply an increase in oil and protein content and decrease in fibre content, which are useful agronomic characters (Shirzadegan 1986). In Poland the breeding and study on yellow-seeded B. napus began in 1997 (Barcikowska et al.). At our Department the breeding of yellow-seeded B. napus has began in 2003.

The aim of the present study was to evaluate the crossability between different brown and yellow-seeded Brassica species. Furthermore, it was and it will be also aimed to develop a yellow-seeded B. napus through introgression the yellow seed colour genes from allied Brassica species into oil seed rape (B. napus).

Materials and Methods

Five species of Brassica genera were used in interspecific crosses (Table 1). Plants of Brassica species were grown in pots in a greenhouse of Department of Genetics and Plant Breeding, Agricultural University in Poznan. Crosses were made in 2003 and 2005. The young flower buds were emasculated two days before opening. The flowers were pollinated immediately after emasculation and pollination was repated two days later. The most of pollinated pistils were left on the plants till full ripening and some of them were used for embryo in vitro culture. In the case of embryo culture, pistils of all crosses were excised 15-20 days after pollination, surface sterilized with 70% and 95% ethyl alkohol (1 minute in each) and rinsed two times with sterile water for 5 min. Isolated embryos at the early torpedo and torpedo shape were cultured on [START_REF] White | The cultivation of animal and plant cells[END_REF] basal medium supplemented with coconout milk. The seedlings obtained from the cultured embryos were transplanted into small pots and grown under glasshouse conditions. F 1 plants were grown in glasshouse conditions and F 2 plants were grown in an open field conditions. On these materials morphological and cytological observations were made. Morphological observations concerned to: the leaf shape, presence of hair, waxines, flower colour and morphotype. The parental and hybrids traits were compared.

For observation of meiosis young flower buds of different sizes were fixed in the solution of acetic acid and 95% ethanol (AA -1:1). Emasculated anthers were stained in 2% aceto-orcein and examined under a light microscope. The mitosis was investigated in root tips collected from the plants growing in pots. The roots were fixed in AA and stained in 4% nigrozine.

Results and Discussion

Hybrid F 1 seeds from the maternal plants ripped in the glass house (Table 2) and hybrid F 1 plants regenerated by applying embryo culture technique (Table 3) were obtained from the most cross combinations. Crossing of B. napus MS line and culivars Lisek and Westar with white mustard (B. hirta) was quite ineffective (Table 2 and3). However, Brown et al. (1997) and [START_REF] Mathias | Improved embryo rescue techique for intergeneric hybridization between Sinapis species and B. napus[END_REF] obtained hybrids from the crosses of B. hirta×B. napus by means of embryo in vitro culture technique but not in the reciprocal one. From the investigations of [START_REF] Momotaz | Production of intergeneric hybrids between Brassica and Sinapis species by means of embryo rescue technique[END_REF] it is concluded that for the production of interspecific hybrids from the cross B. napus×B. hirta more effective is ovary in vitro culture technique. The hybrid F 1 plants obtained both from the seeds and regenerated from the cultured embryos were male sterile (similar to maternal form). However, they set seeds after pollination with pollen of paternal species used in the experiment. Allmost all the hybrids were intermediate to their respective parents in many of the morphological traits such as leaf shape, presence of hairs and waxiness on the leaf surface, inflorescence and flowers characters. The colour of F 1 seeds was in the most cases typical to the seed colour of mother plant. Yellow and brown seeds segregated occasionally. The observation of microsporogenesis in F 1 hybrid plants showed that they formed normal tapetum and archespore tissue but there were disturbances in chromosome conjugation and their distribution into descendant nuclei. The chromosome number evaluated by the observation of mitosis was determined in 10 F 1 plants from each cross combinations. F 

Introduction

As industrialization and urbanization goes on, the rapeseed varieties that is suitable for machine work are needed in Tailake region of Jiang Su province. We did researches on breeding of hybrid rapeseed (Brassica napus L.) suitable machine work since 2001. Some cytoplasm male sterility lines (A-line) and restoring lines (C-line) were gained. Hybrid vigor on yield characters has researched, at same time analysis on combining ability of quality characters of three A-lines and four C-lines researched, too.

Material and Methods

Experiment has done in Jiang Su Tai-lake region agricultural science institute 2003~2005. three male sterility lines A4, A7, A9 and four restoring lines jian 1, Cj2-1, P27-1, jian 2 were used as parents, Twelve hybridized combinations has been done with incomplete diallel cross design 2003~2004. Hybrid strain seeds planted with compete randomized blocks, replicated 2-plot experiment. It is 8.4m 2 per plot. It is 15cm between tree distance and 35cm between row distance. 160 plants were grown in a plot. After harvesting 5 grams seeds were taken out per plot randomly. Erucic acid, glucosinolate, protein, oil and other fatty acids content of exponents were tested with Near Infrared ray Reflecting Spectrum (NIRS) method.

Results

Quality characters of hybridized combination

Ten quality characters of twelve hybridized combinations are showed in table 1. Coefficient of variation (C.V.) of quality characters are 1.61%~5.89%, except glucosinolate, eicosenoic acid and erucic acid. It tells us that the hereditary capacity of Alines and C-lines are stability, also phenotype are similar. Erucic acid content of hybridized combination are similar, it varies from0.927% to 1.699% and is up to the international standard. C.V. of glucosinolate is 41.85%. It means greatly difference among hybridized combinations, glucosinolate content varied from 12.997%~40.315%. Among them nine hybridized combinations are up to the standard, another three are not. Four hybridized combinations that crossed with A7 are higher glucosinolate content, only A7/jian 1 is up to standard in the main. It may be relate to the genotype of A7. Average of protein content of hybridized combinations is 35.484%, varied from 34.181%~36.863%; oil content is 41.979%, varied from 40.521% to 42.965%, both are stability. Content of oleic acid, linoleic acid, linolenic acid are 65.143%,21.084% and 9.576% respectively. The three fatty acids are followed with interest. We have much work to do for reducing saturated fatty acid and linolenic acid, raising oleic acid content, making linoleic acid in proportion to linolenic acid (2:1).

Analysis of combining ability variance

Results of variance analysis of ten quality characters are listed in table2. They are difference significantly at 0.01 level except linoleic acid and erucic acid. It means that the genotypic effect of combination has significant difference. It is necessary that general and specific combining ability (GCA and SCA) of A-lines (P1) and C-lines (P2) must be analyzed. The results showed: General combining ability effect of A-lines are difference significantly at 0.05 or 0.01 level on glucosinolate, palmitic acid, stearic acid, oleic acid, linolenic acid, eicosenoic acid. It pointed that the three A-lines have a great influence upon the six characters. General combining ability effect of C-lines are difference significantly at 0.05 or 0.01 level on glucosinolate, protein, oil, stearic acid, oleic acid, linolenic acid, eicosenoic acid. We can find that the four C-lines have a great influence upon the seven characters. Effect of specific combining ability of A-lines and C-lines is not significant influence, besides content of protein, oil and stearic acid. Hybrid strains of A7 are higher glucosinolates in seed, we must be careful not to misuse A7. At same time we take attention to specific combining ability of A7 on glucosinolate. That A4 and A9 cross with suit restoring lines can get better F 1 generation. F 1 seed content of glucosinolate and erucic acid are up to the standard. Content of oil, protein and oleic acid can be raised, linolenic acid reduced. Glucosinolate content of Hybrid strain crossed with A4 and A9, jian 1 are lower, opposite A7and Cj2-1. Relative effect of general combining ability of A-lines and C-lines are small on content of protein, oil, oleic acid, linolenic acid. It showed that gene action of A-lines and C-lines is similar. According to relative effect of general combining ability of A-lines and C-lines, F 1 content of glucosinolate and linolenic acid can be reduced, F 1 content of protein, oil, oleic acid can be raised, which crossed with A9 and P27-1.

Table2 Variance analysis of quality characters

Relative effect of general combining ability of A-lines and C-lines

Analysis of genotypic variance of combining ability

We can find that genotypic variance of combining ability differed among eight characters of parents from table 4. We did researches on content of five characters. They are content of glucosinolate, protein, oil, oleic acid and linolenic acid. The additive and non-additive variance of genes has three modes of action to the five characters. The first mode example is glucosinolate. The genotypic variance of A-lines(P1), C-lines(P2) and P1×P2 are all bigger than that of other four characters.

To make further analysis, the value of genotypic variance of combining ability of A-lines is bigger than that of C-lines and P1×P2. GCA of A-lines influenced the content of F 1 glucosinolate mainly. The second mode example is protein and oil. The genotypic variance of combining ability is little than that of glucosinolate. The value of genotypic variance of combining ability P1×P2 is bigger than that of A-lines and C-lines. SCA of A-lines and C-lines influenced the content of F 1 protein and oil mainly. The third mode example is oleic acid and linolenic acid. The genotypic variance of combining ability is little, too. The value of genotypic variance of combining ability of A-lines and C-lines is bigger than that of P1×P2. We think that the content of oleic acid and linolenic acid mainly controlled by GCA of A-lines and C-lines. Compare with three action modes, the three characters (glucosinolate, oleic acid and linolenic acid) among five characters researched mainly controlled by GCA of A-line and C-line. Another two characters (protein and oil) mainly controlled by SCA of A-line and C-line. Proceed from plant breeding, we wish A-lines and C-lines take effect on reducing the content of glucosinolate, linolenic acid, raising the content of protein, oil and oleic acid of hybrid strains.

According to heritability of eight characters, we can select in early stage of breeding. Additive effect of genes of glucosinolate is bigger, we must select parents correctly, especially the maternal plant used cross. Additive genetic effect of protein and oil is little. It is difficult that seed higher content of protein and oil is selected correctly. Identification of the living may be effect. Additive genetic effect of oleic acid and linolenic acid is bigger. We can detect objective in early phase of breeding with suitable A-line and C-line. 

Discussion

The combining abilities of A-lines and C-lines are different, the heritability of characters are different, too. The phenotypic values of same character of hybridized combinations are different. Ten characters are researched in this paper, in which eight characters have significant difference at level 0.01. It means that gene differ greatly from gene in acted mode. We must select parents correctly in breeding, make maximum hybrid vigor.

The content of erucic acid has non-significant difference among combinations. The combining ability of A-lines and Clines are steady. Keeping genetic pure of parents can make hybridized combinations with lower content of erucic acid. F 1 higher content of glucosinolate related with A7.It is must be improved.

The trend of rapeseed quality breeding is raising content of unsaturated fatty acid, reducing content of saturated fatty acid, balancing component of fatty acid. The concrete breeding work is to increase content of oil, oleic acid, protein; to cut down content of erucic acid, glucosinolate, linolenic acid; to harmonize proportion between linoleic acid and linolenic acid. On the premise of maintain double lower, focal point of selecting A-line and C-line are to raise content of oil, oleic acid, to reduce content of linolenic acid in our breeding work.

Conclusions

GCA effect of A-line has marked influence to F 1 six characters, GCA of C-line has marked influence to F 1 seven characters. SCA effect of A-line and C-line have marked influence to F 1 three characters only. Stearic acid is just affected by GCA and SCA. The results told us that the GCA of A-line and C-line have great influence to F 1 most quality characters. The quality characters of A-line and C-line must be improved.

A-line A4 and A9, C-line jian 1, Cj2-1, jian 2, and P27-1 have been tested for several years. The basic characters of them and their progeny accord with production demand. They can be used in production after making further test.

The study was conducted on population of 291 doubled haploid lines (DH). These lines were obtained with the use of "in vitro" culture of microspores collected from F 1 hybrid plants (Cegielska-Taras at al. 1997, 2002). The hybrid was obtained in cross combination: "high erucic, low glucosinolate line"×"zero erucic, high glucosinolate line". Parental lines differ greatly in origin and chemical composition. The population of DH lines was produced for constructing the genetic map of winter oilseed rape cultivated in Poland. It was expected that use of doubled haploid lines allow to obtain much better resolution than with inbreed lines.. DH lines are not only homozygous but also the segregation ratio should be more simple. Seeds from two self pollinated plant per line were collected and analysed. Chemical analyses of fatty acid composition in seed oil were made with gas liquid chromatography of their methyl ethers. Statistical analysis of segregation process were conducted using Microsoft Excel 97 and Statistica 5.1. programs.

Results and Discussion

Biosynthesis of fatty acids in ripening seeds of oilseed rape has following pathways [START_REF] Yadav | Cloning of higher plant omega-3 fatty acid desaturases[END_REF][START_REF] Cassagne | Biosynthesis of very long fatty acids in higher plants -Prog[END_REF], Slabas at al.1995[START_REF] Lassner | Lysophosphatidic acid acyltransferase from meadowfoam mediates insertion of erucic acid at the sn-2 position of triacylglycerol in transgenic rapeseed oil[END_REF],1996[START_REF] Clemens | Isolation of a Brassica napus cDNA (Accession No. AF009563) encoding 3-ketoacyl-CoA synthase, a condensing enzyme involved in the biosynthesis of very long chain fatty acids in seeds[END_REF][START_REF] Millar | Very long chain fatty acid biosynthesis is controlled through the expression and specifity of the condensing enzyme[END_REF] shown bellow:

where:

C 18:1 -denote acid with 18 carbon atoms in chain and with 1 double bond (oleic) a = Δ9-desaturase of stearic acid b = Δ12-desaturase of oleic acid c = Δ15-desaturases of linolic acid d = elongases of oleic and eicosenoic acids Elongation of oleic acid chain is blocked in seeds of zero erucic rapeseed. Genetic source of this trait was found as natural mutant in Liho variety of spring rapeseed. [START_REF] Stefansson | -Note on the isolation of rape plants with seeds oil free from erucic acid. -Can[END_REF][START_REF] Stefansson | -Selection of rape plants (Brassica napus) with seeds oil practically free from erucic acid. -Can[END_REF].

Variability of fatty acids in studied population of 291 DH lines is shown in table 1. With the use of DH lines it was possible to isolate not only zero erucic fraction, but also to split the rest of population in two fractions: high erucic and intermediate. Intermediate fraction was irregular but it was difficult to state two subfractions connected with genes from Brassica rapa and Brassica oleracea. Frequency distribution of erucic, eicosenoic and oleic acids are shown on Fig. 1, 2 and 3. 

Oleic acid content (%) Line number

These histograms were made with resolution approximately equal to standard deviation for line average. Histogram fractions contain many lines so differences in average values between them were very significant as it is shown in table 2. The ratios among the fractions set according frequency distribution of erucic, eicosenoic and oleic acid contents showed some deviations from theoretical segregation ratio 1:2:1. It was found:

-zeroerucic fraction 60 lines -intermediate fraction 145 lines -high erucic fraction 86 lines. Calculated χ 2 has value.4,649 with df=2 and probability of larger χ 2 is only P=0,098 what means that deviation from theoretical ratio is significant. This phenomenon can occur in DH lines populations. High erucic microspores (wild type) were probably preferred in haploidisation process.

Above analysis did not allow to split intermediate fraction into two subfractions connected probably with genes originated from Brassica oleracea (E o ) and from Brassica rapa (E r ). Four classes of segregates (00 00), (00 E o E o ), (E r E r 00) and (E r E r E o E o ) with ratio 1:1:1:1 can be expected in our population of DH lines. Method of multivariate grouping with 4 means were used to split DH lines in four groups according to contents of erucic, eicosenoic and oleic acids. Mean values of erucic, eicosenoic and oleic acids for these groups are shown in table 3 and their analyses of variance in table 4. 

Conclusions

1) Due to higher resolution it was possible to separate not only zero erucic fraction but also to split the rest of DH line population in two clearly separated fractions: high erucic and intermediate.

2) Intermediate fraction did not have visible separation in two subfractions. This suggest that genes originated from Brassica oleracea and B. rapa have similar control in synthesis of erucic and eicosenoic acids..

3) The number of DH lines in fractions estimated according to contents of erucic and eicosenoic acids was as follow: zero erucic -60 lines, intermediate -145 lines, high erucic -86 lines. It shows some deviation from theoretical ratios 1:2:1. High erucic microspores were probably preferred in tissue culture.

4) It was not possible to split intermediate fraction in two subfraction using one factor analysis. This separation was done with the use the method of multivariate grouping with four means. Four groups were obtained according to contents of erucic, eicosenoic and oleic acids. These groups contain 60, 69, 73 and 89 lines. Segregation hypothesis 1:1:1:1 cannot be rejected by χ 2 test but some deviation on benefit to wild type is also visible.

Introduction

The gene pool of oilseed rape breeding material has been considerably narrowed by the emphasis on specific quality traits, genetic variability is restricted with regard to many valuable characters. On the other hand the development of synthetic Brassica napus forms provides important basic germplasm for further improvements of seed yield, disease and pest resistance as well as relevant seed quality traits (Chen & Heneen 1989a[START_REF] Lühs | Genetic improvement of Brassica napus by wide hybridisation[END_REF].

Regarding seed quality traits some examples of introgression breeding are documented, such as the resynthesis approach to create new genetic variation for low glucosinolate content [START_REF] Gland | Gehalt und Muster der Glucosinolate in Samen von resynthetisierten Rapsformen[END_REF], Raney & Rakow 1995), the approaches developing of yellow-seeded rapeseed via interspecific crosses [START_REF] Chen | Resynthesis of Brassica napus L. through interspecific hybridization between B. alboglabra Bailey and B. campestris L. with special emphasis on seed colour[END_REF][START_REF] Chen | Inheritance of seed colour in Brassica campestris L. and breeding for yellow-seeded B. napus[END_REF], Rashid et al. 1994, Meng et al. 1998, Rahman 2001) and the development of quality RS lines [START_REF] Seyis | Development of Resynthesized Rapeseed (Brassica napus L.) Forms with Low Erucic Acid Content Through in ovulum Culture[END_REF][START_REF] Lühs | Genetic diversification of Brassica napus seed quality by wide hybridisation[END_REF].

Experiments were conducted by Chen & Heneen (1989b), [START_REF] Heath | Synthesis of high erucic acid rapeseed (Brassica napus L.) somatic hybrids with improved agronomic characters[END_REF], 1997), [START_REF] Rahman | Recurrent backcross: a method for transferring erucic acid allele into Brassica oilseed cultivars, B. campestris L. Yellow sarson as an example[END_REF], [START_REF] Lu | Introgression of genes into cultivated Brassica napus through resynthesis of B. napus via ovule culture and the accompanying change in fatty acid composition[END_REF] and [START_REF] Rahman | Fatty acid composition of resynthesised Brassica napus and trigenomic Brassica void of genes for erucic acid in their A genomes[END_REF] using interspecific Brassica hybridization in order to modify the fatty acid composition of oilseed rape. We know, that current double-low breeding material seems to be closely related and intensive quality breeding -using 'Liho'/'Oro' and 'Bronowski' spring rapeseed as unique donors for quality improvement -has also contributed to narrow the genetic base of oilseed rape. Using zero-erucic B. oleracea mutants [START_REF] Lühs | Genetics of erucic acid content in Brassica oleracea seed oil[END_REF] resynthesised B. napus were developed to provide novel genetic resource for both quality and yield improvement of oilseed rape [START_REF] Seyis | Development of Resynthesized Rapeseed (Brassica napus L.) Forms with Low Erucic Acid Content Through in ovulum Culture[END_REF].

Furthermore, the potential for hybrid rapeseed cultivars is well documented [START_REF] Schuster | Investigations into breeding depressions and heterosis effects in rape (Brassica napus oleifera)[END_REF][START_REF] Sernyk | Heterosis in summer rape. (Brassica napus L.)[END_REF]Grant & Beversdorf, 1985;Lefort-Buson, 1987;Brandle & Mc Vetty, 1989). For this aim different pollination systems were developed [START_REF] Buzza | Plant Breeding[END_REF]. CMS-systems (cytoplasmatic male sterility systems) like the Ogu/INRA CMS-System [START_REF] Delourme | Hybrid rapesed breeding and production[END_REF], and the MSL-System (male sterility system) [START_REF] Paulmann | Erfahrungsbericht zur Entwicklung und Saatguterzeugung von restaurierten Winterraps-Hybridsorten. Bericht über die 48. Tagung der Arbeitsgemeinschaft der Saatzuchtleiter[END_REF].

As oilseed rape breeders today are seeking for genetic diversity in their hybrid breeding programmes resynthesised B. napus (RS lines) forms are gaining interest [START_REF] Lühs | Genetic improvement of Brassica napus by wide hybridisation[END_REF][START_REF] Girke | Neue Genpools aus resynthetisiertem Raps für die Hybridzüchtung[END_REF]Seyis, 2003). Howevere, because of the low yield potential of RS lines their use is more directed to deve¬loping semi-synthetic rapeseed forms (cf. [START_REF] Kräling | Utilization of genetic variability of resynthesized rapeseed[END_REF][START_REF] Friedt | Utility of winter oilseed rape (Brassica napus L.) cultivars and new breeding lines for low-input cropping systems[END_REF] or backcross breeding procedures to introgress the novel genetic diversity.

The present work deals with the development of quality resynthesised rapeseed forms using 00-B. rapa forms and low erucic B. oleracea mutants and their use in developing rapeseed hybrids. This project is an ongoing project at it's beginning and therefore we will present some results and the main object of this project.

Materials and Methods

Individual zero-erucic B. oleracea plants belonging to the three accessions 'Kashirka 202' and 'Ladozhskaya' [START_REF] Lühs | Genetic diversification of Brassica napus seed quality by wide hybridisation[END_REF][START_REF] Lühs | Genetics of erucic acid content in Brassica oleracea seed oil[END_REF][START_REF] Seyis | İdentification of İndividual Brassica oleracea plants with low erucic acid content[END_REF] and Eisenkopf were crossed with different B. rapa quality types, namely '15080' and '15591', kindly provided from the Institute of Crop Science and Plant Breeding I, Justus-Liebig-University. The fatty acid composition of this material is shown in Table 1.

The efficiency of interspecific crosses (Fig. 1) will be aided by embryo rescue protocols as described earlier [START_REF] Lühs | Present state and prospects of breeding rapeseed (Brassica napus) with maximum erucic acid content for industrial applications[END_REF][START_REF] Seyis | Development of Resynthesized Rapeseed (Brassica napus L.) Forms with Low Erucic Acid Content Through in ovulum Culture[END_REF]. Cuttings from obtained hybrids will be treated with colchicine in order to obtain amphidiploid B. napus plants (C 0 ) and will be then artificially vernalised for 8 to 10 weeks at 5 °C.

Fig. 1: İn ovulum method in producing resynthesised B. napus [START_REF] Seyis | Development of Resynthesized Rapeseed (Brassica napus L.) Forms with Low Erucic Acid Content Through in ovulum Culture[END_REF] 

Results

As described earlier the fatty acid composition of used material can be seen in Table 1. These values were determined in seed samples of these genotypes. Therefore seeds of these genotypes were directly sown in pods and were vernalised as described before. Unfortunately, the B. oleracea genotypes Kashirka and Ladozshkaya did not flower and all plants from the B. rapa genotype 00-15591 died during vernalization. Therefore, only crosses could be made with Eisenkopf and 00-15080 (Table 2). İn this table only obtained immature pods and transferred ovules are given in numbers. Only one plant were obtained from the crosses 00-15080×PI 246111. This plant were multiplicated using cuttings and will be now vernalized under defined conditions.

Discussion

Resynthesised rapeseed forms were developed earlier [START_REF] Lühs | Genetic diversification of Brassica napus seed quality by wide hybridisation[END_REF][START_REF] Seyis | Development of Resynthesized Rapeseed (Brassica napus L.) Forms with Low Erucic Acid Content Through in ovulum Culture[END_REF]. But because of the high glucosinolate content of the B. oleracea parents the developed hybrids showed mainly 0+-quality.

The B. rapa genotypes used in this work display both glucosinolate contents of 2-3 μmol. Of course, the developed RSlines will have high amounts of glucosinolates, but if they were used in developing rapeseed hybrids, we hope to reduce this character for a further extent. 

Conclusions

RS-lines were used before in the development of rapeseed hybrids (Seyis et al., 2003;[START_REF] Girke | Neue Genpools aus resynthetisiertem Raps für die Hybridzüchtung[END_REF]. But the used RSlines were either spring forms or have traditional quality characters. İn our case, we hope to develop RS-lines with both winter character and low erucic acid content to use them in the development of rapeseed hybrids

The traditional seed quality of resynthesised B. napus is limits often the broad use of this novel gene pool in modern double-low rapeseed (canola) breeding prorammes. With the development of above described genotypes we hope to overcome this problem.

Introduction

The basic oil plant in Poland is winter rapeseed. However, in Polish climatic conditions frosty winters may cause significant losses on winter rapeseed plantations. A spring oil seed plant is needed to replace winter rapeseed in case of major winter losses. Usually spring rapeseed is used for this purpose. Spring rapeseed is yielding very variable due to its sensitivity to drought. White mustard may be better spring oil-protein plant after the improvement of its chemical composition. Among cruciferous plants, it is most resistant to the deficiency in precipitation during vegetation period, which occur very often in our country [START_REF] Dembinski | Rosliny Oleiste[END_REF]. Investigations by [START_REF] Cz | Produkcyjnosc alternatywnych roslin oleistych w warunkach Wielkopolski oraz zmiennosc ich plonowania (Productivity of alternative oilseed crops growing in Wielkopolska region and variabilityof their yielding)[END_REF] show that white mustard is a plant most constantly yielding among all spring oil plants.

The seeds of white mustard are yellow and have reduced content of fiber as compare with rapeseed [START_REF] Ochodzki | Zmiennosc skladu chemicznego odtluszczonych nasion rzepaku o niskiej zawartosci wlokna (Variation of chemical composition of defated rape seeds selected for low fibre content)[END_REF]. They are rich in protein with good aminoacid composition (Krzymanski at al.1991); [START_REF] Slominski | Chemical composition and nutritive value of Canola-Quality Sinapis alba mustard[END_REF]. Varieties cultivated up to now (table 1) contain erucic acid in seed oil and glucosinolates, which remain in meal after oil extraction [START_REF] Dembinski | Rosliny Oleiste[END_REF][START_REF] Krzymanski | Sklad olejow w nasionach krajowych roslin oleistych -Hodowla Roslin Aklim[END_REF][START_REF] Krzymanski | Selekcja gorczycy białej o niskiej zawartosci glukozynolanow (Selection of white mustard for low glucosinolate content)[END_REF][START_REF] Krzymanski | Development of low glucosinolate White Mustard (Sinapis alba L. syn. Brassica hirta)[END_REF] White mustard may become an alternative, oil-protein crop sown in spring. To achieve this target white mustard should be improved through the breeding of new double low varieties without erucic acid and very low in glucosinolate content [START_REF] Krzymanski | Selekcja gorczycy białej o niskiej zawartosci glukozynolanow (Selection of white mustard for low glucosinolate content)[END_REF][START_REF] Krzymanski | Development of low glucosinolate White Mustard (Sinapis alba L. syn. Brassica hirta)[END_REF][START_REF] Pietka | Postepy prac nad tworzeniem gorczycy bialej podwojnie ulepszonej (Progress in the breeding of white mustard (Sinapis alba L.) for double low quality)[END_REF][START_REF] Pietka | Gorczyca biala podwojnie ulepszona -alternatywna jara roslina oleista (Double low white mustard (Sinapis alba L.) -alternative spring oilseed crop)[END_REF][START_REF] Raney | Selection for high oleic acid in "zero" erucic acid Sinapis alba L[END_REF]Katepa-Mupondwa et al. 1999;[START_REF] Slominski | Chemical composition and nutritive value of Canola-Quality Sinapis alba mustard[END_REF].

The first step in improving white mustard was achieved -Polish zero erucic white mustard variety Bamberka was licensed last year. Its chemical characteristic is given in table1.

Materials and methods

White mustard population used in research and breeding was obtained through crossings of 15 Polish and foreign varieties. This population was selected during many years. An individual plant selection or half seed selection was applied. The 1 st stage of research resulted in low glucosinolate and low erucic lines [START_REF] Krzymanski | Development of low glucosinolate White Mustard (Sinapis alba L. syn. Brassica hirta)[END_REF]. These lines were crossed to initiate population of hybrids for breeding new double improved lines of white mustard [START_REF] Pietka | Postepy prac nad tworzeniem gorczycy bialej podwojnie ulepszonej (Progress in the breeding of white mustard (Sinapis alba L.) for double low quality)[END_REF][START_REF] Pietka | Gorczyca biala podwojnie ulepszona -alternatywna jara roslina oleista (Double low white mustard (Sinapis alba L.) -alternative spring oilseed crop)[END_REF]. The selection was conducted for lower erucic acid and glucosinolate content, and especially sinalbin -the main glucosinolate of white mustard seeds.

Genotypes without erucic acid were obtained through:

-individual plant selection with the use of two plants sib mating -individual selection of plants obtained from half seed analysis The seed was swollen and outer cotyledon was removed for chemical analysis and second cotyledon with germ was used for plant growing and production the seed of next generation.

Selection for genotypes with lower glucosinolates content was carried out using the following methods:

-selection of progenies from single plants obtained by free pollination, -selection of progenies from plants produced by two plants sib mating, -individual selection of plants from selfpollination at bud stage (method is described by [START_REF] Brown | Developing Canola Quality cultivars of yellow mustard (Sinapis alba L.)[END_REF]) -individual plant selection on the basis of chemical analyses of seeds from first siliques and then cross pollination among still flowering selected plants The last method was proved to be the most efficient. The composition of fatty acids were determined by gas chromatography of methyl esters [START_REF] Byczynska | Szybki sposob otrzymywania estrow metylowych kwasow tłuszczowych do analizy metoda chromatografii gazowej[END_REF]). Glucosinolate content and composition were determined by gas chromatography of sillyl derivatives of desulphoglucosinolates (Michalski et al. 1995).

Results and discussion

Fatty acid composition in seed oil from new zero erucic Bamberka variety is compared with fatty acid composition in seed oils of traditional varieties Nakielska and Borowska varieties (Table 1). 561lines of white mustard from research project were analysed on fatty acid composition in seed oil and on glucosinolate content in seeds. This generation was still segregating according these traits characterised by in seeds. Variability estimated for contents of erucic acid and glucosinolates is presented in table 2. The content of erucic acid in investigated lines ranged from 0.0-13.3% with high variability coefficient 120.1%. It points out to the possibilities of further selection for the content of this component.

Also the high coefficients of variability for the contents of individual glucosinolates: gluconapin, progoitrin, 4hydroxybrassicin, sinalbin and for total of alkenyl glucosinolates and total of all glucosinolates, confirmed the differenciated nature of the investigated population of white mustard in respect to these characteristics. A very high coefficient for the content of sinalbin indicates the larger number of lines with the lowest and zero content of this component.

On the basis of chemical analysis 46 lines were chosen for further research and breeding works. These lines compared to initial population are shown in table 2. Chosen lines are free from sinalbin -the main glucosinolate of white mustard. High coefficients of variability for the remaining examined characteristics show the possibility of progress in further decreasing the content of these harmful components.

Coefficients of correlation among examined traits were calculated for both populations before and after selection. Large number of lines before selection allowed for determining even weaker correlation's as statistically significant at the level of α=0.01 (Tab.3).

All investigated glucosinolates (apart from sinalbin) are positively correlated. High correlation was stated for progoitrin and total of alkenyl glucosinolates, and the sum of all glucosinolates. It can be expected because progoitrin is the main component of alkenyl glucosinolates and the sum of all glucosinolates. Lower but also highly significant correlations were stated between the content of 4-hydroxybrassicin and the sum of all glucosinolates. The content of sinalbin is negatively, nonsignificantly correlated with progoitrin, the sum of alkenyl glucosinolates, 4-hydroxybrassicin and sum of all glucosinolates.

Similar co-variability's occurred between investigated glucosinolates for lines for further studies. The selection in still segregating population is continued with the aim to obtain new lines with lower values for the examined traits.

Larger variability of morphological traits of white mustard seeds was obtained through chemical and physical mutagenesis [START_REF] Olejniczak | Efekt dzialania roznych mutagenow w pokoleniu roslin M1i M2 gorczycy bialej (Eeffects of different mutagens in M1 and M2 generation of white mustard (Sinapis alba L.)[END_REF]. Olsson (1960) obtained dwarf forms of white mustard using×rays. Mutagenesis appeared to be less effective than methods which we used in respect of white mustard variability. 

Conclusions

Genotypes of white mustard characterised by significantly lowered content of erucic acid and glucosinolates and by zero content of sinalbin were obtained.

Substantial progress was made on the way to double improved white mustard as an alternative to spring oilseed rape. Double low varieties of white mustard as oil-protein crop can be good alternative in the area where conditions of drought period during growing period is frequent.

GENETICS AND BREEDING

Genetics and Germplasm

Introduction

Rapeseed (canola) is among the world's most important oilseed crops. The eight major producing countries are Australia, Canada, China, France, Germany, India, Poland and the UK. These countries account for 98% of total world rapeseed production. China produced 11,410,000 tonnes of rapeseed in 2003 (32% of total world production) and was the world's largest producer, followed by Canada (6,669,000 tonnes) and India (3,842,000 tonnes). The three European countries France, Germany and the UK produced a total of 8,750,000 tonnes more than Canada. There also is significant rapeseed production in Australia (1,622,000 tonnes). The total world rapeseed production in 2003 was 36,146,000 tonnes.

The European countries grow the winter annual form of Brassica napus and achieve seed yields of about 3,000 kg/ha (France, Germany, UK) while in Canada the summer annual form of B. napus is grown in the western prairie provinces with average seed yields of about 1,000 to 1,500 kg/ha. Summer as well as semi-winter types of B. napus are grown in China with seed yields similar to those in Canada. Seed yields in India are less than 1,000 kg/ha, and production is based on B. rapa and B. juncea species cultivars.

Materials and Methods

Currently the most widely grown and most productive species is Brassica napus, grown as a high yielding winter annual crop in western Europe with seed yields of greater than 3 to/ha. Canada and Australia utilize summer annual forms of B. napus and China grows both, summer and winter annual forms. India grows primarily B. juncea Indian mustard as an oilseed crop. There are large semi-arid growing regions in the world that cannot successfully cultivate B. napus which is a cool season crop. The mustard species B. juncea has much better heat and drought tolerances than B. napus, and also has much better pod (seed) shatter tolerance than B. napus. Canola-quality B. juncea cultivars should be developed to expand rapeseed production into the dry areas of the world and thereby increase rapeseed production (Potts et al. 1999). Countries such as China (north-western China), India, Australia and parts of western-Canada would then be able to significantly increase their productions. Brassica carinata is another potential species for production in dry areas, and is viewed by some researchers as the most heat and drought tolerant and best blackleg resistant of the three amphidiploid Brassica oilseed species. Again, the development of canola-quality lines is a prerequisite for its utilization as an oilseed crop. Brassica rapa which has been grown in Canada on significant acreages in the past and is still grown in parts of China and India, as well as in Scandinavian countries will be of importance for very short season growing areas. We have conducted research in Sinapis alba yellow mustard and developed canola-quality material as a starting point towards an oilseed S. alba crop for dry areas (Katepa-Mupondwa et al. 1999).

Blackleg disease caused by the fungus Leptosphaeria maculus is the most important disease in Brassica oilseed crops and in particular for B. napus [START_REF] Brun | Five years of field experiments on the potential durability of the resistance of highly resistant Brassica napus lines to Leptosphaeria maculans[END_REF][START_REF] Relf-Eckstein | Breeding Brassica napus canola for blackleg resistance and seed quality[END_REF]. Genes for resistance to blackleg have been identified and are being incorporated into new cultivars [START_REF] Delourme | Mapping specific resistance genes to Leptospaeria maculans in rapeseed (Brassica napus L.)[END_REF]. There are minimum requirements for levels of blackleg resistance for registration of new cultivars. Resistance breeding is the most cost effective method for the protection of rapeseed from blackleg disease. Pathologists distinguish between qualitative seedling resistance and quantitative adult plant resistance. Brassica juncea has good levels of blackleg resistance and levels in B. carinata seem to be even greater which will make these two species a valuable addition to the canola (double low) "rapeseed" species portfolio.

Stem rot disease caused by Sclerotinia sclerotiorum is a major threat to rapeseed production in all Brassica species. Resistance breeding is difficult and fungicidal control of the disease is complicated since predictions for the possible occurrence of infections are not always reliable. Chinese researchers have made significant progress in developing stem rot resistant B. napus cultivars [START_REF] Liu | Advance in research and control of diseases in oilseed rape in China[END_REF]. One quarter of the total Chinese rapeseed acreage was planted to the resistant cultivar Zhongyou 821 during the 10 year period 1988-1998 and stem rot resistant canola-quality material is now also available (Wang et al. 2003).

White rust disease is caused by Albugo candida. This disease is not found in B. napus, all cultivars are highly resistant to this disease. However, B. rapa and B. juncea are highly susceptible and the use of B. rapa and also B. juncea parents in crosses with B. napus has resulted in white rust susceptible B. napus in China. The disease is severe in B. juncea in India and resistant germplasm is desperately needed (Yadav & Kumar 2003).

The development of hybrid cultivars is an important method for increasing and stabilizing seed yields. In Canada and Europe, hybrid cultivar breeding in B. napus is conducted by private companies. The genetic diversity for hybrid breeding in B. napus is limited and new genetic diversity must be created to make hybrid development profitable [START_REF] Quijada | Phenotypic effects of introgressing French winter germplasm into hybrid spring canola[END_REF], Udall et al. 2004, Qian et al. 2006). Hybrid cultivars could also be developed in B. rapa, B. juncea and B. carinata in the future. The genetic diversity in B. rapa and B. juncea germplasm is much greater than in B. napus, and therefore prospects for the development of superior hybrid cultivars in these species is excellent. We still need to research hybrid seed production systems to improve the economics of production of hybrid seed, and to guarantee high levels of hybridity in commercial hybrid seed for reliable hybrid performance.

The genetic improvement of oil and meal quality of Brassica oilseeds will be important an aspect to increase sustainable production. The methods for increasing oil and protein contents are well established. The creation of low fibre (yellow-seeded) B. napus was accomplished through interspecific crosses (Rashid et al. 1994, Rahman 2001) and the next task is to improve agronomic performance, disease resistance and seed quality (oil and protein contents) of low-fibre yellow-seeded lines and to develop hybrid cultivars. Development of high stability specialty oils with high oleic and low linolenic acid contents in B. napus was accomplished through seed mutation [START_REF] Rakow | Selektion auf Linol-und Linolensäuregehalt in Rapssamen nach mutagener Behandlung[END_REF] as was the development of low saturated fat B. napus (Raney et al. 2003).

The development of transgenic herbicide tolerant B. napus canola has been pioneered in Canada where 85% of the total acreage was planted to herbicide tolerant cultivars in 2002 [START_REF] Downey | Transgenic rapeseed-grower adaptation and consumer acceptance[END_REF], and the acreage planted to GM canola has further increased in recent years, in particular the acreage sown to Liberty Link herbicide tolerant hybrid cultivars because of their superior agronomic performance. The contribution of GM breeding technology has had a major impact on the sustainability of canola production in Canada. This technology is not available to producers in other countries, except the USA, due to government legislation and regulations.

Results

Brassica juncea canola was successfully developed in Canada in a collaborative research project between the Saskatchewan Wheat Pool and AAFC Saskatoon Research Centre.

The B. juncea lines J90-4316 and PC97-32 are of the zero erucic acid, low glucosinolate (non-allyl glucosinolate) type. Low oleic acid content in wild type zero erucic acid B. juncea of about 45% is not acceptable by the canola industry in Canada, the line PC97-32 has an oleic acid content comparable to that of B. napus canola of 65%. The blackleg resistance of B. juncea canola is excellent. The Saskatchewan Wheat Pool has developed several cultivars (Arid, Amulet, Dahinda, Estlin) that are currently marketed under contract production. There have been many successes in developing disease resistant cultivars continued breeding work will produce the needed resistances. Hybrid cultivar breeding was initiated in the early 1980s and hybrid cultivars have captured a significant portion of the canola acreage in many countries. There have been major improvements in canola oil and meal quality, and genetic and breeding research was the key in the development of the rapeseed crop. The next goal will be the creation of low fibre meal (yellow-seeded) cultivars.

Discussion

Species diversification will contribute significantly to increased sustainable rapeseed (canola) production in the future. Examples will include drought and heat tolerant B. juncea canola cultivars that are highly resistant to blackleg disease and shatter tolerant. It will genetically be more efficient and easier to modify the seed quality characteristics of an adapted species such as B. juncea rather than try to adapt B. napus to dry growing conditions. Similarly, for very short season growing areas, the early maturing B. rapa species is the species of choice. It needs to be seen where B. carinata and S. alba have a place as oilseed species in the world. Our breeding efforts have to focus on species diversification to reduce the dangers associated with world wide monoculture of B. napus to minimize disease risks and to realize the production potential inherent in the other species for a sustainable Brassica oilseed production.

Hybrid cultivar development must be a goal in all species to stabilize and increase seed yields, hybrid cultivars will also handle stress conditions (biotic and abiotic) better than open pollinated cultivars. Quality breeding will continue to play an important role in improving the competitiveness of oilseed brassicas compared to other oilseeds. We will have to pay special attention to meal quality improvements to ensure its future use as a high quality protein supplement in animal feed relative to soybean meal with the expected increase in the rapeseed acreage due to growing demands of rapeseed oil as a biofuel (biodiesel).

Conclusions

Genetic studies and breeding of improved high quality Brassica oilseed cultivars and hybrids will make the greatest contribution to sustainable rapeseed production in the future. It will be important that we continue to provide the needed financial and human resources to rapeseed breeding research and cultivar breeding so that these goals can be achieved.
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National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan 430070,China Email: ymzhou@mail.hzau.edu.cn China is the largest country for rapeseed production and consumption in the world. The growth areas and total production of rapeseed in China are about 7.0×10 6 hm 2 and 1.1×10 7 t, respectively, both being largest in the world and accounting for one third of globe's. Great progresses have been made in seed yield per unit, total production and quality improvements since the introduction of Brassica napus into China. The successful development and extension of hybrids since the discovery of Pol cytoplasmic male sterility (Pol CMS) at large areas has contributed significantly to the elevation of rapeseed production in China. We summarize in this article the rapeseed production and genetic improvement and outline the perspectives of rapeseed breeding and production in China.

Development of rapeseed production in China

The growth of Brassica napus reached over 85% of total Brassica oil crops acreage and became the major type of Brassca oil crops in China in 1980s although the crop was only introduced into China in 1940s. Rapeseed production in China has been developed fast in China since 1980s and especially 1990s. Compared with that in 1950-60s, the planting acreage has been raised 3-4 times, and the total yield has been increased more than 10 times (Table 1). There are three major reasons for the fast development of the rapeseed industry in China. (1) Market demand. Over last 10 years the consumption of edible vegetable oils increased at an average of 0.5 million tones per year in China. Due to the increasing demand of edible plant oils China needs to import about 3-4 million tones of edible vegetable oils per year. ( 2) Development and extension of new varieties with high yield and good qualities as well as the improvement of cultivation techniques. With the new varieties and techniques, farmers have gained better economic benefits, which in turn stimulated the growth of rapeseed production. ( 3) Increased growing acreage of rapeseed in the Yangtze River Basin. Currently, the acreage of rapeseed growth in this region accounts for 80% of rapeseed growth in China. There had been grown wheat in the Yangtze River Basin, but the yield and quality were not good due to the rainy weather during springs. Farmers therefore turned to growing rapeseed from traditional growing of wheat.

Rapeseed breeding in China

Rapeseed breeding is facing two reforms in China. One is to replace double high cultivars with double low ones, and the other is to extend hybrid varieties instead of open-pollinated (OP) cultivars.

The introduction of Oro and Tower in later 1970s marked the beginning of quality breeding programs in China. Since then, a number of double low varieties have been registered. Since 1990's the improvement of both quality and yield has been achieved by combined quality improvement with heterosis utilization.

From table 2, we can see that the seed yield of OP varieties has been increased by 18% (-8.0%→10%) compared with CK, Zhongyou821 (double high), from 1994 to 2004. A similar trend can also be seen in hybrid varieties (7.05%→25%=18%). An average 1.8% of the yield advance per year has been achieved in this period and there is similar achievement in OP and hybrid varieties. But the yield of hybrid varieties was 10-15% more than that of OP varieties.

From 2000-2004, there are 170 varieties registered in China. Most of them were hybrids. According to table 3, there were 170 cultivars registered during recent 5 years. OP variety was 47 (about 22%). The ratio of hybrids (170) was about 78%. Among 170 hybrids, 107 cultivars (about 63%) were developed using CMS system (most of them used Pol and Shan 2A CMS), and 47 hybrids (about 27.6%) were based on GMS (genic male sterility) system. The utilization of GMS system was developing quickly. In addition, there were 4 hybrids by using GC (gametocides), and 12 by EMS (ecotype male sterility). The wide application of hybrids recent years has resulted in the significant increase of sees yield per unit. The planting area of double low varieties is enlarging at the present. Among the total planting acreage, over 70% is double low varieties and hybrid varieties. However, the amount of double low seeds for processing is lower than expected because processing factories mixed the seeds from different sources of double low seeds and traditional double high seeds. Pol CMS Hybrids have been grown more than 50% of the total hybrid rapeseeds in China. In addition, progresses in breeding for disease resistance, yellow seeds and lodge resistance have been made over the last few years.

The future trends of rapeseed production and breeding in China

(1) To enlarge the planting area to meet the market demand. At the present, the consumption of edible vegetable oils in China is about 12 million tones per year, but the total output of edible vegetable oils is just 8.5-9.0 million tones. There is a shortage of 3.0-4.0 million tones. We predict that the rapeseed planting acreage will reach to 7.5-8.0 million hectares in next 10 years.

(2) To develop some simple cultural techniques. The transplanting acreage in the Yangtze River Basin will be decreased rapidly because of the transfer of farmers from countryside to city. Meanwhile, several of simple cultural methods will be extended, such as, zero tillage, directly sowing seeds, and intercropping with rice and cotton. Those methods could affect seed yield. The utilization of herbicides is predicted to increase gradually. This means that the transgenic rapeseed with the tolerance to herbicide could be permitted to use at first if Chinese government allows the GMO rapeseed to be grown in China.

(3) Development of hybrids with good quality is the major breeding goal in coming years. The hybrid planting area will be over 60% in next 3-5 years. Besides CMS system, GMS will be used widely. EMS and GC might be used in some scale. The currently used system is polima cms in China, and it belongs to high temperature male sterile type, which has trace pollen under the lower temperature condition, but no pollen under high temperature. There are three methods to solve this problem. One is to develop stable Pol CMS lines by selecting maintainers. The second is to produce hybrid in spring planting area, where the temperature is high during rapeseed flowering. It could increase the hybridization ratio of 5-10%. The third is to utilize GC. Some agents can control the production of trace pollens by only spraying once. In addition, to select some new stable CMS, such as, Ogu CMS is a good way.

(4) To increase the oil content and enhance the disease resistance on the bases of "double low + heterosis". The oil content will be raised up 2-3 percentages in the coming 3-5 years in the Yangtze River Basin. The advance in yellow seed Brassica napus has been quick. We predict that the yellow seed B.napus will be extended in 3 years (5) To develop new cultural techniques to make double low rapeseed a value-added crop. There are two successful techniques developed so far. A technique to make double low rapeseed as both ① vegetable and oilseed crop. This technique should have a good future because of its higher efficiency. When the rapeseed plants grow up about 40cm in height, the main stems are cut about 15-20cm from top and used as a kind of fresh vegetable or for making of dehydrated vegetable. After cutting, some fertilization should be put on to make the plants grow out more branches. In this way, the seed yield is not affected, sometimes, even increased about 3-4%, but the maturity will be delayed about 3 days. In the Yangtze River Basin, especially the countryside around city, the technique will be got more useful. ② We conducted hybrids of rapeseed used as forage after wheat harvested in the poor pastoral areas (above altitude of 2000-2500 meters) along a wide area of Northwestern China (Tibet, Inner Mongulia, Gansu Province), where wheat is harvested in late July, and it is impossible to have another crop because the winter comes early in this area. We used the idea of forage rapeseed hybrid F 2 as planted in early August, so making full use of 70-80 day's light, heat, water and soil source, which can produce up to 37-45 tons/ha of green foliage as livestock feeds. This technology made the period of the fields covered by the crop postpone two months and benefit environmental protection. (6) To improve the processing technique and scales. There are so many small processing factories with some old equipment and less-advanced techniques right now. With the establishment of new modern factories, they will eventually be sifted out in market competition. The new modern factories will supply market with new and better rapeseed products, and this will promote consumption market to grow at a faster pace. For example, concentrated proteins and phytic acid from rapeseed meal have been produced in some factories. Such techniques will accelerate the development of fine processing of rapeseed products.

Introduction

Crop Brassicas lack many useful traits which cause considerable economic losses. Fungal diseases viz. alternaria blight, black leg; and aphids,salinity and drought are the major biotic and abiotic stresses. Enriching conventional germplasm with alien genes from the related germplasm and widening the genetic base is a desirable approach. Majority of species in this germplasm are wild and weedy, and carry genes which can confer agronomic advantages to conventional cultivars (Table 1). This germplasm has the potential to exchange genetic material with crop species as evidenced by chromosome pairing in the hybrids between them. In view of advances made in molecular biology, identification of QTL for productivity traits and pyramiding them into crop cultivars assume significance. 

Cytogenetical architecture of Brassica coenospecies

Initial investigations on wild germplasm were confined to mainly determine the chromosome numbers. Manton (1932) in her pioneer work reviewed the substantial portion of Cruciferae family for somatic chromosome numbers. Mizushima (1950 onwards) studied cytology in a number of interspecific and intergeneric hybrids and arrived at genome homoeology. However, a major step was by [START_REF] Harberd | A contribution to cytotaxonomy of Brassica (Cruciferae) and its allies[END_REF] who classified Brassica related wild germplasm which he referred to as Brassica coenospecies into cytodemes based on chromosome pairing and fertility in a large number of interspecific and intergeneric hybrids. Initially 11 genera comprising Brassica, Coincya (Hutera), Diplotaxis, Eruca, Erucastrum, Hirschfeldia, Sinapis, Sinapidendron and Trachystoma of subtribe Brassicinae, and 2 genera from subtribe Raphaninae viz. Enarthrocarpus and Raphanus were included. Recent investigations involving cytogenetics and cp DNA homologies strongly suggested the inclusion of 3 more genera viz. Moricandia, Pseuderucaria and Rytidocarpus of subtribe Moricandiinae (see [START_REF] Warwick | Phylogeny of tribe Brassiceae (Brassicaceae) based on chloroplast restriction site polymorphisms and nuclear ribosomal internal transcribed spacer (ITS) and chloroplast trnL intron sequences[END_REF]. At present 63 cytodemes are recognized including those of the crop species. Majority of cytodemes are diploids (around 60%). Auto-and allopolyploidy have also participated in the evolution of a number of cytodemes. The lowest chromosome number in coenospecies is 2n=14,while 2 species Moricandia spinosa (2n=84,x=6) and Brassica repanda (2n=160,x=8), both autopolyploids, have the highest chromosome numbers. The genus Moricandia is exclusively polyploid. The distribution of wild germplasm is mostly centered in 3 phytochoria viz. Mediterranean, Irano-Turanian and Saharo-Sindian extending from Iberian peninsula to north-west of India. However, most variability occur in Algeria, Morocco and Spain. There were several expeditions to collect wild germplasm during 1970-75 notably by Prof. C.Gómez-Campo of Spain, Profs. U.Mizushima, S.Tsunoda and K.Hinata of Japan. Large collections were made and deposited in Crucifer Gene Banks at Universidad Politecnica, Madrid, Spain and Tohoku University, Sendai, Japan. 

Utilization

A vast majority of taxa in the coenospecies belong to secondary and tertiary gene pool, thus rendering their genes inaccessible to breeding programs. Several types of barriers restricting wide hybridizations operate which include unilateral incompatibility, and pre-and post fertilization barriers These are overcome through hybrid ovary and embryo cultures. However, the spectacular advances in protoplast fusion technology during last 25 years have circumvented even the tribal boundaries. As a consequence, a vast number of sexual and somatic hybrids have been obtained. Sexual hybrids have been studied for their cytology to interpret genome relationships. High genome homeologies have been proposed among different genera even across subtribal boundaries. In several instances, synthetic alloploids have been obtained to restore fertility following chromosome doubling. Although the successful cell fusion in Cruciferae was attempted by Kartha et al (1974), the first somatic hybrid B.rapa + Arabidopsis thaliana was regenerated by Gleba & Hoffman (1979). Subsequently, a large number of somatic hybrids have been obtained combining crop species with taxonomically divergent wild species. These include interspecific, intergeneric and a substantial number of intertribal combinations from six different tribes (Table 2). In many instances, the desirable trait is expressed in the hybrids, however, the introgression remains a probelem due to lack of sufficient intergenomic chromosome homoeology and also high degree of sterility. Nevertheless, in some instances, genes have been introgressed and characters expressed e.g. resistance to beetcyst nematode from Raphanus, alternaria leafspot from Diplotaxis erucoides and black leg from Brassica tournefortii and Sinapis arvensis. In somatic hybrids, desirable characters have also expressed e.g. high erucic and nervonic acid content, high level of zink accumulation, C3-C4 intermediate photosynthesis etc. However, their introgression has not largely been possible. The most rewarding utilization is in developing alloplasmics combining cytoplasm of wild species with the crop nuclei for expressing male sterility. Stable cytoplasmic male sterile lines have been obtained in B.rapa, B.juncea and B.napus. These are based on Arabidopsis thaliana, Brassica tournefortii, Diplotaxis catholica, Eruca sativa, Erucastrum canariense, Moricandia arvensis, Orychophragmus violaceus, Raphanus, Sinapis arvensis and Trachystoma ballii cytoplsms. Fertility restoration genes have been introgressed from respective cytoplasmic donors for some of the systems. Heterotic B.napus hybrids based on Raphanus/ogu system have been marketed in Canada and Europe. B.juncea hybrids based on Moricandia sustem have been developed in India and are now in advanced state of field trials.

Several wild species genomes have been dissected and chromosome addition lines have been generated. The species include Arabidopsis thaliana, Brassica oxyrrhina, Crambe abyssinica Diplotaxis erucoides, Moricandia arvensis, and Sinapis arvensis. Genes controlling traits of interest have been located and in some cases introgressed to crop species. Chromosome additions have been characterized through RAPD, RFLP, AFLP and FISH.

Future perspectives

Many articles have appeared in the last 75 years on various aspects of wild germplasm. Unfortunately, this germplasm has not been thoroughly characterized for various traits and available information is fragmentary. It is to be systematically investigated for proper utilization. Also more collections are needed from centers of variability before these species become extinct due to extensive cultivation. Introgression of desirable genes requires knowledge of precise location on chromosomes. Genome dissection and generating various chromosome addition lines in the background of crop genomes are desired goals. In situ hybridization techniques will be helpful to identify such additions with more precision. In the absence of intergenomic chromosome pairing, translocations can be induced through mutagenesis. Asymmetric somatic hybridizations in several instances have been carried out to achieve such introgression successfully. In view of advances made in molecular biology, identification of QTL for productivity traits and pyramiding them into crop cultivars assume significance.

Introduction

Hybrid vigor or heterosis is the superior performance of heterozygous hybrid progeny over both homozygous parents. Oilseed rape (Brassica napus L.) shows high levels of heterosis which the reason that oilseed rape breeders worldwide are interested in the development of F 1 hybrid cultivars. However, commercial production of hybrids requires a reliable and costeffective pollination system for the production of hybrid seed. Different methods can be used to prevent self-pollination of the female line, such as application of male-specific gametocides, genetic male sterility and cytoplasmic male sterility. Cytoplasmic male-sterile (CMS) lines have a mutation in their mitochondrial genome, and the male sterility is inherited as a dominant, maternally transmitted trait. CMS can be used for hybrid seed production only if (1) CMS mutants are available; (2) (nuclear) restoring genes are available to restore the fertility of the CMS lines when seed is the commercial product; and (3) the CMS mutation is not associated with a yield penalty [START_REF] Eva | Hybrid seed production and the challenge of propagating male sterile plants[END_REF]. In spite of these difficulties, for B.napus, CMS mutants are successfully used for hybrid seed production since spontaneous male sterile plants were found in Polima (pol CMS) in 1972 (Fu 1981, Fu et al.1995). Pol CMS lines can be divided into three categories according to the sensitivity of male sterility to temperature: high temperature CMS lines, low temperature CMS lines and stable CMS lines (Fu et al. 1990). For the stable Pol CMS lines, maintainer lines are essential for the multiplication of pol CMS lines while being used as a female parent in hybrid seed production. As far as temperature-sensitive pol CMS, although 'two-line' system (pol CMS and restorer lines) has been successfully used in China [START_REF] Yang | The inheritance of polima cytoplasmic male sterility in Brassica napus[END_REF], the climate might be a problem in hybrid seed production. In practice, under 'abnormal' temperature condition, trace pollen can result in self-pollination within the CMS lines, which will lead to yield loss due to low hybridity levels. In some cases, the proportion of selfed seed was so high that the yield of the hybrid cultivar was significantly decreased in a large area [START_REF] Liu | Preliminary study on seed production of rape Qinyou no.2 in winter[END_REF].

Besides the pol CMS line, an effective restorer line is very important for the production of hybrid seed. Fortunately, male fertility restoration controlled by a single Mendelian dominant gene is the simplest and easiest system for F 1 hybrid cultivarbreeding [START_REF] Wang×l | Observed pollen germination of wild rice stigma by combining whole staining with transparentness technique[END_REF]Fu 1990, Jean et al. 1997).

Here, we report a novel pol CMS restorer that is fertile when sown in autumn in Wuhan (in the South of China) but sterile in summer in Gansu (in the northwest of China). It is named 'fertility-temperature-sensitive restorer' (FTSR). The objective of this study was to conduct a genetic analysis of the novel pol CMS restore line to determine genetic factor(s) underlying the temperature sensitive expression of male fertility /sterility of this restorer.

Materials and methods

Male sterile, maintainer and restorer lines of the pol hybrid seed production system used in this study are described in Table 1.The pol CMS restorer line '7-6' was fully male fertile under autumn sowing condition at Wuhan in southern China and was partially male sterile when cultivated during the summer months at Gansu in northwestern China. The male sterile or partially male sterile phenotype of the restorer '7-6' was observed for several years at Gansu but not at Wuhan [START_REF] Yang | A method to develop photoperiod-sensitive male sterile lines and hybrid cultivars[END_REF], patent ZL 01106599.0). In Gansu, '7-6' exhibited some of the typical pol CMS floral characteristics, such as shorter stamens bearing small conical anthers and smaller petals. The pol restorer 'L1815' in S-cytoplasm, possessing a male fertility restoration capability for the pol CMS system, was crossed with the temperature sensitive pol restorer '7-6' to produce F 1 plants. F 1 plants were used as donors to develop double haploid (DH) lines through microspore culture as described by Shi and Liu(1993). The DH population (63 lines) was sown in autumn at Wuhan and in spring in Gansu, respectively in 2003 and 2004, for evaluation of male sterility/fertility segregation. The DH line 'FL-204' was selected as a temperature sensitive restorer line for further experimentation.

Influence of temperature on fertility of 'FL-204': Oilseed rape flowers in March at Wuhan and in July at Gansu. The month mean temperature at flowering period kept 10°C and 20°C at Wuhan and Gansu, respectively in 2003 and 2004. As for the temperature in flowering period in Gansu being higher than that in Wuhan, the temperature was considered as the first factor influencing the fertility of 'FL-204'. Therefore, high temperature experiment was designed to testify the assumption. The plants of 'FL-204' were grown in the growth chamber at 25/15°C (day/night) in 2003 and 2004 respectively, with 12hr light length. Fertility was observed after plants flowered.

The genetic analysis of 'FL-204':The pol fertility temperature sensitive restorer (FTSR) 'FL-204' was crossed with two pol CMS lines, '195A-14' and '8110A' in Wuhan to determine whether the restorer gene was still present in the line. In order to test the cytoplasm type, reciprocal crosses were made between 'FL-204' and the pol CMS maintainer '6-571B'. 'FL-204' was also crossed with two pol CMS restorers 'Lun31' and 'Hui5148' as males. F 2 and BC 1 populations from the crosses were established to study the inheritance of male fertility of 'FL-204'. Two DH populations were also produced from F 1 plants of plants of these two crosses. Male fertility evaluations were conducted for all segregating generations, including the original DH population derived from the cross, as indicated 'L1815 × 7-6' in Table 2.

Fertility scoring: Male fertility of individual plants was evaluated in the two locations, Wuhan and Gansu. In Wuhan (a winter rapeseed planting area), materials were sowed in autumn and blossomed next spring. In Gansu (a summer rapeseed planting area), materials grew from late May to late September. Based on the level of the anther development, the male fertility of flowers was classified into seven categories according to Yang and Fu (1991).

Results

Selection for FTSR in DH population derived from cross between pol restorers 'L1815 × 7-6'

By microspore culture, 63 DH lines were produced from F 1 plants of the cross 'L1815 ×7-6'. In 2003, all genotypes were completely fertile and petals were normal at Wuhan. However, at Gansu eleven DH lines exhibited partial or complete male sterility. The same results were observed in 2004. For the eleven DH genotypes, different degrees of male sterility were observed (Last row in Table 4). One DH genotype, designated as 'FL-204', was selected because it had crinkled petals and a very limited amount of pollen compared to other DH lines when grown at Gansu.

Fertility of 'FL-204' treated with day/night temperatures of 25/15°C

In spring 2003 and 2004, 'FL-204' was fertile when it was grown in the field in Wuhan (Fig 1a). But for plants grown under a 25/15°C(day/night) temperature regime in the growth chamber, they were found to be male sterile as in the field in Gansu (Fig 1b). The buds and petals of 'FL-204' in the growth chamber were obviously smaller than those in the field in Wuhan. In fact, judging from the crinkled petals and short stamens as well as conical anthers, it was difficult to distinguish them from pol CMS plants.

The fertility restoring ability of 'FL-204'

Since the phenotype of the flower in 'FL-204' in Gansu (Fig 1b) was distinguished from that in Wuhan (Fig 1a), it was not sure whether 'FL-204' was a pol CMS or restorer. Therefore, two pol CMS lines, '8110A' and '195A-14', were testcrossed with 'FL-204', respectively. The F 1 plants were found fertile in Wuhan while partially fertile in Gansu (Table 3). And in Gansu, the pollen produced in F 1 plants was much more than that in '8110A' and '195A-14'. It could be assumed that the fertility be restored by the restoring gene in 'FL-204' when the F 1 plants were planted in Wuhan but partially restored when the F 1 plants were planted in Gansu. Therefore, 'FL-204' certainly carries the pol CMS restoring gene, and it is a FTSR.

The cytoplasm type of 'FL-204'

The pol CMS maintainer '6-571B' was reciprocally crossed with 'FL-204'. The F 1 of '6-571B×FL-204' was fertile in Wuhan and Gansu (Table 3). The petals in the F 1 plants were as large as those in '6-571B'. However, the reciprocal F 1 of 'FL-204×6-571B' was partially sterile in Gansu vs. completely fertile in Wuhan(Table 3). The difference of fertility between reciprocal crosses indicated that the FTSR contained pol cytoplasm (designated as 'S'). This conclusion would be further proved by observing the fertility of F 2 and BC 1 populations derived from the reciprocal crosses between 'FL-204 and '6-571B' in the next part.

Fertility segregation in F 1 , F 2 and BC 1 populations

In order to study the inheritance of the temperature-sensitive (ts) gene(s), 'FL-204' was crossed with two pol CMS restorers ('Lun31' and 'Hui5148'). All F 1 , F 2 and BC 1 populations were found completely fertile in Wuhan. But in Gansu, the situation was much complicated. No sterile plants were found in all F 1 populations (Table 3). For the F 2 populations, one completely sterile, 24 partially sterile and 283 fertile plants were observed in the cross of 'FL-204 × Hui5148', and 23 partially sterile and 182 fertile plants were observed in the cross of 'FL-204 × Lun31'. In BC 1 populations, when 'Lun31' or 'Hui5148' was used as the backcross parent, all offspring in BC 1 were completely fertile at both locations. But when F 1 plants were crossed with 'FL-204', a higher ratio partially sterile plants(46/98) for '(FL-204 × Lun31)× FL-204' and 65/103 for '(FL-204 × Hui5148) × FL-204') were found in BC 1 populations than in F 2 populations.

The segregating populations derived from the cross between 'FL-204' and '6-571B' were also investigated in Gansu. In the F 2 and BC 1 populations from '6-571B×FL-204', all progeny were completely fertile because of their normal cytoplasm. While in the F 2 and BC 1 populations from 'FL-204×6-571B', most plants were sterile or partially sterile and a small number was normal fertile (Table 4).

Except for the backcross population '(FL-204×Lun31)×FL-204', all the other segregation in the populations from the crosses either between 'FL-204' and restorers or between 'FL-204' and the maintainer was not in accordance with any Mendelian inheritance model.(Table 4 in which two genes, temperature-sensitive gene 'ts' and restorer gene 'Rf',were proposed to control the fertility and χ 2 -test (P≤0.05) was used to test the genetic models.) It is suggested that the inheritance of FTSR is quite complicated, but results indicate that (1) the ts gene(s) was not the allele of the Rf gene and ( 2) the ts gene(s) had quantitative effect on the Rf gene.

Fertility segregation in DH populations

For a better understanding of the inheritance of the FTSR, three DH populations were developed. They were from the combination of 'FL-204 × Hui5148', 'FL-204 × Lun31' and 'FL-204 × L1815', respectively. All DH populations were normal fertile in Wuhan, but segregation was observed in Gansu (Table 4, Fig 2). The fertile flowers were bigger than the sterile flower (Fig 2a and Fig 2b). Also all the fertility segregation ratios in the three DH populations did not fit any Mendelian genetic model, which was consistent with the results from the F 2 and BC 1 populations.

Discussion

By evaluation the fertility of 'FL-204' and its offspring in different locations, we demonstrated that the environment played an important role in the expression of male fertility of 'FL-204'. In fact, the effects of environmental conditions on cytoplasmic and genic male sterility have been investigated in many other crops, such as broccoli [START_REF] Dickson | A temperature sensitive male sterile gene in broccoli, Brassica oleracea L.var italica[END_REF], soybean (Stelly and Palmer1980), common bean (Estrada and Mustschler1984) and rice (Li et al. 2002). Compared with the climate in Wuhan, the photoperiod is longer and the temperature is higher in Gansu in summer. The controlled temperature experiment indicated that high temperature could lead to male sterility in 'FL-204' at Gansu, but the critical temperature causing fertility conversion still needs to be determined. Yang et al (1995) reported a promising male sterile line, 'ecotypical male fertile-sterile line AB 1 '. 'AB 1 ' was partially fertile when it was sown at Wuhan in autumn, but became sterile when sown at Kunming or Xining in summer. The change of fertility was the result of interaction between the cytoplasm and the nuclear genes (temperature-sensitive genes). Yet 'AB 1 ' was a pol CMS line and did not fit the same genetic model as 'FL-204'. Firstly, 'AB 1 'were partially fertile, but 'FL-204' was fully fertile when both were planted in autumn in Wuhan. Secondly, the F 1 of 'AB 1 × pol CMS maintainer' was partially sterile, but the F 1 of 'FL-204 × pol CMS maintainer' was fully fertile when both were planted in autumn in Wuhan. Thirdly, all plants were sterile in F 2 and BC 1 population in summer when 'AB 1 ' as female parent was crossed with pol CMS maintainers, but fertile offspring were found in F 2 and BC 1 population in summer when 'FL-204' as female parent was crossed with the pol CMS maintainer. Fourthly, fertility segregation of F 2 and BC 1 from crosses between 'AB 1 ' and pol CMS restorers fitted the Mendelian model of one major gene when they were planted in the Gansu, but those from crosses between 'FL-204' and pol CMS restorers did not. Based on these differences, it was assumed that 'FL-204' was another type of temperature sensitive material with a pol CMS restoring gene (Rf) instead of a sterile gene (rf), and there could be another gene or other genes affecting the action of the Rf genes.

It has been reported that the partially dominant Ts genes in 'AB 1 ' are multiple minor genes, which can play the role of restorer genes when 'AB 1 ' is planted in autumn in Wuhan, but they are inactivated when 'AB 1 ' is planted in summer in Gansu (Yang et al.1995). But the ts gene(s) in 'FL-204' are probably prohibiting or epistatic gene(s) which is inactive in Wuhan while they could be activated in Gansu so as to prohibit the Rf gene's capability of restoring the fertility of pol CMS. The ts gene(s) is certainly not the allelic gene of the Rf, because all F 1 s between 'FL-204' and three pol CMS restorers were normal fertile and fertility segregations were observed in the F 2 and BC 1 populations when they were planted in Gansu in summer. The phenomenon suggested that there was another dominant allele of the ts gene(s).

Previous research found that Mendelian dominant mechanism controlled the inheritance of B.napus pol CMS restorer gene (Fang and McVetty1989). But here we describe a case of severe deviation from the Mendelian genetic model in F 2 and DH populations derived from 'FL-204× pol CMS restorers' in our experiment. It indicated that the ts gene(s) could be linked to the Rf gene.

In the northwest of China, oilseed rape is grown throughout the growing season from May to September. However, in the south of China, it is sown in September and harvested in May next year. So, as the female parent, the novel temperature sensitive material is very suitable for production of hybrid seed in the northwest which then can be released for planting in the south of Chinese market. cultured in vitro on MS medium added with 500mg/l hydrolyzed casein and without any hormones. A total of 38 young seedlings were recovered and transferred to the field, where 12 F 1 plants survived. Two F 2 plants were obtained from selfpollination of fertile F 1 plants. From hybridization between fertile maternal F 1 and paternal B. oleracea a total of 68 BC 1 plants could be recovered (Figure 1). Flower buds of the parental F 1 , F 2 , and BC 1 plants were collected during meiosis for mitotic or meiotic chromosome preparations.

-204×Lun31 DH, F 1 , F 2 , F 1 ×FL-204, F 1 ×Lun31 Wuhan, Gansu FL-204×Hui5148 DH, F 1 , F 2 , F 1 ×FL-204, F 1 ×Hui5148 Wuhan, Gansu 6-571B×FL-204 F 1 , F 2 , F 1 ×FL-204, F 1 ×6-571B Gansu FL-204×6-571B F 1 , F 2 , F 1 ×FL-204, F 1 ×6-571B Gansu
Chromosome preparation: Chromosome preparation method is developed using the technique described by [START_REF] Wei | Karyotyping of Brassica napus L. based on C 0 t-1 DNA banding by fluorescence in situ hybridization[END_REF] with some modifications. Briefly, flower buds were fixed in a mixture of ethanol : acetic acid glacial (3 : 1) at 4 °C over night. They were washed 3-5 times with distilled water, then digested in 1% (W/V) cellulase "Onozuka" R-10 (Yakult Honsha Co., Ltd) and 1% (W/V) pectolyase Y-23 (Yakult Honsha Co., Ltd) dissolved in distilled water at 28 °C for 2.5-3 h. Then they were subjected to a hypotonic treatment in distilled water for 30 min before preparing spreads by the flame drying method.

Genomic DNA extraction: The extraction of S. alba and B. oleracea genomic DNAs was performed using the procedure described by [START_REF] Doyle | Isolation of plant DNA from fresh tissue[END_REF].

Probes labeling and GISH: The procedures described by Wei et al. (2003[START_REF] Wei | Karyotyping of Brassica napus L. based on C 0 t-1 DNA banding by fluorescence in situ hybridization[END_REF] were used. In brief, S. alba genomic DNA was labeled with Biotin-Nick Translation Mix (Roche, Cat. No. 11745824910) and B. oleracea genomic DNA was labeled with Dig-Nick Translation Mix (Roche, Cat. No. 11745816910) as probes according to the procedures of the kits, respectively. The labeling results were evaluated by means of dot blots. Chromosome preparations were pretreated with 100 µg/ml RNase (in 2×SSC) at 37 °C for 1 h, rinsed briefly in 2×SSC. Chromosomal DNA was then denatured by immersing the slide in 70% deionized formamide at 70 °C for 3 min. After dehydration of the preparation in an ice-cold 70%, 95% and 100% ethanol series and air drying, 40 µl of denatured probe cocktail (5 ng/µl labeled probe DNA each, 0.5 µg/µl sheared salmon sperm DNA, 10% dextran sulphate, 50% deionized formamide, 0.1% SDS, 2×SSC) was added to the slide and hybridization was carried out at 37 °C overnight. Post-hybridization washes included a stringent wash in 20% formamide, a wash in 2×SSC and a wash in 0.1×SSC at 42 °C for 10 min, respectively, to remove weakly bound probe. Signals were firstly detected with Streptavidin-Cy3 (Amersham, Cat. No. PA43001), washed in PBS for 10 min. An immediate sequential detection was performed with Anti-Digoxigenin-Fluorescein (Roche, Cat. No. 1207741), washed in PBS for 10 min again. Slides were counterstained with 2 µg/ml DAPI (4',6-diamidino-2-phenylindole) and examined under a Leica DM IRB fluorescence microscope assembled with DFC300 CCD and FW4000 software.

Pollen viability determination: Newly opened flowers were sampled at 9-10 a.m.. Anthers were squashed and pollen grains were stained with 1% aceto-carmine and observed under microscopy. Pollen viability rate was calculated as the number of stained pollen grains/total pollen grains×100. Three views per flower were observed with nearly 500-1000 pollen grains.

Results

Chromosome constitution of the parents, F 1 , F 2 and BC 1 plants

GISH results confirmed that the parents used for intergeneric hybridization had normal chromosome sets: B. oleracea (var. 'Hong-Kong Zhonghua Jielan') 2n=18 (Figure 2a), S. alba (var. 'Asta') 2n=24 (Figure 2c). Spreads of 10 F 1 hybrid plants all showed 21 chromosomes, consisting of 12 S genome chromosomes and 9 C genome chromosomes (Figure 2d and 2e), as expected. Two further F 1 hybrid plants identically showed 30 chromosomes, consisting of 12 S genome chromosomes and 18 C genome chromosomes (Figure 2f and 2g), therefore containing two set of paternal genome, This phenomenon was probably due to the formation of unreduced male gametes. Two F 2 plants showed 10 S genome chromosomes and more than 18 C genome chromosomes (Figure 2h and 2i), which indicated that unusual F 1 gametes had also been produced. In addition, BC 1 plants with 18 C genome chromosomes and 1, 5, and 6 S genome chromosomes, respectively, have been identified (Figure 2j-l), these results are summarized in Table 1.

Chromosome behavior of semi-fertile F 1 and BC 1 plants

A meiotic spread at metaphase I of a semi-fertile F 1 plant with 18 C chromosomes from B. oleracea aligned on the equatorial plate and paired preferentially is shown in Figure 3a: 9 S chromosomes from S. alba are present as univalents, other 3 S chromosomes are associated with C chromosomes, forming 3 trivalents (arrow). This indicates that homology between the C and S genomes is sufficient for chromosome pairing and the possible transfer of genetic information between these two species. The corresponding frequencies of 1-3 trivalents in F 1 PMCs are presented in Table 2. As expected chromosome segregation in anaphase/telophase I was not always regular: Figure 3b shows an S chromosome separation ratio of 6:6 in F 1 PMCs, among 62 F 1 PMCs scored, ratios of 1:11, 2:10, 3:9, 4:8, 5:7 and 6:6 were counted at frequencies of 3.2%, 11.3%, 16.1%, 17.7%, 27.4% and 24.2%, respectively (Table 2). Such, deviating segregations can result in alien addition lines in BC 1 . Figure 3c shows a meiotic spread of F 1 PMCs in anaphase I, showing 4 chromosomes from S. alba.

A mitotic spread of BC 1 -3 consisting of 18 C genome chromosomes and 6 S genome chromosomes is presented in Figure 3d, where one of the C chromosomes appears to undergo chromatin exchange with an S chromosome (arrow). Figures 3e-g 3h shows a PMC of BC 1 -2 with five additional S. alba chromosomes, probably a pentavalent consisting of a C chromosome pair and three S chromosomes (arrow). Figures 3i-k present the chromosome behavior of BC 1 -1 PMCs with one additional chromosome of S. alba; at diplotene, associations between C and an additional monosomic S chromosome were observed (Figures 3i).

Agronomic characters of the MAAL plants

One putative monosomic alien addition line (MAAL-1) (Fig 4c) looked much similar in morphology to the male parent B. oleracea (Fig 4b), and showed no aspects which is characteristic of female parent S. alba (Fig 4a), such as lyrate, pinnatifid, pinnatisect leaf or leaf trichomes. At the same time, MAAL-1 plant showed numerous branches like S. alba and smaller flower bud than B. oleracea, bright green sepals, varied number of petals (apetalous or deficient), reduced pollen fertility with 77.4% for MAAL-1 in contrast to 97.6% for B. oleracea. MAAL-1 plant was also different from B. oleracea by showing slender and oblanceolate leaves, basal lobes on each side of midvein, basal cauline leaves petiolate and auriculate at base.

Another plant of the putative monosomic alien addition line (MAAL-2) was similar to MAAL-1 in morphology. But the flower of MAAL-2 often showed three petals (Fig 4d) with pollen fertility being 68.5%, lower than MAAL-1.

Discussion

Intergeneric sexual F 1 hybrids between S. alba and B. oleracea were synthesized artificially. The somatic number of chromosomes of F 1 hybrid should be 21, or 42 if doubled. Unexpectedly GISH-dcFISH results showed two chromosome numbers. One was 21 as expected, consisting of a C genome from B. oleraea and a S genome from S. alba, and another was unexpectedly 30 chromosomes, consisting of two C genomes and one S genome. We suggest an occasional generation of those unexpected F 1 plants by unreduced gametes of paternal B. oleracea. This phenomenon was also discovered by others [START_REF] Inomata | A cytogenetic study of the progenies of hybrids between Brassica napus and Brassica oleracea, Brassica bourgeaui, Brassica cretica and Brassica montana[END_REF]. Unreduced male and female gametes are generally rare but they do occur in Brassiceae (Heyn 1977, Ayotte et al. 1987). This was also found in two F 2 plants in this experiment because the C chromosome number was over eighteen as shown in Fig. 2. It is very important to obtain the unexpected F 1 hybrid plants for the production of monosomic alien addition lines. We were fortunate to have obtained aneuploids, even monosomic alien addition lines, in BC 1 plants while this had been impossible in previous experiments of distant hybridization (Gaikwad et al. 1996, Peterka et al. 2004, Wang et al. 2005b).

In F 1 and BC 1 plants, B. oleracea chromosomes were shown to pair preferentially and part of S. alba chromosomes formed trivalents with B. oleracea chromosomes, suggesting that intergenomic exchange might occur in the nuclei of F 1 and BC 1 plants. This was in agreement with other reports in somatic hybrids between Brassica juncea and S. alba (Gaikwad et al. 1996), and between B. napus and S. alba (Wang et al. 2005b). Therefore, the introgression of alien chromosome segments or genes from S. alba to B. oleracea can be achieved through this intergenomic recombination in backcross progenies.

We detected two BC 1 plants added with a single alien chromosome from S. alba in a B. oleracea background. A full set of monosomic alien addition lines is expected by addition of each of the twelve S. alba chromosomes. In the present study, the petals of MAAL-1 is apetalous or deficient, and MAAL-2 often show three petals. It is considered that the additional chromosomes carry genes for petal development. Monosomic alien addition lines are then powerful tool to localize genes controlling relevant agronomic traits. During diakinesis, the univalent S. alba chromosome looked smaller when compared to the bivalents of B. oleracea chromosomes (Figure 3j) and is easy to identify. Through microdissecting the univalent chromosome, some new chromosome-specific markers can be developed as described in Li et al. (2005) and [START_REF] Fominaya | Microdissection and microcloning of plant chromosomes[END_REF]. In order to obtain stable disomic alien addition lines, doubled haploids (DHs) are produced underway through microspore culture and colchicine treatment. This DH lines will be useful in constructing high density genetic map and cloning objective genes, e.g. the genes controlling petal development, in our future work. In addition, these monosomic alien addition lines or DH disomic addition lines will be of interest as an intermediate material to transfer genes from S. alba to B. napus through resynthesis of B. napus with B. oleracea-S. alba alien addition lines and B. rapa (Li et al. 2006). 

Introduction

Indian mustard (Brassica juncea L) is widely grown in India as an oilseed crop. Enhancement of seed yield and oil content are two basic objectives of mustard breeding programmes. Efficiency of selection is mainly determined by the extent of variability for that trait in the existing material. Indirect selection based upon yield component traits is often advocated for yield improvement rather than direct selection. Selection based upon floral traits may be more practical because these traits may be observed visually for relative comparison, while selection based upon yield or yield contributing traits need measurement for recording of the data. A number of correlation studies between seed yield and yield-contributing traits have been conducted in mustard, which indicate strong relationship of seed yield with number of seeds per siliqua, seed weight and number of siliquae per plant (Singh et al 2003, Dubey and[START_REF] Dubey | Correlation between growth, quality characters and seed yield of mustard[END_REF] however, reports on relationship between floral and agronomic traits are meager. Hence present investigation was conducted to estimate the extent of variability among existing cultivars of Indian mustard and to study the relationship among floral and agronomic traits.

Material and Methods

Material comprised of 34 varieties of Indian mustard (B. juncea) viz., Arawali, Basanti, CS 52, Geeta, GM 1, GM 2, Kanti, Kranti, Krishna, Laxmi, Maya, NDRE 4, PBR 91, PBR 97, Pusa Agrani, Pusa Bahar, Pusa Bold, Pusa Jagannath, Pusa Jaikisan, PCR 7, RCC 4, RH 30, RH 781, RH 819, RL 1359, RLM 619, Rohini, Sanjucta Asech, Saurabh, Swarna Jyoti, Urvashi, Vardan, Varuna and Vasundhara. These 34 varieties were grown in replicated block design with 3 replications. The plot size was 5 rows of 5 m length grown at 45 cm row to row and 15 cm plant-to-plant spacings. The experiment was conducted during crop season of 2004-05 and 2005 -06. Observations were recorded for 13 characteristics including 4 floral traits viz., petal length (PL), petal width (PW), stamen length (STL) and style length (STYL). Flower buds of 20 plants were bagged prior to their opening and floral traits were observed on next morning on freshly opened flowers. Remaining 9 traits included plant height (PH) at the time of flower initiation, number of leaves (NOL) at flower initiation, days to flower initiation (DFI), days to maturity (DM), seeds per siliqua (S/S), 1000-seed weight (SW), seed yield (SY), oil content (OC) and protein content (PC). Seed yield was recorded on plot basis while, oil and protein content were estimated on the random bulk drawn from plot yield. Remaining 6 traits were recorded on 20 plants of each variety. The mean values were subjected for statistical analyses. The correlation coefficients were estimated as par the [START_REF] Dewey | A correlation and path coefficient analysis of components of crested wheat grass seed production[END_REF]. Heritability has been used as an index of transmissibility of a trait from the parent to its offspring [START_REF] Dudley | interpretation and use of estimates of heritability and genetic variances in plant breeding[END_REF]. Heritability in broad sense was estimated as ratio of genotypic variance to phenotypic variance and expressed in percent [START_REF] Burton | Estimating heritability in tall fescue (Festuca arundinaceae) from replicated colonal material[END_REF].

Results

Variability and heritability estimates

Analysis of variance revealed the presence of significant variation for all the traits. The mean values, range and phenotypic coefficient of variation (PCV) are presented in table 1. Highest variability as depicted by phenotypic coefficient of variation was recorded for seed yield per plot followed by 1000 seed weight, while low variability was observed for oil and protein content and maturity duration. Remaining traits however, represented moderate level of variability. Among the four floral traits, maximum range was recorded for style length ranging from 0.69 to 1.0 cm followed by petal width, which ranged from 0.55 to 0.80 cm. Oil and protein content had very narrow range. On the contrary, days to maturity which had low estimates of phenotypic coefficient of variation, had wide range (117.3 to 135.8 days). Heritability estimates were medium for petal width, style length, days to flower initiation, days to maturity, number of seeds per siliqua, 1000 seed weight, oil content, protein content and seed yield while, low for plant height at flower initiation, petal length, stamen length and number of leaves at flower initiation (Fig. 1). 

Correlation coefficients

Seed yield had significant and positive correlation with plant height at flower initiation, petal length, petal width, stamen length, style length and 1000-seed weight (table 2). The relationship between seed yield and protein content was negative. The correlation of seed yield with remaining traits were non significant. Oil content had positive and significant correlation with petal length but negative correlation with days to flower initiation, days to maturity and protein content. Petal length had positive and significant correlation with stamen length, days to flower initiation, oil content and seed yield. Petal width had positive and significant correlation with stamen length, style length, days to flower initiation, 1000-seed weight and seed yield but negative correlation with seeds per siliqua. Stamen length had positive and significant correlation with style length, days to flower initiation and seed yield but negative correlation with protein content. Style length had positive and significant correlation with days to flower initiation and seed yield but negative correlation with seeds per siliqua and protein content. Plant height at flower initiation had positive and significant correlation with style length, days to flower initiation, days to maturity and seed yield but negative correlation with seeds per siliqua. Number of leaves at flower initiation had positive association with seeds per siliqua but negative association with petal width, stamen length, style length, and days to flower initiation. 

Direct and indirect effects:

Direct effects of different floral and agronomic traits on seed yield are depicted in Fig. 2. Seed weight had the highest positive direct effect (0.3143) followed by petal width ((0.2896) and plant height at flower initiation ((0.2008). All four floral traits viz., petal length, petal width, stamen length and style length had positive direct effect on seed yield. Four traits viz., number of leaves at flower initiation, days to flower initiation, days to maturity and protein content had negative direct effects on seed yield though the correlation coefficients of these traits with seed yield were non significant except protein content. Indirect effects of all traits via other traits were low in magnitude. All these traits however could represent only 30 percent of the total components and 70 percent components as depicted by residual effect need to be further explored. 

Discussion

Existence of variability for all traits studied in present investigation is an indication of scope for further improvement for theses traits. Medium estimates of heritability in broad sense and wide range in the existing material for petal width, style length, days to flower initiation, days to maturity, number of seeds per siliqua, 1000-seed weight and seed yield indicated that hybridization may create large variability in segregating generations for these traits.

The positive correlation of all four floral traits viz., petal length, petal width, stamen length and style length with seed yeld establish linkage among these traits. Hence these floral traits may be used as markers for selection of high yielding genotypes. Looking the high estimates of direct effects of petal width and petal length, as revealed by path analysis, the flower size (long and broad petals) appears as reliable selection criteria for indirect selection of high yielding genotypes. The positive correlation between petal length and oil content further endorses the importance of flower size. Among the other traits, plant height at flower initiation, which reflects the fast vegetative growth and seed weight also seems promising traits for selection of high yielding genotypes as both traits had positive correlation with seed yield.

Conclusion

The positive correlation coefficients between seed yield and floral traits viz., petal length and petal width coupled with high estimates of their direct effects on seed yield establishes close relationship between flower size and seed yield. It is recommended on the basis of these findings that plants bearing long and broad petals coupled with tall style and stamens should be selected for high seed and oil yield.

Introduction

Nuclear substitution method was suggested and used in cytoplasm research by [START_REF] Kihara | Nucleus substitution method[END_REF] and later was used for the alloplasmic effect. Alloplasmic effect study started very early by Kihara and much research has been done on wheat and also some research has been done on vegetable.

Brassica is an major group of crops, which not only used as vegetable and oil but also as condiments. Interspecific or generic hybridization is common and many crosses were made to use the alloplasm to improve some morphological and physiological characteristics. The utilization of alien genes for the improvement of oilseed Brassica species, such as B. napus, B. juncea and B. carinata, has played an important role for many years. Various characteristics have already been mobilized from wild and cultivated relatives, including male sterility, disease and insect resistances and oil quality. The need to know more has prompted interested in studying alloplasmic genetic mechanism in growth and development. Seed dormancy is a complex phenomenon and is an important persistence mechanism for many annual weeds [START_REF] Baskin | Seeds: Ecology, biogeography, and evolution of dormancy and germination[END_REF] 

Materials and methods

Table 1 shows the materials and designations. Abyssinian mustard (Brassica carinata A. Br., BBCC: 2n=34), Chuseinatane (B. napus L. AACC: 2n=38) and Hakarasina (B. juncea (L.) Czern & Coss AABB: 2n=36) were used in the experiment. All the materials, except B. carinata was gotten from Kyushu University, Japan, were obtained by the plant breeding lab. of the faculty of agriculture, Ehime University, Japan. For clarity of discussion B. carinata, B. napus and B. juncea have been assigned the capital letters C, N and J, respectively. Alloplasmic lines of B. carinata were developed through B. napus×B. carinata and B. juncea×B. carinata hybridization followed by recurrent backcrossing to B. carinata as a recurrent male parent up to the BC 5 generation. The BC 5 generations with the cytoplasm of B. napus (N-cytoplasm) and the cytoplasm of B. juncea (J-cytoplasm) have been designated as N-BC 5 and J-BC 5 , respectively. Reciprocal crosses were produced between the BC 5 generations and B. carinata and reciprocal crosses nc-6,cn-6, jc-6 and cj-6 were subjected to the investigation. The investigation methods are as following:

1. Seed germination: germination was carried under 25°C for ten days, seeds were taken from 35 to 105 days after budpollination, 10 days interval. 100 seeds per cross, 50 seeds per Petri dish using two layers of 90mm filter paper. Of the open pollination seeds are preserved in harvested fruits without separation after freshly harvested, 7 days interval, 500 seeds per population, five times performed.

2. Seed weight: based on 750 seeds from 15 plants every ten days after flowering day from 25 to 85 days. 3. Fatty acid analysis according to the protocol of [START_REF] Momotaz | Variation in seed fertility and fatty acid composition in the allohexaploids between Brassica carinata and Sinapis species with the advance of generation[END_REF]. For each accession, 10 single selfed seeds, sampled from three plants, were analyzed three times and the average data were put to statistical analysis. Fatty acid content was expressed as percent of total fatty acid content. Three sets of reciprocal crosses and three plants every cross were used.

4. A pair wise t test was used in the trial. 

Results

1.Alloplasmic effect on silique setting rate, silique number, seed weight and seed dormancy

The silique set percentage had difference between J-(jc-6) and C-cytoplasm (cj-6) plants, it was 77.6% and 96.9***%, respectively (t=10.4, p=0.001), while it was 39.8% and 95.6***% (t=23.3, p=0.001) in the plants with N (nc-6) and Ccytoplasm (cn-6). The total silique number was 60 and 234*** (p=0.001) in the plants with N and C-cytoplasm, respectively, but no difference was found between plants with J (207/plant) and C-cytoplasm (261/plant). Seed weight was measured among the different cytoplasm plants outside of vinyl house. (Fig. 1). At the beginning the seeds weight was higher, then the weight became lower and stable, the seed weight of N-cytoplasm was higher than that of C-cytoplasm. There was significant difference between them. There was no difference in the seed dormancy of seeds between J-and C-cytoplasm (Fig. 2). After pollination at 35days higher seed germination was found. But it went into dormancy quickly at 45days almost no germination was found, after 65days germination rise up gradually. Less dormancy was found in plants with N-cytoplasm compare with that of Ccytoplasm. It revealed that the dormancy was affected by nuclear and cytoplasm together. This also can be manifested in Table 2. After harvest the seeds of N-cytoplasm had less dormancy than that of C-cytoplasm and no difference was found between the plants with J-and C-cytoplasm. 

Alloplasmic effect on the fatty acid

Fatty acid was analyzed among the plants with different cytoplasm using the reciprocal crossed and selfed seeds. The results showed that the seeds of N-cytoplasm with higher linoleic acid and lower erucic acid compared with that of C-cytoplasm (Fig. 3, Table3, some data can not be shown duo to limited space). No difference was found between the seeds with J and C-cytoplasm

Discussion

The significantly total siliqua and silique setting rate difference between N-and C-cytoplasm was due to the abnormal flower in the plants with N-cytoplasm, which we already reported in other paper. The difference between N-and C-cytoplasm was higher than what between J-and C-cytoplasm revealed than that N-cytoplasm affected the silique setting of substituted B. carinata too much than what J-cytoplasm did.

Seed size is one of the most obvious differences among various plant organs in Brassica species. Among diploid Brassica species in general, seed size ranks in reduced order from B. oleracea (2n=18, CC), B. rapa (2n=20, AA) and B. nigra (2n=16, BB) and seed sizes of the amphidiploid species B. napus (2n=38, AACC), B. carinata (2n=34, BBCC) and B. juncea (2n=36, AABB) are usually intermediate between their respective diploid progenitors. The difference of seed weight (Fig. 1) between plants with J and C-cytoplasm was lower than that between N and C-cytoplasm. The results confirmed that the seed weight was control not only by nuclear but also by cytoplasm. N-cytoplasm afftected the seed weight much more than what Jcytoplasm did, suggest that the B genome affect the seed of B. carinata too much than C genome did, B. Juncea had the B genome in the cytoplasm which consistent with the B genome in the nuclear of B. carinata, so keep the seed at the stable level, but the B. napus has no B genome in the cytoplasm instead of it was C genome, so the balance of B. carinata was disturbed and the effect of C genome was expressed. This is in agreement with the result of Song et al. (1988) From the results (Fig. 2) the seeds which harvested in immature state showed less dormancy, the dormancy became deeper as the maturity of seeds proceeded and over-mature seeds were again exhibited to be less dormant. N-cytoplasm affect the seeds to less dormancy.

B. carinata is used for oil in some area, it has several desirable agronomic characteristics compared to other Brassica crops such as resistant to drought, pod shattering, disease and pest but the limiting factors for a wider usage of this specie have been the naturally high levels of erucic acid in its seed. Fatty acids are formed by stepwise biosynthetic pathway in which oleic acid either undergoes desaturation to form linoleic acid and then linolenic acid or there is further chain elongation to form eicosenoic acid and then erucic acid. Ecker R (1993) used the Sinapis alba L. as the material and confirmed that the composition of the fatty acids was controlled mainly by the nuclear genes of the embryo. Del [START_REF] Río | Transgressive segregation of erucic acid content in Brassica carinata A. Braun[END_REF] used two Brassica carinata lines with low (about 10%) and zero erucic acid and obtained that no maternal or cytoplasmic effects for C22:1 content. From the results of this study, elucidated that the fatty acid path way was control not only by the nuclear but also the cytoplasm, the alien cytoplasm can affect the direction of pathway, the genetic farer one N-cytoplasm expressed the stronger effect than what genetic nearer J-cytoplasm did. Such variation could be accounted for different genotypes of materials involved in the research. In the trial motioned before the euplasmic and autoplasmic plants were used, whereas in this study, the alloplasmic plants were put into.

Introduction

Female sterile mutants have been found in many crops, such as wheat, rice, ramie, piuns tabulaeformiscar and so on. Many studies on the biologic characteristic, mechanism, inheritance and applicable capacity of the sterility phenomenon have been performed. In 1996 the female sterile mutant FS-M 1 in Brassica napus L was firstly found. Former studies on FS-M 1 showed that pod set ratio of open-pollinated, artificial-pollinated, and constrained self-pollinated was about 3% respectively, and seeds per pod was about 1.3-2.07. Pod set of wild type and pollination by using pollens of mutant was normal. It indicates that pollen of FS-M 1 develops well. In this research we studied floral morphology and pistil fertilization ability of female sterile mutant FS-M 1 .

Materials and methods

Female sterile mutant FS-M 1 and its wild type "Ningyou 10" were Brassica napus L. with yellow seed, low erucic acid. They were bred by Jiangsu Academy of Agricultural sciences. In autumn of 2003 these materials were planted in nursery garden. Plots of 2 rows and 3m length with rows spacing of 40cm were used.

Floral morphology study: Choose the bud of FS-M 1 and Ningyou 10 before it flowers at flowing time. Then observe and photo the ovaries using microscopy (Olympus SZX12).

Embryological study: At flowering time FS-M 1 and Ningyou 10 were artificial-pollinated with pollens of wild type or mutant. Pollinated ovaries were fixated with glutaraldehyde (4%) after being pollinated 4, 8, and 12h later. Whole transparency embryo structure was observed by means of microscopic histological dissection after being treated with Yanglusheng's method. Pollen germination on stigma and pollen tube development inside style were investigated using fluorescence microscopy after being stained with Wangxiaoli's method.

Results

Floral morphology of FS-M 1

Floral morphology of FS-M 1 differs in some aspects to that of wild type, Ningyou10 (Fig. 1). Calyx of mutant looks like that of wild type in morphology, so does petal. The 4 longer stamens of FS-M 1 were longer than the 2 shorter stamens, only about 0.8mm, while that discrepancy of wild type reaches to 1.5~2.0mm. Pistil of FS-M 1 was shorter remarkably than stamens in length. No nectar was observed, but there were two extra crescent-like organ developed at the ovary base of FS-M 1 . Stigma end of FS-M 1 shaped a fork-like looking, differs obviously from that of wild type. Pistil length of FS-M 1 was shorter than that of wild type. Ovary shape of FS-M 1 was more flat than that of wild type and ovary length of FS-M 1 was shorter than that of wild type (Fig. 2). Ovules of FS-M 1 developed well. The numbers of ovules of FS-M 1 was same to that of wild type (Fig. 3).

Studies on female sterile mechanism of FS-M 1

3.2.1 Shape of pre-pollinated papillae cells and development of pollinated papillae cells Papillae cell of FS-M 1 is plump and erecting on the stigma before flowing. The numbers of papillae cells of FS-M 1 was sparse and its size was larger than that of wild type (Fig. 4). The papillae cells of FS-M 1 was drying and shriveling gradually in 2-3 days after flowering. On contrary the papillae cells of FS-M 1 was erecting in 7 days after flowing. Number of pollen grains observed on stigma of FS-M 1 was less than that on wild type after washed with NaOH (1%), (Fig. 5).

Development of ovaries of FS-M 1 by open-pollination

Ovaries of FS-M 1 halted to develop at the ending of flowing and became yellow and shrinking, falling off at last. Ovaries of wild type became long and wide and developed rapidly by contraries.

Germination of pollens and elongation of pollen tube of FS-M 1

Part of stigma of FS-M 1 and wild type was excised after artificial-pollinated 4h later and observed with microscope. The result showed that pollens germinated on the surface of stigmas of the FS-M 1 and wild type (Fig. 7). Pollen tube could be seen stabbing into the papillae cells on the stigma of wild type, but this didn't occur on the mutant (Fig. 8).

Stigma of FS-M 1 was excised and pollinated then. Pollens germinated on the surface of excised stigma and pollen tube elongated among style, arriving megaspore at last (Fig. 10). It indicated that function of ovary and megaspore of FS-M 1 was normal.

Seed set of FS-M 1 after excision of stigma

Seed set radio of FS-M 1 was about 98.5% and seed of per pod was 12.7 when the stigma was excised and handpollination was made by its own or wild type pollens. While that of wild type was about 99% and 13.5 respectively. It indicated that stigma and ovule of FS-M 1 developed well.

In a word, losing function of the papillae cells of FS-M 1 resulting from its abnormal development is possibly a key factor causing the female sterility.

Discussion

Female sterility of FS-M 1 is caused by its abnormal development of pistil which differs from other female sterile mutant. Pollens germinated on the surface of FS-M 1 , but pollen tube couldn't stab the papillae cells on the stigma. Papillae cell of stigma is composed of cutin, wax and protein membrane from outer to inter. Protein membrane composed of protein and lipid captures pollens and take part in hydration and inter-recognition. Papillae cells take important part in pollens germination. Studies by Jensen on pistil of cotton showed that papillae cells decomposed and cytoplasm degenerated, releasing water for pollens germination and aryl compound to induce pollens germinating. Studies on pollination of nigra and oleracea by electric microscope showed that papillae cells took a important part on the germination and recognition of pollens. On the base of well development of pollens and succeed pollination made by excising stigma, it can be concluded that papillae cells of FS-M 1 accept pollens but lost the function of inducting pollen tubes stabbing into papillae cells and extending among styles. The dry and shriveled papillae cells are a proof of the hypothesis. Thus it can be seen that the losing of special functional genes of papillae cells causes the female sterility of FS-M 1 . We had failed to improve the pods set ratio by using difference concentrations of Nacl, C 6 H 14 and CHCl 3 to saturate the stigma of FS-M 1 . Intensive studies would be performed, such as, the change of chemical substance (protein, enzyme, etc) on the surface of stigma.

Missing function of the specific gene of papillae cells could also be the main cause of the changes of floral morphology of FS-M 1 . It will be testified later that the possibility of the crescent-like organ formed at the ovary basal is resulted from the distortion of the nectars or not. And intensive study on female sterility of FS-M 1 will be performed further. 

FS-M1 WT

Introduction

Transfer of genes across the Brassica species has played an important role in improvement of several economically important traits such as oil and meal quality, and incorporation of resistance to fungal diseases [START_REF] Gupta | Response of interspecific Brassica juncea×Brassica rapa hybrids and their advanced progenies to Albugo candida (Pers.) Kunze[END_REF]. This principle has played an important role in improvement of B. juncea, the most prominent oilseed Brassica in India and South East Asia [START_REF] Agnihotri | Genetic enhancement in Rapeseed-Mustard for quality traits[END_REF]. The extent of variability generated through interspecific hybridization is phenomenally dependent on the breeding strategy adopted after successful establishment of the F 1 hybrids and plays an important role in recovering the desired plant type with trait of interest. The paper presents a comparison of the morphological/ phenotypic variation in the progenies derived from B. juncea/ B. carinata crosses attempted to transfer fungal disease resistance.

Materials and Method

The B. juncea genotypes RESBJ-830 (EC446033) and RESBJ-837 (EC 446032) which have differential resistance response to Pernospora parisitica (Dr NI Nashaat, Personal communication) were used as female parents. The B. carinata cultivar Kiran (obtained from Prof SJ Kolte, GBPUAT, Pantnagar) was used as the pollen donor. The interspecific crossing and in vitro sequential embryo rescue were carried out as per Agnihotri (1993) and the regenerated plantlets were multiplied through axillary bud proliferation. The regenerated shoots were hardened and transplanted in the field. The morphological characteristics of the F 1 hybrids were recorded and these were bagged for self-pollination or backcrossed to the respective B. juncea parent. The inbred and backcrossed progenies were grown simultaneously in the successive Brassica growing season to study the phenotypic variability between these two populations.

Results

The recovery and establishment of F 1 plantlets was greater via ovule culture (25%) than sequential embryo rescue (2.6%). Wrinkled and shriveled seeds produced from pods left in vivo invariably required an in vitro phase for germination. Eight hybrids including two from RESBJ-830 × Kiran (J0K) and six from RESBJ-837 × Kiran (J7K) were grown to maturity. The hybrids showed intermediate morphological traits with characteristic features of male donor such as purple color at the junction of petioles and stems, and presence of red dot at the tip of anthers (Figure 1). Anthers were partially male sterile with pollen fertility ranging from 19.5 to 39.2%. Self-pollination produced an average of 20 seeds per hybrid in J0K and approximately 40 seeds from J7K. The pod formation ranged from 38.8% in J7K and 41.8 % in J0K. Only nine backcross seeds were harvested following backcrossing to J0K. Self-pollinated seeds from J0K were dark brown resembling female, whereas seeds from J7K were yellowish brown in contrast to bright yellow in male donor. Seeds obtained from backcrossing were segregated in two brown: one yellow. The BC 1 and F 2 seeds were sown in single plant progeny rows to evaluate the respective plant populations.

F 2 generation: Only three plants (from 40 seeds) represent the two J0K hybrids and 39 plants (from 231 seeds) representing J7K were obtained. Three out of the six J7K hybrids did not germinate. A total of five F 2 single plant progenies were evaluated at the peak flowering stage (Table 1). The plants of J7K and J0K flowered at 76 and 88 days after sowing (DAS) compared to 50 and 68 DAS respectively for the female parent, while the pollen donor B. carinata had flowering at 114 DAS, indicating the days to 50% flowering as intermediate to both parents in each cross. The F 2 plants were categorized as resembling B. carinata, intermediate and B. juncea type. A high influence of male donor was observed in the F 2 plants from cross J7K that segregated in 1 B. carinata type:1 intermediate morphology type. All J0K plants were brown seeded while out of 35 plants from J7K, seven were yellowish brown and 28 were brown. Based on morphological traits, one plant from J0K and three from J7K were selected for progeny advancement.

F 3 generation: Two F 3 single plant progenies were evaluated further. Five plants from J0K and three from J7K were grown to maturity. The plants were late in flowering (102 DAS) and predominantly intermediate to their parents with medium height and profuse basal branching. Leaves were B. carinata type with sinuate margins and purple venation in J0K while in J7K leaves were partially dented having white venation with yellow chlorotic patches on the upper surface. Flowers resembled B. carinata with a characteristic red dot at the tip of the anthers. Plants with long pods possessed a shorter main shoot in J0K as compared to those from J7K.

BC 1 generation: The plants of J7K ( 25) and J0K ( 7) flowered at 70 and 84 DAS as compared to 50 and 68 DAS for the respective female parents. In J0K, more than 70% of the plants were intermediate type; but the leaves, flower and inflorescence of the remaining 30% of the plants resembled B. juncea type,. Variability in leaf, flower and inflorescence of plants raised from J7K was high and segregated in 13 (B. juncea type): 7 (intermediate): 5 (B. carinata type). The plant height and branching pattern was highly variable, 64% of the plants being medium in height and almost half of the plants exhibited basal branching. All J7K BC 1 plants, except one, had green color like the female parent. An apetalous flower phenotype plant was identified from progeny J7K-1 (Figure 1). More than 84% of the plants were B. juncea type with petiolate serrate margins, oval leaves and obtuse tip. The inflorescence had upright, partially appressed pods resembling the female parent J7. Only 40% of the plants possessed a red dot at the tip of the anthers. Plants from J7K-4 were completely sterile (Table 1). Four plants from J0K segregated in 1: 1 ratio for seed coat color, while 25 plants from J7K segregated in the ratio of 2: 1. In total, four plants selected from J0K and 11 from J7K were selfed and backcrossed to harvest BC 1 F 2 and BC 2 seeds.

BC 1 F 2 generation: BC 1 F 2 seeds from four J0K-2 plants were forwarded, but seeds from only one plant germinated. Similarly out of 11 plants from J7K, seed from only five plants were germinated; one from each of J7K-2, J7K-3 and J7K-4, whereas the other two plants were from J7K-5. All germinated plants of J0K as well as BC 1 F 2 seeds of J7K were derived from brown seeded plants except one (SPP-1) from J7K-5. A total of 71 BC 1 F 2 plants; 12 from a single SPP of J0K and 35 derived from four SPP of J7K were grown and evaluated. The plants from J7K were intermediate type with medium height and above basal branching, while the plants from J0K had a pronounced influenced by the pollen donor B. carinata as reflected by presence of RA and purple color observed at the base of branches in all plants having intermediate leaf morphology. On the other hand the majority of the plants from J7K had B. juncea type leaf with a variation at tip and margins. The inflorescence of all plants was of a B. juncea type with dense pods except a few J0K plants with a short main shoot like B. carinata. Segregation for seed coat color was in the ratio of 1: 11 where 6 plants were with yellow seed coat color and 65 plants with brown seed coat color. Out of the six yellow seeded plants, 2 plants were from J0K and 4 from J7K (2 each from J7K-2 & -5). An unusual variant was identified from J7K-2 with a reddish tone in seed coat color (Figure 1).

BC 2 generation: BC 2 seeds from four J0K-2 plants were forwarded, but seeds from only one plant were germinated. Similarly out of 11 plants from J7K, seeds from one plant each of J7K-2 and J7K-3, and two plants of J7K-5 were germinated. All plants of J0K and J7K except one SPP J7K-5 (SPP-1) were derived from brown seeded plants. A total of 17 BC 2 plants, 4 from J0K and 13 from J7K were grown to maturity and evaluated. All plants in BC 2 were B. juncea type but with characteristic feature of the male donor. Plants were medium in height with above basal branching. Very minor variation was observed in leaf morphology in the BC 2 progeny. Leaves were petiolate, oval with serrate margins and coarse textured at the adaxial surface except J0K leaves that were round with obtuse tip. Floral morphology was similar to their female parents and the red dot on the anther was absent in all the plants. Inflorescences also resembled the female parents with long main branches and upright appressed dense pods, except J0K that possessed open scattered pods like the male donor. Good pod formation and seed set was achieved with variation in seed coat color. Stability for seed coat color was recorded in the second backcross and plants of J0K were all yellow seeded. However, J7K plants segregated almost equally into yellow and brown seeded plants. The yellow seeded BC 2 plants from J7K resembled the male donor, but the bright yellow seeded plants from J0K were distinctly different from male donor which had brownish yellow seed coat color. 

Discussion and Conclusion

Limited seed set in hybrids and poor seed germination in subsequent progenies supports the presence of post fertilization barriers in the interspecific cross B juncea / B. carinata. Significant variation in leaf shape, flower color, branching pattern, pod size and seed coat color was observed. High frequencies of intermediate type plants were observed in F 2 progeny from B. juncea/B. carinata (72%) followed by those resembling the male donor (20%). The segregation pattern of F 2 plants indicated a high recombination rate with more influence from the male donor. The high frequency of plants resembling the maternal parent and the intermediate type of plants in the F 2 generation in an interspecific cross have been reported earlier by [START_REF] Subudhi | White rust resistance and its association with parental species type and leaf waxiness in B. juncea L. Czern and Coss. × B. napus L. Crosses under the action of EDTA and Gamma ray[END_REF] in B. juncea×B. napus and by [START_REF] Choudhary | Cytogenetics of Brassica juncea × B. campestris 'rapa' hybrids and patterns of variation in the hybrid derivatives[END_REF] in B. juncea×B. rapa. The wide phenotypic variation and transgressive segregation for several morphological traits in F 2 and BC 1 might have resulted from recombination and/or eventual segregation of aneuploids (Olsson, 1960). Taxonomic and cytogenetic studies indicate that hybrids of tetraploid/digenomic species possess high amount of pairing and thus reflect a greater variation in morphological traits as well as in subsequent generations in Brassica species [START_REF] Nishiyama | Critical discussion on abortive interspecific crosses in Brassica[END_REF]. One of the significant outcomes was identification of an apetalous phenotype. The apetalous trait is desirable in Brassicas that has been related to higher seed yielding capacity and tolerance to sclerotinia rot in B. napus [START_REF] Rakow | Development of apetalous Brassica napus[END_REF]Zhao and Wang, 2004). Although apetalous phenotypes have been reported in B. napus and B. rapa, to our knowledge, this is the first report for identification of apetalous morphology in early segregating populations in B. juncea. A slow transition to B. juncea type plants was observed with the two recurrent backcrosses. Probably the chromosomes of C genome were not excluded during recombination at meiosis during subsequent backcrossing with the B. juncea (AABB) which needs to be correlated with appropriate cytological studies. A characteristic red dot present at the tip of the anthers on F 1 and F 2 plants derived from B. juncea/B. carinata progenies diminished with successive advanced generations (BC 1 , BC 2 and BC 1 F 2 ). Presence of purple color, though segregating, was maintained throughout the progenies. The partial homeology that exists between A, B and C genomes indicates interspecific transfer of gene/gene-complexes between the three genomes [START_REF] Choudhary | Interspecific hybridization in Brassica[END_REF]. The identification of yellow seeded plants in the subsequent generations is most significant. The presence of a dominant repressor gene in yellow seeds that inhibit expression of seed coat pigment synthesis, and absent in brown seeded plants has been reported (Getinet and Rakow, 1997). The BC 1 plants of all cross combinations and F 2 plants from cross J7 segregated into yellowish-brown and brown color seeds, suggesting partial dominance of brown over yellow seed coat color.

The progenies forwarded after vigorous selection for morphological traits (as well as fungal disease resistance) at each generation, resembled their female parent in almost all-important morphological traits at much advanced stage except for seed coat color. Although B. carinata has been used earlier to incorporate economically important traits in B. juncea, detailed study of the possible variation obtained in agro-morphological traits in hybrids and advanced progenies derived from B. juncea/B. carinata is not available The advance generation genotypes resembling B. juncea developed through this hybridization program are being evaluated further for their response to fungal diseases.

Introduction

Oilseed rape (Brassica napus L.) was introduced into Australia from Europe and Canada prior to 1970, but was extremely susceptible to blackleg. The oilseed rape industry almost disappeared until the 1990s, when new canola quality varieties, with moderate blackleg resistance, were released. From 1970 to 2000, Australian canola breeders successfully improved yield, adaptation, blackleg resistance and seed quality in Australian canola [START_REF] Salisbury | Brassica napus breeding[END_REF], such that the production of canola exceeded 1.6 million tonnes by 1998/99 [START_REF] Colton | History[END_REF]. Australian canola breeding underwent several cycles of recurrent selection in a closed population from 1970 to 2000.

Climate change will affect agricultural production in different ways in different regions, and crop breeders should be preparing for changing future environments by increasing genetic diversity in their breeding programs. However, the demand for adaptation to changing environments is not new; blackleg resistance will be used as an example of an environment that is constantly changing. Methods for introgressing new alleles into elite germplasm of canola breeding programs are needed, so that effective population size and genetic diversity can be increased. A small investment in genetic diversity now may pay large dividends later.

Materials and Methods

Pedigrees of Australian canola cultivars released between 1970 and 2004 were obtained from [START_REF] Salisbury | Brassica napus breeding[END_REF] and IP Australia (http://www.ipaustralia.gov.au/pbr/). These were then plotted to demonstrate pedigree connections, based on year of release of each cultivar, to the ancestor varieties used in 1970 [START_REF] Cowling | Genetic diversity in Australian canola and implications for future breeding[END_REF]. Pedigree trees were used to calculate the percent contribution of each ancestor variety in each released cultivar, and the frequency of occurrence in pedigrees of cultivars released from 1995 to 2002. The number of crossing cycles from 1970 to the year of release of each variety was calculated from the average of the male and female side of each pedigree. The inbreeding coefficient (F X ) of individual cultivars, and coefficient of ancestry or parentage (f) or pairs of cultivars, were calculated for representative cultivars from 1995 to 2002 following the methods outlined in [START_REF] Falconer | Introduction to Quantitative Genetics[END_REF]. The common ancestor was assumed to be homozygous, so the contribution to F X for each relationship path was calculated according to the following equation:

1 (1 ) 2 n X A F F ⎛ ⎞ = Σ + ⎜ ⎟ ⎝ ⎠
where F A is the inbreeding coefficient of the common ancestor, and F A = 1 for a completely homozygous common ancestor.

The population coefficient of inbreeding over t cycles of recurrent selection was based on the formula for inbreeding coefficient over generations in a closed population [START_REF] Falconer | Introduction to Quantitative Genetics[END_REF]

: 1 (1 ) t t F F = --Δ
where ΔF is the rate of inbreeding, which in a random mating population is related to effective population size (N e ) as follows [START_REF] Falconer | Introduction to Quantitative Genetics[END_REF]:

1 2 e F N Δ = F t is equivalent to the cumulative loss of alleles through random genetic drift [START_REF] Falconer | Introduction to Quantitative Genetics[END_REF].

Blackleg resistance of Australian canola cultivars is assessed by private and public breeders in a national field testing scheme that is co-ordinated through the Canola Association of Australia (CAA), and based on standard disease nursery protocols and quality assurance procedures. Breeders assess percentage stand decline due to blackleg disease on current and older cultivars, with standard control varieties nominated by the CAA, in replicated disease nursery trials at 5-10 locations across southern Australia each year. Predicted values of percentage stand decline for genotypes across years and sites are converted into a scale from 0 (very susceptible) to 9 (very resistant), and these cultivar blackleg resistance ratings are published annually by the CAA (http://www.canolaaustralia.com/information/pest_and_disease).

Annual blackleg resistance ratings, as published by the CAA, were used to assess to assess the average change in blackleg resistance rating on each canola variety over a minimum of 3 years with a minimum of 6 trial sites in each annual resistance rating. The average change in blackleg resistance rating per year was equal to the difference between the first and final resistance rating, divided by the number of years. resistance in the closed breeding population. The net resistance improvement (the sum of genetic improvement and genetic erosion of resistance) over 30 years is estimated to be +0.13 units per year. A model of net resistance improvement, and erosion after release, is presented in Fig. 1. Such a model is limited by the assumptions, but the implications are clear -based on the evidence, breeders will have to continually find new combinations of alleles, as well as new alleles, for polygenic resistance in order to keep ahead of adaptation in the blackleg fungus.

Indirect evidence suggests that transgressive segregation has occurred for blackleg resistance over and above the levels of resistance found in the ancestor varieties. This improvement of polygenic blackleg resistance over 30 years by Australian canola breeders is a major success story, and demonstrates the power of recurrent selection in relatively small populations.

Countering the effects of genetic bottlenecks

For most crops, one or more genetic "bottlenecks" have occurred when crop-types were selected from wild relatives due to the founder effect [START_REF] Ladizinsky | Founder effect in crop-plant evolution[END_REF]. Some crop species such as chickpea have experienced several bottlenecks during and after domestication, and consequently have very limited genetic diversity in the crop genepool [START_REF] Abbo | Evolution of cultivated chickpea: four bottlenecks limit diversity and constrain adaptation[END_REF]. The founder effect implies that wild relatives harbour valuable genetic variability with high breeding potential [START_REF] Ladizinsky | Founder effect in crop-plant evolution[END_REF]. The challenge is how to introgress these valuable minor alleles into elite gene pools in an economical and sustainable procedure in a commercial plant breeding program.

Experience shows that most plant breeders are reluctant to make wide crosses, as the performance of breeding populations is almost always negatively affected when exotic germplasm is introduced (Rasmusson and Phillips, 1997). A large number of backcrosses may be made to transfer major genes from wild relatives to elite gene pools in order to break linkage drag and restore performance of the elite cultivar. This obviously greatly reduces the probability of introgression of potentially valuable minor alleles from the non-adapted donor parent.

Response to selection (R) in any breeding program is related to index of selection (i), phenotypic variation (σ p ), heritability (h 2 ), and cycle time (t) as follows:

2 p i h R t σ =
A more rapid response to selection can arise from an increase in selection pressure, phenotypic variation, or heritability, or a decrease in cycle time.

Breeders will need to find new allelic diversity for polygenic blackleg resistance (heritable variance), and decrease cycle time, in order to maintain a net positive response to selection in polygenic blackleg resistance and "keep ahead" of the blackleg fungus. DH technology or single seed descent will help reduce the average cycle time below 6 years (the average from 1970 to 2000).

Breeders cannot be certain which immigrant varieties will be the source of valuable minor alleles, and cannot predict which interlocus epistatic interaction will result in the next major increase in adaptation, resistance or yield. A wide range of new germplasm should be used in crossing -quality and yield of B. napus is improving around the globe, and any exotic parent may provide valuable alleles for local breeding programs. However, canola germplasm from outside of Australia will most likely not be adapted to Australian conditions. Imported germplasm must be introgressed gradually without destroying local adaptation. Model for net breeding gain in blackleg resistance (+0.13 resistance units per year) in Australian canola breeding programs from 1970 to 2000, with a simultaneous erosion of polygenic resistance of -0.15 resistance units per year. The "final" resistance rating occurs after an average of 4 years of testing, at which time the variety has lost 0.6 resistance units. 1996 varieties have an average final blackleg rating of 5.6, and 1970 varieties are assumed to have a final blackleg resistance rating of 1.6. Blackleg resistance varies from 0 (very susceptible, VS) to 9 (very resistant, VR). Modified from data presented in [START_REF] Cowling | Genetic diversity in Australian canola and implications for future breeding[END_REF].

New methods of introgression of new alleles should be investigated, such as the RIPE system in barley [START_REF] Kannenberg | Models of activation of plant genetic resources for crop breeding programs[END_REF]. The RIPE system introduces new alleles in small increments, while preserving local adaptation in the elite population. This allows a balance to be maintained between introgression of new genetic diversity and improving local adaptation. The RIPE system limits the number of backcrossing steps, before selection occurs on selfed BC 2 progeny. The probability of selecting a valuable minor allele is reasonable if the number of BC 2 progeny is large enough. The RIPE system also ensures there is a reasonable chance of transferring the new improvements to the elite population, by fixing and selecting BC 2 progeny before the next round of crossing to the elite population.

Introduction

Phytosterols are known since more than 50 years for their LDL-cholesterol-lowering properties. In rapeseed, one of the richest natural sources of phytosterols (Gordon and Miller 1997), four major phytosterols were identified: sitosterol, campesterol, brassicasterol and avenasterol. Nevertheless, a further increase of the phytosterol content could give an added value to rapeseed oil and oil-derived products. QTL responsible for different seed quality traits such as linolenic and erucic acid, oil, glucosinolates and tocopherols have been identified earlier on molecular linkage maps of the rapeseed genome [START_REF] Marwede | Mapping of QTL controlling tocopherol content in winter oilseed rape[END_REF], and references therein). However, so far no QTL have been mapped for phytosterol content.

In a separate study, the genetic variation for phytosterol content and composition was analysed in three different doubled haploid (DH) populations [START_REF] Amar | Genetic variation and genotype×environment interactions for phytosterol content in Brassica napus L[END_REF]. In this study, a DH population derived from a cross between the old Dutch cultivar 'Mansholt's Hamburger Raps' and the modern French cultivar 'Samourai' showed the largest segregation for individual and total phytosterol content. The aim of the present study was to map QTL for individual and total phytosterol content in this population.

Materials and Methods

Plant material and molecular marker map:

The mapping population consisted of 148 DH lines derived from a cross between two DH lines obtained from the old Dutch cultivar 'Mansholt's Hamburger Raps' (high contents of erucic acid and glucosinolates) and from the modern French cultivar 'Samourai' (low contents of erucic acid and glucosinolate). The DH lines were grown in a field trial during two consecutive years at two locations in a randomised block design with two replications. Each plot consisted of a double row with around 80 plants/plot. In 1999, the two locations were two fields at Reinshof (4 km SW of Göttingen, Germany) with different soil types. In 2000, one location was Reinshof and the other was Weende (5 km NW of Göttingen). Seeds harvested from three open pollinated plants were bulked for the analysis (Gül 2002).

The QTL were mapped on a framework map comprising 185 evenly distributed markers selected from a previously established primary RFLP and AFLP map (unpublished data). The primary map comprised 482 markers distributed on 20 linkage groups and covered 1745 cM [START_REF] Kosambi | The estimation of map distances from recombination values[END_REF] of the rapeseed genome. Means for phytosterol phenotypic data over all environments were used for composite interval mapping performed with the program PLABQTL (Utz 2006). Putative QTL were detected by using a LOD score threshold of 2.82 corresponding to a 5% probability of falsely declaring a QTL anywhere in the genome.

Analysis of phytosterol content and other quality traits: A gas-liquid chromatographic method was developed and used for the analysis of phytosterol content in seeds [START_REF] Amar | Genetic variation and genotype×environment interactions for phytosterol content in Brassica napus L[END_REF]. Near-infrared reflectance spectroscopy (NIRS) was applied to determine the oil, erucic acid and sinapate ester content of the seed samples.

Results and Discussion

In the DH population four individual phytosterols were identified: sitosterol, campesterol, brassicasterol and avenasterol (Table 1). Sitosterol was the most prominent phytosterol, accounting for 53% of the total phytosterol content, followed by campesterol (29%), brassicasterol (14%) and avenasterol (4%). Total phytosterol content ranged from 2570 to 4104 mg/kg seed. The largest ranges of individual phytosterols were ascertained for the two most prominent phytosterols, sitosterol (1251-2138 mg/kg seed) and campesterol (631-1533 mg/kg seed). The analysis of variance for all phytosterol traits revealed highly significant genetic effects (data not shown) with high heritabilities (Table 1). a linkage group b distance from the first marker of the linkage group in cM c additive effect (mg/kg seed) estimated for the substitution of a 'Mansholts' allele by a 'Samourai' allele d proportion of phenotypic (Vp) or genetic (Vg) variance explained by the additive effect of the QTL e proportion of total phenotypic (Vp) or total genetic (Vg) variance explained by the QTL, adjusted [START_REF] Utz | Bias and sampling error of the estimated proportion of genotypic variance explained by quantitative trait loci determined from experimental data in maize using cross validation and validation with independent samples[END_REF]2006) Coefficients of genetic correlations between different quality traits are presented in Table 2. Positive correlations between total phytosterol and all individual phytosterols were observed. Individual phytosterols were positively correlated with each other. A close negative correlation was detected between total phytosterols, oil content and erucic acid, respectively. Oil content was positively correlated to erucic acid content, which has been described and explained earlier (Ecke et al. 1995). Interestingly, a positive correlation was also found for phytosterols and sinapate esters.

Three QTL were identified for total phytosterol content on linkage groups (LG) 6, 12 and 20 (Table 3). The QTL on LG 6 showed the highest additive effect, explaining 52% of the genetic variance, followed by the QTL on LG 12 explaining 37%. The third QTL on LG 20 had with 8% the smallest effect. The additive effects of all three QTL had a positive sign, indicating that the presence of the 'Samourai' alleles at these QTL positions increased phytosterol content. All three QTL together explained 60% of the total genetic variance and 54% of the total phenotypic variance. For the QTL at LG 6 and LG 12, QTL for individual phytosterols were found in the same or neighbouring marker intervals (Table 3 andFigure 1). This indicates the presence of one gene at those positions simultaneously affecting individual and total phytosterol content. For the individual phytosterols between 4 and 8 QTL were detected, which together explained between 48% and 68% of the total genetic variance. The additive effects of some of the QTL had a negative sign, indicating that the presence of the 'Samourai' alleles at these QTL positions decreased phytosterol content. The positions of the QTL for total phytosterol content and for most of the individual phytosterols on LG 6 and 12 overlapped with the positions of the two erucic acid genes (Ecke et al. 1995). Considering the close negative correlation between phytosterols and erucic acid (Table 2) and the fact, that cytoplasmic acetyl-CoA is a central common precursor for the biosynthesis of phytosterols and long chain fatty acids (Figure 2), it seems likely that the two erucic acid genes exert a pleiotropic effect on phytosterol content. Cytoplasmic acetyl-CoA is also a precursor of phenolic compounds, among which sinapate esters are predominant in rapeseed. Hence, the observed negative correlation between phytosterols, erucic acid and sinapate esters (Table 2) may be caused by competition for acetyl-CoA, which obviously is available only in limited quantities.

Introduction

The performance of yield per plant is affected by all traits in rapeseed. These traits are composed of plant-type traits and yield traits, and their effects on yield per plant are not equal, some of them are direct, or indirect, and the relations between them and yield per plant are positive or negative, therefore, all these factors will result in greater difficulties of decision for breeders who improve the yield by selecting other traits connected with yield per plant. The effects of Xi to Y can be revealed direct and indirect effects using Path analysis [1] , but to reveal the relationships between a few of×variant and y sometimes is difficult to judge which variable is the principal decisive or restricted variable. The total effects of every independent variables to response variable can be counted by decision coefficient (R(i) 2 = 2 ×bi ×r iy -b 2 i) theorized by Yuan Zhi-fa [2] , and ranking them according to their effects, the variable with maximal value is the principal decisive variable, on the contrary the smallest variable, if its decisive coefficient is negative, it is certainly the principal restricted variable. The chief decisive and restricted traits of aimed traits can be obtained by analysis and comparison of genetics relation coefficient and decisive coefficient. In this paper, not only the direct and indirect effects, but also genetic decisive coefficient of plant-type traits and yield traits to yield per plant were mainly studied in order to obtain the principal decisive and restricted traits for improving yield per plant and provide theory for breeding hybrid rapeseed.

Materials and Methods

1.1Materials and Designs

Five compact (P 1 -P 4 , P 6 )and one loose rapeseed strains (in Brassica napus.L) were employed in the test, their genetic background was as follows. P 1 :1721-1B/Ganbai No. one ; P 2 :7399-8/A74 ; P 3 :8906A/Rub/Z57//Danza 875; P 4 :083/Altex//shaan2B; P 5 :yellow Ken C1 ;P 6 :1721-1B/Start//955B. 30 combinations were gotten by Griffing methodIin 2001, and all of them and their parents were planted in the field of Hybrid Rapeseed Research Center of Shaanxi Province in 2002, according to randomized complete block design, each plot replicated three times with three rows, each row was 2.6 m, the row spacing and plant spacing was 0.4m×0.166m, which was equal to 150000 plants/hm 2 .

Experimental Methods

Within the 3th-5th day, after rapeseed flower ending in 2003, 10 plants with the same growth vigour were selected in the middle row of each plot, then labeled them and measured the angles between stem and branches from the first to fifth from top to foot, and their average value was used as the angle between stem and branches of individual plant for statistical analysis. In the 5 th days before maturity, the ten rapeseed plants labeled were removed from each plot to measure the following traits: plant height, effective branch height, length of main inflorescence, effective primary branches, relative length of branch part(the different value between last branch height and effective branch height), silique length, silique width, length of primary effective branch, relative length of primary effective branch (the proportion of the length of the part having siliques in primary branch to that of primary branch), siliques of primary effective branches, siliques of main inflorescence, siliques per plant, seeds per silique. After maturity, yield per plant was gotten according to the yield and No. of the plants of each plot, 1000-seed weight was gotten, too.

Statistical analysis

The genetic decisive coefficient of all traits to yield per plant was counted using R 2 (i) = 2 ×b i ×r iy -b 2 i (YUAN Zhi-fa etc.2001) [2] . In the above formula, b i denotes direct path coefficient of some trait to goal trait, r iy is the relation coefficient between some trait and the goal trait, if R (i) 2 >0, the corresponding trait is decisive trait, if R (i) 2 ≤0, that is restricted trait, the trait which of R 2 (i) is close to zero is basically kept. Relative length of branch part equals to the ratio between the length from 1 st to the last branch and plant height. Relative length of effective primary branch equal to the ratio between the distance from the 1 st to the last silique on primary branch. Length of effective primary branch is the distance from the 1 st to the last silique on primary branch.

Results and analysis

Path analysis of plant-type traits and yield traits for yield per plant

The trait which has the maximal direct effect on yield per plant among the 17 traits in table 1 was siliques per plant, secondly 1000-seed weight and seeds per silique. It showed that the three traits have always larger direct effect on yield per plant. However, siliques per plant has smaller negative indirect effect, while 1000-seed weight and seeds per silique have more larger negative indirect effects on yield per plant through other traits. Therefore the total effect of siliques per plant to yield per plant was bigger (0.671), while the total effect of 1000-seed weight and seeds per silique were smaller (-0.007 and 0.214). All plant-type traits had no bigger direct effects, but some of them have bigger indirect effects, for example, the direct effect of effective branch height, length of main inflorescence, plant height, silique width, length of effective primary branch were 0.195, 0.043, 0.006, 0.052 and -0.023 respectively, while their indirect effect were -0.554, 0.610, 0.340, 0.373 and 0.610 respectively. As a result, the total effects of these plant-type traits to yield per plant were bigger.

Other traits had smaller direct and indirect effects on yield per plant, so their total effect on yield per plant were also smaller, such as the last branch height (-0.147), angle between stem and primary branch(-0.176), silique length(-0.183), relative length of branch part(0.105), silique density(0.175), relative length of effective primary branch(0.177) and effective primary branches (0.247).

The genetic decisive analysis of plant-type traits

Ten traits that their decisive coefficients were all positive in table 2 were in turn siliques per plant (0.413), siliques of effective primary branches(0.1415), effective primary branches(0.0584), length of main inflorescence(0.0543), silique width(0.0415), silique density(0.0294), silique length(0.0257), the last branch height(0.0179), angle between stem and primary branch(0.0091) and plant height(0.0041).From these decisive coefficients, it showed that siliques per plant was the principal yield trait, it should be improved as the major trait in breeding practice, and then siliques of effective primary branches. Moreover, a comprehensive consideration about effective primary branches, length of main inflorescence, silique width, silique density and silique length were given on the base of the special performance of parents in breeding practice.

These traits which their decisive coefficients were negative were 1000-seed weight (-0.6707), effective branch height (-0.1780), siliques of main inflorescence(-0.1031), seeds per silique(-0.0963), relative length of effective primary branch(-0.0378), length of primary branch (-0.0275) and relative length of branch part in stem (-0.0063). It suggested that 1000-seed weight and effective branch height were the chief restricted traits of yield per plant because of their larger negative indirect effects, although they had larger direct effects to yield per plant. Therefore, 1000-seed weight and effective branch height should be properly lowered in breeding. Siliques of main inflorescence and seeds per silique were less important restricted traits because of their smaller direct effect or larger indirect effect. For instance, the direct effect of seeds per silique was positive (0.5910), while its larger negative indirect effect through other traits resulted in negative genetic decisive coefficient (-0.0963) to yield per plant, so do not harshly improve it.

In addition, because branch-end height, angle between stem and primary branch, plant height and relative length of branch part in stem had not significant effect to improve yield per plant and their genetic decisive coefficients were close to zero, so they only need maintaining in breeding.

Table2 The genetic decision coefficient of plant-type traits and yield traits for yield per plant 3 Discussion

Decisive coefficient is different from correlation coefficient which mainly analyzes concomitant variation between traits. The correlation between non-goal traits which always lead to more difficulties was not considered when we use correlation to improve the goal trait through indirect selection. Decisive coefficient is also different from determinant coefficient that can reflect the determinant effect of a few of independent variances to dependent variances, but the correlative information(indirect effect) and direct effects between traits relating to some non-goal traits can be synthesized into complex index (decisive coefficient) using analysis of decisive coefficient. Then the decisive, restricted traits and keeping traits of the goal traits will be obtained to be utilized conveniently in breeding practice according to the order of the decisive coefficient, especially for these traits which of the correlation coefficients are very close, or significant but are not distinctly different from zero.

Yield is a comprehensive performance of all plant-type traits and yield traits. There were distinct differences in the effects of all traits to yield per plant in the study. Some of them had smaller direct effects, but larger indirect effect to yield per plant. However, some traits had larger direct effects and negative indirect effect through other traits to yield per plant, thus leading to smaller total effects to yield per plant. For instance, among of the three traits of yield, siliques per plant, seeds per silique and 1000-seed weight have larger direct effects, but the two formers have larger negative effects, thus resulting in smaller total effects to yield per plant, namely 0.214 and -0.007, while the latter has smaller negative effects. Moreover, the direct effect of effective primary branches to yield per plant was also larger. However, some other plant-type traits studied in the test showed they had larger total effects to yield per plant because of larger indirect effects to yield per plant, although they have no significant direct effects. For instance, the direct effect of effective branch height and length of main inflorescence to yield per plant were 0.195 and 0.043, then their indirect effects were -0.554 and 0.610, total effects were -0.395 and 0.653. Besides, the total effects of siliques of effective primary branches, silique width and siliques of main inflorescence and length of effective primary branch were 0.620, 0.425, 0.622, 0.587, respectively, they all had larger total effects to yield per plant.

Above analysis suggested that siliques per plant and siliques of effective primary branches were the principal decisive traits and should be continually improved, which was the same as Shen Jin-xiong , s [3] , and we should pay attention to effective primary branches and length of main inflorescence too. In addition, 1000-seed weight and effective branch height were principal restricted traits and should be lowered properly. All these traits which greatly affect yield should be firstly considered in improving varieties using heterosis. While branch-end height, angle between stem and primary branch, plant height and relative length of branch part in stem need to be kept References 1 Akdag C S, Ehirali S. A study on the relationships among characters and path coefficient analysis in chickpea (Cicer arietinum L1) 1 Tr J Agric Forest, 1992, 16: 

Introduction

Oilseed rape (Brassica napus, AACC, 2n=38) is an allopolyploid species resulting from multiple hybridization events [START_REF] Song | Polyphyletic origins of Brassica napus: new evidence based on organelle and nuclear RFLP analyses[END_REF] between B. rapa (AA, 2n=20) and B. oleracea (CC,2n=18). This species shows a regular diploid-like meiotic behavior and a disomic inheritance that occur in spite of large genomic duplications carried by each of B. napus constitutive genomes. Actually it is now largely demonstrated that A and C genomes derive from a common ancestor after several rounds of polyploidization and chromosome rearrangements giving rise to large duplicated regions within and among each genome [START_REF] Truco | Inter-and intra-genomic homology of the Brassica genomes: Implications for their origin and evolution[END_REF][START_REF] Parkin | Patterns of genome duplication within the Brassica napus genome[END_REF]. Additionally, alignment of genetic maps performed for each progenitor and for oilseed rape revealed that some A and C linkage groups of B. napus are homeologous along their full length whereas some others show only segmental homeology [START_REF] Parkin | Patterns of genome duplication within the Brassica napus genome[END_REF]2005). The genomes of the diploid species seem to be conserved in the allopolyploid species; [START_REF] Parkin | Conserved patterns of chromosome pairing and recombination in Brassica napus crosses[END_REF] observed that the majority of loci exhibited a disomic inheritance in the progeny of an hybrid between a synthesized oilseed rape and a natural one, demonstrating that B. rapa and B. oleracea chromosomes were each recombining with corresponding A-genome and C-genome homologues in B. napus, respectively. However, the genetic distances are twice higher in diploid B. rapa than on the A genome of the natural oilseed rape (Teutonico and Osborn, 1994).

This conservation of the progenitor genome structure as well as the large duplications among and between genomes allow the use of homologous and homoeologous recombinations to enlarge the genetic basis of oilseed rape. Homologous recombination can be promoted between A or C genomes either by direct crosses between the progenitors and oilseed rape or by the production of synthetic form but nothing is known on the impact of the ploidy level and of genotype structure on the rate of homologous recombination. Homoeologous recombination is involved in the first stages of oilseed rape stabilization, as it has been shown that chromosome rearrangements occur in the advanced selfing progeny of synthetic forms (Song et al., 1995;[START_REF] Pires | Flowering time divergence and genomic rearrangements in resynthesized Brassica polyploids (Brassicaceae)[END_REF]. Homoeologous recombination can also induce translocations in natural oilseed rape varieties [START_REF] Lombard | A consensus linkage map for rapeseed (Brassica napus L.): construction and integration of three individual maps from DH populations[END_REF][START_REF] Osborn | Detection and Effects of a Homeologous Reciprocal Transposition in Brassica napus[END_REF][START_REF] Udall | Detection of chromosomal rearrangements derived from homeologous recombination in four mapping populations of Brassica napus L[END_REF]. The role of a genetic control of homoeologous pairing between A and C genomes, due to PrBn for Pairing regulator in B. napus [START_REF] Jenczewski | PrBn, a major gene controlling homeologous pairing in oilseed rape (Brassica napus) Haploids[END_REF] in such rearrangements is unknown.

In the present paper, we will present a synthesis of the data acquired on the main factors (1) controlling homologous recombination between A genome of B. rapa and of B. napus and (2) affecting homoeologous recombination during the first stage of synthetic stabilization as well as those modifying the pattern of homoeologous recombination within natural B. napus.

The results will be discussed in relation to oilseed rape genetic improvement.

Materials and Methods

Two B. rapa varieties were used, a doubled haploid varieties, Z1 (gently provided by AAFC Canada) and an old forage variety, Chicon among which one plant, C1.3 resistant to two Leptosphaeria maculans isolates, was selected. Three B. oleracea varieties were chosen to produce synthetic oilseed rape forms, two doubled haploid varieties RC var alboglabra, HDEM var italica and C10, a kale pure line. The two B. napus pure lines, Darmor a European winter type and Yudal a Korean spring type, have been used to establish a reference genetic map [START_REF] Lombard | A consensus linkage map for rapeseed (Brassica napus L.): construction and integration of three individual maps from DH populations[END_REF].

The schemes of crosses are presented figures 1, 2 and 3.

The haploid production was performed as described by Polsoni et al. (1988). Cytogenetic methods are described in Leflon et al. (2006a). Pathological tests at the cotyledon stage for L. maculans resistance as well as the isolates used were presented in [START_REF] Leflon | Resistance genes to Leptosphaeria maculans are introgressed from Brassica rapa to B. napus by homologous recombination[END_REF]. The molecular methods and markers used have been presented in [START_REF] Lombard | A consensus linkage map for rapeseed (Brassica napus L.): construction and integration of three individual maps from DH populations[END_REF], [START_REF] Piquemal | Construction of an oilseed rape (Brassica napus L.) genetic map with SSR markers[END_REF], [START_REF] Leflon | Resistance genes to Leptosphaeria maculans are introgressed from Brassica rapa to B. napus by homologous recombination[END_REF], Liu et al. (2006[START_REF] Le Mignon | Homoeologous recombination plays a major role in chromosome rearrangements that occur during meiosis of Brassica napus haploids[END_REF], [START_REF] Delourme | Genetic control of oil content in oilseed rape (Brassica napus L.)[END_REF].

Homologous recombination

Homologous recombination between A genomes of B. rapa and B. napus allows gene introgression and genetic analysis Pathological tests for the detection of blackleg specific resistance genes allowed the selection of one resistant plant, C1.3. Using the pathological and molecular analyses of its backcross progeny, reported as 2x in figure 1, we showed that at least two specific resistance genes are located on the R7 linkage group of B. rapa. Pathological tests with several isolates containing different patterns of AvrLm genes are needed for their identification. So, Doubled Haploid lines (4x DH in figure 1) from F 1 hybrids (A1A D CC) obtained by crosses between the synthetic line implying C1.3 (A1A1CC) and Darmor oilseed rape variety were produced. Several cotyledon tests per line, combined with molecular analyses of a set DH lines revealed that (1) the resistance genes correspond to Rlm1 and Rlm7 and ( 2) that the B. rapa genes were introduced through homologous recombination on the corresponding B. napus linkage group (N7) [START_REF] Leflon | Resistance genes to Leptosphaeria maculans are introgressed from Brassica rapa to B. napus by homologous recombination[END_REF].

Homologous recombination rates between A genomes depends on the ploidy level and on the genotype. Recombination rates along the R7 linkage group of B. rapa have been analyzed using 19 molecular markers in the backcross progeny of different F 1 hybrids obtained from the same parental B. rapa varieties but showing different genomic structure (A1A2, A1A2C and A1A2CC) (Figure 1). Firstly, we checked that homologous recombination occurs preferentially between A genomes in a digenomic triploid hybrid (Leflon et al., 2006a). Then, we demonstrated that recombination rates were 6.1 and 3.2 fold higher in digenomic triploid hybrids as compared to the diploid and tetraploid hybrids, respectively. Similar increases of recombination rates were found using B. napus as digenomic triploid hybrids (A1A D C or A1A Y C): these latter recombined 3.4 to 1.83 times more than the corresponding tetraploids (A1A D CC or A1A Y CC). 

Homoeologous recombination

Homoeologous recombination during the first stages of stabilization of newly synthetic forms depends on the genotype of the parents and on the way of production of S0 initial amphidiploid forms.

We have produced F 1 hybrids representing three different combinations of B. oleracea and B. rapa genotypes: EMZ (HDEMxZ1), RCC or CRC (RCxC1.3 and reciprocal) and C10Z1 (C10xZ1). The analysis of their meiotic behavior at MI revealed a high level of chromosome pairing which is genotype dependent. Similarly, homoeologous recombination between A and C genomes in the S0 amphidiploid was shown to occur at a rate that depends on both the genotype and the way the amphidiploid were produced i.e. either colchicine doubling or through female unreduced gametes of the F 1 hybrid (Figure 2). The impacts of such rearrangements were confirmed by molecular analyses of the S1 and S2 progenies in which deletions of markers were detected on some specific genomic regions. 

Homoeologous recombination still occurs in natural oilseed rape

We first obtained evidence that homoeologous chromosome pairing (at metaphase I) in B. napus haploid is genetically controlled by examining the segregation pattern for pairing behaviour in a population of haploids produced from F 1 hybrids between two natural B. napus lines with high-and low-pairing behaviours at the haploid stage (at metaphase I). We observed that the parental metaphase I pairing patterns were inherited in a Mendelian fashion, supporting the presence of a major gene that determines the homoeologous chromosomal pairing in haploids [START_REF] Jenczewski | PrBn, a major gene controlling homeologous pairing in oilseed rape (Brassica napus) Haploids[END_REF]. This major genetic determinant, named PrBn for Paring Regulator in B. napus, was recently located on linkage group N19 and shown to display incomplete penetrance (Liu et al., 2006). Three minor QTL having slight additive effect and epistatic interactions were detected, demonstrating that the hereditary components of homoeologous chromosome pairing are polygenic rather than monogenic. We then showed that this genetic system is able to promote homoeologous recombination in natural oilseed rape varieties. Molecular analyses were performed with co-dominant markers evenly distributed over the oilseed rape genome on 2n=38 F 1 plants produced from haploids showing either a high (Darmor, A D C D ) or a low (Yudal, A Y C Y ) level of chromosome pairing at MI (Figure 3). Losses (non-transmissions) of molecular markers were detected in these F 1 plants and provided evidence that at least 50% of these rearrangements were due to homoeologous recombination generating Homoeologous Non Reciprocal Translocations (HNRT) [START_REF] Le Mignon | Homoeologous recombination plays a major role in chromosome rearrangements that occur during meiosis of Brassica napus haploids[END_REF]. The averaged proportion of marker loss ranged from 1 to 5% depending on the parental haploid plants, Yudal or Darmor, respectively. A higher proportion of HNRT per plant (3 vs 1) was detected in the progeny of high pairing haploids (from Darmor) than in the progeny of low pairing haploids (Yudal). In addition, the frequency of rearrangements depended on the genomic regions, at least in the progeny of Darmor haploids.
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Discussion

We showed that it is possible to transfer genes of interest from the A genome of B. rapa into the A genome of oilseed rape through homologous recombination. However, using the same genotypes for the A genome, the rate of homologous recombination is dependent on the genomic structure of the F 1 hybrids. Using triploid hybrids, it becomes possible to manage introgression restricted to the region of interest. The genetic control of chromosome pairing carried by the oilseed rape, which is under complex genetic determinism, seems to affect homologous recombination in digenomic triploid hybrids and we demonstrated that it regulates homoeologous recombination between A and C genomes in haploids of oilseed rape, which occurs spontaneously in this species. The HNRTs generated by homoeologous recombination during the first stages of synthetic stabilization and in natural oilseed rape varieties induce deletion of genomic regions and duplication of the corresponding homoeologous regions. Such mechanisms broaden the genetic diversity that is available for oilseed rape improvement.

Introduction

In rapeseed, much research has been conducted on the genetics of seed GSL. Eventually, this research led to the development of rapeseed cultivars with low seed GSL concentration that drastically increased the economic value of this crop. Little focus, however, has been put on the genetics of GSL concentration in vegetative tissue of rapeseed. Since increased levels of greenmatter GSL are discussed to confer pest and disease resistance [START_REF] Mithen | Leaf glucosinolate profiles and their relationship to pest and disease resistance in oilseed rape[END_REF], it should be desirable to breed for increased GSL concentration of greenmatter in rapeseed. However, some studies indicate that greenmatter GSL and seed GSL are correlated (Jürges, 1982;Schilling and Friedt, 1991). Therefore, it is not clear how feasible it is to select for increased GSL levels in the greenmatter of the plant while maintaining low GSL quality in the seed. This mainly depends on how strong the correlation is and if it can be overcome.

To study the genetic variation of leaf GSL in B. napus, 140 winter rapeseed accessions with a wide range of seed GSL concentration were grown in the field and leaf samples were analyzed with HPLC and NIRS. Our objectives were (i) to estimate the variation for leaf GSL in rapeseed, (ii) to estimate the correlation between leaf and seed GSL, and (iii) to develop a NIRS calibration for leaf GSL.

Material and Methods

One hundred and forty winter rapeseed accessions with a wide range in seed GSL (based on NIRS) were sown on 26 August 2005 at the University of Göttingen field station as non replicated observation plots. Seeds were planted in 2.5 m long and 0.6 m wide plots with a row spacing of 0.3 m and a planting density of 27 seeds m -2 . Leaf samples were taken on 21 November 2005. In each plot, young leaves of about 10 cm by 15 cm without yellowing or signs of damage were sampled from ten plants, put on ice for transport and dried for one day at 60° according to [START_REF] Zobelt | Untersuchungen zur Optimierung der Probenahme fur die GSL-Bestimmung in der Grunmasse von Futterraps[END_REF]. Dried samples were ground and the spectra of the leaf meal were recorded with NIRS (Model 6500, Foss NIR Systems, Inc., Silver Springs, MD) at a wavelength of 400-2500 nm. Samples were then analyzed with HPLC (Gynkotek, Munich) modified after [START_REF] Thies | Quantitative analysis of glucosinolates after their enzymatic desulfatation on ion exchange columns[END_REF] with glucotropaeolin as internal standard. NIRS calibrations were developed with Modified Partial Least Squares followed by cross validation using WinISI II Project Manager (v. 1.04).

Results

Seed GSL for the 140 rapeseed accessions determined by NIRS ranged from 2.1 to 139.5 μmol/g drymatter (DM) while leaf GSL determined by HPLC ranged from 2.4 to 53.7 μmol/g DM. The correlation between seed and leaf GSL was r = 0.58 and significant at α = 0.01 (see Fig. 1). The most prevalent individual GSL was glucobrassicanapin (GBN) ranging from 0.2 to 29.5 μmol/g DM followed by progoitrin (PRO) ranging from 0.1 to 26.0 μmol/g DM. The sum of alkenyl GSL ranged from 0.7 to 46.0 μmol/g DM and the sum of indole GSL ranged from 0.2 to 6.2 μmol/g DM. The concentration for the phenyl GSL nasturtiin (NAS) ranged from 0.1 to 5.5 μmol/g DM.

The coefficient of determination for the NIRS calibration of leaf GSL was relatively high with R2 = 0.90 for total GSL concentration, R2 = 0.93 for the group of alkenyl GSL, R2 = 0.82 for the group of indole GSL, and a considerable variation of R2 for each individual GSL (see Tab. 1). This could be validated by also high coefficients of determination for cross validation (1-VR) except for indole GSL. 

Discussion

We observed a considerable variation for total leaf GSL among the 140 winter rapeseed accessions ranging from as low as 2.4 µmol/g DM to beyond 50 µmol/g DM. Looking just at the accessions with lower seed GSL, our observed variation is similar to that of Schilling and Friedt (1991), who reported leaf GSL concentration from about 5 to 24 µmol/g DM in 32 winter rapeseed F 1 -hybrids not exceeding total seed GSL concentration of 32 µmol/g DM. Jürges (1982) reported less variation for leaf GSL ranging from 1.0 to 15.5 µmol/g DM for 18 winter rapeseed cultivars ranging from 0.7 to 84.4 µmol/g DM in seed GSL concentration. However, leaves in this experiment were harvested just before flowering, while we as well as Schilling and Friedt (1991) sampled during late fall / early winter. Although our experiment was not replicated and results need to be confirmed, it suggests that there is sufficient variation in winter rapeseed to select for increased levels of leaf GSL.

A clear correlation was observed between leaf and seed GSL. This correlation was medium with r = 0.58 (p ≤0.01) indicating that to some extent it should be possible to select for increased levels of leaf GSL without increasing undesired seed GSL. An interesting accession is the cultivar 'Bristol' who sticks out among accessions with less than 20 µmol/g DM seed GSL; with a leaf GSL concentration of 24.6 µmol/g DM, it exceeds even some of the accessions with more than 120 µmol/g DM seed GSL concentration (Fig. 1). Still, this correlation is low compared to r = 0.76 reported by Jürges (1982) and r = 0.85 reported by Schilling and Friedt (1991) and needs to be confirmed in replicated experiments.

We were able to predict total GSL concentration in leaves by NIRS as indicated by a high 1-VR from the calibration and by a low standard error of cross validation (SECV) compared to the standard deviation (SD) (Table 1). The major individual GSL PRO and GBN could also be predicted as well as the sum of alkenyl GSL, while 4-methoxyglucobrassicin (4OH) and the sum of indole GSL could be predicted only with medium precision. The remaining GSL that were detected by HPLC seemed to be in a too low concentration in order to be predicted by NIRS. Although the NIRS calibration seems suitable to predict the major GSL in leaf meal, it needs to be extended for plant material grown in different environments.

Prospects

Forty three most informative accessions were selected from our experiment and are currently being investigated in replicated field and greenhouse experiments to confirm the above reported results. In addition a quantitative trait locus (QTL) study is being conducted in a segregating doubled haploid population of winter rapeseed in order to map QTL for GSL concentration in various vegetative plant parts. Progress on this will be presented and discussed in the context of cultivar development.

Introduction

Herbaceous wild species Descurainia Sophia with much divided leaves, looks very different from Brassica species, but belong to Cruciferae, existing in North America, Asia, Africa and Europe. It was observed that D. Sophia can flourish even in the cold mountainous areas of altitude from 2300 to 3200 meters locating in or to Tibet, showing traits of tolerating to extremely low temperature. Its seed linolenic acid content, is around 40%, very high in comparison of other cruciferous wild species. Characteristics of high-content linolenic acid in its seeds may be basis of oil functional for prevention and cure of blood vessel diseases. Also, unlike most of other wild species with low seed oil content of about 20 -30%, D. sophia seeds is rich in oil, up to 40%.

To enhance rapeseed germplasm for special fatty acid constitution, D. Sophia as trait sources was used for transferring trait to rapeseed by way of somatic hybridization and intergeneric crosses.

Materials and methods

Plant materials

All plant material were obtained from germplasm bank at Nanjing Agricultural University (NAU), and were planted in Jiangpu experimental station of NAU. NJ292 and NJ5280 are a canola line developed by authors. Huashuang No. 3 was from Huazhong Agricultural Univeristy. Wild species D. sophia was collected from Taixing county in Jiangsu province, P.R. China.

Somatic fusion

Leaves of Descurainia Sophia and cotyledon of canola variety Huashuang No. 3 and NJ5280 in B. napus were used to isolate protoplast, and PEG-DMSO method was used to fuse protoplasts. Enzyme combination for isolating protoplast from Descurainia Sophia and B. napus were 4%Cellulase +0.5% Macerozyme +5 mmol/L MES and 1%Cellulase +0.2% Macerozyme+ 3 mmol/L MES, respectively. Improved B5 media was used for culturing fused protoplast with density 1×10 5 . Media for regenerating from the calli was MS + 6-BA 4.0 mg/L + NAA 0.3mg/L + AgNO3 5.0mg/L. Rooting media was MS +IBA 0.1 mg/L+NAA 0.1mg/L. Somatic fusion methods reported in another paper by the authors [1], may not be listed in detail here.

Intergeneric hybridization

A intergeneric cross (B. napus×D. sophia) was conducted by hand-cross and by embryo rescue technique. NJ292 and NJ5280 as maternal parent were pollinated with pollen carefully collected from D. sphia in large amounts, then intergeneric cross embryos were used for rescue. Seedlings derived from carefully cultured for about 2 months were transplanted into fields.

Embryo rescue technique may be described as following simplified procedure. Unmature green embryos got from the intergeneric crosses of 21 days-old, were taken out under asepsis conditions, transferred into culture media such as Ms media adding with 1mg/L 6-BA and 0.2mg/L NAA. For rooting, young seedling growing into height of 1.5-2.5 cm were transplanted into MS media adding with 0.5mg/L NAA and 0.5mg/L IBA. Seedling with 15-20 secondary roots may be carefully transplanted into sterilized fertile soil. Keeping moisture is a key measure for survival of the seedlings. When seedling grew larger, they were transplanted into field for yieiding more seeds.

Morphology and cytogenetics

Traits of all of progenies derived from our work, were observed and recorded. For meiotic analysis, floral buds were fixed in Carnoy II solution (6:3:1 ethanol:chloroform:acetic acid) for 24 h and then transferred to 50% ethanol and stored at 4°C for at least 24 h or until use. Anthers containing PMCs at the metaphase-I were stained with acetocarmine and subsequently squashed according to Jaheir et al. (1989).

Seeds harvested from the hybridizations and parental species were germinated at 25°C. Root-tips were excised from these plants. The pre-treated root-tips were transferred to ice water and kept in a refrigerator for 24 h. The roots were subsequently fixed in Carnoy I solution (3:1) for 4 h at 4°C. The meristematic portion of the root-tips was squashed in 45% acetic acid after hydrolysis in 1mol HCl at 60°C for 8 min and stained.

Quality analysis

The crude fat was extracted by aether-petroleum ether mixed liquor and hydrolyzed by potassium hydroxide-methanol mixed liquor, analyzed by GC-MS with a Finnigan TRACE GC gas chromatograph coupled with a Finnigan TRACE DSQ mass spectrometer equipped with a DBwax fused silica capillary column(60m×0.25mm ID×0.25µm film thickness). The oven temperature programmed as from 175°C to 240°C at 3°C (10min isothermal). Carrier gas was purity helium (flow rate 1.0ml/min) and the split ratio was 1:50. The mass spectra was acquired with a source temperature of 200°C under a 70eV ionization potential. Full-scan analyses starting from 6.00min were in mass rang 40-600m/z.

Data was evaluated by Xcalibur 1.3 system software. Identification of the compounds was done by comparing the retention times and by the use of mass spectra database search (NIST MS search 2.0) and retention indices from accessible scientific literature as well as comparison of mass spectra from relevant literature.

Results

Morphology

By fusion approach, we got 19 somatic bybrid plants, of which 8 did not developed to flowering and died, 11 could flower, but 3 plants did not give out any pollens, showed complete sterility and could yield seeds by open-pollination. The somatic hybrids were slowly-developing, dwarf. Its leaves were divided more than B. napus, but more similar to B. napus than D. sophia (Fig. 1). The buds were wrinkled, and purple. The petals were wrinkled, the anthers were degenerated completely or partially in accordance to plants. Siliques were intermediate between rapeseed and flixweed. Their seed weights were 3.1-3.8g per 1000 seeds.

Fig. 1 The somatic hybrid at budding stage, showing buds and leaves Due to smallness of D. sophia flower, rapeseeds canola line (NJ5280) were used as maternal parents, crossed with D. sophia. More than 2300 buds were castrated, and pollinated with flixweed pollens at 9 -10 a.m. of flowering time. 21 days later, unmature embryo were taken out for rescuing. We got 16 seedlings from more than 60 young embryoes. The young seedlings were carefully and gradually transplanted to field. Though carefully managed in the field,, there were also 9 seedlings died. Luckily, there were 7 seedlings survived though they developed retardedly, dwarfly. Appearances of F 1 plants were intermediate between their parents, but also more like rapeseed while their leaves were with more division. Their leaf colors were slightly yellowish, and stem colors slightly purple. The survived plants that were partially fertile, were selfed, and yielded about 1g seeds for every plants. Their siliques were about 3.1cm long, longer than D. Sophia. Size of the seeds were intermediate between their parents. Viewing their morphological performances, though most of plants were like Brassica species, but diverse appearances could be observed as shown in Fig. 3. Special leaf types which might be intermediate between the two parents, were observed in the population. F 2 plants were partially fertile or fertile, and could seed. We harvested 81 individual plants, got 1-18.5g seeds from different plants. Seeds from other plants were mixed and saved.

Cytogenetics

Chromosome of somatic hybrids and its selfing progenies were observed (Fig. 4). Antheral somatic chromosomes (2n=52) at mitosis metaphage were more than any parents (Fig. 4A). Chromosomes of progenies of somatic hybrids were unequal among plants, for example chromosomes of 23,24, 25 (Fig 4B ,C,D) and 33, 34, etc, were observed in their somatic cell of root tips. This phenomena probably be results chromosome elimination of the somatic hybrids. There were less families with chromosomes surpassing parents (Fig. 4E) (2n=38 for rapeseed and 2n=28 for D. sophia).

The seeds of F 2 plants of intergeneric cross were germinated for chromosome observation. Results showed that chromosome number differed among seeds. Though chromosome numbers of rootip generally were 21-30, there existed also roottips of which chromosome number surpassed parents (Fig. 5D). Fig. 4A showed the antheral somatic chromosomes more than the two parents. Fig. 4B,C,D showed The somatic chromosomes of fusionderived progeny plants (2n=23, 25, 24, etc), less than that of parents. Fig. 4E showed. the somatic chromosomes of progeny surpassing parents. 

Quality analysis

Seed fatty acids were analyzed by GC-MS (Fig. 6). Screening the materials of 31 families with enough seeds derived from somatic fusion and intergeneric hybridization (F3), 3 families with high-content of linolenic acid, ranging from 22.34 to 26.11, were obtained, others were not high-content of linolinic acid, less than 12%. In a family named as BNDS7-39, fatty acid content (%) of palmitic, palmitoleic, stearic, oleic, linoleic, linolenic, eicosenoic, and erucic acid, was 5.79, 0.24, 1. 5, 25.51, 17.76, 25.35, 10.51, 8.2%, respectively. In this family inherited from canola parent and D. sophia, existence of erucic acid (8.2%) was probably because of erucic acid content (11.5%) of D. sophia. Fig. 6 Chromatographic profile of the fatty acids from line 7-39 by GC-MS Note Retention time for palmitic, palmit, oleic, stearic, oleic, linoleic, linolenic, eicosenoic, erucic acid, was 9. 28, 9.62, 12.19, 12.93, 13.73, 15.02, 16.79, 21.17, respectively.

Discussion

Linolenic acid as a trienoic fatty acid may play role in preventing and curing blood vessel diseases. The materials with high-content of linolenic acid may be beneficial to development of rapeseed as sources of function oil. A batch of other materials were obtained, included families with leaf type changed, chromosome number atypical, male sterility, etc. These materials reported may be useful in elucidation of genetic machanism and rapeseed breeding.

Many progenies from the protoplast fusions and intergeneric hybridization developed retardedly, partial progeny plants could not survive. Accroding to our researches (not listed here), genes in D. Sophia were less related to B. napus than Arabidopsis thaliana. The distant evolution relation between the two species may be considered as reasons for chromosome elimination of somatic hybrids and hybridization difficulties between the two species.

Introduction

The Brassica Rapa belongs to the typical incompatible crops and its nature cross-pollination rate is 85%~90%.It is one of the main cultivars in Shanxi, Gansu, Shanxi, Henan and so on. As a result of the long-term cross-pollination, the community of B. rapa has become a heterozygous community, which caused the intrinsic recessive disadvantageous genes covered by the relative dominant advantageous genes, simultaneously tremendously influenced the idioplasm pure and output potential. Therefore, to research the self-compatibility of incompatible crops and breed self-compatible lines have the extremely vital significance. The article mainly reported the analysis result on self-compatibility of Brassica rapa.

Materials and Method

The 202 materials were used in the experiment, among them there were 38 local cultivars, including 11 Gansu cultivars,10 Shaanxi's,2 Henan's,3 Anhui's,3 Shanxi's, 2 Sichuan's,3Yunnan's and 4 Hubei's; and 164 breeding lines.

The experiment was located in the Tianshui agricultural center Zhongliang test station, its elevation was 1650 meters. Each material planted 2 rows (2 meters long each row) in 2004. Five plants each material were chose to cover the host inflorescence or upside inflorescence in flowering to keep self-pollinate. the self-pollination pod number and seed number of 20 flowers in each plant were investigated in mature period. Compute self-compatibility index according to the equation : Self-Compatibility Index = self-pollination seed number / processed bud flowers; Sow the self-pollination seeds the in next year. Each materials was planted 1 or 2 rows according to the seed number. The cultivation and treatment method was the same as the year before.

Results and Analysis

In the 2004, the investigation results showed that there were 31 compatible materials (self-compatibility index≥1.00) and 171 incompatible materials (self-compatibility index<1.00) (Table 1). In the compatible materials, self-compatibility index of 29 materials was 1.00 to 4.00, and the self-compatibility index of 2 materials was more than 4.00; In incompatible materials, the self-compatibility index of 165 lines was below 1.00, and that of 6 lines was 0.. Based on the test result, the materials can be divided into 4 types: 2 high compatible materials(self-compatibility index>4.00),29 compatible materials (self-compatibility index was 1.00 to 4.00), 165 incompatible materials (selfcompatibility Index<1.00) and 6 high incompatible materials (self-compatibility Index=0). The self-compatibility index of plant in a same material had much difference, regardless of the compatible cultivars or the incompatible cultivars, e.g. the average compatibility index of the line 193 was 3.79, but the self-compatibility index of single plant was between 0 to 21.10; The average self-compatibility index of line 195 was 7.15, and in the 11 processing plants, the self-compatibility index of 4 plants was 0, that of 3 plants was above 10, and that of the highest single plants was 21.55 (table 2,figs1,figs2).

In the 38 local cultivars, only 5 cultivars's self-compatibility index was more than 1.00, one of them come from the south Gansu, and the other 4 were the Yangtze valley cultivars. Average self-compatibility index of 164 breeding lines were 0.66, in which the self-compatible materials were 26 and self-incompatible materials were 141. The self-compatibility of breeding lines were more than the local cultivars. The self-compatibility index of the yellow-seeded materials was listed in table 4, the average self-compatibility index of all materials was 0.62 in 2004; but that of 34 yellow-seeded lines was 0.89 and 64 brown seed lines was 0.60. The average self-compatibility index of all materials was 1.75 in 2005, among them 62 yellow-seeded line's self-compatibility index was 2.03 and self-compatibility index of 64 brown-seeded lines was 1.51. The self-compatibility index of yellow-seeded lines was more high than that of brown-seeded lines. 

Discussion

This experiment indicated that the self-compatibility of winter rapeseed (Brassica Rapa) had much difference. In 202 materials, the lowest self-compatibility was 0.00, and the highest was 7.15. Based on the test result, the materials can be divided into 4 types by the self-compatibility index.

Self-compatibility of different area and different ecology materials had the much difference too. The self-compatibility of breeding lines is strong than the local cultivars. The experiment also discovered that the self-compatibility had certain relations to the seed color, in the experimental materials, the average self-compatibility index of yellow-seeded rapeseed was higher than that of brown-seeded rapeseed. Therefore, it was advantageous in enhancing the self-compatibility by breeding the yellow seed character.

Introduction

In Poland oilseed rape is recognized as the most important oil crop. Documented evidence of oilseed rape cultivation and breeding in Poland shows that Brassica napus L. was first introduced for cultivation in the 19 th century. Before the Second World War total acreage of B. napus cultivation was only 56 000 ha. From 1945 to 1960's a small increase in rape production was observed, mainly as the result of total planted area increase -up to 100 000 hectares. In that period the average seed yield of oilseed rape was very low -ca. 1 t per hectare. By the mid-1960's, large-scale growing of rapeseed began, as its adoption into modern agricultural rotations resulted from the specialisation into intensive arable farming. Acreage of this crop increased five-fold by 1990's and has continued to rise, due to further improvements in genetics and breeding ("00" varieties), as well as crop agronomy (Table 1). Recently, Polish market needs for biofuel give the stimuli for cultivation of extra 2 000 000 hectares.

From 1951 to 2000 breeding of oilseed rape was performed at the Plant Breeding and Acclimatization Institute (PBAI). Since 2000 the breeding programmes for winter and spring oilseed rape have been continued at the Plant Breeding Company Strzelce PBAI Group (PBC Strzelce) at two Breeding Divisions -Borowo (since 1949) andMalyszyn (since 1978). The paper aims to present the results of the recent breeding works. 

Material and Methods

The winter and spring oilseed rape breeding material of both open pollinated forms and hybrids, as well as the breeding methods have been developed and elaborated in the PBC Strzelce Breeding Divisions at Borowo and Malyszyn. Double haploid lines (DH) have been produced in our laboratory and in cooperation with the Laboratory of Plant Tissue Culture at PBAI in Poznan (Cegielska-Taras et al., 2002[START_REF] Cichy | Winter oilseed rape cultivar produced by the use of double haploids[END_REF].

Results of yielding of winter and spring oilseed rape varieties and composite hybrids came from 40 and 8 locations, respectively, of Post-registration Trial Network (COBORU) from 2003-2005. In 2006 a field trial with a set of restorer lines was conducted in two replications, on 10 m2 plots in Borowo.

The investigation aimed at evaluation of genetic distance between 47 restorer and 31 CMS ogura winter oilseed rape lines was performed at PBAI in Poznan. Isolation of DNA from leaves of each line was made according to the modified Figure 1 shows the dendrogram of genetic distance among 47 restorer and 31 CMS ogura winter oilseed rape lines. The clustering differentiated three groups of CMS lines. Group A consists of the most different genotypes. The lines of this group: MS 83, MS 65, MS 171, MS 108 are very good components of hybrids. Group B and group C are less or more genetically similar. Moreover, the clustering separated three groups of restorers: two groups of lines bred at PBAI in Poznan with using of a winter restorer genotype. The third group of restorers has been bred in the PBC Strzelce Breeding Divisions at Borowo on the basis of spring genotype as the source of restorer gene. [START_REF] Hasan | Analysis of genetic diversity in the Brassica napus L. gene pool using SSR markers[END_REF] found similar genetic diversity between winter and spring forms in the Brassica napus.

Our research results on genetic diversity of ogura components are used in practical breeding work. 

Introduction

The genus Brassica occupies the second most important position amongst edible oilseeds of India, next only to groundnut. The productivity of oilseed brassicas in India is much lower as compare to western countries. This low yield to a large extent is due to the susceptibility of cultivars to many biotic and abiotic stresses. The genus Brassica includes a large number of wild relatives with desirable attributes particularly for resistance to diseases. One of the breeding strategies of Brassica improvement has been to introgress the desirable genes from the wild species to the cultivars through wide hybridization technique. Several of the wild and weedy relatives of crop brassicas form a good source of genes imparting resistance/tolerance to a number of biotic and abiotic stresses. To tap the desirable genes of the wild species, wide hybridization is one of the best approaches used by several workers (Kalloo and Chaudhury, 1992;[START_REF] Shivanna | Pollen Biology and Biotechnology[END_REF][START_REF] Warwick | Guide to Wild Germplasm of Brassica and Allied Crop (tribe Brassiceae, Brassicaceae). 2 nd Edition[END_REF]. However, presence of strong pre-and post-fertilization barriers between the cultivars and wild species is the major limitation for such breeding programmes. Present knowledge of reproductive behaviour of the wild species is very limited. For the development of wide hybrids, it is very necessary to study the presence of crossability barriers at morphological, cytological and molecular levels. The information on crossability barriers will be very useful to the plant breeders for developing wide hybrids, genetic enhancement and pre-breeding work for utilization in crop improvement programmes. Present investigations were undertaken with the primary objective of documentation of pollen germination and pollen tube growth in wide crosses between all the six cultivated species of Brassica and a number of wild species.

Materials and methods

Different wild relatives [START_REF] Szot | Estimation of the influence of rape siliques moisture on their resistance properties and on the amount of losses at harvesting. 4th ICPPAM[END_REF] and cultivated species ( 6 (L.) To study details of pollen germination and pollen tube growth following wide crosses, several wild and alien species of Brassica maintained in pots at National Research Center for Plant Biotechnology (NRCPB) New Delhi were utilized. The plants of cultivated species were grown in the garden of the Department of Botany, University of Delhi. In order to obtain synchronous flowering in the wild and cultivated species and to extend the flowering for as long a period as possible, three consecutive sowings were done at 2-3 week-intervals starting from mid-September to mid-November. Some of the species flowered early during October and others during December and January.

In pollination studies aimed at crossability barriers, interspecific and intergeneric crosses were carried out between wild species and cultivated species. In each inflorescence, 2-4 flower buds, which would open the next day, were emasculated. While emasculating, the sepals and petals were also removed. All the remaining floral buds as well as opened flowers and young fruits were removed from the inflorescence. The emasculated inflorescence was bagged. Anthers from freshly opened flowers were collected from as many flowers as possible and kept in petri-plates covered with muslin cloth under field conditions, for 1-2 h until anthers dehisced. During foggy or cloudy days, however excised anthers were kept in petri-plates under a table lamp in the laboratory until anthers dehisced. On the day of anthesis, the bags from the inflorescences were opened and emasculated flower buds were pollinated by gently rubbing dehisced anthers of the male parent on the stigma; the inflorescences were re-bagged. Flowers were used for the study of pollen germination and pollen tube growth. Pollen germination and pollen tube growth in pollinated pistils were studied using aniline blue fluorescence technique [START_REF] Shivanna | Pollen Biology -A Laboratory Manual[END_REF]. Pollinated pistils, 2 days after pollination (DAP) were fixed in FAA (formaldehyde: acetic acid: ethanol, 5ml: 5ml: 90ml v/v) for 24 h at laboratory temperature; they were then cleared in 4N NaOH for 18 h at room temperature, washed in water and mounted in decolourized aniline blue (Gurr.) (0.005%) prepared in 0.05M Na 2 HPO 4 (pH 8.2). Applying gentle pressure over the cover slip, spread the tissues of the pistils. Whenever observations were made at a later date, a drop of glycerine was also added to the stain before mounting. The preparations were observed under a fluorescence microscope (Nikon) using UV 2A filter combination (excitation filter 330-380 nm, dichromatic mirror 400 nm and barrier filter 420 nm). Pollen germination was scored as pollen grains failed to germinate as nil; ≤ 10 pollen grains/stigma germinated as poor;11-50 pollen grains/stigma germinated as moderate and > 50 pollen grains/stigma germinated as profuse. Pollen tubes present in the stigma following their entry and those observed in the style/ovary were scored as present (+) or absent (-).

Results

To understand the extent of reproductive isolation between the cultivated species of Brassica and some of their wild relatives, details of pollen germination and pollen tube growth were studied following interspecific and intergeneric pollinations. All the six cultivated species of Brassica viz., B. rapa, B. oleracea, B. nigra, B. juncea, B. napus and B. carinata, and 12-20 wild relatives of Brassica depending on the availability of flowers, were used in these studies.

Most of the wild species were slow growing. Flowering period also varied considerably in wild species. Many of the wild species such as Brassica fruticulosa, B. gravinae, B. maurorum, Diplotaxis catholica, D. erucoides, D. siettiana, D. tenuifolia, Erucastrum cardiminoides and E. gallicum flowered early during November and December. Some others such as Brassica cossoneana, B. spinescens, Diplotaxis berthautii, D. muralis, D. tenuisiliqua, Moricandia arvensis, M. moricandioides and Enarthrocarpus lyratus flowered late during January-February. Further, the number of flowers available in most of the wild species was limited. Therefore wild species could be used only as male parents in the crosses.

Amongst the cultivated species, B. nigra, B. juncea and B. rapa were early to flower (November and December) whereas B. carinata, B. napus and B. oleracea were late in flowering (January-February). About 10 pistils in each cross combination were pollinated with freshly dehisced pollen of the wild species. The pistils were excised and fixed 24 h after pollination in FAA. Pollen germination and pollen tube growth studies were carried out as per the procedure presented under Materials and Methods, using decolourized aniline-blue fluorescence technique. The results are summarized under each cultivated species.

B. nigra×Wild species

Flowers of B. nigra (cv. SRB-98) were crossed with pollen of 17 wild species. Ten species showed moderate to profuse pollen germination, six species showed poor germination and one species D. tenuifolia showed no pollen germination. Many species which showed profuse pollen germination, also showed pollen tube entry into style and ovary. Out of 17 crosses, nine crosses showed the presence of pre-fertilization barriers. Eight crosses which showed occurrence of post-fertilization barriers, attempts can be made to develop wide hybrids using embryo rescue techniques. These crosses are: B. nigra×B. maurorum, B. nigra×B. fruticulosa, B. nigra×B. cossoneana, B. nigra×Diplotaxis siettiana, B. nigra×D. tenuisiliqua, B. nigra×Erucastrum gallicum, B. nigra×E. cardiminoides, and B. nigra×Moricandia arvensis.

B. campestris×Wild species

Flowers of B. campestris (var. brown sarson) were crossed with 12 wild species. In three crosses, there was no pollen germination and non of the cross showed profuse pollen germination. Moderate pollen germination was observed in five crosses and only in three of these crosses, pollen tubes could reach in the ovary. In four crosses, pollen germination was poor and pollen tube growth was inhibited by the development of callose on the tips of stigmatic papillae. Out of 12 crosses, nine crosses showed the presence of pre-fertilization barriers. Three crosses which showed post-fertilization barriers, wide hybrids can be tried through embryo rescue techniques in these crosses-B. campestris×B. fruticulosa, B. campestris×B. gravinae and B. campestris×Erucastrum cardiminoides.

B. oleracea×Wild species:

Flowers of B. oleracae ssp. italica (broccoli) were pollinated with pollen of 17 wild species. In most crosses, pollen germination was poor to moderate and failed to germinate in cross-B. oleracea×D. tenuifolia. Two crosses showed profuse pollen germination and pollen tube growth was observed in style and ovary. Although pollen germination was poor to moderate in another two crosses, but a few pollen tubes could be seen in ovary. Pre-fertilization barriers were recorded in 13 of the seventeen crosses. Four crosses in which presence of post-fertilization barriers was observed, efforts should be made to develop hybrids in these crosses: B. oleracea×B. maurorum, B. oleracea×Diplotaxis tenuisiliqua, B. oleracea×D. catholica, and B. oleracea×Moricandia arvensis. B. carinata ×Wild species: Flowers of B. carinata (EC-223405) were crossed with pollen of 20 wild species. Ten crosses showed moderate to profuse pollen germination and seven of them permitted entry of pollen tube into the ovary. In four crosses pollen did not germinate and in three crosses which showed poor pollen germination, pollen tube growth was inhibited by the development of callose plugs on the stigmatic papillae. Out of twenty crosses studied, 13 crosses showed presence of pre-fertilization barriers and seven crosses showed post-fertilization barriers. Thus, attempts could be made to develop wide hybrids in these crosses- B. carinata×B. fruticulosa, B. carinata×Diplotaxis muralis, B. carinata×D. siifolia, B. carinata×D. assurgens, B. carinata×D. catholica, B. carinata×Erucastrum gallicum and B. carinata×Sinapis pubescens.

B. juncea×Wild species:

Flowers of B. juncea (cv. Pusa Bold) were crossed with pollen of 18 wild species and pollen germination was observed in all crosses. Seven crosses showed moderate to profuse pollen germination but only in three crosses, entry of a few pollen tubes were observed in the ovary. Nine crosses in which pollen germination was poor, growth of pollen tubes were inhibited in the stigma or style. Out of 18 crosses, 15 crosses showed the presence of pre-fertilization barriers and three crosses showed the occurrence of post fertilization barriers. Thus, attempts should be made to develop wide hybrids in these crosses i.e. B. juncea×B. fruticulosa, B. juncea×Diplotaxis erucoides and B. juncea×Enarthrocarpus lyratus.

B. napus×Wild species:

Flowers of B. napus (ISN-706) were pollinated with pollen of 16 wild species but there was no pollen germination in two crosses. Four crosses in which pollen germination was moderate, entry of a few pollen tubes were recorded in the stigma. Five crosses in which pollen germination was poor, growth of pollen tubes were inhibited by the development of strong callose plugs on tips of the stigmatic papillae. Two crosses (i.e. B. napus×B. fruticulosa and B. napus×Diplotaxis erucoides) in which pollen germination was profuse; pollen tube growth was also recorded in the style and the ovary. Attempts should be made to develop wide hybrids in these two crosses. Thus, out of 16 crosses, 14 crosses showed the presence of pre-fertilization barriers and only two crosses showed occurrence of post-fertilization barriers.

Discussion

In the present study, attempt has been made to document crossability barriers in wide crosses of brassicas. In recent years, there has been a greater emphasis on the use of wild species in plant breeding programmes. Wild relatives of the crops are often a valuable source of genes for resistance to a range of biotic and abiotic stresses. Several wild species have been effectively used to transfer genes imparting resistance/tolerance to biotic or abiotic stresses to cultivated crop species [START_REF] Watson | The utilization of wild species in the breeding of cultivated crops resistant to plant pathogens[END_REF][START_REF] Harlan | Genetic resources in wild relatives of crops[END_REF][START_REF] Harlan | Evaluation of wild relatives of crop plants[END_REF][START_REF] Hawkes | The importance of wild germplasm in plant breeding[END_REF][START_REF] Kalloo | Utilization of wild species[END_REF]Prakash et al 2004;Shivanna andSingh, 2000 and[START_REF] Singh Ranbir | Widening genetic diversity in crop Brassicas through wide hybridization[END_REF]. Many wild and weedy members of Brassica coenospecies are a rich source of genes conferring resistance/tolerance to biotic and abiotic stresses (Prakash et al, 2004;[START_REF] Warwick | Guide to Wild Germplasm of Brassica and Allied Crop (tribe Brassiceae, Brassicaceae). 2 nd Edition[END_REF]. However, wide crosses involving wild and cultivated species through conventional hybridization method generally show strong crossability barriers. The stage at which crossability barriers operate depends on the extent of reproductive isolation of the two parental species. In general, the wider the reproductive isolation, the earlier is the stage at which the barriers operate. Thus distantly related species show pre-fertilization barriers, which prevent either pollen germination or pollen tube growth through the stigma and style. While closely related species generally show post-fertilization barriers, often at later stages of embryo development.

The knowledge of wild species, their reproductive behaviour and their crossability barriers with cultivated species are important in pre-breeding and genetic enhancement of crop species; but there is very little information on these aspects. Sporadic efforts have been made to study crossability barriers in crosses involving crop brassicas and their wild and weedy relatives. [START_REF] Harberd | Cytotaxonomic studies of Brassica and related genera[END_REF] reported the studies on crosses between six cultivated species of brassicas and 24 wild species. He listed crossing-series among Brassica cytodemes and placed species more successful as female parent at the top of the list and species more successful as male parent at the bottom. He placed wild species such as Erucastrum abyssinicum and Diplotaxis erucoides more successful as female parents at the top; D. catholica and D. tenuifolia in the middle and B. fruticulosa and B. cossoneana amongst more successful as male at the bottom.

In the present study, 25 wild species of Brassica, Coincya, Diplotaxis, Erucastrum, Enarthrocarpus, Hutera, Moricandia and Sinapis were used to identify the presence of pre-fertilization barriers with all the six cultivated Brassicas. Out of hundred interspecific/intergeneric crosses studied, 73 crosses showed the presence of strong pre-fertilization barriers and 27 crosses showed the presence of post-fertilization barriers; in 49 crosses pre-fertilization barriers were in the form of inhibition of pollen germination or pollen tube entry into stigma, and in 24 crosses due to inhibition of pollen tube growth in the style.

Most of the cultivated Brassica species permitted germination of pollen of B. fruticulosa, B. maurorum, Diplotaxis tenuisiliqua and Erucastrum gallicum. Brassica fruticulosa showed profuse pollen germination and pollen tube growth in the stigma and style and entry of pollen tubes into the ovary in crosses involving four cultivated Brassica species (i.e. in B. nigra×B. fruticulosa, B. carinata×B. fruticulosa, B. juncea×B. fruticulosa, and B. napus×B. fruticulosa). Thus it is a good male parent for wide crosses with cultivated species. Pollen grains of D. berthautii, D. tenuifolia, D. muralis, D. gravinae, Enarthrocarpus lyratus, and Moricandia moricandioides were strongly inhibited on the stigmas of cultivated Brassica species. Therefore, these species are not suitable as male parents for developing wide crosses with cultivated Brassica species.

On the basis of the results obtained in the present studies, it could be generalized that for the development of successful hybrids with wild species, B. nigra and B. carinata are likely to be more successful as female parents as compared to B. rapa, B. oleracea, B. juncea and B. napus. Amongst the wild species B. fruticulosa, B. maurorum, Diplotaxis catholica, Erucastrum gallicum and E. cardiminoides were likely to be more efficient as male parents for developing wide crosses with cultivated Brassica species.

Conclusion

The major factor responsible for low yield is susceptibility of cultivars to a range of biotic and abiotic stresses, causing substantial yield losses. One of the breeding strategies of Brassica improvement has been to introgress the desirable genes from the wild species to the cultivars through wide hybridization. However, presence of strong pre-and post-fertilization barriers between the cultivars and wild species is the major limitation for such breeding programmes (Shivanna, 1996). All the wild species used for making crosses with the cultivated Brassica species, have been categorized into -those showing prefertilization barriers at the level of the stigma or style and those in which pollen tubes entred the ovary. To raise hybrids in crosses in which pollen tubes entred the ovary, application of embryo rescue technique wiould be very effective to overcome crossability barriers. Such information will be very useful for the breeders in selecting suitable species to develop wide hybrids. Following are the main conclusion of these investigations:

When B. nigra was crossed with pollen of 17 wild species, eight crosses showed occurrence of post-fertilization barriers. These crosses are: B. nigra×B. maurorum, B. nigra×B. fruticulosa, B. nigra×B. cossoneana, B. nigra×Diplotaxis siettiana, B. nigra×D. tenuisiliqua, B. nigra×Erucastrum gallicum, B. nigra×E. cardiminoides, and B. nigra×Moricandia Pistils of B. carinata crossed with pollen of 20 wild species, seven crosses showed post-fertilization barriers. Thus, attempts could be made to develop wide hybrids in crosses: B. carinata×B. fruticulosa, B. carinata×Diplotaxis muralis, B. carinata×D. siifolia, B. carinata×D. assurgens, B. carinata×D. catholica, B. carinata×Erucastrum gallicum and B. carinata×Sinapis pubescens. Crosses of B. juncea with pollen of 18 wild species, three crosses showed the occurrence of post fertilization barriers. Thus, attempts could be made to develop wide hybrids in these three crosses i.e. B. juncea×B. fruticulosa, B. juncea×Diplotaxis erucoides and B. juncea×Enarthrocarpus lyratus.

Pollinations of B. napus with 16 wild species, only two crosses showed occurrence of post-fertilization barriers. Attempts could be made to develop wide hybrids in these two crosses: B. napus×B. fruticulosa and B. napus×Diplotaxis erucoides.

Present knowledge on the details of the crossability barriers between Brassica cultivars and the wild species is very limited. Documentation of pollen germination and pollen tube growth in wide crosses between all the six cultivated species of Brassica and a number of wild species will be very useful for the development of wide hybrids as the knowledge of crossability barriers at morphological, cytological and molecular levels is essential. The information would also help in identifying the techniques required to overcome pre-and/or post-fertilization barriers in various crosses attempted. The information generated through crossability barriers studies, will be useful to the plant breeders for pre-breeding work, developing new wide hybrids, to incorporate genes for biotic and abiotic stresses from wild relatives.

As the largest rapeseed production and consumption country, China obtained significant progress in rapeseed variety development, especially in heterosis application for the increase of grain yield. As a result, a bunch of rapeseed varieties with high grain yield were developed, such as Qingyou 2 [START_REF] Li | Papers Collection on Hybrid Rapeseed Qinyou No[END_REF], Zhongyouza 2 (Li et al., 2002). Most of the hybrid varieties, however, are either not with canola (low erucic acid and low glucosinolate contents) quality, or with low oil content. The majority of hybrid varieties developed recently in China contained around 40% oil in seeds, which is quite low compared to high oil content varieties developed in industrialized countries (Becker et al., 1999). Oil is the main product of rapeseed production. Statistically, oil content contributes two fold more than the grain yield to the increase of total oil yield. Thus, the elevation of oil content in rapeseed variety is of major importance for the elevation of rapeseed production proficiency. Strategies for the breeding of high oil content content variety usually includes yellow seed coat [START_REF] Zhen | Brassica napus yellow seeded hybrid variety Yuhuang No.1[END_REF], big seeds and heterosis application. Zhongyouza 11, a hybrid variety with high oil content, was developed by three-line cytoplasmic male sterility system, and analyzed for its yield performance and adaptability in the main winter rapeseed production areas in China. This paper describes the performance of Zhongyouza 11 in rapeseed production in China.

Material and methods

1.1 Material Three parental lines of Qinyou 2, i.e. Shaan 2A, Shaan 2B and Shaan 2C were used as cytoplasmic, maintainer and restorer donor, respectively, which were kindly provided by Prof. Li Dianrong in Shaanxi Rapeseed Hybrid Research Center. Spring type canola Start was introduced from Canada, variety Zhongshuang 2, lines 227 and R1 were developed in Oil Crops Research Institute, CAAS.

1.2 Breeding procedure Single crosses of Shaan 2B×Zhongshuang 2 and Shaan 2B×Start were made in 1991. The two F 1 s were crossed next year and the F 1 of this complex cross (Shaan 2B×Zhongshuang 2)×(Shaan 2B×Start) were selfpropagated and test-crossed with Shaan 2A for selection of plants with good maintaining ability and agronomic traits. The self propagation, test cross and fertility determination were repeatedly carried out up to six generations, resulting in a maintainer line 6098B with high maintaining ability, good yield and quality performance. The corresponding sterile line after repeat test cross became 6098A. The restorer line R6 was derived from a triple cross of (Shaan 2C×227)F 1 ×R1,also by pedigree selection and repeatedly test cross for determining the restoration ability. With the assistance of genetic distance evaluation based on molecular markers, the hybrid between 6098A and R6 was made and high yield heterosis was observed in field trials, with a yield surpassed the control Zhongyou 821 by 19.48%.

Field trials and quality determination

The national rapeseed variety trials were executed according to the uniform test scheme using randomized block design with triplicate in 20 m2 blocks. The occurrence of viral and stem rot diseases was investigated in fields at mature stage. Ten individual plants were sampled from each block to check the economic traits, and whole block was harvested for yield measurement. Least significant difference (LSD method) was used for the comparison of yield of lines. Erucic acid, oil and glucosinolate contents in seeds of lines involved in the regional trials were determined by Quality Inspection and Test Center for Oilseeds Products, Ministry of Agriculture, according to the national standards GB/T 17377-1998 (gas chromatography) and NY/T 4-1985 (residue method) as well as the international standard ISO 9167-1:1992 (E), respectively.

Results

Overall yield performance

The national regional variety trials were carried out during 2003-2005, covering 12 provinces (municipals), including Yunnan, Guizhou, Sichuan, Shaanxi and Chongqing in the upper reach, Hunan, Hubei and Jiangxi in the middle reach, Anhui, Jiangsu, Shanghai and Zejiang in the lower reach of Yangzi river valley. In the trials of 2003-2004, Zhongyouza 11 over yielded the respective controls at all 21 locations of the trials in the upper and middle reaches, whereas in the lower reach trial, seven out of eight locations over yielded. The highest yield reached 4452.3 kg/hm2 at the experimental location in Hefei, Anhui province in the lower reach of Yangzi river valley in [2003][2004]. Due to the climate and soil condition difference, the average yield in the three regions was different, with the highest yield obtained in the lower reach region, and the lowest yield in the upper reach region. The yield increase also varied among regions as well as between years. The highest yield increase rate occurred in the middle reach trial in [2003][2004], which was 25.17% compared to the control (Table 1). However, the average yield increase among the regions did not show big difference, ranged only from 11.52%-14.92%. Overall, the average yield of Zhongyouza 11 were 2405.7 kg/hm 2 , 2697.3 kg/ hm 2 and 2770.2 kg/ hm 2 in the upper, middle and lower reaches, over yielding the respective control varieties by 11.52%, 12.9% and 14.92% over the two experimental seasons. 

Yield stability and seed quality

In all the national trials, including both the regional variety trials carried out as described above and production tests using 66 m2 plot for yield evaluation throughout the Yangzi river valley. In total, grain yield of Zhongyouza 11 was determined at 89 locations, the average yield increase over controls was 12.93%, ranging from -35.47% to 67.76%. Among these, the yield increased at 77 locations, and decreased at 12 locations (Fig. 1). Even though most of the yield decrease occurred in the upper reach of the Yangzi river valley, for example, at Zunyi, Guizou province, at the majority of locations, Zhongyouza 11 obtained significant yield increase. The highest yield increase was also occurred in the upper reach region, which was in Sanxia, Chongqing municipal. Determination of erucic acid and glucosinolate content of Zhongyouza 11 using mixed seeds taking from various national regional trials showed the eruci acid content ranged from 0.18%-0.35% with an average of 0.26% and glucosinolate content ranged from 16.24-20.61 μmol/g meal with an average of 18.79 μmol/g. 

Conclusion

Zhongyou hybrid 11 is a new hybrid canola variety with superior oil yield and wide adaptability, which making use of Shaan 2A sterile cytoplasm as a donor for male sterile cytoplasm. After passing the national regional trials in 2005, it was released for growing in the main production area along the Yangzi river valley. Due to its significant superiority of yield and oil content, the theoretical oil yield of Zhongyou hybrid 11 reached more than 1000 kg/hm2, increased by over 100 kg/hm2 compared to the control varieties, becoming the highest oil yielding and widest adaptability rapeseed variety suitable for planting in Yangzi River valley. The extension of the variety gained much interests from both each provincial government extension bureau and farms. Since there is over 400 thousand hectare sowing to oilseed rape, the high competitive Zhongyouza 11 may finally account for around 5-8% in the region, which means 20-35 thousand hectare planting area each year, resulting over 2-4 million kg oil increase. This will greatly enhance the production efficiency of oilseed rape, and facilitate the changeover process from conventional rapeseed to canola production.

Literature Introduction

Rapeseed-mustard is a group of seven cultivated oilseed crops of Brassica species. Brassica juncea Czern & Coss (Indian mustard) and B. rapa L are the important oilseed crop in India. The B rapa divided into three well defined ecotypes viz., toria, brown sarson and yellow sarson which grown in India. Of theses, brown sarson appears to be the oldest in origin and the yellow sarson form is believed to be originated from brown sarson as a result of mutation [START_REF] Prakash | Taxonomy,Cytogenetics and Origin of Crop Brassicas, a Review[END_REF]. The yellow sarson is a diploid having 20 chromosomes (2n = 20), of which 2 are very long, 8 are long, 6 are medium, 2 are small and 2 are very small (Sikka 1940) and its genomic constitution is regarded as AA (Morinaga 1934).Yellow sarson is self compatible in breeding behavior and is one of the most important members of the family Brassicaceae distributed in the Eastern part of the country which including Central and Western districts of Uttar Pradesh, West Bihar and North Bengal. Yellow sarson occupies an important position due to the presence of high oil content (up to 45 %), high seed yield and early maturing (around 100 days) as compared to Indian mustard (130-150 days), furthermore its yellow seed coat colour has preference over brown seeded. The oil mainly used as edible purposes and in addition to this, the yellow sarson is most preferred choice as leafy vegetables among all the cultivated oilseed brassicas in India.

Brassica breeding strategy involves assembling or generating variable germplasm for selection of superior genotypes for utilization them in hybridization programme to develop a superior variety. In order to incorporate desirable characters to maximize economic seed yield the information on the nature and extent of variability in the any crop germplasm accessions for yield and other advantageous contributing traits is the prerequisite for breeding programme. The effectiveness of selection for seed yield depends upon both, the genetic variability present in the population as well as the degree of association that exist between seed yield and its components traits. Therefore, the present investigation was undertaken to estimate the magnitude of genetic variability and correlation in the diverse germplasm of yellow sarson and to select superior donors/ genotypes.

Materials and Methods

Seventy accessions of yellow sarson (Brassica rapa L. var. yellow sarson) were evaluated during rabi (winter) season 2005-06 in an Augmented Complete Block Design with three national checks (NDYS 2, Pusa gold and YST 151) at the National Research Centre on Rapeseed-Mustard, Bharatpur, Rajasthan (India). Theses indigenously collected accessions of yellow sarson were acquired from National Bureau of Plant Genetic Resources, New Delhi (India). Each genotype was sown in paired rows of 3m length with 30×10 cm spacing. Recommended standard agronomic package of practices and plants protection measures were adopted.

Randomly tagged five plants were selected at appropriate growth stages to record observations on morphological traits namely, initiation of flowering, 50% flowering, maturity, plant height, primary branches and secondary branches per plant, main shoot length, siliquae on main shoot, siliqua length, siliqua beak length and seeds per siliqua. Post harvest observations include seed yield per plant, 1000-seed weight, harvest index and quality traits such as oil and protein content. The mean value of five plants for each character was considered for computation, except for days to flower initiation, 50 % flowering and days to maturity (which was recorded on whole plot basis). 1000-seed was counted by electronic seed counter (Contador, Germany) and weighed by electronic balance. Further, oil and protein content were analyzed by Near Infrared Reflectance Spectroscopy (NIR), (Dickey-John, Instalab 600). Range, mean, and coefficient of variation were computed using standard statistical methods (Gomez and Gomez 1984).

Results and Discussion

The results of present investigation showed considerable diversity in germplasm as exhibited by wide ranges and moderate to high variability for all the morphological and quality traits as well. The data presented in Table 1 shows mean, ranges, coefficient of variation (CV) and standard error (SEm) with corresponding values of checks. On the basis of CV values, the highest (CV >40 %) was recorded for seed yield per plant, while moderate (CV 20-40 %) were observed for secondary branches per plant, siliquae on main shoot, siliqua beak length, seeds per siliqua, harvest index and 1000-seed weight, and lowest were recorded (CV ≤20 %) for initiation of flowering, 50% flowering, days to maturity, plant height, primary branches per plant, main shoot length, siliqua length, oil and protein content. Since these characters have wider variability, they can be used to make selection in yellow sarson accessions. Similar trends for genetic variations were reported by various other workers in some of the earlier reports (Varshney and Shankara 1997[START_REF] Kumar | Genetic variability for seed yield and components traits in newly collected germplasm of yellow sarson (Brassica rapa L. var. yellow sarson)[END_REF], Yadav et al 2001[START_REF] Katiyar | Heterosis and combining ability analysis for seed yield in yellow sarson (Brassica campestris Prain. var. yellow sarson)[END_REF][START_REF] Patel | Genetic variability in Rapeseed (Brassica rapa L. var. yellow and brown sarson)[END_REF].

Promising donors were identified for various seed yield contributing traits which to be a useful donors in the variety development programme. Accession IC 361512 was identified as a useful donor for early flowering, high harvest index, more number in primary branches and secondary branches per plant (Table 2). The accessions IC 342762 and IC 334290 were recorded for more number of siliquae on main shoot and long main shoot length compared to the best check. IC 355382 accessions had high oil content and 1000-seed weight, further IC 520748 showed more seeds per siliqua and primary branches per plant. Besides this accession IC 355365 had long siliqua and high harvest index and IC 447818 recorded for short plant height and more number primary branches per plant Highest seed yield per plant (21.9 g), 1000-seed weight (5.1 g) and number of seeds per siliqua (48.9) recorded in accession IC 336456, IC 361508 and IC 447740, respectively. Correlation estimates between seed yield and other morphological traits are useful in selection of desirable plant type in designing an effective breeding programme. Seed yield is a complex phenomenon, which is encompassing the interactions between many yield-contributing traits. Therefore, selection should be based keeping in view of these traits and their correlation with seed yield. In the present investigation, the seed yield per plant was positively and significantly correlated with main shoot length, siliquae on main shoot, primary branches per plant, oil content, 1000 seed-weight, harvest index and days to maturity, while remaining characters observed non-significant correlations except two character seed per siliqua and protein content which showed negative but significant correlations with this trait (Table 3). Seeds per siliqua showed positive and significant correlations with initiation of flowering, 50% flowering and siliqua length. Significant positive correlations of harvest index with main shoot length, 1000-seed weight and oil content. Similarly significant positive correlations was recorded in siliquae on main shoot with main shoot length and plant height; oil content with 1000-seed weight; plant height with initiation of flowering and 50% flowering; siliqua length with plant height as well as primary branches per plant with initiation of flowering and plant height. Hence, selection for the higher values of these traits will be desirable for increase seed yield. Similar observations for correlations with seed yield were reported in some of the earlier report in Brassica species [START_REF] Kumar | Genetic variability for seed yield and components traits in newly collected germplasm of yellow sarson (Brassica rapa L. var. yellow sarson)[END_REF], Yadav et al 2001[START_REF] Katiyar | Heterosis and combining ability analysis for seed yield in yellow sarson (Brassica campestris Prain. var. yellow sarson)[END_REF][START_REF] Misra | Germplasm evaluation of Indian mustard (B. juncea (L.) Czern & Coss)[END_REF][START_REF] Patel | Genetic variability in Rapeseed (Brassica rapa L. var. yellow and brown sarson)[END_REF]. The associations between the yield related attributes reveal the mutual relationship between two or more characters; therefore, it is an important parameter for taking a decision regarding the selection and its further utilization in improvement in the crop.

Conclusions

The present investigation revealed that there is an adequate variability for secondary branches, siliquae on main shoot, seeds per siliqua, 1000-seed weight and harvest index in the indigenously collected germplasm of Brassica rapa L. var. yellow sarson. The promising accessions can be used directly for hybridization and other breeding strategy related to genetic enhancement of yellow sarson. It may be concluded that characters such as seeds per siliqua, siliquae on main shoot, oil content, harvest index, 1000 seed weight and seed yield per plant will help in improving the seed yield directly and indirectly. Therefore these characters should be considered for seed yield improvement in yellow sarson breeding programmes. [START_REF] Prakash | Taxonomy,Cytogenetics and Origin of Crop Brassicas, a Review[END_REF] Taxonomy, cytogenetics and origin of crop Brassicas: A review. Opera Bot. 55 1-57. Sikka SM (1940) Cytogenetics of Brassica hybrids and species. J. Genet. 40 441-509. Varshney SK and C. Shankara Rao (1997) Combining ability, heterosis and inbreeding depression for yield and yield components in yellow sarson (Brassica rapa L. var. yellow sarson) Indian J. Genet 57 (1) 91-96. Yadav SK, AK Shukla, JS Chauhan, AK Singh and PR [START_REF] Kumar | Genetic variability for seed yield and components traits in newly collected germplasm of yellow sarson (Brassica rapa L. var. yellow sarson)[END_REF] Comparative analysis of variability in two ecotypes of Indian rapeseed (Brassica rapa L.

var. yellow and brown sarson). Indian J. Pl. Genet. Resour. 14 (1) 65-69. 

Introduction

Albugo candida (white rust) is an important disease of oilseed brassicas in India, particularly on Brassica juncea and B. rapa while B. carinata, which is grown on a limited area, was reported to exhibit high resistance to white rust in some locations (Yadav and Kumar, 2003). The pathogen can infect all above-ground parts of the plant and culminates in systemic stag-head infection of the inflorescence, often in association with Peronospora parasitica (downy mildew), which may cause a yield loss of 17-34% (Kolte, 1996).

Pathotypes of A. candida have been reported in North America and India based upon their compatibility with different cruciferous species (Verma et al., 1999, Rimmer et al., 2000). These isolates may infect Brassica species other than those of their origin, especially when the host share a common genome as race specificity is not an absolute adaptation. Reports of variability in virulence of Indian isolates of A. candida from B. juncea are limited (Verma et al., 1999[START_REF] Townsend | Host differential resistance and pathogenic variability in interactions between Brassica juncea and Albugo candida isolates from B. juncea, B. rapa and B. oleracea[END_REF]. Evidence for a gene-for-gene relationship has previously been reported in the Albugo-Brassica pathosystem (Adhikari et al., 2003) The 

Materials and Methods

Varuna and Pusa-Gold were Indian varieties used as a susceptible control to isolates of white rust derived from the same host species. The other genotypes were bred at Rothamsted Research. RESBJ-837 and RESBJ-830, which possess a wide resistance profile to P. parasitica were derived from F 4 progenies of a cross involving selected S 3 lines from var. Kranti and var. Krishna [START_REF] Nashaat | Differential response and genes for resistance to Peronospora parasitica (downy mildew) in Brassica juncea (mustard)[END_REF]. RESBR-219 and RESBR-350, which also possess a wide resistance profile to P. parasitica, were derived from the S 3 progeny of a line selected from var. PYSLP-2 and YST-15, respectively (Unpublished data).

Seedlings of the above genotypes were grown in separate 8.5 cm diameter pots from untreated seeds sown 1 cm deep in autoclaved compost mixture of soil-less commercial grade agro-peat ® (Varsha Enterprises, Bangalore, India). The compost was kept moist by placing the pots in plant growth propagators (30.5×25×10 cm) containing a layer of water 1 cm deep. The plant propagators were kept in a Conviron PGV-36 growth chamber at 22 ± 1 ºC and 16-h photoperiod, with a photon flux of 290 μmol quanta m -2 s -1 .

Three field isolates of A. candida, coded AcBjD, AcBjP and AcBrP, were used in this study. AcBjD was derived from a B. juncea genotype Varunza at Delhi near The Energy and Resources Institute (TERI) Experimental Station. Both AcBjP, which was also derived from Varuna and AcBrP, derived from a B. rapa genotype Pusa-Gold, were collected at Pantnagar, 250 km from Delhi. The three isolates were tested separately in isolation and as mixtures comprising either 'AcBjD+AcBjP' or 'AcBjD+AcBjP+AcBrP'.

Preparation of spore suspension and inoculation of the plants were performed following techniques described by Singh et al. (1999). The inoculum of each isolate was prepared individually in isolation in a laminar flow cabinet. The pustules from freshly collected infected leaves of B. juncea and B. rapa were tapped to dislodge the zoosporangia into a sterile glass flask containing 25 ml sterilized distilled water (SDW). Extraneous material was removed from the resulting zoosporangia suspension by filtering twice through three layers of muslin cloth. The concentration of the suspension was adjusted to 5×10 4 zoosporangia per ml for each isolate with a haemocytometer slide and appropriate dilution with SDW. The mixture of isolates was prepared by mixing an equal volume of isolate suspensions. Inoculation was carried out within 20 minutes of preparing the zoosporangia suspension.

Seedlings were inoculated 7 days after sowing. Prior to inoculation, seedlings were sprayed with SDW to remove any agro-peat ® debris from the surface of the cotyledonary leaves and allowed to dry for 30 minutes. The zoosporangia suspension of the individual isolates and/or their mixtures was applied by spraying seedlings to run-off with an atomizer. After inoculation, seedlings were incubated in a controlled environment cabinet with the transparent propagator lid placed over them to provide high humidity. Incubation started with 8-h of darkness followed by 16-h photoperiod with a photon flux of 290 μ mol m -2 s -1 at 18 ± 1 ºC/ 15 ± 1 ºC day/ night temperature. 

Introduction

Brassica napus L. is one important oilcrop of Brassica. That it flowers early or late will seriously affect the harvesting time, field and planting adaptability. As we know, the major factor influencing the flowering time of spring Brassica napus L is photoperiod sensitivity. The relatively minor affecting factor is temperature. As a result, it is very important for practical breeding to research the genetic control of flowering time and photoperiod sensitivity of Brassica napus L. Until now, a lot of plant scientists from home and abroad have done much in inheritance characteristics and genetic control of flowering time and photoperiod sensitivity of Brassica napus L and other Brassica species (Grant & Beversdorf, 1985;[START_REF] Zaman | Introgression in Brassica napus for adaptation to the growing condition in Bangladesh[END_REF][START_REF] Guo | Studies on the application of major gene plus poly-gene mixed inheritance model for quantitative traits[END_REF][START_REF] Guan | Application of diallel cross design to the improvement of heterosis of elite crosses and the distinction loci groups among parents[END_REF][START_REF] Gai | Methods of genetic experiments for the detection of QTL system in plants[END_REF]Teutonico & Osborn, 1994;[START_REF] Ferreira | Mapping loci controlling vernalization requirement and flowering time in Brassica napus[END_REF][START_REF] Osborn | Comparison of flowering time genes in Brassica rapa, B.napus and Arabidopsis thaliana[END_REF][START_REF] Bohuon | The association of flowering time quantitative trait loci with duplicated regions and candidate loci in Brassica oleracea[END_REF][START_REF] Camargo | Mapping loci controlling flowering time in Brassica oleracea[END_REF][START_REF] Lagercrantz | Comparative mapping in Arabidopsis and Brassica, fine scale genome collinearity and congruence of genes controlling flowering time[END_REF]. The results almost showed that flowering time in rapeseed was one quantitative trait conditioned by several major genes with polygenes. However, as for research on photoperiod sensitivity in rapeseed, it was seldom reported [START_REF] Robert | Conserved structure and function of the Arabidopsis flowering time gene CONSTANS in Brassica napus[END_REF]. Many important genes controlling these traits have been finely mapped or even cloned in model plant rice and Arabidopsis [START_REF] Putterill | The CONSTANS gene of Arabidopsis promotes flowering and encodes a protein showing similarities to zinc finger transcription factors[END_REF], Yano et al, 2000;[START_REF] Yamamoto | Identification of heading date quantitative trait locus Hd6 and characterization of its epistatic interaction with Hd2 in rice using advanced backcross progeny[END_REF][START_REF] Kojima | Hd3a, a rice ortholog of the Arabidopsis FT gene, promotes transition to flowering downstream of Hd1 under short-day condition[END_REF]. That genome project was completed sped up such research. The present paper studied the genetic control of flowering time and photoperiod sensitivity in one DH population derived from a cross of Hyola401 and Q2 of spring Brassica napus L by applying a mixed major and polygene inheritance model of plant quantitative trait.

Material and Methods

Plant materials and field experiments:

The materials used in this study were two spring canola B. napus cultivars Hyola401 and Q2, exhibiting a low and high photoperiod sensitivity, respectively. Doubled haploid (DH) plants produced from F 1 plants of the cross Hyola401 × Q2 using the microspore culture developed by Shi and Liu (1993). DH population and their parents, were grown in the summer-autumn growing season in Hezheng (China, 2003 and2004) with a 14.3 h day length and a 15.1°C average temperature and in the autumn-spring growing season in Zhaoqing (China, 2003 and2004) with a 10.1 h day length and a 15.5°C average temperature and in Wuhan (China, 2003 and2004) with a 10.4 h day length and a 15.4°C. At each location a randomized complete block design was used with two replications. Each DH line and parent comprising 40-45 individuals planted in two rows with 15 cm between plants and 30 cm between rows.

Traits measurements: DTF was recorded as the number of days from the sowing date to the date when 50% of the plants in one DH line or parent had at least one open flower. The mean DTF of each DH line was used for QTL analysis. The degree of PS of each DH line or parent was calculated by the delay in DTF in Zhaoqing as compared to DTF in Hezheng.

Genetic analysis: The mean of flowering time and photoperiod sensitivity index of p 1 , p 2 and DH population in two years were used to do genetic analysis of the two traits by applying one mixed major and polygene inheritance model [START_REF] Gai | Identification and estimation of a QTL model and its effects[END_REF]Hu & Zhang, 1998;[START_REF] Zhang | An expansion of joint segregation analysis of quantitative trait for using P 1 , P 2 and DH or RIL populations[END_REF][START_REF] Gai | Genetic System of Quantitative Traits in Plants[END_REF]. This model included seven main types from A to G and was divided into 37 kinds of genetic models in this study. A, B C, D, E, F and G means one major gene model, two major gene model, polygene model, one major gene plus polygene model, two major gene plus polygene model, three major gene model and three major gene plus polygene model, respectively. Distribution parameters in mixed model were estimated by maxlikelihood and iterated expectation and conditional maximization (IECM). The best-fit model was selected through discriminating Akaike's information criterion (AIC), testing likelihood ratio (LR) and examining one group of suitability parameters

(U 1 2 , U 2 2 , U 3 2 , nW 2 , D n ).

Results

Variance analysis showed that genotype, year and environment affected flowering time of DH population significantly (p≤0.001). Among the three factors, environment had the largest effect. In two way interactions, genotype × environment also exhibited a significant influence on flowering time (p≤0.001). However, there was no significant interaction between genotype and year (p=0.74). As a consequence, genotype displayed a special adaptability for environment. In other words, different environments (photoperiod) were the main external factors conditioning flowering time of spring canola Brassica napus (Table 1). The best-fit models for flowering time in different locations and for photoperiod sensitivity index were selected by methods introduced in material and methods (Table 2). The 3 pairs of major genes with additive-epistasis effect plus polygenes model (G-1), 2 pairs of major genes with additive-epistasis effect plus polygenes model (E-1-1) and 2 pairs of major genes with additive effect plus polygenes model (E-1-6) were the best-fit models for Hezheng, Wuhan and Zhaoqing, respectively. The inheritance of photoperiod sensitivity accorded with 2 pairs of major genes with additive-epistasis effect plus polygenes model. Flowering time of Brassica napus also was conferred by polygenes besides major genes under whether short day or long day. Additionally, photoperiod also was 1 quantitative trait controlled by major genes and polygenes simultaneously. In Hezheng, 3 pairs of major genes contributed small effect on flowering time. However, the interactions between them (i ab , i ac , i bc ) all decreased flowering time by 1.3 d to 2.3 d. The heritability of major genes was 91.13%, the largest one among the 3 locations. This implied that there were many major genes with full expression conferring flowering time under long day condition. The heritability of polygenes was only 4.43%. In Wuhan, 2 pairs of major genes offered the same large, but contrary effect (-22.01 and 22.19). The interaction between them (i ab ) increased flowering time by 14.3 d. The heritability of major genes was 63.05%. The effective number of polygenes (K g ) was 4.77. This indicated that polygenes expressed more fully under short day condition than under long day condition. But its heritability was 1.58%. In Zhaoqing, 2 pairs of major genes had the same effect and increased flowering time by 15 d. But their interaction increased it by 35.9 d. The heritability of major genes was 62.02%. That of polygenes was 22.17%, the largest one in three locations. As for photoperiod sensitivity, there was small difference between 2 pairs of major genes. Their interaction was not tested. The heritability of major genes was 50%, which showed that photoperiod sensitivity was affected by environmental factors largely. That of polygenes was 37.5%. But the effective number of polygenes (K g ) was 0.12 (Table 3).

Discussion

DH population was obtained by microspore culture, but mutations of some important genes probably occurred because microspore was very sensitive to culture mediun components especially colchicines, temperature, photoperiod and so on. Therefore, the flowering time some of plants displayed difference deviated from expectation. In addition to this, there were less than 30 plants in each plot, which maybe resulted in unstable flowering time, relatively early or late.

At present, there were some reports on classification of quantitative traits such as yellow seed (Rahman, 2001) and Sclerotinia sclerotiorum (Lid) [START_REF] Zhou | Evaluation methods of Sclerotinia stem rot in rapeseed[END_REF] in Brassica napus. As far as DH population in this study was concerned, Flowering time and photoperiod sensitivity displayed continuous, but non-normal distributions (Chart omitted). So how to get a scientific classification need further study.

Temperature was the second important factor affecting flowering time of spring rape besides photoperiod. (%) K g Hezheng(G-1) 61.69 0. 35 -0.21 -2.28 -2.21 -0.13 -1.25 7.29 -2.5 87.12 3.86 79.39 3.87 91.13 4.43 1.62 Wuhan(E-1-1) 141. 45 22.19 -22.01 14.32 -6.5 562.36 8.86 354.58 198.92 Therefore, it resulted in a large difference of major genes' effect between Wuhan and Zhaoqing though with a small photoperiod difference (0.3 h). There was a small difference for the heritability of major genes between Wuhan and Zhaoqing, but a large difference for that of polygenes, which implied that the major genes controlling flowering time were mainly affected by photoperiod and that the polygenes were still influenced by temperature besides photoperiod. Additionally, the coefficient of variation (CV) of flowering time was 10%, 18% and 22% in Hezheng, Wuhan and Zhaoqing, respectively. As a consequence, DH population displayed much trimmer for flowering time under long day condition than under short day condition. In other words, it was better to identify the photoperiod sensitivity of DH lines under short day than long day. This study analyzed the primary genetic characteristics of flowering time and photoperiod sensitivity of spring canola Brassica napus. But that how many genes controlled these two traits on earth need to perfect inheritance models and carry out further molecular biology analysis such as quantitative trait loci (QTL) mapping.

Conclusion

The present study made a detailed analysis for number of major genes, genes effect, gene interaction, number of effective polygenes and so on by utilizing the mixed major and polygenes inheritance model. The results showed that flowering time and photoperiod sensitivity mainly were conditioned by over two pairs of major genes and modified by polygenes. This not only set up a good base for QTL mapping of genes controlling flowering time and photoperiod sensitivity of Brassica napus, but also supplied a valuable guidance for breeding insensitive Brassica napus varieties with broad geography adaptability.

Introduction

Brassica juncea has a number of advantages over B. napus in low rainfall environments, including more vigorous seedling growth, quicker ground covering ability, greater tolerance to heat and drought and enhanced resistance to the blackleg fungus, Leptosphaeria maculans (Woods et al. 1991, Burton et al. 1999, 2003). B. juncea seed pods shatter less readily and seeds potentially contain a higher percentage of oil plus protein because the yellow seed coat is thinner. These advantages made B. juncea the preferred species for production of canola quality oil for low rainfall areas in Canada and Australia and for late sowing in higher rainfall Australian environments.

Brassica juncea has been grown traditionally as a condiment mustard crop in Canada and Australia. The development of canola quality B. juncea has taken considerable time [START_REF] Rakow | Field performance of canola quality Brassica juncea[END_REF][START_REF] Oram | Brassica juncea breeding In[END_REF]Potts et al., 1999). Sources of low erucic acid [START_REF] Kirk | Isolation of erucic acid free lines of Brassica juncea: Indian mustard now a potential oilseed crop in Australia[END_REF], low glucosinolates (Love et al., 1990) and 60% oleic acid (Potts et al.1999) provided the necessary building blocks for breeding of canola quality B. juncea. In Canada, B. juncea canola cultivars can only be registered if they meet certain quality and agronomic performance standards as specified by the Western Canada Canola/Rapeseed Recommending Committee (WCC/RRC 2002). The quality requirements are less than 12 µmoles of total glucosinolates per gram of seed at 8.5% moisture (equivalent to approximately 20 µmoles of total glucosinolate in seed meal), including less then 1 µmole of allyl glucosinolates, oil with less then 2% erucic acid (C22:1) and more than 55% oleic acid (C18:1) and total oil and protein content not significantly less than current canola (B. napus) cultivars. The stringent quality requirements for B. juncea have focused breeding efforts on development of germplasm to meet these requirements. The first cultivars, 'Arid' and 'Amulet', were released by the Saskatchewan Wheat Pool in Canada in 2002.

For breeding purposes, two distinct B. juncea germplasm groups have been identified by [START_REF] Oram | Brassica juncea breeding In[END_REF]. The China-Eastern Europe-Canada geographic B. juncea is characterised by brown or yellow seeds containing predominantly allyl glucosinolate. These plants require long days for flowering and are resistant to leaf blight caused by Pseudomonas syringae. In contrast to this, the India-Pakistan geographic group has brown seeds containing a combination of butenyl and allyl glucosinolates, shorter stature, earlier flowering and susceptibility to leaf blight. Adaptation to Australian conditions required combining the shortness and earliness of the Indian germplasm with the quality and disease resistance European/Canadian germplasm. This paper reports on the development of canola quality B. juncea (juncea canola) for Australia.

Australian Progress

Results for near-canola quality B. juncea lines from multi-location trials from 2001 to 2003 (e.g. [START_REF] Burton | The potential of canola quality Brassica juncea as an oilseed crop for Australia[END_REF] showed that at lower yielding sites where the B. napus controls yielded less than 1.5 t/ha, the juncea canola lines were generally equal to or higher than B. napus.

The first lines that met all the quality requirements for juncea canola were in multi-site trials in 2004 (Tables 1 and2). Again, these lines were competitive with B. napus in low rainfall environments.

Trials of new generation breeding lines in 2004 revealed the continued improvement in quality of the germplasm with respect to both glucosinolates and fatty acid composition (Table 3). Advanced breeding lines were evaluated in multi-location trials in 2005 (Table 4) and 2006. Very few trials were successfully completed in 2006, due to a widespread drought in all major growing regions. One additional 2005 site, at Culgoa in Victoria, was not included in the results due to a high coefficient of variation. However, the results in this severely stressed trial, with both B. napus controls yielding ≤0.05t/ha, compared with 0.3-0.5t/ha for the juncea canola lines, reflect the increased stress tolerance of the latter species. As a result of trials over several years, JR 055 has been selected as the initial juncea canola release in Australia. The Way Ahead JR055 has been selected as the first juncea canola to be released in Australia. It is due for release in early 2007, subject to all appropriate regulatory and industry approvals being in place. The major focus of the breeding program to date has been on quality, with the required conversion of the oil and meal from condiment to canola quality. Further quality improvements, including lower total glucosinolates, reduced linolenic acid and increased oil content, will continue to be a significant focus, along with increased selection pressure on yield and other agronomic traits.

Around 70% of the Australian canola crop is produced from herbicide tolerant cultivars, using both triazine tolerant and Clearfield (imidazolinone tolerant) types. Without herbicide tolerance, the initial impact of the first juncea canola cultivars will be restricted. Herbicide tolerant juncea canola (Clearfield and triazine tolerance) is in an earlier stage of development, with cultivars expected around 2010. This will significantly increase the prospects for market penetration of juncea canola. Future challenges include development of a workable hybrid system and other disease resistant traits. Juncea canola is expected to significantly increase the production of canola oil in Australia, becoming the preferred option for production in low rainfall areas and for late sowing in higher rainfall Australian environments.

Introduction

In our previous study, the average yield per plant of B. juncea L. with multi-loculus, produced from the same backcross generation BC 1 , was remarkably higher than that of common's B. juncea L. because of more seeds per pod instead of pods and 1000-seed-weight [1] . To enhance the yield by increasing seeds per pod and richen the genetic resource of B. napus L., some new idioplasmic resources of B. napus L. with multi-loculus were bred by transferring multi-loculus trait from B. juncea L. with multi-loculus to B. napus L. from interspecific hybridization between B. juncea L. and B. napus L. [2] .

Materials and Methods

Materials

1.1 B. juncea L. with multi-loculus B. juncea L. with multi-loculus in Qinghai Province possessed more than three loculus pod separated by septa, which had 10-20 seeds per pod more than that of normal B. juncea L., the characteristics of yield and quality were respectively summarized in Table 1 andTable 2. 

Methods

The interspecific generation F 1 was obtained from B. juncea L.×B. napus L., in the following generations, the method of recurrent full sib selection and quality analysis were adopted to breed B. napus L. with multi-loculus.

Results

Through transferring multi-loculus trait from B. juncea L. to B. napus L., 5 new idioplasmic resources B. napus L. with multi-loculus were bred out. Their characteristics were as follows:

1 Quality characteristics Oil contents of created 5 B. napus L. with multi-loculus were comparatively high (see Table 3), in addition, the contents of erucic acid and glucosinolate of the 5 resources accorded with domestic industry double-low rapeseed standard established in 2001. 2 Multi-loculus and yield characteristics New created B. napus L. with multi-loculus possessed of some superior characteristics such as high yield and steady multi-loculus performance, in Table 4, the multi-locular plant rate reached 83-98%, multi-locular pod rate reached 76-96%; the yield per plant had been distinctly increased, checked to variety No.14, the yield per plant of 248 increased 1.9g; checked to AgrEvo-18, the yield per plant of 220 increased 4.3g, and the yield per plant of other idioplasms increased 1.9-4.3g compared to corresponding parental materials. Further more, the results showed that the more seeds per pod was the key factor of increasing yield in new created B. napus L. with multi-loculus, which was accorded with that of B. juncea L. with multiloculus [1] , all above showed that the character multi-loculus of B. juncea L. had expressed perfectly in B. napus L. 

Discussions

The multi-locular trait of B. juncea L., controlled by a pair of main recessive genes lied on genome B (Zhao Hongchao etc., publishing), had no cytoplasm effect [3] , 5 created B. napus L. could express perfectly multi-loculus performance, which means multi-locular gene in chromosome B had been transferred into genomes of B. napus L.. 5 new B. napus L. idioplasms with multi-loculus performed superior quality and high yield, which possessed some potential value in production and application. In addition, we'd gotten some B. napus L. materials with pod shatter resistance, yellow seed, male sterility with B. juncea L. cytoplasm and apetal etc. by selecting from generations of B. juncea L.×B. napus L., these materials, as well as the created B. napus L. with multi-loculus in the paper, would be important in broadening genetic basis and utilization in B. napus L..

Introduction

Both radish(Raphanus sativus, 2n=18, RR) and cabbage(Brassica oleracea, 2n=18, CC)belong to Cruciferae crops. Attempts have been made for many years to transfer useful genes such as OguCMS and various disease and pest resistance genes from radish into cabbage or rapeseed (Brassica napus, 2n=38, AACC) for the improvement of Brassica crops (e.g. [START_REF] Bannerot | Transfer of cytoplasmic male sterility from Raphanus sativus to Brassica oleracea[END_REF]Heyn, 1977;[START_REF] Pan | Analysis of nematode resistance in BC 2 hybrids obtained from crossing between Brassica napus×Raphanus sativus[END_REF][START_REF] Hagimori | Production and characterization of somatic hybrids between the Japanese radish and cauliflower[END_REF][START_REF] Kaneko | Genetic stability and maintenance of Raphanus sativus lines with an added Brassica rapa chromosome[END_REF]. As it provides a suitable method for chromosome discrimination, Genomic in situ hybridization (GISH) has been used for cytological studies of intergeneric hybrids between Raphanus and Brassica in recent years. This method was first applied to detect the genome components of hybrids between radish and rapeseed by Snowdow (1997); and R-genome chromosomes were monitored in natural hybrids and its progenies between R. raphanistrum and B. napus when Benabdelmouna (2004) assessed the risk of transgenic crops; Peterka (2004) determined the specific chromosome of resistant radish carrying the gene (S) for nematode resistance in raperadish chromosome addition. However, GISH has been limited to mitotic chromosomes in above research. In this paper, GISH was applied to the meiotic analysis of F 1 and its progenies in order to discover the cytogenetic mechanism of hybrids between radish and cabbage.

Materials and methods

Plant materials

The F 1 plants used for investigation were obtained by means of embryo rescue. The female parents were Chinese radishes, R. sativus cvs. 'longju, 'zhedachang', 'Heqing', 'Huangzhou' (supplied by College of Plant Science, Huazhong Agricultural University); the pollen parents were B. oleracea var. alboglabra cv. zhonghua and B. oleracea var. acephala cv. Chunqiu (supplied by Wuhan Vegetable Research Institute, Chinese Academy of Agricultural Sciences). In our previous report, the hybrids were morphologically intermediate between their parents; and DNA fingerprinting of simple sequence repeat (SSR) analysis showed that the genomic DNA had fingerprint of both parents [START_REF] Cheng | Studies on intergeneric hybrization between Raphanus sativus and Brassica oleracea[END_REF].

Fertility of F 1 investigation

Pollen stain ability was determined as the percentage of pollen grains stained with 1% aceto carmine. More than 1000 pollen grains from 5 flowers were counted for each plant. Normal pollen grains were fully round and densely stained, and they were easily distinguished from shrunken and lightly stained ones under the microscope. Meanwhile, the numbers of setting seeds were counted with the flowers of the main stem self pollinating and branches open pollinating.

Classical cytological analysis

Young ovaries were immerse in ice water(0°C) for 6h, treated with 2mM 8-hydroxyquinoline for3.5~4h and then fixed in carnoy `s solution for 24h, stored in 70% ethanol at 4°C for determining the chromosome numbers and GISH. They were hydrolysed in 1N HCl for 8 min, squashed in a drop of 10% modified carbol fushsin and observed under oil. To observe pollen mother cells (PMC) for meiotic analysis, buds from the terminal inflorescence were fixed immediate after collection in fresh Carnoy `s solution for 24h. One anther was dissected out off bud and hydrolysed in 1N HCl for 2 min, squashed in a drop of 10% modified carbol fushsin and observed; the others in suitable divisive stage then stored in 70% ethanol at 4°C for GISH.

GISH probe

For GISH probe, genomic DNA was extracted from radish, using the CTAB-extraction method of Doyle and Doyle (1990), labelled with biotin-11-dUTP by nick translation (the kit supplied by Roche Company) until the lengths of probe fragments, determined by agarose-gel electrophoresis, averaged approximately 500bp. For blocking DNA, genomic DNA was extracted from B. oleracea var. alboglabra, produced by putting in boiling water for 30 min to generate fragment of approximately 300~500bp in length. Both probe and blocking DNA were stored at -20°C for use.

Cytological preparations and in situ hybridisation

Ovaries and anthers were digested in a cellulase-pectinase mix (enzyme solution) at 37°C until the material were soft, followed by 20-min washing in enzyme buffer. Chromosome preparations were made in 45% aqueous acetic acid on chromic acid cleaned slides. Slides were checked by phase-contrast microscope and with an inadequate divisive stage or unacceptable backgrounds were discarded. Suitable preparations were treated with RNAase, fixed with formaldehyde and denatured, and hybridisation procedure was performed according to [START_REF] Leitch A R | In situ hybridization: a practical guide[END_REF], preparations incubated overnight at 37°C with hybridisation mixture including 1ug/mL probe DNA and 10ug/mL blocking DNA. After post-hybridisation washing with 20% formamide solution, hybridisation signals were detected using streptavidin-Cy 3 , chromosomes were counterstained with 4ˊ6diamidino-2-phenylindole. Photographs were taken under fluorescence microscope (LEICA DMLB); pseudo-coloration and merging of images were done with Adobe Photoshop ver.7.0.

Results

GISH in meiotic cells of parents

When situ hybridizations with R-genome DNA as probe were performed to the meiotic cells of parents at metaphaseI, the 9 bivalents of radish had distinct hybridisations signals with six signals in the centromeric regions and the others at the telomeres; while cabbage chromosomes had no obvious signal except a very weak signal at the telomere in one bivalent. This result showed that all radish chromosomes could be clearly distinguished by GISH with labelled R-genome DNA in the hybrids.

The chromosome number and component of F 1

The somatic cells of F 1 contained 18 chromosomes as expected and 9 signals were detected in situ hybridisations. This conveyed the genome component of F 1 was RC, 2n=18.

Meiosis of F 1

The fertilities of F 1 were very poor in common. No plants had selfed seed, but some plants set in open pollinating. The numbers of setting-seeds varied from 0 to 350, the pollen stainabilty were 0~37.5%. The fertility was related with the chromosome number of PMC. All sterile plants had 18 chromosomes in PMCs, but there were three kinds PMCs of 2n=18, 2n=36 and 2n≤36=30~35 in the partly fertile plants. It expressed some PMCs were duplicated naturally. The PMCs of 2n=30~36 were named duplicated PMCs in present paper. The frequencies of duplicated PMCs varied from 0 to 34% in different plants (Table 1). Most buds had no or a few duplicated PMCs, but we also found out a bud in plant 9, whose PMCs were all duplicated with 15~18 bivalents. The chromosomes in PMCs of 2n=18 could not pair normally. More than 15 pairing configurations were observed(Table2), these mainly 18I, 16I+1II, 14I+2II, 12I+3II, 10I+4II at MetaphaseI. Most chromosomes existed as univalent, while a few multivalent with 3 and 4 chromosomes appeared too; the mean chromosome pairing pattern was 14.87I+1.20II+0.04III+0.06IV. GISH indicated that most bivalents resulted from homoeologous paring between radish and cabbage chromosomes. All bivalents consisted of radish and cabbage chromosomes in PMCs with configurations of 16I+1II and 14I+2II(Fig. 1a); while in PMCs of 12I+3II and 10I+4II, one bivalent came from self pairing of cabbage chromosomes, the others resulted from chromosome pairing between radish and cabbage(Fig1b). Chromosomes could not depart regularly at AnaphaseI, with four main ratios of 9/9,10/18,11/17,12/6(Table3). GISH suggested that the nine radish chromosomes separated mostly in the ratios 5/4 and 6/3, with a respective percent of 38.0% and 32.6%, so the chromosome number and components in gametes were not in equilibrium and the gametes were sterile (Table4; Fig1e.).

Table1 Frequencies of different PMCs and fertilities of intergeneric hybrids between radish and cabbage

The genome components were RRCC in PMCs of 2n=36. In some of those cells, the chromosomes paired and separated regularly, producing euploid gametes of RC (2n=18) (Fig. 1d,f); in other PMCs, multivalent was observed at Diakinesis and asynchronous chromosomes appeared at MetaphaseI. This indicated that some chromosomes could be lost at AnaphaseI, producing hypoploid gametes of RC (2n≤18).

PMCs of 2n≤36 were hypoploid of RRCC. The chromosome behaviours were complicated. Most chromosomes existed as bivalents and a few univalents at Diakinesis, and there were different separation ratios of 17/17, 17/16, 16/16, 16/15, 16/14, 15/15, 15/14,1 4/14 at AnaphaseI. GISH showed that some radish chromosomes were lost in those PMCs, and its gametes had nine cabbage chromosomes and partial radish chromosomes (Fig. 1c).

No obvious difference was found in the meiosis of F 1 in reciprocal crosses and diverse combinations except for the different frequencies of duplicated PMCs.

Morphologies and cytogenetically observations of BC 1

31 seeds were reproduced via backcrosses (The number of cross flowers in each combination was 1500) with F 1 as female parents; and 13 seedlings obtained after sowing, including 3 plants (coded with BC 1 -1~ BC 1 -3) from backcross of F 1 to radish, and 10 plants (coded with BC 1 -4~ BC 1 -13) from cross between F 1 and Raphanobrassica (RRCC, 2n=36). Five seeds obtained from the crosses between F 1 and cabbages were shrunken and not germinant.

BC 1 -1~ BC 1 -3 were morphologically inclined to radish, for example, purple flower and crinkle leaves, but with smaller flower and lower pollen stainabilities of 0~50% (Fig. 2a,2b). The plants were mixoploid of 2n=20~27, namely in the same plant, the chromosome numbers were different in different somatic cells. The main pairing configurations were 9I+9II or 7I+10II at Diakinesis; and 5~7 univalent chromosomes were observed at MetaphaseI. This showed that the genome components of BC 1 -1~ BC 1 -3 were triploid of RRC, in other words, RC×RR→RRC, and that the gametes came from F 1 were unreduced one. In these plants, BC 1 -1 was a little different from the others, whose chromosome numbers of somatic cells were from 22 to 25, and the main chromosome pairing configuration was 5I+9II (Fig. 2e,2f). The highest chromosome number of BC 1 -1 was not more than 27, which showed that BC 1 -1 was hypoploid of RRC; therefore we could make a conclusion that the gamete from F 1 was hypoploid of RC, reproducing progenies of hypoploid of RRC.

Cytological characterization of BC 1 -4~ BC 1 -13 demonstrated that RC×RRCC → RRCC. Those plants were morphologically similar to F 1 with bigger flower and higher pollen stainability of 10~80% and produced most PMCs with 18 bivalents except BC 1 -5, whose botanical characters inclined to cabbage with deep green, complete leaves and a lot of wax (Fig. 2c,2d). BC 1 -5 was also mixoploid, 2n=30~33≤36; 15 bivalents and 3 univalents was observed in its PMCs (Fig. 2g,2h). This indicated BC 1 -5 was hypoploid of RRCC, and it could be suggested that some radish chromosomes were lost, resulting in typical character of cabbage appearance.

The result above confirmed that the unreduced gametes both RC euploid and hypoploid came from F 1 could be transmitted to progenies by female parents.

Discussion

Chromosome pairing of F 1

The chromosome-pairing pattern in interspecific hybrids is usually considered to represent the relationship of two parental genomes. In former studies, homoeologous pairing were observed mostly in F 1 between Raphanus and Brassica with classical cytological methods (e.g. [START_REF] Richharia | Cytological investigation of Raphanus sativus, Brassica oleracea and their F 1 and F 2 hybrids[END_REF]. [START_REF] Mizushima | Genome analysis in Brassica and allied genera[END_REF] speculated that Raphanus genome and Brassica genome (including A, B and C chromosome sets) were homoeology. However, the current studies showed that the chromosomes could self-pair in haploid of cabbage [START_REF] Armstrong | Chromosome pairing in haploid of Brassica oleracea[END_REF]. It is difficult to estimate that the bivalents in F 1 result from weather self pairing in one chromosome set or homoeologous pairing between two chromosome sets using classical cytological method, because both radish and Brassica chromosomes are small and similar. In our study, we verified that most bivalents in F 1 resulted from chromosome pairing between radish and cabbage with GISH, which confirm that Raphanus and Brassica are close relative genera and that introgression of useful genes through instant hybridisations between them is possible and valuable.

The chromosome component and transmission to progenies of gametes of F 1

It is commonly realized that interspecific hybrid sterility is caused by unbalanced chromosome sets (Liu, 1999). Since [START_REF] Digby | The cytology of Primula kewensis and of other related Primula hybrids[END_REF] found a fertile plant that appeared spontaneously among the sterile one generated in a cross between two primrose species, this plant had twice the number of chromosomes of its sterile sibs; [START_REF] Wing | The chromosomes, their number and general importance[END_REF] speculated that speciation could occur by interspecific hybridization followed by genome duplication, because upon doubling, a proper pairing -partner would be available to each chromosome resulting in fertility. [START_REF] Karpechenko | The production of polyploid gametes in hybrids[END_REF] verified Winge`s prediction experimentally and discovered the mechanism of chromosome doubling in hybridization between radish and cabbage. He found the nucleus that have divided fuse again before meiosis in generative cells, resulting in the appearance of duplicated PMCs in F 1 . We conveyed this conclusion; but the meiosis of fewer buds, like one in plant 9, show that some somatic cells in F 1 perhaps duplicated spontaneously too, resulting in all PMCs in one bud duplicating together. Meanwhile, we applied GISH to study the meiosis and component of gametes, and three main kinds of gametes were observed. The first one was reduced gametes, whose chromosome number and components were not in equilibrium, and the gametes were sterile. The second was unreduced gametes, RC euploid with whole R-genome set and C-genome set, its quantity was small, but could transmit to progenies smoothly. The third was also unreduced gametes, but hypoploid of RC with nine cabbage chromosomes and partial radish chromosomes. This kind of gametes was theoretically fertile; in fact, hypoploid of RRC and RRRCC were obtained in BC 1 , which showed the gametes of RC hypoploid could be transmitted to progenies by female parents too.

About the duplicated PMCs, there was similar discovery. In F 1 between B. campestris (AA, 2n=20) and R. sativus, Wu (1998) found the somatic chromosome number were expected, 2n=19; but its flower were different, the small flower were sterile with PMCs of 2n=19 and the big one were fertile with duplicated PMCs of 2n=38 and partial duplicated PMCs of 2n=29. He thought separation of parental genomes happened in partial duplicated PMCs, resulting in unequal triad of 10-10-9. We did not observe the separation of parental genomes in F 1 between radish and cabbage. Whereas wild and cultivated allopolyploid plants are well adapted; man-made allopolyploids are typically unstable, such as chromosomal rearrangements and changes in the number. Comai (2005) reasoned that instability of newly formed allopolyploids related to homeologous recombination between the parental genomes, which hindered the normal progress of meiosis by forming, for example, trivalents and univalents. He also pointed out that perfect homologous was often a seconding adaptation, that progressive differentiation of the parental genomes prevented homeologous synapsis and recombination, forcing the establishment of a diploid-like meiosis in established allopolyploids. We presumed that gametes of RC hypoploid resulted from highly homeology between R-genome and C-genome; for multivalents and univalents at Diakinesis and asynchronous chromosomes at MetaphaseIwere observed, which suggested that some chromosome could be lost in meiosis, producing hypoploid gametes.

Changes in chromosomal number

F 1 between radish and cabbage had stable karyotype, RC, 2n=18; but the BC 1 plants were mixoploid, namely the chromosomal number were different in different somatic cells in same the plant. Segregation of euploid and aneuploid had been reported in the progenies of amphidiploid between radish and cabbage. In Benabdelmouna`s research, two descendants were obtained when interspecific hybrid F 1 between B. napus and R. raphanistrum (ACR, 2n=28) backcrossed to R. raphanistrum.. Benabdelmouna determinated that their chromosome number varied between 45 and 48, including 9 chromosomes from R. raphanistrum and 36-39 chromosomes from B. napus. About the unexpected chromosome combination, Benabdelmouna considered that B. napus genome generated unreduced gametes and meanwhile R. raphanistrum chromosomes eliminated. It is easy to understood that segregation of euploid and aneuploid in the progenies of amphidiploid by comai`s perspective; but it is difficult to explain the changes of chromosomal number in somatic cells with homeologous recombination in meiosis. Li (1995Li ( , 2005) ) found out spatial separation of parental genomes during the mitotic division of intergeneric hybrids between Brassica species and Orychophragmus violaceus, thus the hybrid became the mixoploid in nature. He thought that the abnormal chromosome behaviours in plant wild crosses, such as pseudogamy, semigamy, chromosome elimination and the mitotic and meiotic separation of parental genomes indicated the incompatibility of two parental species at gametic and chromosomal levels. We considered that homeologous recombination as well as abnormal chromosome behaviours in mitosis played a role in chromosome number instability.

This study is still in its early stages and more work about GISH in hybrid progenies should be done to discover the cytogenetic mechanism of hybridization between radish and cabbage. We believe that systematic studies on chromosomal behaviors and genetics in plant hybridizations are not only needed to undermine the mechanisms responsible for the formation and evolution of new species, but also beneficial to introgression of useful genes in instant hybridization breeding. 

Introduction

The petal color of rapeseed was usually yellow. In recent years researchers have reported some different petal colors in rapeseed such as golden yellow, orange, orange yellow, fresh yellow, milky white and white, and so on. White flower may be used as a very good and useful morphological marker in rapeseed breeding and genetic studies. Sichuan Agricultural University Rapeseed Research Center has developed a group of white flowered resynthesized B. napus lines, which were derived from interspecific crosses between B. campestris L., or B. chinenesis L., and B. oleracea var. Alboglabra Bailey. The parent species in the wide crosses were all collected in the Southwestern regions of China. In this paper, a preliminary study on the genetic characteristics and rules of the white flower character is reported.

Material and Methods

Experimental materials

The parental materials were a white-flowered resynthesized B. napus line, 'HW243', and a yellow-flowered variety, 'Westar'. The resynthesized white-flowered line 'HW243'was developed from a wide cross of B. campestris L. with B. oleracea L. var. Alboglabra Bailey, collected in Southwestern China. The petal color of 'HW243' is purely white and genetically stable. The petal color of 'Westar' is typically yellow. The materials were supplied by the Sichuan Agricultural University Rapeseed Research Center. In Spring, 2004, the reciprocal F 1 hybrids were obtained with the cross combination, 'Westar×Hw243'. In Spring, 2005, the flower color of the reciprocal F 1 hybrids was observed and the F 1 hybrid of 'Westar×Hw243' was selfed and backcrossed to both parents to obtain F 2 , BC 1 ((Westar×HW243) ×Westar) and BC 2 ((Westar×HW243) ×HW243).

Methods

Field experiment In Autumn, 2004, the parental materials, 'Westar' (P 1 ) and 'HW243' (P 2 ), and the reciprocal F 1 hybrids were grown in the field. In Spring, 2005, the flower colors of P 1, P 2 and reciprocal F 1 's were observed with 30 individual plants each. The flower color of the reciprocal F 1 's was compared and the two parents were used as the reference at the full blossom stage. In Autumn, 2005, the six generations of the hybrid from Westar×Hw243, P 1 , P 2 , F 1 , F 2, BC 1 and BC 2 , were grown in the field for observations of the genetic segregation of flower color. All of the materials were grown on the experimental farm of Sichuan Agricultural University, Ya'an, Sichuan, China. P 1 , P 2 and F 1 were 50 plants each; F 2 population was 600 plants; BC 1 and BC 2 were 300 plants, respectively. The field experiment was laid out in a randomized complete block design, with a row length of 2.5m and a row spacing of 40cm.Ten plants were grown in a row with spacing of 25cm. In Summer, 2006, the six generations, P 1 , P 2 , F 1 , F 2 , BC 1 , BC 2 , were grown in Kangding, a high mountainous region (altitude 2650m) in Western Sichuan. The segregation of flower colors was further investigated. P 1 , P 2 and F 1 were 30 plants, F 2 was 250 plants, and BC 1 , BC 2 were 150 plants, respectively. The cultivation was the same as the former.

Observation of flower color The petal colors were observed at full blossom stage with naked eyes. The fully and freshly opened flowers on the primary branches were used to observe the flower color. The time of observation was 10 o'clock in the morning with cloudless weather. Each plant was observed at the same, and flower color was scored into three classes. The flower colors were observed once again on the next day. If the flower color was scored differently, a third observation was made to confirm it. The white flower petals showed a slight pale yellow color in advance of full opening and quickly turned to pure white color after they fully opened. It is, therefore, important to observe the petal color with freshly and fully opened flowers.

Three types of flower color were classified in the segregating F 2 population, i.e., white, milky white and yellow, using the two parents as reference.

Statistics Chi square test was used to examine the significance of the segregating ratios in the F 2 , BC 1 , BC 2 hybrid offspring. The chi square values were calculated with following formulae.

When three types of flower color were classified in the population (F 2 ):

2 2 1 (
)

k i i i i O E X E = - = ∑ , 2 df ≥
When two types of flower color were classified in the population (BC 1 , BC 2 ):

2 2 1 ( 0 . 5 ) k i i i i O E X E = -- = ∑ , 1 df = where i O is the actual frequency observed, i E is theoretical frequency, k is number of observations.

Results

The flower color of F 1 hybrid

Observations of the flower color in the reciprocal F 1 hybrids in both 2005 and 2006 showed that there was no obvious difference in flower color between the reciprocal F 1 hybrids. The petal color of F 1 hybrids was milky white, slightly inclined to the white flower parent. This suggested that the flower color in the lines was controlled by nucleate genes, without cytoplasmic influence.

The segregation of flower color in the hybrid offspring

The field investigations on segregation of flower color were carried in two different seasons (Spring and Summer) at two locations (Ya'an and Kangding) in 2006. The results were summarized in table 1. In the segregating populations F 2 , BC 1 and BC 2 the flower colors could be roughly classified into three types, i.e., pure white, milky white and yellow. In the F 2 hybrid offspring all of the three kinds of flower color were observed. The ratio of pure white, milky white and yellow flowered plants was 1:11:4 (P=0.8-0.9). In the BC 1 population, two types of flower color, i.e., milky white and yellow were observed. The ratio of the two types of plants was 1:1 (P=0.3-0.7). In the BC 2 population, still two types of flower color were observed, i.e., milky white and pure white. The ratio of the two types of plants was 3:1 (P=0.5-0.7). The results from different seasons and locations were consistent, although the growing conditions were entirely different (table1). The model of inheritance for the white flower character According to the segregation ratios of the petal color in table 1, it can be speculated that the white flower character in the studied material was controlled by two pairs of interacting nucleate genes. The white flower color was incompletely dominant to the yellow color. It is presumed that the genotype of the white flower parent was W 1 W 1 W 2 W 2 , the genotype of the yellow flower parent was w 1 w 1 w 2 w 2, and the genotype of the F 1 hybrid was W 1 w 1 W 2 w 2 (Fig. 1 A).

In the F 2 offspring, the genotype of the pure white offspring was W 1 W 1 W 2 W 2 , taking a ratio of 1/16. The genotype of the yellow flower offspring was w 1 w 1 w 2 w 2 , w 1 w 1 W 2 w 2 or w 1 w 1 W 2 W 2 , taking a ratio of 4/16. In the yellow flowered offspring the homozygous recessive gene pair w 1 w 1 acted epistatically over the dominant gene W 2 , restricting the expression of the W 2 allele at the other locus. The genotypes W 1 W 1 W 2 w 2 , W 1 W 1 w 2 w 2 , W 1 w 1 W 2 W 2 , W 1 w 1 W 2 w 2 , W 1 w 1 w 2 w 2 were all milky white flowered, taking a ratio of 11/16(Fig 1-A).

In the BC 1 population, the genotype of yellow flowered hybrid was w 1 w 1 w 2 _, taking a ratio of 1/2. The genotype of milky flowered hybrid was W 1 w 1 w 2 _, taking a ratio of 1/2. The ratio of the two types was 1:1 (Fig 1-B). In the BC 2 population, the genotypes of the milky flowered hybrid were W 1 W 1 W 2 w 2 and W 1 w 1 W 2 _, taking a ratio of 3/4. The genotype of pure white flowered hybrid was W 1 W 1 W 2 W 2 , taking a ratio of 1/4. The ratio of the two types was 3:1 (Fig 1-C).

Discussion

In this study the genetic rule of the white flower color in an artificially resynthesized Brassica napus line was investigated and analyzed with a cross between a common yellow flowered cultivar and the white flowered line. The results showed that the white flower color was controlled by two pairs of duplicate, incompletely dominant genes, which also interacted with a recessive epistatic gene (w 1 w 1 ) . Three types of flower color were observed in the segregating hybrid offspring, i.e., pure white, milky white and yellow. This was consistent with the report of Liu Houli (1985) and Zhang Jifu (2000). However, the intermediate type, milky white, varied in whiteness. This may be related to the number of dominant W 1 or W 2 alleles in the genetic background. It seemed that the more dominant W 1 or W 2 alleles in the background, the whiter the flower color. Further studies are necessary to investigate the actions of the white flower genes.

As for the segregation of white flower character in the F 2 population, Chen (1987), Qi cunkou et al., (1992) and Zhang jifu(2000) observed a segregation ratio of white flower: yellow flower to be 3:1. They all believed that the white flower characteristics were controlled by a pair of incompletely dominant gene. In the study of Zhang jifu et al., (2000), the ratio of white flower: milky flower: yellow flower plants were 1:2:1. They considered that under conditions where white flower was not completely dominant to yellow flower, pure white flower and milky white flower were observed as white flower, thus resulting in to a ratio of 3:1. According to this consideration, the ratio in the present study could be seen as the same, i.e., (1+11):4=3:1. But we observed a segregation ratio of 1:11:4, in stead of 1:2:1. This may be a result from the difference in parental materials. In the study of Qi cunkou et al., (1992), the actual numbers of milky white flowered plants in F 2 population were not listed. The complexity in genetic behaviors of the white flower characteristics may be derived from the different genetic origin of the parent materials. [START_REF] Kato | The mechanism of increased seed fertility accompanied with the change of flower colour in Brassicoraphanus[END_REF] obtained white petaled B.napus lines through interspecific hybridization between B. campestris L. and R. sativa L. Heyn (1977) obtained white flowered lines in B.napus from hybrid of Raphanobrassica. [START_REF] Chen | Monogenic dominant white flower (petal) in resynthesized Brassica napus[END_REF]Chen et al., ( , 1990) ) In the present study only the F 2 , BC 1 and BC 2 hybrid populations were used to observe the segregation model and the genetic rule of the white flower character. It was, however, not enough to prove the genetic rule and the segregations in F 3 generation are necessarily investigated. In 2006, we grown the F 2:3 , the BC 1:2 , and the BC 2:2 families for further observations. These further observations will help us to thoroughly understand the genetic rule of the white flower character of the resynthesized line.

Introduction

12

C heavy ion beam is a kind of new irradiation source. Compared with the former physical mutation treatments, such as γ ray treatment,×ray treatment, 12 C heavy ion beam is much better in physiological, biological and chemical effect. It has higher mutation rate, wider mutation pedigree, easier stability. So it arouses much attention in recent years. There are some reports of 12 C heavy ion beam treatments on rice, wheat and corn, but reports on rapeseed are very few. To investigate the effect of 12 C heavy ion beam irradiation on rapeseed, some results on rapeseed morphological characteristics, seed quality, chromosome aberration and DNA molecular morphology will be presented and discussed in this work.

1.Experimental Material and Method

Tested plant species

Original Xiangyou No.15 (B. napus) seed.

1.2 12 C heavy ion beam irradiation α particles were used to bombard 9 Be (Beryllium) and make 9 Be become 13 C. Then 13 C becomes 12 C, and releases heavy ion beams. The incident energy of the heavy ion beam is 87.5MeV. After the heavy ion beam passes through 50μm Kapton film and 1.5cm air, it remains 69.4MeV, and the LET(linear energy transfer density) is 263V/μm. The treatment dosage is 30Gy, 50Gy and 80Gy. All above work was done at HI-13 tandem accelerator in National Laboratory of Nuclear Physics, China Atomic Energy Science Institute.

Field planting experiments

Sowed in the experimental field on Oct.20, 2003, plants were designed not to repeat (20 plants per treat, row spacing 20cm, plant spacing 15cm) and self-copulation seed got after maturation. Sowed on Sep. 28 2004, plants were designed not to repeat (120 plants per treatment, row spacing and plant spacing are the same as above) and self-copulation seed got after maturation.

The observation on the growth period and botanical characters of rapeseed

Courtesy of Prof. Liu H-L, editor in chief (1987), Principle of Oil Seed Rape Production [13], 571-574.

The character and quality measurement of rapeseed

The oil content in rapeseed, protein content, the fatty acids constitute and glucosinolat content, etc. were measured by a Foss near infrared analyzer.

Observation of rapeseed chromosomal behavior

Courtesy of Prof. [START_REF] Xun | Introduction of Chromosomal Heredity[END_REF], Introduction of Chromosomal Heredity, 436 ~ 448. 1.6.1 Pollen mother cell daub film production method 3 variant plants were taken for every treatment and 2 flower trays for each plant, and then fixed in 3:1 alcohol acetum. For observation, a bud was taken on absorbing paper to remove the alcohol and put on a slice glass. Then anther is taken from calyx by scalpel to remove medicine and cut. Pollen mother cells (or microspores) were extruded. Hematoxylic dye was added until the image became clear. During the dying process, if dyestuff becomes dry and bubbles appear, dyestuff should be added continually along the edge of the slice glass until the image becomes clear. If Hematoxylic dye is used and then 45% propionic acid dichroism, the way of adding 45% propionic acid 8 is similar to adding the dyestuff. Dyeing time has something to do with temperature. When the temperature is high, dyeing is quick. If the temperature is low, then dyeing is slow. The method of dyeing all anthers can also be adopted. Calyx was stripped from the flower bud by forceps and anther came out. The anther was then put in a small bottle with hematoxylic dye for 1~ 3 days (attention should be paid to keep the dye not dry for film production). 1~2 anther was put on the slice glass and 1~2 drops of 45% propionic acid added. The anther was cut by scalpel and the pollen extruded. The medicine wall was thrown away and slice glass covered for observation. Tetraspores form after the pollen mother cell meiosis process. At this time, the chromosome number has already reduced to half, that is, a napus is 2n=4x=38, but a microspore is n=2x=19. Buds during the period of microspore growth share the great majority on an inflorescence.

1.6.2 Method of pressing root tips 30 seeds were taken to germinate in culture utensil and treated as follows:

(1) Pre-treatment: The purpose was to shorten chromosome relatively. The method was to dip rapeseeds for 1~2 days, then put them into a warm box at 25~28°C for germination, wait until 0.5~l.0cm roots come out, put them into the saturated benzidine solution or 0.1% colchicines solution, handle for 2~4 hours to make chromosome short.

(2) Fixation: After p-dichlorolenzene solution was poured out, the roots were fixed by a new solution and lately transferred into a solution of 70% alcohol. Then they were put into a refrigerator to keep for a long time.

(3) The separation and softening of the cell: The root tips were moved into a 1N hydrochloric acid to handle for 5~ 10 minutes before film production. The processing time has something to do with temperature. If the temperature is high, the processing time is short. If the temperature is low, the processing time is long, which depends upon the degree of root softening.

(4) Dyeing for the film production: A root tip was taken out from the preserving solution, put onto culture utensil with a few preserving solution to prevent drying off. Root tip was taken by forceps to put on absorbing paper to suck surplus solution and then put onto clean slice glass. Calyptrogens were removed by scalpel and a part of root tips was cut and put onto slice glass. The other was placed back to culture utensil. Another slice glass was taken to cover crisscross the former one to have the material spread uniformly into a thin layer. Then these two slice glasses were separated and put on an experimental desk, mixed with drops of aceto-carmine stain respectively, covered by thin glass, dyed for a short moment. Absorbing paper was taken to cover the thin glass, pressed by the thumb to suck away surplus dye. So cells were spread fully and placed under a microscope for observation. If the chromosome is not clear enough, dye can be added along the edge to dye it again and roast film until the chromosome becomes clear.

The RAPD analysis of rape

1.7.1 The DNA distillation The CTAB method was adopted and improved slightly for the distillation and detection of DNA genome. During the 5~6 leaf period of rapeseed, five plants were treated with 2 leaves mixed each plant. Then 5~6g lamina tissue were put in the mortar. Liquid nitrogen was added for grinding. Ground powder was poured into the eppendorf tube with 200μl CTABs, mixed fully. Then the mixture was put in 65°C water pot for a 10min warm bath, shaken once or twice during this period. 200μl chloroform was added later. The material was mixed evenly, centrifuged under the condition of 4°C for 2min. Clear liquid was added and then transfer to a clean eppendorf tube with 200μl dimethylcarbinol added, placed at indoor temperature for 15min. It was centrifuged (13000g) under the condition of 4°C again for 5min. The clear liquid was removed and 500μl 70% alcohol was added to flush. It was centrifuged (13000g) under the condition of 4°C again for 5min with precipitate dissolving in 50μl TE solution. Then it was stored in 4°Crefrigerator for standby or at -20°C for long-term storage.

The RAPD analysis

The RAPD total reaction volume was 20μl. The concentration of each reagent was as follows: 1×expand cushion liquid, 1.5mMol/L MgCl 2 , 0.125mMol/L dNTPs, 2UTaq enzyme,0.45μMol/L 5mer primer (S201-221, coming from Shanghai Biotechnology Company; P15-25, coming from UBC Company); 50μg DNA template. Hot circulation condition: 94°C predenaturalization for 3min as a circulation; 94°C 30Sec, 40°C 30sec, and 72°C 45Sec for 35 circulations; 72°C elongation 10min as a circulation; 4°Cstorage.

PCR amplifer was separated by 1.4% agarose gel. Buffer was 1×TAE. Results were observed and taken pictures under one-off imaging system.

Results and Analysis

2.1 The effect of 12 C heavy ion beam irradiation on rape growth duration 2.1.1 Effect on the growth duration of M 1 According to field observation, the growth duration was almost the same under the same treatment. Dissimilarity occurs under different treatments. As shown in Table 1, the treatment of 80Gy results in the earliest stage. The growth duration is 196 days. The treatment of 50Gy results in a middle stage, which is 197 days. The treatment of 30Gy and CK results in the latest stage with 199 days. As shown in Table 2, M 2 have the same trend with M 1 , that is, the 80Gy treatment results in the earliest stage of 218 days. The 50Gy treatment results in the middle one with 219 days. The 30Gy treatment and CK results in the latest stage of 225 days. The same treatment has almost the same growth duration. Three plants in the 80Gy treatment have the earliest growth duration, whose start flowering stage is on March 15, flowering end stage on April 1, and mature time on May 5. The total growth duration is only 216 days. 

Effect of 12 C heavy ion beam irradiation on the botanical characters of rapeseed under different treatments

Because the M 1 sowed late and plants were few, a systematical observation on the botanical characters was not carried out. Only the botanical characters of M 2 were observed. The observation results for start flowering stage of M 2 were shown in Table 3. It was found that the plants under 50Gy and 80Gy treatments are taller and bigger than those under 30Gy and CK treatments. Their agronomic characters were observed before harvest. Results showed that the plants under 50Gy and 80Gy treatments still have better performance. As shown in Table 4, these plants are taller and bigger. In addition, the botanical variation of plants with different treatments was observed. Results are shown in Table 5. Plants under 50Gy and 80Gy treatments show botanical variations and plants under 80Gy treatment have more variations (several mutations even occur in the same plant). These variations include tumor-like root, dwarf stem, light green spoon leaves, multipistil flower, multi-silique or yellow seed (Figure 1 and2). Botanical variations can occur under 50Gy treatment of 12 C heavy ion beam irradiation, but appear quite few. The frequency is only 0.98% in 120 plants. The variation types are as follows: one plant has light green spoon leaves, one plant has multi-pistil flower and another plant has multi-silique. More variation types appear under 80Gy treatment. The frequency is also higher. 3 plants have tumor-like root (2.5%), 3 plants have stem variations (2.5%), 3 plants have light green spoon leaves (2.5%), 5 plants have multi-pistil flower (4.2%), 3 plants have disilique (2.5%), 4 plants have yellow seed (3.3%).

Table 3 Effect of 12 C heavy ion beam irradiation on botanical character of beginning flowering of rapeseed

Effect of 12 C heavy ion beam irradiation on the rape quality with different treatments

The results of self-incompatibility posterity seed composition of 10 different individual plants of M 2 were listed in Table 6. Few variations (such as oil content, fatty acid composition, protein content and glucosinolate content) occur under 30Gy treatment and 50Gy treatment. But variations occur more often under 80Gy treatment. Seed oil contents increase to different degree and 3 plants have oil content higher than 70%. The highest content reaches 80.2%. 2.4 Effect of 12 C heavy ion beam irradiation on the chromosomal behavior of rape with different treatments 2.4.1 Chromosome aberration at root tip 10000 cells at root tip were observed under different treatments. The results showed that chromosome aberration rate at root tip increases with the increasing amount of irradiation. The aberration rate are 0.08%, 0.15% and 0.18% respectively. As shown in Table 7 and Figure 3, the aberration type includes micronucleus, mini-nucleus, abnormal tetraspore, bridge, lagging chromosome and fragment, most of which are micronucleus. 2.4.2 Pollen mother cell chromosome aberration 10000 pollen mother cells were observed under each treatment. The results showed that aberration occur under different treatments. But the aberration rate is low. They are 0.02%, 0.08% and 0.15% respectively. The aberration type includes micronucleus, abnormal tetraspore, bridge, lagging chromosome and fragment (Table 8, Figure 4,5,6,7). The rest are normal cells like the image of pollen mother cells (Figure 8). 

RAPD analyses of the effect of 12 C heavy ion beam irradiation on rape M 2 with different treatments

Selected from 40 random primers, 6 primers with clear amplified bands were used to amplify rapeseed after different treatments. 43 DNA fragments were amplified. It showed that different treatments on rapeseed have polymorphism to some degree, that is, variations occur after 12 C heavy ion beam irradiation. It is the results that primers of S201, S208, S213, P18, P20, P23, etc. amplify the rape respectively under 12 C heavy ion beam irradiation with different treatments and CK. Primer amplification is different in number and position. It shows that any particular primer has its own binding site on DNA sequence. Once DNA fragment insertion, absence or base mutation occurs in this area of genome, it would result in the change of the given binding site distribution and thus the amplification number and size, which shows polymorphism. The results of 6 different primers are adopted in this experiment. There are obviously different positions and numbers of band under 12 C heavy ion beam irradiation with different treatments compared with CK (xiangyou No.15). DNA molecular structure variations occur under 12 C heavy ion beam irradiation with 30Gy, 50Gy, 80Gy treatments and untreated xiangyou No.15. So polymorphism appears here. The RAPD fingerprint diagrams after primer amplification are as follows (Figure 10-Figure15).

3.Discussion

Effect of 12 C heavy ion beam irradiation on rapeseed

This above results show that 12 C heavy ion beam irradiation has some effects on rapeseed characters. These include luxuriant growth, earlier growth duration, improved agronomy characters such as increasing silique number each plant, seed number each silique and weight of 1000 seeds. Treatment of 80Gy 12 C heavy ion beam irradiation can make botanical character variation such as tumor-like root, dwarf stem, light green spoon leave, multipistil flower, multi-silique or yellow seed and so on. In addition, fatty acid composition has variations such as oil content increase to different degree and the oleic acid content of some plants is higher than 70%. The results in this work are almost identical with the results of predecessors by using γ ray. But tumor-like root, light green spoon leave, multi-silique or yellow seed have not been reported yet. These variations will provide the foundation material for rapeseed breeding. The observation of root-tip cell and pollen mother cell chromosome behavior show that aberration occurs under 12 C heavy ion beams irradiation with different treatments. Aberration rate is higher under 80Gy treatment and perhaps that is an important reason for variation. According to RAPD results there are some differences on DNA fingerprint under different treatments. It shows polymorphism to some degree and variation occurs in irradiated offspring.

Rapeseed character mutation analyses under 12 C heavy ion beam irradiation

A heavy ion beam is particles without electricity. It can be produced by an accelerator or a nuclear reactor. Its energy is very high and the frequency that causes the mutation is also higher. In the past it was normally thought that most of variation caused by mutation is recessive gene and does not appear in M 1 . But in this work it is not fully like that. The mutation has both dominance and recessivity. The most typically one is earlier growth duration that belongs to dominant character and exhibits in M 1 . M 2 shows the same as M 1 . The others such as luxuriant growth, tumor-like root, multipistil flower, di-silique are all dominant characters. The recessive mutation in this work includes shorter plants and yellow seeds. As for a dominant mutation in mutant, it relates possibly to the stronger gene function that controls gibberellin formation, which needs further study.

Micronucleus formation after 12 C heavy ion beam irradiation

In this work aberration cells that include root-tip cell and pollen mother cell under 12C heavy ion beam irradiation are the same as those under γ ray treatment. So it can be used as an index for irradiation effect. Micronucleus variation can also be used to determine frequency of chromosome aberration. There are different views about micronucleus formation. It is possible that when chromatin forms chromosome, multiform heterochromatin particles appear, and their fibrils are very sensitive to the irradiation effect and easy to split. As a result the heterochromatin particles gather to form micronucleus. Because the interphase of cell division needs long time and includes three stages of G1, S, G2, the frequency is high and easily observed. This viewpoint needs further confirmation by experiments. 12 C heavy ion beam irradiation.

Bridge, lagging chromosome and fragment formation after

Chromosome bridge and fragment: Chromosome bridge and fragments normally form by inversions during pachytene. After nonsister chromatids cross and exchange segments, the inversion chromosome, dicentric chromosome, acentric chromosome and normal chromosome form. Dicentric chromosome forms during anaphase I. At anaphase the dicentric chromatid forms a bridge between the poles and breaks up, and the acentric fragment disappears.

Lagging chromosome formation: the chromosome number of Brassica napus is 2n=38. During the zygotene stage, 19 bivalents form. Their centromeres are attached by their spindle fibers to the two poles. The chromosomes locate at the metaphase plate by equivalent forces from the two poles. The balance may be broken by 12 C heavy ion beam irradiation to rapeseed. Chromosome behavior abnormities are induced and individual chromosomes lag behind the others. Perhaps that is the reason that the lagging chromosome was seen during metaphase.

As for the reason that the lagging chromosomes were also seen during anaphase I or anaphase II, probably it is because the normal function of spindle fibers moving chromosomes toward the two poles are disrupted, the movement of chromosomes during anaphase cannot be of synchronization.

Analysis of RAPD polymorphism after 12 C heavy ion beam irradiation on rapeseed

RAPD shows the molecular difference of rapeseed after 12 C heavy ion beam irradiation. 12 C heavy ion beam irradiation has the function to change genetic structures. Rapeseed chrosome contains DNA, histone, nonhistone and RNA, in which DNA is the main genetic substance. 12 C heavy ion beam irradiation may induce mutations such as G-C→A-T transition or C-G→A-T transversion. Thus frameshift mutation and other sub-effects of irradiation can occur.

Ionizing radiation in the form of 12 C heavy ion beam irradiation cause chromosome aberration and structural variation of DNA molecules more easily than X-rays and γ-rays and its energy can be absorbed more easily by organism. So its relative biological effect(RBE) is higher and the mutation is more difficult to be repaired by the plant. The mutation percentage is high and stable. Directed or oriented mutation can be achieved because the energy can be adjusted. Therefore mutation induced by 12 C heavy ion beam irradiation will be very useful in rapeseed breeding.

Though the biggest weakness of RAPD analysis is regarded as its bad reappearance, the emersion of RAPD marker can improve as long as experimental conditions are strict and standard.

Suitable 12 C heavy ion beam irradiation dosage to rapeseed

After treating of 30Gy, 50Gy and 80Gy 12C heavy ion beam irradiation on rapeseed, the effects shown in this work are not enough extensive. The mutation percentage is high and the variation range is extensive when 12C heavy ion beam irradiate corn (Courtesy of LUO H-B, 2003). Perhaps rapeseed has a strong capacity of anti-irradiation. Former studies also showed that crucifer is not sensitive to irradiation because their seed has propylene mustard oil as a barrier to irradiation (Courtesy of HU Y-J, 2003). It seems 12C heavy ion beam irradiation dosage to rapeseed should increase if we want to get more mutation and enlarge mutation range.

Introduction

The third whorl floral organs' variation of rapeseed has mainly two kinds of that one apetalous phenotype was petal-loss type another apetalous type was petal-stameniod type. The petal-loss genotypes may be more effective in photosynthesis and reallocation of assimilates due to the removal of the yellow flower layer (Chapman 1984, Yates & Steven 1987, Mendham et al. 1991, Fray et al. 1996). Moreover, the petal-loss types may avoid some diseases, especially rapeseed stem rot (Sclerotinia sclerotiorum) or downy mildew (Peronospora parastica) (Mc Lean 1958[START_REF] Krüger | [END_REF][START_REF] Larmarque | Proc. 6 th International Congress[END_REF].The apetalous genotypes have different origins. There are different genetic models of the apetalous trait. Apetalous character controlled by from one to four pairs genes was found (Singh 1961, Zhao et al. 2004, Buzza et al. 1983[START_REF] Kelly | Proc.9th international rapeseed congress[END_REF], Singh et al. 1991).therefore the inheritance mode of apetalous character couldn't be confirmed up to the present. Fray et al. (1997) using RFLP technology had performed map-making to the petal-stameniod character and got five RFLP markers. In order to perform marker-assisted breeding, [START_REF] Robinson | The 10th International Rape Congress[END_REF] mapped three genes of petal-loss character (Apet-1,Apet-2,Apet-3). Tan et al. (2003) had obtained RAPD marker S 352_580 that was linked closely to the genes controlling petal character. In rapeseed germplasm resources research, two kinds of mutants were obtained of that one apetalous phenotype was a petal-loss mutant in Brassica napus another apetalous type was a petal-stamenoid mutant in Brassica campestris. Above two kinds of mutants' genetic regulation wasn't unknown. Mapping of the Gene(s) Controlling Petal-loss Trait in Brassica napus, hadn't been reported in China. In this paper, through studying above two kinds of mutants' genetic models and chromosomal mapping of the gene(s) controlling petal-loss trait in Brassica napus, we hope to be helpful to make full use of apetalous special germplasm resources and breed apetalous breeding in Brassica napus.

Materials and Methods

Plant materials: Table 1 showed Plant materials used in the present study. Population construction: Planting and field management of experimentation materials was performed on common program. The populations were constructed on the crossing strategy that Fig. 1 Fig. 1 The crossing strategy used to analyze Genetic mode of apetalous trait.

Mapping-population construction and DNA extraction

An F 2 population derived from a cross between apetalous line "APT02' and normal petalled cultivar 'ZS NO.4' was used for molecular marker. Genomic DNA was isolated from leaves using the modified SDS method of Li J,et al(1994).

AFLP and SRAP Analysis AFLP analysis was performed according to the protocol described by (Vos et al.1995). SRAP analysis was performed according to the protocol described by [START_REF] Li | [END_REF]. The separated DNA fragments was detected using siliverstaining method (Yong et al. 1996).

Linkage-map construction Linkage-genetic analysis was performed according to Mapmaker/Exp 3.0 soft (Lincoln et al 1992).

Results

Genetic analyzing apetalous trait in Brassica napus

At three crosses(APT02×ZS NO.4, APT02×SC95-16, APT02×Yunyou NO.11), PDgr segregated in BC1-1, RBC1-1, BC2-1, RBC2-1, F 2 and RF 2 . The generations F 1 , RF 1 were uniform with normal petals. Among three wild type Brassica napus varieties, approximately one-eighth of the plants in BC1-1, RBC1-1, BC2-1, RBC2-1 displayed apetalous trait, approximately one-eighth of the plants had an intermediate number of petals and the rest had normal petal number. Around 1/64 of the plants in F 2 , RF 2 displayed apetalous trait, approximately 3/64 of the plants had an intermediate number of petals and the rest had normal petal number. At segregation populations, about 1:1:6 for apetalous, intermediate and normal petalled plants segregated in BC1-1, RBC1-1, BC2-1 and RBC2-1. About 1:3:60 for apetalous, intermediate and normal petalled plants segregated in F 2 and RF 2 .The results suggest that apetalous trait of 'APT02' was controlled by two major recessive gene pairs and a third modifying recessive gene pair, maternal effect wasn't found in this trait. Normal petalled plants have six alleles in nucleus coding normal petals (AABBCC), whereas the apetalous ' APT02' mutant has six alleles coding the absence of petals (aabbcc).

Chi-Square test (χ 2 ) shows that all observed segregations agree with the expected ratios. Thus, we conclude that the apetalous trait of 'APT02' was controlled by two major recessive gene pairs and a third modifying recessive gene pair.

Genetic analyzing petal-stameniod trait in Brassica campestris

At two crosses(AM032× Guiding sweet rape, Nantong yellow seed×AM032), PDgr segregated in BC1-1, F 2 and RF 2 . The generations F 1 , RF 1 were uniform with normal petals. Among two wild type Brassica campestris varieties, approximately 1/2 of the plants in BC1-1 displayed apetalous trait, approximately 1/2 of the plants had normal petal number. Around 1/4 of the plants in F 2 , RF 2 displayed apetalous trait, approximately 3/4 of the plants had had normal petal number. At segregation populations, about 1:1 for apetalous and normal petalled plants segregated in BC1-1. About 1:3 for apetalous and normal petalled plants segregated in F 2 and RF 2 .The results suggest that apetalous trait of 'AM032' was controlled by a pair of recessive genes, maternal effect wasn't found in this trait. Normal petalled plants have two alleles in nucleus coding normal petals (PP), whereas the apetalous ' AM032' mutant has two alleles coding the absence of petals (pp).

Chi-Square test (χ 2 ) shows that all observed segregations agree with the expected ratios. Thus, we conclude that the apetalous trait of 'AM032' was controlled by a pair of recessive genes.

AFLP and SRAP Analysis

Twenty pairs of AFLP primers and 170 pairs of SRAP primers were selected and screened from two parents. In further selection through bulked segregant analysis(BSA)approach, one SRAP marker e8m3_4 (600 bp) and one AFLP marker E3247_15(150 bp)were obtained and found to be linked to the gene(s) controlling petal-loss trait, with the genetic distance of 5 cM and 13.5 cM.

Linkage-map construction

A linkage map in Brassica napus was constructed. It consisted of 213 AFLP, 56 SSR loci and a morphology marker throughout 17 main linkage groups, two triplet and four linkage pairs. Total length of the map covered 2487.1 cM, and average interval between markers was 10.09 cM. By genetic mapping, the gene(s) controlling petal-loss trait (WHB)was mapped in LG4.

Discussion

There are different genetic models of the apetalous trait in B. napus (Buzza,1983;[START_REF] Kelly | Proc.9th international rapeseed congress[END_REF].Present study showed that the petal-loss trait of APT02 was controlled by two pairs of recessive major genes and one pair of recessive modifying genes. This result was in conformity with [START_REF] Kelly | Proc.9th international rapeseed congress[END_REF].

'AM032' is a mutant in Brassica campestris where the petals are converted to sterile stamen. Present study showed that the petal-stamenoid trait of AM032 was controlled by a pair of recessive genes. Fray et al. (1997) described an apetalous variant in a spring oilseed rape where the petals are converted to sterile stamen. This phenotype is also under the control of two loci. Present study result wasn't in conformity with Fray et al. (1997).This verified that 'AM032',a petal-stamenoid mutant in Brassica campestris was a new type mutant material.

Through analyzing two kinds of mutants' genetic models, we knew that two kinds of mutants' genetic models. This will provide theoretic instruction to creating and being utilized of new mutants.In order to perform marker-assisted breeding, [START_REF] Robinson | The 10th International Rape Congress[END_REF] got multi-RFLP markers between the APET loci and their flanking markers. Present study obtaining one SRAP marker e8m3_4 (600 bp),that was found to be linked to the gene(s) controlling petal-loss trait, could be used to direct marker-assisted breeding and had been utilized to marker-assisted breeding apetalous B. napus line.

Introduction

Brassica napus (AACC 2n=38) is now become the major rapeseed variety in China for its great potential high yield (Liu, 2000). But B. napus originally introduced from Europe with short planting history. Ethiopian mustard (Brassica carinata, BBCC, 2n=34) possesses lots of desirable agronomic characters which are rare in the other Brassica oilcrops: better heat and drought tolerance, less shattering, wide range of diseases and pests resistance, and yellow-seeded germplasm etc. [START_REF] Cohen | Release of B.juncea and B. carinata germplasm[END_REF][START_REF] Gugel | Pathogenicity of three isolates of Leptosphaeria maculans on Brassica species and other crucifers[END_REF][START_REF] Bayeh | Insect pests of noug, linseed and Brassica in Ethiopia[END_REF][START_REF] Yitbarek | Pathological research on noug, linseed, gomenzer and raeseed in Ethiopia[END_REF]. Meanwhile, China is one of the origins of B. rapa (AA 2n=20) and genetic basis of which is broad. B. rapa also owes some good traits such as: can grow well in barren soil, short growing period, drought resistance and cold resistance etc. Compared to B. carinata and B. rapa, genetic polymorphism of B. napus is more narrow. Interspecific hybridization is an important way to transfer desirable traits from one species to another, and has created new breeding resources in Brassica crops [START_REF] Allard | Principles of Plant Breeding[END_REF]Raney et al. 1995;[START_REF] Inomata | Wide hybridization and meiotic pairing[END_REF][START_REF] Prakash | Introgression of resistance to shattering in Brassica napus from Brassica juncea through nonhomologous recombination[END_REF]Ripley and Beversdorf 2003). Therefore, to make good genes from B. carinata and B. rapa flow to B. napus through interspecific hybridization is a important way to create new germplasm for B. napus. (Rashid et al.1994;[START_REF] Saghai | Analysis of the barley and rice genomes by comparative RFLP linkage mapping[END_REF].

The crossability between B. carinata and other three basic species of Brassica and B. napus was very low [START_REF] Stebbins | The inviability, weakness and sterility of interspecific hybrids[END_REF]. Although several B. carinata-involved interspecific crosses were done and some desirable traits were transferred from B. carinata to other Brassica species (Meng et al. 1998;[START_REF] Choudhary | Interspecific hybridization between Brassica carinata and Brassica rapa[END_REF]Rahman 2001;[START_REF] Tonguc | Transfer of powdery mildew resistance from Brassica carinata to Brassica oleracea through embryo rescue[END_REF]), exploring B. carinata genotypes with high interspecific crossability would promote such gene flow within the genus Brassica.

The objectives of this study were to create new bridge germplasm for introducing genic resources from B. carinata and B. rapa to B. napus and screen genotypes of B. carinata with high crossability to B. rapa.

Materials and methods

Plant materials: 107 accessions of B. carinata were provided by the Centre for Genetic Resources, the Netherlands (CGN, http://www.cgn.wageningen-ur.nl/pgr/), 3 accessions (88-216845, 80-139, 88-219790) of B. carinata originated from Germany (Table1). A total of 29 B. rapa accessions were collected from different regions of the world and have grown for several generations in Wuhan (Table 1).

Field trial: All accessions were sown in the field station of Huazhong Agricultural University (Wuhan) in autumn 2003. Each accession was planted in three lines and each line consisted of 10 plants. To ensure pollination by B. rapa throughout the flowering period of B. carinata, the seeds of B. rapa were sown 43 days and 55 days later than B. carinata respectively. When plants flowered in spring 2004, buds from 3 or 4 plants of each B. carinata accession were emasculated and randomly pollinated with pollen from B. rapa. To restore the fertility of the triploid interspecific hybrids, the putative hybrids were treated with 0.1% colchicine. 

Results

A number 109 B. carinata accessions were randomly crossed as females with 29 accessions of B. rapa resulting in 409 interspecific combinations. Eventually, 13,000 seeds were obtained from 40,000 cross-pollinated buds involving 375 combinations. Since B. carinata and B. rapa can be easily distinguished from each other by morphology, it is not difficult to identify true hybrid plants by their intermediate characters. Besides the morphologically differences, most of interspecific hybrids showed hybrid vigor at the period of vegetative growth. Some of the hybrids were verified by molecular marker analysis and chromosome counting for they resembled their maternal parents (data not show). Eventually, more than 5000 hybrid plants were produced from 326 interspecific combinations. However, only 23.3% of the hybrid plants had their chromosome doubled due to the low efficiency of our colchicine treatment leading to 276 combinations of hexaploid plants obtained. The fertility of pollen from those hexaploids is partly restored and fecundity is near normal (fig. 1).There are 4 to 13 seeds in every single silique according to different siliques. So, lots of AABBCC hexaploids are obtained.

In the meanwhile, Great differences on the interspecific crossability were found among different accessions of B. carinata. Some accessions of B. carinata could yield more than 80 hybrid seeds per 100 interspecific pollinated buds, and some produced zero (Table 1). We defined the number of hybrid plants obtained from 100 cross-pollinated buds as the interspecific crossability index (ICI). ICI higher than 20 was considered as accessions with high crossability and resulted in 20 accessions. Interestingly, sixteen of the 20 high ICI accessions originate from southeast of the Great Rift Valley, Ethiopia. Furthermore, thirteen of the 16 Great Rift Valley accessions were geographically distributed at a narrow region. If these variations on the interspecific crossability in B. carinata were determined by genetic, further work will do in following.

Fig. 1 The pollens come from one hexaploid, of which big and solid were fertile and which little and transparent were sterile (left); the fecundity of one hexaploid plant (right).

Discussion

In recent decades, many efforts have been done to increase the genetic basis of B. napus which is narrow as compared to B. rapa and B. carinata. Previous studies on cytogenetics and molecular genetics revealed that there are significant differences in Brassicaceae between the A, B, and C genomes from three dipoid species and three amphidipoid species respectively [START_REF] Mcgrath | Generation of alien chromosome addition lines from synthetic Brassica napus: morphology, cytology, fertility, and chromosome transmission[END_REF]. Our previous research indicated that the hexaploid hybrid (AABBCC) derived from interspecific crossing between B. carinata and B. rapa (AA) could be used as bridge hybrid by crossing it to B. napus (AACC), and then selfing the pentaploid (AABCC) hybrid to form a new-typed B. napus with half of the A genome coming from B. rapa and half of the C genome coming from B. carinata. Our results show that this kind of new-typed B. napus is very different from the original one and show strong heterosis which we named as sub-genomic heterosis (Li et al. 2004;2006). Breeding bridge materials of hexaploids (AABBCC) combined the good characters of B. rapa and B. carinata together, are essential to create such new-typed B. napus. In our trail, great genetic diversity were detected between different accessions of B. carinata from morphologic and molecular markers (data not show) and these variations have brought to ABC hybrids through crossing, so, the hexaploids also rich in genetic basis. In actually, these materials have broadened the available genetic basis of B. napus and can improve the B. napus substantially. In the same way, which hexaploids can also improve B. juncea.

Interspecific reproductive isolation is the main mechanism for speciation and specific maintenance (Griffiths et al. 2002). However, genetic leaks on the isolation system have occasionally enabled interspecific gene flow and promoted evolution of species. Previous studies indicated that the interspecific crossability was mainly controlled by the maternal genotype in Brassicas [START_REF] Meng | Crossability of Brassica carinata with Brasscia rapa and B.juncea[END_REF][START_REF] Meng | Genotype effects of Brassica napus on its behavior after pollination with B.juncea[END_REF][START_REF] Liu | Embryology research on crossabilty of Brassica napus and B. carinata[END_REF]. The crossability between B. carinata and B. rapa is very low especially when the latter is used as female parent [START_REF] Choudhary | Interspecific hybridization between Brassica carinata and Brassica rapa[END_REF]. In the present experiment, diversity with respect to interspecific crossability was obvious among 109 B. carinata accessions and some accessions with high crossability to B. rapa were selected. These lines could be used as bridge material for transferring desirable characters to other Brassica species and vice versa. In contrast to the most interspecific combinations where cross-pollinated siliques developed only 15-20d after pollination, the compatible interspecific combinations usually produced fully developed seeds within each crosspollinated silique. This implied that accessions of B. carinata had an ability to allow foreign pollen to germinate on their stigmas and pollen tubes to penetrate their styles, but only the cultivar with high crossability had a mechanism to enable the hybrid embryos to fully develop. The genetic basis for the interspecific crossability would be further investigated.

Introduction

It is very important to clarify the chromosome behavior during the evolution of Brassica genomes. A model for the genomic evolution of Brassiceae was described in the so-called U triangle, which showed that the three secondary species, B. napus (AACC, 2n=38), B. juncea (AABB, 2n=36) and B. carinata (BBCC, 2n=34), were originated from three primary species, B. rapa(AA, 2n=20), B.oleracea(CC, 2n=18)and B. nigra L.(BB, 2n=16). Based on this relationship and the hypothesis of Mikkelsen et al. (1996 a) of possible "safe" integration sites, Li et al.(2006) had obtained C-genome transgenic B. napus with low environmental risk by means of artificial resynthesis, and they concluded a low exchange frequency of (trans)gene between A-and C-chromosome. However, studies on genetic relationship revealed that the relationship between A and C genome was so close that chromosome pairing between A and C-genome could occur frequently. Röbbelen had proposed a hypothesis that the primary species may derived from an even older polyploid ancestor (AABBCCDDEEFF, 2n=2x=12), which had a potential pairing of six pairs between A and C-chromosomes. Results of comparative genomics of Brassica spp. also showed a lot of chromosome variation during the evolution of Brassica genomes, such as duplication, deletion and rearrangement. Undoubtedly, the Brassica genomes have undergone restructuring during evolution. However, whether it is resulted from the reciprocity of A and C-chromosome, pairing behavior between A-and C-chromosomes in newly resynthesized B. napus accordingly plays an important role in explaining these different standpoints.

Relationship study between A and C-genome on chromosome level has gained prodigious development. Most studies paid more attention to the chromosome behavior in the natural B. napus cultivars [START_REF] Li | Observation on chromosome behavior during meiosis of Brassica napus[END_REF] or offspring of resynthesized B. napus after a few generations (Zhang and Niu, 2003). Nevertheless, Li et al.(2006) had showed that the chromosome in hexaploid hybrids could become stable after three generations under artificial selected. They suggested that many changes on the chromosomes occur during the few initial generations. Therefore, using newly resynthesized B. napus to observe chromosome behavior could be an optional way to elucidate chromosome change during the evolution of B. napus.

In the present research, we particularly observed the chromosome behavior from the genome of B. rapa and B. oleracea during meiosis of the newly resynthesized B. napus lines. By comparing to those results of B. napus cultivars and offspring after several generations, more information on the procedure of B. napus evolution, the chromosome exchange frequency between A-and C-chromosome, and characters to differentiate chromosome behavior between cultivar and resynthesized B. napus during meiosis was obtained.

Material and methods

Newly resynthesized B. napus lines were obtained from the ovary culture and chromosome doubling of intergeneric hybrids between B. oleracea var. alboglabra and B. rapa (Li et al., 2006).

For meiotic analysis of PMCs, buds from the terminal inflorescence were fixed in fresh Carnoy's solution at 4°C. PMCs were squeezed out of anthers in a drop of 10% modified carbol fuchsin (Li and Liu, 1996). For mitotic analysis, pistils of flower buds were peeled out, treated with 0.002mol/L 8-hydroxyquinoline for 4h, then fixed in Carnoy's solution for 24h, and stored in 70% ethanol at 4°C until use. The pistils were hydrolyzed in 1N HCl at 60°C for about 10 min, squashed in a drop of modified carbol fuchsin and observed under oil.

Results

The meiosis of resynthized B.napus started from a relative large chromatin occupying the central position of the PMCs (Fig. 1-a). It separated into two towards the end of the leptotene (Fig. 1-b, c). Zygotene, by definition, is the stage of chromosome synapsis, and early zygotene is therefore characterized by the first indications of synapsis. However, this stage in resynthesized B. napus characteristically failed to produce well spread preparations (Fig. 1-d, e). This appeared to be caused by polarization, which was accompanied by aggregation of the pericentromeric heterochromatin into a variable number of clumps (Fig. 1-f). At early pachytene stage, the chromosomes are much shorter compared to the earlier prophase stages. All chromosomes are seen to be fully synapsised in double structures, some with obvious chromomere differentiation and others remaining aggregated (Fig. 1-g, h). By late pachytene, the 19 bivalents became more obvious, but seemed to be divided into 9 + 10 bivalents (Fig. 1-i), which might respectively from A-and C-genome [START_REF] Li | Influence of the sterile plant ratio in F 1 generation to the yield of hybrid rapeseed[END_REF]. common to all the plants was the abundance of multivalents, comprising mainly tri-and quadrivalents. This is exemplified in Fig. 1-i in which auto-or allosyndetic pairing or secondary association is readily identifiable. But penta-, hexa-, and heptavalents were also found in the plants with 38 chromosomes (Fig. 1-i, j). During meiosis II, few abnormal chromosome pairing occurred (Fig. 1-l). And heteromorphic bivalents and multivalents could also be detected at metaphase mitosis (Fig. 1-n). Chromosome number was confirmed to be 38 by observation of somatic cells (Fig. 1-o, p). Based on cytological observation, the distinct characters of meiosis in newly resynthized B. napus were : 1)One group of chromatin separated into two during interphase, which showed asynchronous division and separation during the following stage of meiosis, because there were always 9 or 10 bivalents appeared earlier than others. 2) During late pachytene and metaphase, the 19 bivalents obviously divided into 9 + 10 bivalents with an underling boundary. It is suggested that the above two groups of chromosomes are related to A and C genomes, which maintained independent in the pollen mother cells. 3) an allosyndetic association or pairing between A and C-genome is more frequently than within genomes; 4) Later stages of meiosis, such as anaphase I, telophase I and meiosis IIwere generally normal.

Discussion

According to the chromosome formulation of allotetraploid B. napus of AAABBCCCDDDDEEFFFF, complicated situation of chromosome pairing should occur frequently. According to Roebblesen (1960), there would be a maximum of homologous and homoeologous pairing of 3 and 6 respectively. However, the meiosis observations of cultivar B. napus, B. rapa and B. oleracea showed a normal chromosome pairing behavior (Heneen et al. 1995, Zhang and[START_REF] Ying-Ze | Development of new germplasm in rapeseed through resynthesis of new Brassica napus L[END_REF][START_REF] Li | Observation on chromosome behavior during meiosis of Brassica napus[END_REF]. While in newly resynthized B. napus, there were many abnormal phenomena such as micronuclei at resting stage and broken parts at metaphase I. At late diakinesis in meiosis, common to all the plants was the abundance of multivalents, comprising mainly tri-and quadrivalents, but penta-, hexa-, and heptavalents could also be found (Fig. 1-n). Zhang and Niu (2003) also detected that chromosome pairing during meiosis in succeeds of systematic selective breeding of resynthized B. napus after several generals have variation of chromosome numbers and structures with abnormal behavior of meiosis. However, at anaphase I and meiosis II, abnormal behavior of chromosome had not yet been found. [START_REF] Li | Observation on chromosome behavior during meiosis of Brassica napus[END_REF] suggested that previous studies on chromosome pairing mechanism could not explained the steady chromosome pairing in the amphidiploid which contained two high homologous genomes. They believed that different speed of meiotic division between the chromosomes of A and C genome and independent distribution in pollen cells were the main reasons that resulted in the avoiding of homologous chromosome pairing. While in our observations, the difference of meiotic division speed also existed in new resynthized B. napus. Furthermore, we found that multivalences appeared after some of the chromosomes formed. [START_REF] Heneen | Characterization of the A and C genomes of Brassica campestris and B. alboglabra[END_REF] also observed hexavalents at meiosis in resynthized B. napus. Therefore, different speed of meiotic division could not construct the main reason of steady meiosis in B. napus. Some studies on resynthized amphidiploid wheat (Okamoto, 1957), oat (Rajhathy andThomas, 1972) and cotton (Mursal and Endrizzl, 1976) showed that the steady chromosome pairing were obtained by genetic control and structure changing of chromosome, which was in accordance with our observations. That is, in new resynthized B.napus, the coexistence of A r and C° in initial stages broke up the steady chromosome pairing in the cell of two parents and resulted in abnormal behavior of chromosome pairing. But in the succeeding generations, following the gene recombination and chromosome structure changing, the mechanism of steady chromosome pairing was formed.

The observations of new resynthized B.napus during meiosis showed, the frequency of multivalance formed within A or C genome is higher than between genomes. Similar to natural B. napus cultivar, asynchronous meiotic division of A and C genome and independent distribution in pollen cells also decreased the frequency of chromosome pairing between them. Qian (2003) found that the mutual contribution rate between A r and A n genome chromosome is obviously higher than between A n and C n genome chromosome. Quiros et al.(1994) also detected that the genetic linkage groups of 4C, 5C and 6C tended to recombined. Therefore, the genomic difference between synthetic species and basic species evidenced by some previous studies (Song et al. 1989;Teutonicoa and sborn 1994), might largely attributed to the chromosome exchange and recombination within the genome under reciprocity between A and C genome.

During our observations, the two groups of chromatin changed from equal into unequal during meiosis. While DNA content test showed that the three basic species had a similar amount of 470-660 Mbp/lc (Li et al., 2005). It is assumed that the two genomes in the resynthized B. napus or B. napus cultivars had a different degree of concretion at different stages.

Most studies showed that there was close relationship between pollen fertility and abnormal chromosome behavior (Heath andEarle 1996, 1997). Usually, pollen fertility of new resynthized B. napus is very low and it needs to be inbred for 7 or 8 generations to restore (Qian, 2003). This is also confirmed by our observations of pollen fertility and chromosome behavior of new resynthized B. napus (Li et al., 2006).

Introduction

Abundant materials are the foundation of new crop variety. So, it is a valid way to induce variation by biotechnology for creation breeding resources. Radiation was a simple and effective method of introducing variation, for the novel characters of mutants was stable early. And it was extensively utilized for crop breeding, especially in rice (Fu HW et al., 2002;Huang SHW et al., 2000;Wu KX et al., 1999;Quan CH Y et al., 2006). Mutagenesis by spaceflight was another way to introducing mutants, which was applied in rice, wheat, soybean, green lentil, edible germ, vegetable et al. And many mutants were obtained successfully (Mei M T et al., 1994;[START_REF] Mei | Morphological and molecular changes of maize plants after seeds been flown on recoverable satellite[END_REF][START_REF] Qiu | Molecular analysis of long pod mutant line of Mung bean generated by space mutagenesis[END_REF][START_REF] Xu | Studies of inheritance and application in rice breeding of the large grain mutant induced in space environment[END_REF][START_REF] Pang | The breeding of new rice variety by space mutation and irradiation[END_REF][START_REF] Lu | Random amplified polymorphic DNA analysis of tomato from seeds carried in Russian Mir space station[END_REF]. Rape is one of the four main oils in world. But having sinapine, which have the role of protection to the radiation of several rays, rape was the crop of bear-radiation or anti-radiation. So, the reports were relatively less in china [START_REF] Liu | The effects of space treatment on Brassica napus L[END_REF]. The double-low seeds of Brassica napus were irradiated by 6 °Co-γand spaceflight on "shengzhou4"and "Round-trip artificial satellite No.18"in this study. Some mutants were obtained. The agronomic characters and molecular test showed the genetic variation was real and heredity was stable.

The objective of this study is to create mutation for breeding resources in Brassica napus by two ways, observe the mutant traits and purify them for possible uses.

Materials and Methods

Plant materials Conventional varieties applied in production in Sichuan of china, double-low Brassica napus L of selfcross lines from crop institute Sichuan Academy of Agricultural sciences were used.

Radiation by 6 °Co-γ Windy-dry seeds of 10 convention varieties were treated by 6 °Co-γwith the dose of 800Gy, 1000Gy,1200Gy respectively in the radiation field of institute of Biotechnology and nuclear Technology Sichuan Academy of Agricultural sciences.

Spaceflight Windy-dry seeds of 6 Brassica napus lines were carried by "shengzhou 4" in 12, 2002, and another 6 lines were carried by "Round-trip artificial Satellite No. 18" in 9, 2003. Trial Seeds treated by 6 °Co-γand spaceflight were sown in the farm of PI county by direct seeding for three replications and 50 grains per repeation. The land productivity was even. Field management on this experiment was conducted based on standard management for rape in Sichuan. M 1 and SP 1 seeds were bulk-harvested at maturity, and were sown in the next year.

Statistic analysis germination percentage were investigated after sowing a week, and seedling survival rate were investigated at the four-leaf period (the number of plants of four-leaf/number of seed grains being sown×100). The data were analyzed by the statistical program Regional Crop Trial Analysis system.

DNA extraction and SSR, RAPD analysis DNA extraction: total genomic DNA from both mutants and the control was extracted from fresh leaves according to the CTAB method (Murray and Tompson 1980) with minor modifications. SSR primers from http.www.ukcrop.com and RAPD primers were synthesized by the gene company of Beijing shaibaisheng. SSR reaction: reaction total volume 15 μL: 10×Buffer 1.5 μL,25mM Mg 2+ 1.5μL, 10mM dNTP 0.6μL, 25ng/μL primers 2 μL, 10ng/μL DNA 7.3μL, 5U/μL Tag enzyme 0.125Ul; PCR reaction procedure:94°C 5min, 94°C 30sec,55°C 45sec,72°C 1.5min, 46cycles,72°C 10min.RAPD reaction: total volume 13.5 μL: 10×Buffer 1.5 μL,25mM Mg 2+ 1.5μL, 10mM dNTP 0.6μL, 25ng/μL primers 2 μL, 140ng/μL DNA 0.6μL, ddH 2 O 7.0 μL, 5U/μL Tag enzyme 0.125μL; PCR reaction procedure:94°C 5min, 94°C 1min, 30°C or 36°C 1min, 72°C 2min,45cycles, 72°C 10min. Investigation of agronomic characters 10 plants were tested in agronomic characters per replication.

Results

Germination percentage of M 1 treated by 6 °Co-γdecreased to the control, but was not significant.

Table1. LSD analysis of percentage of the plant and agronomic characteristicistics of the plants in M 1 at dose of 800Gy, 1000Gy, 1200Gy Seedling survival rate decreased significantly (table1).And were also different among the dose of 800Gy, 1000Gy and 1200 Gy. There are significant difference between M 1 and the control on agronomic characters such as plant height, height of primary branch, No. of silique per plant, seed No.per silique and seed weight per plant. Some high 1000-seed weight (5.29g) mutants were obtained, but the difference was not significant as a population between M 1 and the control. Botany characteristic such as plant height, leaf shape, vegetative growth, flowering character and seed-setting were also affected, and induce to reduce on yields characteristic. So the seed weight per plant was decreased.

Polymorphism analysis of SSR in M 1 indicated that there were characteristic band between mutants of M 1 and the control (Fig 1),which two bands on the control, three bands on the mutated plant. The results of spaceflight showed that botany characters such as seed leaf euphylla, leaf shape, leaf color et al, agronomic characters such as height of plant, Height of primary branch et al of SP 1 were similar to the control. However, some characters of the leaf shape, plant body, vegetative growth, flowering character and seed-setting et al of SP 2 were different with the control. Useful mutants included more-branch per plants(PR-1), more-pod plants (PR-1) and high-seed-weight plants (PR-1, 9804) et al (table 2). And the characters were heritable from SP 2 to SP 3 (table3) (Plant height: 9804, No. of branches per plant: PR-1, No. of pods per plant: PR-1, 1000-seed weight: 9804). Polymorphism analysis of RAPD (Fig 2 ) and SSR (Fig 3) in SP 2 and SP 3 indicated that 4 polymorphic RAPD primers BRK07, BRK11, BRK15 and BRK17 were selected from 119 primers. BRK07 could stably amplify the characteristic band BRK07-410 in the randomly selected plants of SP 2 and SP 3 population, but there was no the band in CK. The polymorphic SSR primer pair 9L/R was selected from 132 primer pairs, which were in connection with flower organ development of Arabidopsis thaliana. 9L/R could amplify the characteristic band in the randomly selected plants from SP 2 and SP 3 population stably, but there was no the band in CK, which M.W was 175 bp. 

Discussion and Conclusions

Radiation of 6 °Co-γand spaceflight as way of mutagenesis were applied in crop breeding in several studies before (Fu HW et al.,2002;Huang SHW et al.,2000;Wu KX et al.,1999;Quan CH Y et al.,2006;Mei MT et al., 1998;[START_REF] Qiu | Molecular analysis of long pod mutant line of Mung bean generated by space mutagenesis[END_REF]Zhou YM et al.,1998;[START_REF] Tang | Genetic variation of yellow-seeded rapeseed lines (Brassica napus L.) from different genetic sources[END_REF][START_REF] Xu | Studies of inheritance and application in rice breeding of the large grain mutant induced in space environment[END_REF][START_REF] Lu | Random amplified polymorphic DNA analysis of tomato from seeds carried in Russian Mir space station[END_REF]. Effects of the former were more direct than the later. Mutants often appeared on contemporary by 6 °Co-γ,but in SP 1 ,SP 2 even SP 10 by spaceflight. Having the traits of simple-manipulate, cost-low and treated-more, radiation as a valid way of inducing variation was applied extensively to now though the mutagenesis direction were uncertainly. In this study, some useful mutants such as low-Height of primary branch and high-1000-grain-weight were obtained. Effect of mutagenesis by spaceflight was decided to the role of shielding space cabin to the ray of cosmos, difference among materials and how long being treated. Mutants appeared in SP 1 in some reports [START_REF] Zhang | Molecular analysis of space mutant line of kidney bean[END_REF][START_REF] Liu | The effects of space treatment on Brassica napus L[END_REF], but in SP 10 in other reports [START_REF] Yang | Polymorphic analysis of microsatellite markers in mutants of japonica cultivar "Akibikari"induced by the space flight[END_REF][START_REF] Lu | Random amplified polymorphic DNA analysis of tomato from seeds carried in Russian Mir space station[END_REF]In our experiment, some useful mutants such as low-Height of primary branch, high-1000-grain-weight, more-branch and more-mod were obtained in SP 2 . And the characters were stably heritable from the identification of agronomic and molecular. Now, lines (SP 4 ) of the late-maturity, more-branch and more-pod mutated plant were obtained, which could be possibly used for gene cloning and location in future.

Introduction

Resynthesis of digenomics from their diploid progenitors has been profitably used to enhance the spectrum of variability for key economic traits in B. napus (Seyis et al 2003) and B. juncea [START_REF] Srivastava | Resynthesis of Brassica juncea through interspecific crosses between B. rapa and B. nigra[END_REF]. Similar approach may not prove much useful in B. carinata as none of its two diploid progenitors has any history of human selection pressure for evolution as an oilseed crop. Therefore, newer options of variability enhancement merit a look in. These include selective introgression and /or whole genome transfer from the related amphiploid species like B. napus (AACC) and B. juncea (AABB). Such approaches may also help in capitalizing on gross structural evolutionary modifications that occurred in cohabiting genomes of Brassica digenomics during evolution (Song et al 1995).

Material and methods

B. napus cv. MHO-18-1-184 ('00') and B. juncea cv. NJHO-3-25 were utilized in interspecific hybridization for resynthesis of B. carinata. Immature buds of plants of both the parents were emasculated and immediately pollinated with fresh pollen of each other to accomplish reciprocal cross combinations. Pollinated buds were bagged to prevent unwnted pollination. The F 1 seed was raised carefully in pots and the resultant F 1 plants (AABC) subjected to colchicine treatment to induce chromosome doubling. Seed set on polyploid sectors (AAAABBCC) was used to raise A2 generation. B. carinata type plants were identified in A3 generation. These plants were subjected to diversity analysis alongwith parental strains using variation in the DNA amplification generated through 32 decamer RAPD primers, as per the protocol described earlier (Bhaskar et al 2002). The polymorphism data from all the primers were used to estimate the similarity coefficients (NTSYS Pc version 2.02 e) on the basis of the number of shared amplified bands. Similarity was calculated with SIMQUAL function of NTSYS which computes a variety of similarity and dissimilarity coefficients (association coefficients) for qualitative/nominal data. The similarity matrix thus generated was used to generate a dendrogram.

Results

B. napus×B. juncea hybrids were successfully produced without any embryo rescue intervention. The F 1 hybrid plants exhibited intermediate phenotype and were semi sterile. Hybridity was confirmed through cytological and molecular studies. Cytological studies revealed the expected somatic chromosome number 2n=37. The amphiploid shoots (A 1 ) were identified by their deep green color, thick crinkled leaves, slower growth, bigger inflorescences and large flowers with well developed anthers carrying large pollen grains.

The A 2 generation was developed from the selfed seed of amphiploid sectors. There was lot of morphological variation in morphology of A 2 plants. Two plants resembling B. carinata morphotype were selected and subjected to the cytological investigations. The PMCs of these A 2 plants revealed the chromosome number to be 38 and 40 with mean bivalent frequency of 13.3. Multivalents were observed in majority of the cells. Out of the two B. carinata type A 2 plants, one plant was completely male sterile and did not set seed on selfing. The pollen grain stainability of the second plant was also low (25-30%) and only 20 seeds were obtained on selfing. These were grown to raise A 3 generation. Three A 3 plants which were almost like B. carinata were identified and characterized. One plant (NJ 1) was completely male sterile. Remaining two (NJ 2 and NJ 3) showed partial pollen grain stainability. Both of them had 2n=34. The derived B. carinata plants were almost 20 days late in maturity than the parents. Plant height in the derived plants (NJ 1 and NJ 2) was intermediate between the two parents. Seed yield of the derived plants was also low and most of the selfed seed set was shriveled.

The fatty acid profile of the seed set on both the plants was of parental type having '0' erucic acid. Apparently, the derived B. carinata inherited alleles for low erucic acid located on B and C genomes from donor B. juncea and B. napus, respectively. All the three plants had higher glucosinolates content like B. juncea parent.

Derived B. carinata types were evaluated for extent of genetic similarity with natural B. carinata cv. PC 5. These along with PC 5 and two parents were subjected to natural diversity analysis using variation in DNA amplification generated through 32 decamer primers. Clustering allowed partitioning the six genotypes into three groups. The three derived genotypes and natural B. carinata cv. PC5 were clustered at approximately 80 per cent similarity level. Among the derived genotypes NJ 2 and NJ 3 showed 86 per cent similarity whereas NJ 1, NJ 2 and NJ 3 were clustered at approximately 82 per cent similarity level. The two parental strains formed separate groups at a similarity level of 68 per cent (B. napus) and 63 per cent (B. juncea) with derived lines. The diversity analysis revealed that the derived B. carinata genotypes were closer to but distinct from natural B. carinata which clearly demonstrated the possibility of using B. napus×B. juncea crosses as a distinct gene pool for B. carinata improvement. 

Discussions

Amphiploidy is a dynamic evolutionary force that involves natural synthesis through a large number of hybridization events encompassing diverse diploid progenitors. Interbreeding among these de novo amphiploids and the consequent release of recombinational variability allows the natural/artificial selection forces to act and carry forward the process of evolution. Crop brassicas constitute an excellent model to study the amphiploid evolution. Both B. napus and B. juncea, which show very high level of variability, are known to have evolved many times in the sympatric areas of diploid progenitor species. Extent of their geographic spread, racial diversity and apparent morphotype variation have allowed their emergence as crop species of significant economic importance. B. carinata, on the other hand, shows only a limited genetic variability, poor geographic reach and low economic value. This has been attributed to its narrow genetic base as a consequence of evolution from fewer number of hybridization events sampling a very low range of variability in diploid progenitors. The process of its genetic enrichment was attempted through derived amphiploidy which allowed bringing into cohabitation intact Brassica carinata genomes (BBCC) from non parental amphiploid species. That the attempts were largely successful was apparent from demonstrated similarity with the natural B. carinata at morphological and molecular level. Besides huge evolutionary significance of this material, derived B. carinata types (NJ 2, NJ 3) provide a new germplasm source for '0' erucic acid in B. carinata.

Introduction

Researches on intergeneric or interspecific crosses and somatic hybridization have demonstrated that transferring traits from one species to another in Cruciferae, is a efficient way to enrich rapeseed germplasm. By making use of genetic resources from cruciferous wild type, special traits such as fatty acid content unusual, cytoplasmic male sterility, etc., may be created in B. napus, and rapeseed germplasm bank may be enriched [1][2][3][4][5][6][7][8][9][10][11]. So many researches in these aspects have been carried out, and more researches may be needed for rapeseed improvement.

Rorippa indica (Linn.) Hiern of Brassiceae, is a kind of wild species distributing very broadly. Its traits excellent and distinctly different from B. napus, can be implications for rapeseed improvement. Its siliques with very short beak or without beak in R. indica, may be a property used for increasing economical coefficient of rapeseed. R. indica reaches usually height of around 1.9m in case of planting in lowland next to water, and grows to height of around 0.6m in case of planting in upland, showing its excellent wateriness tolerance which is necessary for canola variety planting in lowland after rice harvest, typically in Yangtze River Valley of China. The trait of flowers often apetalous in R. indica, is also a good traits for development of rapeseed germplasm with better disease resistances or potentially increasing photosynthetic utilizing efficiency.

Present researches were designed to utilize advantages of R. indica for rapeseed germplasm enhancement. By biotech way including intergeneric hybridizations and somatic fusion, we obtained a set of new germplasm with diverse traits.

Materials and methods

Plant materials: All plant materials were obtained from germplasm bank at Nanjing Agricultural University (NAU), and were planted in Jiangpu experimental station of NAU. NJ5280 is a canola line developed by authors. Wild species O. violaceus and R. indica were collected from rural area around Nanjing City, P.R. China.

Protoplast fusion: High-yield protoplast achieved from hypocotyls of NJ5280 and leaves of R. indica were fused by PEG-DMSO method, and then cultured with MS liquid medium. Enzyme combinations for isolating protoplast from B. napus L. and R. indica were 1% cellulase + 0.2% macerozyme+3 mmol/L MES and 0.25% cellulase +0.5% macerozyme+5 mmol/L MES, respectively. Fusion percentage of 10.4% was obtained on the condition of 30% PEG + 0.3mol/L glucose +50 mmol/L CaCl 2 •2H 2 O + 15% DMSO. Somatic fusion methods reported in another paper by authors may not be listed here.

Intergeneric hybridization: A three-way cross ((B. napus×O. violaceus) F 1 ×R. indica) was conducted by hand-cross and by embryo rescue technique. NJ5280 as male parent was crossed with O. violaceus in large amounts, then inter-generic F 1 's derived from rescued embryo were pollinated with pollen carefully collected from R. indica. Further rescued seedlings were transplanted into fields, and were amplified into population by selfing. Embryo rescue technique may be described as following simplified procedure. Premature green embryos got from the inter-generic crosses of 25 day-old, were taken out under asepsis conditions, transferred into culture media such as Ms medium added with 2mg/L 6-BA and 0.1mg/L NAA. For rooting, young seedling growing into height of 2-3cm were transplanted into MS medium added with 0.1mg/L NAA and 0.1mg/L IBA. Seedlings with 15-20 secondary roots were carefully transplanted into fertile soil. Keeping moisture is a key measure for survival of the seedlings. When seedlings grew larger, they were transplanted into field for yielding more seeds.

Morphology and cytogenetics: Traits of all of intergeneric progenies were observed. For meiotic analysis, floral buds were fixed in Carnoy II solution (6:3:1 ethanol: chloroform: acetic acid) for 24 h and then transferred to 50% ethanol and stored at 4°C for at least 24 h or until use. Anthers containing PMCs at the metaphase-I were stained with acetocarmine and subsequently squashed.

Seeds harvested from the hybridizations and parental species were germinated at 25°C. Root-tips were excised from these plants. The root-tips were transferred to ice water and kept in a refrigerator for 24 h. The roots were subsequently fixed in Carnoy I solution (3:1) for 4 h at 4°C. The meristematic portion of the root-tips was squashed in 45% acetic acid after hydrolysis in 1mol HCl at 60°C for 8 min and stained.

Quality analysis: Quality traits were analyzed for content of oil, erucic acid and glucosinolates in seeds derived from progeny families.

Results

Morphology

By embryo rescue, we got 12 hybrids from crosses between B. napus and O. violaceus. The F 1 were morphologically more like rapeseed than O. violaceus, but they gave out less pollen than their parents. The F 1 plants were further crossed with R. indica through the rescue techniques. 15 seedlings of intergenric three-way cross F 1 were obtained from young embryo culture (Fig. 1). In the experimental field, 6 plants of the F 1 seedlings did not live through winter. At seedling stage, these threeway cross hybrids looked very similar to R. indica, but at maturing stage, the plants were more like cruciferous vegetable (B. campestris), which had more than 12 branches, long beaks, stems yellowish, intermediate harvesting time, earlier flowering time than rapeseed. The F 1 plants of the three-way crosses were selfed, selfing and open-pollinating seeds were harvested completely. Carefully planting the progenies, we got a F 2 population of 890 individual plants in which morphological varieations was observed (Fig. 2). Various morphological types such as appearances similar to B. campestris, B. napus, B. juncea, O. violaceus, etc, were all observed, but 32.2% plants were more similar to R. indica than other Brassica species by leaf type identification. Leaf color ranged from yellow, dark green to purple. Leafs and stems of 51.5% plants were covered with trichomes. Fertilities of F 2 individuals ranged from male sterile to complete fertile, but every plant could yield seeds of which weights were from less than 1g to more than 20g. Colors of seeds harvested, included yellow, brown, black and other middle colors. Their length of silique beak varied greatly, were from 0.2mm to 15mm. Percentage of beaks less than 5mm was 20.9%. Flowering time and other traits also showed great variation. From morphological observation, it can be inferred that this population had big selection potentials of traits such as seed and leaf color, leaf shape, silique beak, and many other traits.

Somatic hybrids were intermediate between the two parents (Fig. 3), but more like the parent NJ5280. Their siliques were with beak of around 0.6cm shorter than that of rapeseeds. By transplanting seedlings of parents at the same time as controls, the flowering times of hybrids were about 10 days earlier than the rapeseed line, but about 8 days later than R. indica. Somatic plants were partially fertile, could seed through selfing or open-pollinating way. The branch numbers of somatic hybrids were 10-13 less than R. indica. The mean weight per 1000 seeds was around 2.2g, different from the two parents.

Cytogenetics

In the F 2 population, chromosome observations at meiotic metaphase I stage showed unequal number of chromosomes among individual plants (Fig. 4). Chromosomes of 15-20 bivalents were observed. Chromosome paired well, indicating that R. indica possibly had close evolution relation to rapeseed and O. violaceus. The fact that PMCs with more chromosomes were not observed, possibly was caused by observations of limited samples fixed. In the selfing progenies of somatic hybrids, chromosomes in root cells were unequal (not listed here). Seed with Chromosomes more than parents were also observed in root-tips from selfing seed (Fig. 5).

Somatic hybrids

Somatic hybrids R. indica B. napus Fig. 5 Chromosomes of somatic hybrids, selfed pr0genies and their parents

Seed quality analysis

Quality traits of mixed seeds of F 3 families of the intergeneric population were analyzed. Fequency distributions (Fig 6) showed that in the three-way cross-derived population, seed oil, erucic acid and glucosinolates content varied greatly. There existed materials with low erucic acid content and low glucosinolates content families. This was in accordance with their parents in which NJ5280 is double-low, O. violaceus is a plant with low-erucic acid in its seeds (0.63%), R. indica has seed erucic acid content of 21.7%. These results indicated that this population had big selection potentials of seed quality. 

Discussion

Unlike most of rapeseed-related interspecific hybrids with growing appearance similar to rapeseed, plants derived from the three-way cross were more like that of R. indica, probably because of genome of R. indica dominated in the population. This phenomenon might be beneficial to gene transfer from R. indica to other Brassica species. R. indica is also a potherb with function of curing asthma, its enriched germplasm from the three-way cross will be undoubtedly a better basis of domesticating R. indica for fast growing and easily cultivating.

Genetic materials created by this research, showed very rich variations which may be used for development of rapeseed with shortened silique beak, yellow seed and wateriness-tolerance, male sterility, etc. Researches provided by this paper were preliminary. Further researches may be continued in future. However, the materials were saved in germplasm bank at NAU, may be exchangeable only for research.

Introduction

The instant homozygosity obtained using a doubled haploid (DH) system greatly facilitates the fixation of desirable traits controlled by recessive alleles. It also reduces the size of the population required to identify individuals carrying the desired recessive traits. Hence, the DH technique can be conveniently employed in a recurrent backcross breeding programme for important recessive traits, especially for plants amenable to in vitro manipulations. Indian varieties of Brassica juncea are high in glucosinolates (GSL), a trait governed by at least six recessive genes (Sodhi et al., 2002). Since B. juncea is highly amenable to in vitro manipulations, we developed a breeding strategy utilizing the doubled haploid technique to incorporate the low GSL trait from an un-adapted canola quality B. juncea line Heera to a popular Indian variety Varuna in order to improve the seed meal quality. Few reports have been published dealing with application of DH technique to B. juncea [START_REF] Thiagarajah | High frequency embryo induction from microspore culture of Brassica juncea L. Czern and Coss[END_REF][START_REF] Purnima | Regeneration of Brassica juncea plants from in vitro microspore culture[END_REF][START_REF] Hiramatsu | A survey of microspore embryogenesis in leaf mustard (Brassica juncea)[END_REF]Lionneton et al., 2001). However, these publications either do not mention the embryogenic and the embryo conversion frequencies or describe methods that are not very efficient in fulfilling both these criteria.

In this paper we report the development of an efficient, high throughput protocol, based on the protocol described by [START_REF] Iqbal | Methodological improvements in microspore culture of Brassica napus L. and investigations on in vitro glucosinolate biosynthesis[END_REF], for the production of DH plants in B. juncea that ensures high embryogenic and embryo conversion frequencies. We applied this technique for five successive backcross generations using Indian B.juncea var. Varuna as the recurrent parent and have been able to derive several low glucosinolate lines with high percentage of Varuna genome reconstituted.

Materials and Methods

Plant materials: Plants of an Indian type high glucosinolate containing Brassica juncea var. Varuna and a canola quality east European B. juncea line Heera, their F 1 and five subsequent backcross generations using Varuna as the recurrent parent, were used as the microspore donors. Plants were grown in growth chambers (Conviron, Canada) under controlled environmental conditions. During the vegetative phase of growth plants were maintained at 20°-15°/ 14h-10h day and night cycle, and at 85% relative humidity. With the emergence of the inflorescence axis the plants were shifted to a regime of 10°-5° / 10h-14h day and night cycle and were maintained for at least 15 days prior to harvesting buds for microspore culture. Buds measuring 3.5-4.0mm containing mid-to late uninucleate pollen grains were collected from primary as well as secondary flowering axes and were used to initiate the cultures.

Culture protocol: To sterilize, the buds were first rinsed thoroughly in a dilute solution of cetavelon (150 µl in 50ml of distilled water) for 15 min followed by washing in running water. Next, the buds were treated briefly (3min) with 70% alcohol, drained and rinsed with sterile distilled water. Finally, the buds were treated with 4% Na-hypochlorite solution for 10min and thoroughly washed with sterile distilled water. Following sterilization, the buds were placed in a sieve (~60µ) and crushed gently in NLN medium [START_REF] Gland | Genetic and exogenous factors affecting embryogenesis in isloated microspore cultures of Brassica napus L[END_REF] without iron and vitamins containing 13% sucrose (wash medium) to release the microspores. This suspension was centrifuged twice (1000 rpm) using wash medium to remove the debris and was finally suspended in NLN medium containing 13% sucrose (NLN-13) and 0.01% colchicine and incubated for 24h at 31.5°C in dark. After 24h colchicine was removed by repeated washing in NLN-13 and microspores were plated in sterile 60mm petridishes at a final density of 25-40,000/5ml medium containing 100µl of sterile 1% activated charcoal. These petridishes were in turn placed in larger glass petridishes (120mm) along with a petridish containing water and sealed. Such assemblies were incubated at 31.5°C in dark for seven days after which the cultures were suitably diluted with fresh NLN-13 medium and cultured at 24°C and 80 rpm under 14h/10h day-night cycle for next 15 days. The number of embryos was kept around 25 in each dish at this stage.

After 21 days the fully differentiated embryos were transferred to NLN-13 containing ABA (15µl of 1mM ABA/ml of medium) and cultured at 15°C and 80 rpm under 14h/10h day-night cycle for next 15 days. Subsequently, the embryos were transferred to Schenck medium [START_REF] Schenck | Somatic hybrids by fusion of protoplasts from Brassica oleracea and B. campestris[END_REF] supplemented with GA 3 (1.0 mg/l) for 'germination'. After 3-4 weeks the germinated embryos were subcultured to MS [START_REF] Murashige | A revised medium for rapid growth and bioassays with tobacco tissue cultures[END_REF] medium containing IBA (2mg/l) and maintained till the time of transplantation.

Ploidy analysis: Second or third leaf from 3-4 week old individual putative doubled haploid plants was taken for analyzing its ploidy level following [START_REF] Arumuganathan | Estimation of nuclear DNA content of plants by flow cytometry[END_REF] and the diploidized plants were transplanted in the field.

Result

The parents differed greatly in their ability to produce microspore derive embryos, the east European line Heera being highly recalcitrant compared to the Indian variety Varuna. The F 1 plants were closer to Varuna in their embryogenic ability. The embryogenic frequency improved gradually during subsequent generations (Table 1). It was observed that maintenance of high humidity was absolutely essential for initiating the microspores in the sporophytic developmental pathway. No embryo differentiation was observed if the microspores were cultured in the absence of water containing petridishes as described above. Addition of activated charcoal also improved the embryogenic frequency. Colchicine treatment for 24h induced diploidization in about 65% of the microspores. Increasing the duration of colchicine treatment did not improve the frequency of diploidization but enhanced the production of embryos of higher ploidy (data not shown). Addition of activated charcoal in the culture medium was essential for embryo differentiation.

Timely dilution of cultures was crucial for subsequent development of the embryos. It was observed that about 20-25 embyos cultured in 8ml of medium in a 60mm petridish produced optimum result. It was also observed that segregating the embryos according their size class was beneficial and caused less stress. In a mixed population of embryos the cultures often turned brown.

The fully developed embryos were transferred to ABA containing medium for the physiological maturation of the embryos. At this stage it was no longer necessary to maintain the high humidity condition around the culture plates. It was observed that the embryos treated with ABA 'germinated' and grew normally whereas those without ABA treatment generally became hypertrophied following germination and also developed secondary embryos. Presence of GA 3 in the germination medium improved the embryo conversion frequency. On an average 88% embryos germinated on Schenck medium containing GA 3 (1.0 mg/l) and when subcultured on MS+ IBA (2.0mg/l) developed into healthy plantlets. Diploid plants were transferred to soil after analyzing their ploidy status.

At each generation DH plants with glucosinolate contents lower than the low GSL parent and with maximum in put of Varuna genome were stringently selected and used as the donor for microspores for the next cycle of DH production. At the end of fifth back cross we could obtain several low GSL lines (1.2µ mol /g seed -8.0µ mol /g seed) having around 85% of Varuna genome reconstituted. 

Discussion

The main highlight of the present study is the highly reproducible rate of high frequency of embryo conversion on Schenck medium containing GA 3 (1.0mg/l). Another crucial observation is the absolute necessity for the presence of high humidity in the immediate vicinity of the microspore culture dishes, without which no embryo would differentiate under our lab conditions. The frequency of doubled haploids obtained in the present study could perhaps be further improved by increasing the colchicine concentration for shorter duration of treatment [START_REF] Mollers | Efficient production of doubled haploid Brassica napus plants by colchicine treatment of microspores[END_REF].

Using the protocol described above we were able to generate several thousand DH plants at each generation which enabled us to stringently select the most desirable plant type from a wide amplitude of low glucosinolate plants. BC1DH onward, at each generation, we selected 2-4 DH plants with highest Varuna genome and lowest GSL contents, as the microspore donors for the next cycle of breeding. The DH lines from advanced backcross generation are presently being used for mapping and tagging of genes involved in glucosinolate biosynthesis.

Introduction

As in other angiosperms, fertilization in Brassica results in the formation of the seeds from the ovules. This remarkable transformation involves the activation and coordination of the distinct developmental pathways leading to an embryo, endosperm and seed coat. The seed coat (testa) consists of several layers of specialized maternal cell types in Brassica [START_REF] Wan | Early stages of seed development in Brassica napus: a seed coat-specific cysteine proteinase associated with programmed cell death of the inner integument[END_REF]. Differentiation of the seed coat from the ovule integuments includes some of the most dramatic cellular changes observed during seed development.

Compared with black seeds, yellow seeds of Brassica have a significantly thinner seed coat, thereby leading to a lower hull proportion in the seed and, consequently, higher oil content. Some other advantages of yellow seeds include more transparent oil, and higher protein and lower fiber content of the meal (Rakow & Raney, 2003). Brassica napus is worldwide the most important oilseed crop species. However, no yellow-seeded forms were discovered in natural germplasm of B. napus. It is an important objective for rapeseed breeders to develop yellow-seeded cultivars for B. napus.

Majority of the Chinese B. juncea accessions are yellow-seeded while there are brown-seeded B. juncea accessions. Some studies on inheritance of seed coat color in B. juncea carried out in Europe and in India revealed that the brown seed coat in B. juncea is controlled by two independent segregating dominant genes with duplicate effect (Liu, 2000;[START_REF] Vera | Isolation of independent gene pairs at two loci for seed coat color in Brassica juncea[END_REF][START_REF] Mingli | Molecular Biology of Seed Coat Color in Brassia juncea[END_REF] and the yellow seeds will be produced when both the loci are in a homozygous recessive condition, and the maternal genotype influences the expression of the trait. The two loci were located at A and B genomes of B. juncea [START_REF] Zhongsong | Studies of the location of several genes to the genomes in Brassica juncea[END_REF]. These genetic characteristics and difficulties in breeding rapeseed through the interspecific cross of B. juncea with B. napus [START_REF] Liu | Combining ability and genetic ability of main agronomy characters in double-low rapeseed(Brassica napus L.)[END_REF][START_REF] Liu | Association of RFLP markers and biomass heterosis in trigenomic hybrids of oilseed rape (Brassica napus×B. campestris)[END_REF](Liu et al, , 2004;;Rashid et al, 1994) make it difficult to transfer the yellow seed coat trait from B. juncea into B. napus. However, we found two plants bearing yellow or mottled seeds in a BC 1 F 2 progeny derived from the high oil interspecific cross yellow-seeded B. juncea × B. napus and further developed yellow-seeded B. napus lines with content and double-low or low-erucic quality.

Material and Methods

Plant materials

The yellow-seeded Brassica juncea inbred was developed by successively selfing a landrace Sichuan Yellow for seven generations. The black-seeded B. napus inbred 1047, which is glossy from the fourth-leaf stage on, was kindly provided by Dr. Mou Jianguo at The Second Agricultural Institute of Chengdu. A inbred line of the Canadian spring rapeseed cultivar Stellar produced the mottled seeds when grown in Changsha.

Breeding procedure The Sichuan Yellow inbred was crossed with the Stellar inbred as the male parent in a greenhouse. The resultant F 1 plants, which were highly sterile, were repeatedly pollinated with pollen of the inbred 1047. The harvested BC 1 F 1 seeds were grown in a field and produced 46 plants which were all glossy. These BC 1 F 1 plants were self-pollinated by bagging. The BC 1 F 2 progeny, grown in a field, segregated with 178 glossy and 172 waxy plants. One yellow-seeded plant was found from each of two types of plants different in glossiness. The seeds of these yellow-seeded plants were showed by the near-infrared analysis to have intermediate contents of erucic acid and glucosinolates (Table 1). The seeds from both yellowseeded plants were sown, but only the seeds from the waxy plant produced 25 BC 1 F 3 plants from which 12 yellow-seeded plants were selected. The seeds harvested from these yellow-seeded individual plants were separately determined for contents of oil, fatty acids and glucosinolates. The bright yellow seeds were chosen by hand for growing into twelve BC 1 F 4 families. The total and yellow-seeded plants were counted in each family and percentage of yellow-seeded plants calculated. The bright yellow seeds of the individual plants selected from two families with highest percentage of yellow-seeded plants were chosen by hand for growing into BC 1 F 5 families.

Quality analysis The seeds harvested in May, Changsha were used for quality analysis by the near-infrared method using NIRS 3700 analyzer (FOSS). 1, the Sichuan Yellow inbred had a high oil content of 44.00% while the double-low Stellar inbred had a poor performance with oil content of 35.42% when grown as a winter rapeseed in Changsha. The glossy inbred 1047 was intermediate in oil content between the parents used in the original cross. The BC 1 F 2 progeny segregated remarkably in erucic acid and glucosinolates contents. The BC 1 F 3 progeny derived from the waxy yellow-seeded BC 1 F 2 plant varied in seed coat color and contents of oil, erucic acid and glucosinolates from which 12 plants were selected for advancing to next generation with high oil content, low erucic acid content and relatively low glucosinolates content. Percentage and seed quality of the yellow-seeded plants in the BC 1 F 4 families The bright yellow seeds of the 12 plants selected in the BC 1 F 3 progeny were separately grown in plots, forming 12 families which varied remarkably in agronomic characters. The plants were individually scored foe seed coat color at maturity. The results showed that all plants produced yellow seeds in one of BC 1 F 4 families (No. 12) although no yellow-seeded plants appeared in another BC 1 F 4 family (No. 1). The yellow-seeded plants percentage varied from 0% to 100% between the BC 1 F 4 families (Table 2). The determination of the seeds harvested from the plants producing plump, bright yellow seeds showed that while the families No. 4 and 7 were low in erucic acid content and generally low in oil content the two highest-percentage families No.8 and 12 segregated in erucic acid content and produced bright yellow-seeded plants with high oil content in seeds (up to 45.91%) and low erucic acid content in oil (Table 2). Percentage and seed quality of the yellow-seeded plants in the BC 1 F 5 families The seeds of the pure yellow-seeded plants selected from the 2 highest-percentage BC 1 F 4 families were sown together with those of the parental lines of B. napus. All the progeny plants were individually scored for seed coat color. Seed quality of the yellow-seeded plants in the BC 1 F 5 families and the parental lines were determined. As shown in Table 3, the percentages of yellow-seeded plants of eight BC 1 F 5 families derived from the BC 1 F 4 family No. 8 varied from 33.3% to 91.4% while those of four BC 1 F 5 families from the family No. 12 varied from 62.1% to 100.0%. The percentage of yellow-seeded plants averaged 64.11% and 85.28% over these 8 and 4 BC 1 F 5 families, respectively. Comparison of Tables 2 and3 revealed that the BC 1 F 5 families derived from the BC 1 F 4 family No. 12 produced higher percentage of yellow-seeded plants than the families derived from the BC 1 F 4 family No. 8 as in the previous generation, indicating it is efficient to select for yellow seed coat trait on the basis of percentage of yellow-seeded plants in rapeseed. The yellow-seeded individual plants with oil content of 42%--46% and erucic acid content of less than 3% were selected from such BC 1 F 5 families as No. 8-1, 8-2 and 12-1. The seeds (Fig. 1) of the selected plants contained glucosinolates of 43.0-83.7μmol/g which were higher than those of the two B. napus parental lines Stellar and 1047. 

Results

Seed quality of the parents ant their progenies at early generations As shown in Table

Discussion

The hybrid F 1 plants from an interspecific cross between Brassica juncea and B. napus are highly sterile, only some 20% of pollen grains being stainable by aceto-carmine [START_REF] Liu | Association of RFLP markers and biomass heterosis in trigenomic hybrids of oilseed rape (Brassica napus×B. campestris)[END_REF]. These hybrid F 1 plants have to be backcrossed to one of the parental species to obtain enough seeds [START_REF] Liu | Combining ability and genetic ability of main agronomy characters in double-low rapeseed(Brassica napus L.)[END_REF]. The expression of yellow seed coat trait is delayed for one or two generations when the F 1 hybrid plants from the cross yellow-seeded B. juncea × B. napus were backcrossed to the blackseeded B. napus accessions. However, the yellow-seeded individual plants must be recovered by selfing if the genes controlling yellow seed coat trait are transferred into B. napus through allosynapsis, which was also supported by Rashid et al (1994).

The yellow-seeded plants selected from some BC 1 F 5 families had desirable seed quality characters, but poor agronomic performance. Their agronomic characters such as loose branches, late flowering, and shrunken seeds should be improved in order to develop yellow-seeded B. napus cultivars. The novel yellow-seeded accessions are being evaluated through analysis of molecular markers for elimination of the undesired chromosomal segments introgressed from B. juncea as much as possible as well as used as parents crossed with superior commercial cultivars.

Introduction

Oilseed rape (Brassica napus L.) is the most important oilseed crop in Europe and the second largest worldwide. Its scientific interest and economic importance has increased due to the improved quality of seed oil used for consumption as well as because of its use as a source of renewable energy. Rapeseed oil has been recognised as one of the phytosterol's richest natural source (Gordon and Miller 1997). Phytosterols are polyisoprenoids with the common structure derived from a tetracyclic nucleus with a side chain. Structural variations arise from different configurations of the sterol nucleus and the alkylation of the chain. The most abundant phytosterols are: sitosterol, campesterol and stigmasterol. Other phytosterols, like avenasterol, are synthesised earlier in the biosynthetic pathway and they usually occur in relatively smaller amounts, while brassicasterol is typical for the Brassicaceae family. Phytosterols are playing a vital role in membrane-associated metabolic processes, they are phytohormone precursors and thus involved in important growth and developmental processes [START_REF] Hartmann | Plant Sterols and Membrane Environment[END_REF]. Their LDL-cholesterol-lowering properties and effectiveness in reducing coronary mortality rate has led to the development of functional food products with an enhanced phytosterol content [START_REF] Piironen | Plant sterols: Biosynthesis, biological function and their importance to human nutrition[END_REF]. In the present study a high throughput gas chromatographic method for the analysis of phytosterols in seeds of oilseed rape was developed. The main objectives were to assess the genetic variation and genotype×environment interactions of phytosterol content among three winter rapeseed doubled haploid (DH) populations grown in different environments and to study the correlations among phytosterols and other seed quality traits.

Materials and Method

Plant Material and Field Experiments: Three doubled haploid (DH) populations were grown in different environments over a period of several years.

Population I consisted of 148 doubled haploid DH lines, derived from a cross between two DH lines obtained from two winter rapeseed cultivars, the French cultivar 'Samourai' (low in erucic acid and glucosinolates) and the old Dutch cultivar 'Mansholt's Hamburger Raps' (high in erucic acid and glucosinolates). The DH lines were tested in a field trial in a randomised block design with two replications during two years at two locations. In 1999 the two locations were two fields at Reinshof (4 km south west of Göttingen, Germany) with different soil types. In 2000 one location was Reinshof and the other Weende (5 km north west of Göttingen). Seeds from three open-pollinated plants were harvested and bulked for the analysis (Gül 2002).

Population II consisted of 49 DH lines obtained from a cross between the high oleic acid mutant line '19508' and the low linolenic mutant line '2293E'. The population was grown in 2000 in a randomised block design with two replications and at three different locations: Reinshof, Weende and Hohenlieth (north west of Kiel, Germany). One plant per plot was used for the analysis.

Population III included 284 DH lines derived from the cross between the old German cultivar 'Sollux' and the old Chinese landrace 'Gaoyou'. Both cultivars have high erucic acid and high glucosinolate content. The population was grown in 2000 at four locations, two in Germany (Reinshof and Weende) and two in China: Xian (west China) and Hangzhou (east China) in a randomised complete block design with two replications. The population showed a large segregation for oil content (Zhao et al. 2005). From this population, 20 lines each with lowest and with highest oil content were selected. Seeds from five plants per plot were bulked and used for analysis. Analytical Method: A gas-liquid chromatographic method was developed and used for assessment of phytosterol content and composition. Phytosterol extraction was performed directly on the seeds in three major steps: alkaline hydrolysis, extraction and silylation. Seed material was placed in tubes with a stainless steel rod, 200 μl of internal standard (cholesterol) solution and 2 ml of KOH. The samples were homogenised in a bead beater and left for 15 minutes at 80°C in a water bath. Phytosterols were extracted with 1 ml hexane and 1.5 ml of water and left on a hot plate at 37.5°C to evaporate. 100 μl of hexane was added, transferred to vials together with 50 μl of silylating agent (5 ml of N-Methyl-N-trimethyl-silylheptafluor(o)butyramid in 500 μl of Trimethylchlorosilane) and left in the oven for 15 minutes at 105°C. A gas-liquid chromatograph model Perkin Elmer 8420 equipped with an autosampler, flame ionization detector and split injector was used along with a medium polarity, fused silica capillary column SE-54, 50 m long. The following optimised conditions were used: 240°C initial oven temperature, 5°C/min ramp rate, 265°C final oven temperature, 20 min second isothermal time, 320°C injection and detection temperature, 150 kP hydrogen pressure.

Near-infrared reflectance spectroscopy (NIRS) was applied to determine the oil, protein, glucosinolate, fatty acid and sinapate ester content of the seed samples.

Statistical Analysis: Analysis of variance was performed by the PLABSTAT software (Utz 2006) using the following model:

Y ijk = μ + g i + e j + r jk + ge ij + ε ijk
where: Y ijk was observation of genotype i in environment j in replication k; μ was the general mean; g i , e j and r jk were the effects of genotype i, environment j and replication k in the environment j, respectively; ge ij was the genotype×environment interaction of genotype i with environment j and ε ijk was the residual error of genotype i in environment j in replication k. The genotypes, environments and replicates were considered as random variables.

Broad-sense heritability (h 2 ) for mean values over environments was calculated using PABSTAT (Utz 2006), following [START_REF] Hill | Quantitative and Ecological Aspects of Plant Breeding[END_REF] from the components of variance:

h 2 = σ 2 g σ 2 g + σ 2 ge E + σ 2 ε

ER

where: σ 2 g , σ 2 ge and σ 2 ε are variance components for g, ge, and ε, and E and R are number of environments and replicates, respectively. Genetic correlation coefficients were calculated using PLABCOV [START_REF] Utz | PLABCOV (Version 1B(L)); A computer program for statistical covariance analysis of plant breeding experiments[END_REF].

Results and Discussion

In all three DH populations five individual phytosterols were identified: sitosterol, campesterol, brassicasterol, avenasterol and stigmasterol. The analysis of variance revealed highly significant genetic variation of total and individual phytosterol content in all three doubled haploid populations (Table 1). Means of the populations for total phytosterol content ranged from 3.1 to 3.7 g/kg seed. The largest range of total phytosterol content within the populations was ascertained for the first population (2.6-4.1 g/kg seed). Sitosterol, campesterol and brassicasterol content largely varied in population I, while a tenfold variation of avenasterol content was observed in population III. Sitosterol was the most prominent phytosterol, contributing on average 54% to the total phytosterol content, followed by campesterol (29%), brassicasterol (13%) and avenasterol (4%). Since stigmasterol was a minor component in the phytosterol mixture, with a negligible content of around 0.01 g/kg (0.4%), it is not shown separately but was considered when calculating the total phytosterol content. In all three populations the analysis of variance revealed predominant and highly significant effects of genotypes in comparison to the genotype×environment interaction effects on total and individual phytosterol content (Table 2). Only in population III the environmental effect on the total phytosterol content was higher than the genetic effect, probably as a result from the very different test environments. High heritabilities were found in all three populations confirming the strong genetic component for phytosterol content (Table 2). The heritabilities were as high for oil (0.88-0.91) and glucosinolate content (0.89-0.95) and comparatively lower for protein content (0.70-0.83) in all three populations. Genetic correlation coefficients among different quality traits are presented in Table 3. In the first two populations positive correlations were found between campesterol and brassicasterol, sitosterol and avenasterol, respectively. A negative genetic correlation between campesterol and brassicasterol existed only in the third population. Total phytosterol content was in all populations closely positive correlated with the most prominent phytosterols. Only in the first population total phytosterol content was negatively correlated to oil content. Quite contrary to this, the second population showed a close positive correlation between phytosterol and oil content, while no correlation at all could be found in population III. No, or only weak correlations to protein and glucosinolate content were found. The identified genetic variation of phytosterol content along with the observed high heritabilities allows an effective breeding for enhanced phytosterol content without affecting other seed quality traits.

Improvement and utilization of crop germ plasm are important components of crop breeding. Using genetic marker of crop trait is an important technique in modern breeding. Genetic marker is a special easily identified manifestation of germ plasm, which can be divided into morphological markers, cytological markers, biochemical markers, and molecular markers [1] . Morphological marker of leaf can be observed in period of crop lifecycle and identified early, so it can be used to test hybrid and variety purity, and protect variety rights and interests. Color and shape of leaf are primary components of leaf traits. In general, color expression of rape leaf is green, including deep and thin, and red leaf and purple-red leaf mean that the rape is in bad condition. But red leaf and purple-red leaf have advantages of visible, credible and easily identified etc. For example, leaf colors of purple-red rice, red rape (Brassica campestris) in vegetables and so on are very easy to identify at a glance.

Purple-red leaf trait of red rape was successfully transferred into Brassica napus L. by distant crossing, and we got the rape lines with purple-red leaf morphological marker in Brassica napus L.. The whole plant of these rape lines is purple-red when it is in seeding stage. When it is growing up, the whole plant becomes green gradually. It is different at the time of becoming green among different lines. The latest time of becoming green is full-blossom stage. We further researched heredity and utilization of this trait. Now we'll report selection, breeding and genetic study of purple-red leaf rape in order to provide information and reference for improvement and utilization of rape germ plasm.

Materials and Methods

Materials

Red rape (B. campestris, vegetable), Sinan White Rape(Brassica campestris L.), youyan 2(Brassica napus L.), hybridize offspring and Lines;Recessive nucleic male sterile lines (green leaf) (RNMS)3331A, 3448A, 3347A, 3363A, 432A, Qianyou 4A and CMS line 5023A ;green leaf strains III9, III112, III16, III3, III201, III189, 6508, 5188, 5187, 5189 and 5196 in Brassica napus.

Methods

The methods of hybridization, backcross, self-cross and test cross were used in this research. After we got the combinations of distant hybridization by crossing and recurrent crossing, we used self-cross and orthoselection method to select and breed the strains, and obtained the purple-red leaf rape lines in Brassica napus. When we studied on the heredity of purple-red leaf character, the purple-red leaf rape lines were used as one of the parents to cross with green leaf lines. We used the RNMS lines as female parents, the purple-red leaf rape lines as male parents to study the application of the purple-red leaf rape. According to the research purpose, different generation of the rape were planted and recorded. The purpose for heredity study was focused on the color of leaves in different generations, so we observed the proportion of purple-red and green leaves plants in different generations, and did the Chi-square test for fixed-ratio fit. Then We planted them in the same way in autumn 1988, and made combinations by using Red rape as female parent and Sinan white rape as male parent in spring 1989. We planted the combinations in autumn 1989, and observed that the leaf of them were purple-red and they gave seed normally. The F 1 generation and youyan 2 were used as female parent and male parent to make the hybrids in spring 1990, the hybrids were planted for two lines in autumn 1990, and the plants with purple-red leaf were used as female parent to make backcross with youyan 2 in spring 1991. The backcrosses were planted in three lines in autumn 1991.

Results and analysis

Selection and breeding process of purple-red leaf rape

2.1.2 Selection of offspring We began to do the selection of offspring from 1992. Every year we chose the good plants with purple-red leaf character, and made them self-cross, the selected lines were planted for 3~6 lines. It was until 1997 the rape strain with stable purple-red leaf trait in Brassica napus L.-Zigan was selected and bred successfully.

Research for heredity of purple-red leaf character

2.2.1 Expression of F 1 , F 2 and BC generations The study results in table 1 showed that the leaf color of hybrid F 1 was always purple-red, no matter the purple-red leaf rape was used as male parent or female parent, it meant that purple-red color was dominant; the ratio of the purple-red leaf to the green in F 2 generation is 3:1. We used the F 1 generations whose female parent were RNMS as male parents to make the backcross with original RNMS, and got the ratio of the purple-red leaf to the green in BC 1 was 1:1. We made the self-cross for F 2 plants which were labeled purple-red leaf or green leaf respectively. Then we observed the F 3 generation for the leaf color. The results showed that the leaf colors of all plants in F 3 generation were green if the leaf color of plant in F 2 generation was green; but if the leaf color of plant in F 2 generation was purple-red, plants in F 3 generation had two kinds of phenomenon, one was the leaf colors of all plants were purple-red, the other was the leaf colors of plants were purple-red and green, and the ratio was 3:1. All the results above indicated that the purple-red leaf character of rape in Brassica napus L. was controlled by one pair of dominant genes.

2.2.2 Heredity pattern of purple-red leaf character in Brassica napus L.

According to the performance of the purple-red leaf gene, we supposed that the dominant gene which controlled the purple-red leaves character was HH, and green leaf was hh, then we got the heredity mode as follow:

Discussion the utilization of purple-red leaf character in heterosis

By using 432AB and Qianyou 4AB (both have green leaves) which are nucleic male sterile lines as female parents and the strains with purple-red leaf character as male parents, We got sixteen hybrids in isolation place, but we didn't take the fertile plant out of 432AB and Qianyou 4AB. Identification for these hybrids in field showed that it was possible to completely distinguish the false hybrid from true by purple-red leaf in the seedling stage; but proportion of true hybrid was low because we didn't take the fertile plant out. This may due to the fertile plants were closer to the sterile plants than the strains, and the sterile plants was likely to accept the pollen of the fertile plants. The pollen competition abilities of purple-red leaf material were different according to the distance to female plants and the place they were planted. The results from table 2 showed that(1) the hybrid proportion of 432AB which was planted at the top of mountain was 56.8%, but the hybrid proportion of Qianyou 4AB which was planted at the foot of mountain was only 23.6%,the reason for the results may be the wind power was more powerful at the top of mountain than at the foot;(2) the proportions of hybrids in different position were different, the shorter the distance between the male parent and the female parent was, the higher the proportion of hybrid was. 

Brief Summary and Discussion

3.1 We selected red rape(B. campestris) with purple-red leaf as the female parent, the local variety "sinan rape "(B. campestris) as the male parent to make cross combination, then used the F 1 as female parent, youyan 2(Brassica napus L.) as the male parent and recurrent parent to make the backcross hybrid. By using self-cross and orthoselection method, we successfully got the rape line (Brassica napus L.)with the vegetable character of purple-red leaf--Zigan. The whole plant of this rape line is purple-red when it is in seeding stage. When it is growing up, the whole plant become green gradually. It is different at the time of becoming green among different lines. The latest time of becoming green is full-blossom stage. The purple-red leaf is an important genetic character in Brassica napus L.. 3.2 Through the breeding procedure of Zigan, we found that the combination couldn't be done successfully by using youyan 2 (Brassica napus L.) mated Red rape (B. campestris)directly, we had to use the local variety "sinan white rape " (B. campestris) as the bridge parent, and use the youyan 2 as backcross parent to do backcross. Only in this way, we improved the fertility of offspring. This phenomenon maybe relate with its evolution and the relative.

3.3

The heredity research results of purple-red leaf character showed that purple-red leaf character of rape in Brassica napus L. was controlled by one pair of dominant genes, it was dominant to green leaf character.

3.4 In utilization of rape heterosis, it was easy to identify purity of hybrid in its early time by choosing purple-red leaf character as male parent. When we use RNMS as the female parent to produce the hybrid, we must take the fertile plant out, only in this way we can increase the hybrid proportion. Purple-red leaf character could be used to test of hybrid purity and genuineness, and distinguish the false hybrid in seedling stage, and improve the production security.

3.5 During the investigation of hybrid leaf color, we found that the leaves of hybrids which had different female parents and the same purple-red leaf male parent were purple-red, but the degrees of purple-red were different, some of the hybrids had deep purple-red leaf while the others had purple-red leaf or thin purple-red leaf; and the time for leaf color changing from purple-red to green were different, some were at the stage of bolting, some were at the stage of flowering, and the latest time were full-blossom stage. How to explain this phenomenon? We should do more research on physiology of purple-red leaf character.

3.5 We may put the genes of purple-red and male sterility together by biology technology, and get all the male sterile plant with purple-red leaf, so we could take out all the fertile plants at the seedling stage, and transplant only purple-red leaf plants to field during the seed production. In this way we could ensure the hybrid quality. If this becomes true, the purple-red character would be more useful and valuable. (1)Female parent is green leaf, male parent is purple-red leaf. It did not remove the fertile plant in female parent.

(2)432AB is the mixed-sample of the peak, Qianyou4AB is the mixed-sample of the foot.

(3)432AB×19-1 is the first row beside the male line, 432AB×19-2 is the second row beside the male line,and the rest may be deduced by analogy.

Rapeseed is one of the important oil crops not only in China but also in the world. Breakthrough advances of rapeseed breeding are related to discovery and utilization of important gene resources. Spreading, exploring and utilizing multiplex gene is very important in rapeseed high yield breeding. At present, B. napus is over 80% in rapeseed planting area in China. Many of Chinese early B. napus were selected from ShengLi rapeseed directly or indirectly [1-2] . Guo gao et al [3] considered that the gene of many varieties came from Canada or western Europe according to analysis Chinese 63 single or double low varieties. It is difficult to break through in yield and resistance by using like genes or their derived progenies. So it is important to dig multiplex gene resources.

China is the original center of vegetable of B. campestris [4] . There are many variations and rich resources in long natural selection and evolution, whereas the resources were only utilized in vegetable breeding and ignored that their seeds can be used in rapeseed breeding. Our study indicated that there were resources of early mature, cold resistant, white flower, yellow seed, dwarf stem, more branches, more pods, big grain [5] , high oil content [6] and low glucosinolates [7] in vegetable of B. campestris. This paper will study the seed quality characters of vegetable of B. campestris in order to provide usable resources for rapeseed quality and high yield breeding.

Materials and Methods

90 materials of vegetable of B. campestris (Chinese-cabbage, no-heading Chinese-cabbage and purple Tsai-tai was 30, respectively) were screened out from 505 self-line materials from over 10 provinces by the near infrared spectroscopy method (NIR). Planting patterns, planting date and field practice were the same with rapeseed. Every material was harvested respectively in seed mature period and determined their oil content using nuclear magnetic resonance (NMR) method, glucosinolates using high performance liquid chromatograph (HPLC) method [8] , protein using Kjeldahl method and component of fatty acid (oleic acid, linoleic acid, linolenic acid, saturated fatty acid and erucic acid) using gas chromatography method. All data were analyzed by the programs of Yuan [9] or Excel.

Results and analysis

Variation of quality characters in different varieties

Variation of quality characters in different varieties was presented in table 1. In variation range, there were resources with low saturated fatty acid, low glucosinolates, high oil and protein content in vegetable of B. campestris. The coefficient of variation (CV) of 7 quality characters was over 9% except that of erucic acid. The maximum value of linoleic acid, oleic acid, linolenic acid, and saturated fatty acids was about one times greater than the minimum, and the glucosinolates range was the biggest with the maximum being 12.7 times greater than the minimum. So the vegetable of B. campestris was very special character, significant resources and rich types.

Correlation analysis of 8 quality characters

According to correlation analysis of 8 quality characters (table2), saturated fatty acids and linoleic acid, oleic acid and oil content, linoleic acid and linolenic acid, linolenic acid and protein, glucosinolates and protein were positive correlation and significant at the 0.01 level. Oil content and saturated fatty acids, linoleic acid, linolenic acid, glucosinolates, protein; oleic acid and linoleic acid, linolenic acid, erucic acid; as well as saturated fatty acids and erucic acid were negative correlated and significant at the 0.01 probability level. So it was needed to translate complex correlation characters to independent factors.

Principal component analysis of quality character in vegetable of B. campestris

Above all analysis showed that it was difficult to select materials with good integrated quality characters because of the complex and antagonistic relation among 8 quality characters. According to the requirements of rapeseed quality breeding, principal components analysis was carried through by 8 quality characters such as saturated fatty acids, oleic acid, linoleic acid, linolenic acid, erucic acid, glucosinolates, protein and oil content. Because of the antagonistic relation between protein and oil content, many breeders considered that combining them was better than isolating them. So this study combined protein and oil content for analyzation, ie oil+protein. The results (table3) indicated that 4 bigger eigenvectors (A1, A2, A3, A4) were screened out from 7 eigenvalues, and their cumulative percentage was 89.87%. At the same time, in order to improve analytical precision, the other eigenvector with smaller effect and bigger interference were eliminated. So the 4 principal components were able to value better the quality of vegetable of B. campestris.

Table 3 indicated: in the first principal component, oleic acid, oil+protein and linoleic acid had greater load, but two formers were positive load value and the latter was negative, so materials with bigger the first principal component would have higher oleic acid and oil+protein content and lower linoleic acid. In the second principal component, saturated fatty acid and erucic acid had greater load, in them the load value of saturated fatty acid was positive but that of erucic acid was negative, so materials with bigger the second principal component would have higher saturated fatty acid and lower erucic acid. In the third principal component, glucosinolates had positive bigger load value, so materials with bigger the third principal component would have higher glucosinolates. In the fourth principal component, linolenic acid had negative bigger load value, so materials with bigger the fourth principal component would have lower linolenic acid.

Combining the results of principal component analysis and the aim of rapeseed breeding, the first and the fourth principal component should be the bigger the better. Because of no low erucic acid materials, the second principal component should be the smaller the better, so as the third.

The principal component value of 90 materials was counted by eigenvalue and its corresponding eigenvector and the genetic value of every character. The average and the standard deviation of the first, second, third and fourth principal component were:

- According to above standard, every material was valued (no present detailed data). The results showed that 9 materials (1 no-heading Chinese-cabbage 03V539 and 8 Chinese-cabbage 03V824, 03V833, 03V1081, 03V1153, 03V1193, 01V210, 01V224, 01V270) were all fine in 4 principal components, 7 materials (1 purple Tsai-tai,1 no-heading Chinese cabbage, 5 Chinese-cabbage) were fine in 3 principal components, 4 materials (1 purple Tsai-tai,1 No-heading Chinese, 2 Chinesecabbage) were fine in 2 principal components, 7 materials (1 purple Tsai-tai, 3 No-heading Chinese cabbage, 3 Chinesecabbage) were fine in 1 principal component, others were bad. 

Z 1 =10.

Discussion

This paper analyzed 8 quality characters of vegetable B. campestris from the angle of rapeseed breeding. The result indicated that glucosinolates, oleic acid and linoleic acid had bigger CV, so they had broader variation range. Therefore, it is easy to succeed in selecting low glucosinolates, high oleic acid and linoleic acid in rapeseed breeding. Now, the aim of rapeseed breeding is different due to final oil application. If for edible oil, new varieties should have low saturated fatty acids, low linolenic acid, low erucic acid, high oleic acid, high linoleic acid and high oil content. If for industry oil, they should have high erucic acid and so on. Correlation analysis of 8 quality characters indicated that high oil content would go with high oleic acid and low saturated fatty acids, linolenic acid and glucosinolates, this is favorable of breeding for edible oil. At the same time, it would cause linoleic acid reducing, this is unfavorable of breeding for edible oil. So we should consider fully and integratively according to the aim of rapeseed breeding.

One fine material is not only one good character but also integrative good characters. So this study analyzed the principal components of 8 qualities in vegetable B. campestris. For reducing selecting index, 4 principal components that could represent all characters were screened out. At the same time, every material was valued scientifically, and 9 materials with good integrated quality characters were screed out from 90 materails. According to the aim of breeding, selecting parents with complementary principal components can quicken polymerzation rate of good characters.

Above good materials can be applied directly in rapeseed breeding of B. campestris. At the same time, they also can be used in breeding of B. napus by B. napus × B. campestris or molecular assistant breeding. Some fine characters of B. campestris will be transferred into B. napus or their chromosomes will be exchanged each other so as to expend the genetic basis of B. napus and widen their gene pool.

Introduction

Ethiopian mustard (Brassica carinata) can be a viable option to the traditional canola/ mustard cultivation, especially for low rainfall areas of the world. In its area of adoption, the crop has been shown to possess acceptable yield levels as well as resistance to various biotic and abiotic stresses. In spite of these strong positive attributes, the crop suffers from several agronomic limitations. Restricted level of natural variability for several of agronomically desirable traits has greatly constrained the directed crop breeding programmes aimed at overcoming these limitations [START_REF] Prakash | Cytogenetics of crop Brassicas and their allies[END_REF]. Resynthesis route for enlarging the basic germplasm base has not been very productive as none of the two diploid progenitor species (B. oleracea and B. nigra) had any history of human selection pressure for evolution as an oilseed crop. Thus the resultant resynthesized Brassica carinata types show poor breeding value. Present investigations were, therefore, undertaken to explore the possibility of genetic enhancement in the crop through selective introgression from the related and agronomically superior digenomics species like B. napus and B. juncea. To benefit, from altered cytoplasmic interactions, donor species (B. napus / B. juncea) were used as female parent in both the crosses. Natural B. carinata is known to possess B. nigra cytoplasm.

Material and methods

'00' B. juncea cv. NUDH YJ-4 (AABB) and '0' erucic acid B. napus cv. were selected as female parents for interspecific hybridization with Brassica carinata cv. PC5 (BBCC) as the pollen / recurrent parent. Standard procedure of selfing, backcrossing accompanied by selection for B. carinata morphotype in each generation, was followed to develop F3, BC1 F 2 and BC2 progenies in each combination. The pollen grain stainability of F 1 hybrids and advance generation derivatives was determined by squashing anthers in acetocarmine (2%). Cytological investigations were carried out to assess F 1 hybrids and various F3/BC1 F 2 /BC2 segregants for assessing the chromosome number. Stable F3/BC1F 2 /BC2 progenies were morphologically evaluated, and subjected to diversity analysis using variation in the DNA amplification generated through 25 decamer RAPD primers following the protocol described earlier (Bhaskar et al 2002). The polymorphism data from all the primers were used to estimate the similarity coefficients (NTSYS Pc version 2.02 e) on the basis of the number of shared amplified bands. Similarity was calculated with SIMQUAL function of NTSYS which computes a variety of similarity and dissimilarity coefficients (association coefficients) for qualitative/nominal data. The similarity matrix values based on DICE coefficients of similarity were calculated as DIJ. =2a/ (2a+b+c) where, a represented matched fragments and 'b' and 'c' were the unmatched fragments. The 2a+b+c were the total number of the fragments amplified in a particular set. The similarity matrix thus developed was used to generate a dendrogram.

Results

The interspecific hybrids of B. napus×B. carinata and B. juncea×B. carinata were successfully developed using field pollinations. Hybridity of the two cross combinations was confirmed from morphological, cytological and molecular analysis. Phenotypically, F 1 plants exhibited intermediate plant morphology and were partially male fertile (15-20%). Cytological analysis of the pollen mother cells (PMCs) of B. napus×B. carinata F 1 plants revealed a somatic chromosome number of 2n= 36 with varied occurrence of univalents and bivalents and 11II + 1IV + 10I was the prominent (.57) meiotic configuration. The mean bivalent, trivalent and quadrivalent frequencies were 11.4, 0.4 and 0.5 respectively. B. juncea×B. carinata hybrid also showed expected somatic chromosome number (2 n= 35) whereas 11II + 13I was the predominant meiotic configuration. BC1 generation harboured maximum meiotic diversity. Backcrossing selected BC1 plants with the B. carinata in both the instances, helped to improve the meiotic stability and consequently the pollen grain fertility. In BC2, a significant proportion of plants had 2n= 34 somatic chromosome number and 17II as the predominant meiotic configuration. Selected BC1 plants were also selfed to raise BC1F 2 generation. Significant differences for plant morphology and pollen fertility were apparent in each progeny. Cytological analysis of individual F3 plants led to the identification of plants with euploid chromosome number (2n = 34). Studies indicated 17II or 16II + 2I as meiotic configurations for B. carinata type plants in both the crosses. Interestingly, proportion of PMC's with 17II was substantially higher in B. juncea×B. carinata (0.74) combination as compared to B. napus×B. carinata (0.25).

Data for important morphological traits of the progenies selected for high pollen grain stainability (≥70%) and morphological resemblance with B.carinata is presented in Table 1. Days to maturity were generally skewed towards late maturing B. carinata parent. For plant height also the trend was towards taller B. carinata parent. However, substantially dwarfer progenies were isolated from B. napus×B. carinata combination. The primary branch number was substantially higher in introgression lines than any of the parents used in both the hybrid combinations. Progeny means for other yield contributing traits like pod intensity, seed/ siliqua and plant yield were lower for interspecific derivatives than the superior parent(s) for the trait (Table 1). In spite of the lower progeny mean values for desired traits, individual progenies with superior trait expression were recorded. For example, significantly higher seed yield than the recurrent parent PC5 was recorded for BJC 23,BJC 28,BJC 30 and BJC 31. For quality traits, there was a general shift towards positive trait expression. This was evident from higher oil (41.5%) content in many of the progenies such as BJC1, BNC 5 when compared to B. carinata parent (34.3%). Intermediate estimates (20-30%) were observed for erucic acid content in all the selected progenies whereas individual plants having only 11.8 per cent erucic acid were also identified. No change was observed for mean glucosinolate content. Individual plants with ≤ 70 µ moles glucosinolates per gram of defatted meal were identified in three BC2 progenies (BNC 3,BJC 30 and BJC 24).

The mean morphological data of all the stable F3/BC1F 2 /BC2 progenies after standardization were subjected to diversity analysis using the software programme NTSYS pc version 2.02e (Rholf 1998). Out of the evaluated 46 progenies, 31 grouped with recipient B. carinata parent PC 5 at a taxonomic distance of 0.60; 11 lines related to PC 5 at a taxonomic distance of 1.09 whereas four progenies viz. BNC 5, BNC 5-10, BJC 28 and SJC 24 appeared most divergent from the recipient parent. Of the 46 progenies, twenty one selected progenies (2n=34) and three parental strains were also subjected to diversity analysis using variation in DNA amplification generated through 25 RAPD primers. Clustering was done using the symmetric matrix of similarity coefficient and a dendrogram based on UPGMA using SHAN module of NTSYS PC version 2.02 (Rholf 1998) was obtained. The resultant dendrogram, representing diversity level from 0.57 to 0.92, categorized 24 genotypes into four groups (12,9,2,1). Group I lines comprising recurrent parent PC 5 shared 70 percent similarity among themselves and 68 percent with lines of group II. Nine introgression lines of group I were more than 75 percent similar to PC 5. In all 19 introgression lines shared 68 per cent similarity with recurrent parent. Two introgression lines (SJC 22-2 and BJC-23-2) formed a separate cluster at a similarity level of 59 percent with recurrent parent PC 5. B. napus parent (cv. was grouped into a separate cluster with a similarity of 0.57 with all the genotypes whereas B. juncea parent NUDHYJ-4 shared more than 68 per cent similarity with 19 introgression lines.

Discussion

Interspecific hybridization among Brassica digenomics in the past has helped to identify variation for earliness, yellow seed colour and resistance to shattering in the past. In the present instance, Brassica carinata was crossed as a male with different elite cultivars of B. juncea and B. napus with the objective of enriching B and C genome(s) of B. carinata (BBCC) following introgression from B and C genome of B. juncea (AABІBІ) and B. napus (AACІCІ) respectively. The occurrence of higher than expected (8 and 9, respectively) number of bivalents, in two F 1 combinations (ACBB, ABCC) and presence of multivalents may be attributed to homologous pairing between A, B and C genome chromosomes as well as to allosyndetic pairing between A/B and A/C. The occurrence of trivalents and quadrivalents in many cells in BC 1 of both interspecific crosses, possibly resulted from the allosyndetic pairing (Attia and Roebbelen 1986) which could increase the genetic variability in B. carinata through introgression of desirable genes from A genomes of B. napus and B. juncea [START_REF] Prakash | Non homologous meiotic pairing in the A and B genomes of Brassica: Its breeding significance in the production of variable amphidiploids[END_REF]. Significantly enlarged genetic base was also emphasized by morphological and molecular diversity analysis. Successful introgression was apparent from widely enlarged genetic base in terms of transfer of desirable characteristics like earliness, dwarf plant type, high oil content and low erucic acid. [START_REF] Fernandez-Martinez | Registration of zero erucic acid Ethiopian mustard genetic stock 25X-1[END_REF] have in the past reported a genetic stock 25-1 of Ethiopian mustard characterized by seed oil with no erucic acid from interspecific crosses with B. juncea and B. napus.

The success of genetic enrichment of B. carinata was apparent in the present studies from introgression of agronomically desirable variability as well as demonstrated enlargement of genetic base. The large genetic distance between the evaluated interspecific derivatives was expected due to genomic dissimilarities with B. napus and B. juncea. The extremely higher number of polymorphic RAPD bands recorded in the present study reflects the diversity of the introgressed progenies. Grouping of B. carinata cv PC5 with 11 introgressed lines at a similarity level of more than 70 per cent is a strong indicator of reconstitution of B. carinata genome after interspecific hybridization with related species. A similar approach can be successfully used in other alloploid species for enhancing germplasm base. 

Introduction

Transfering the apetalous character to high yield rapeseed variety is recruiting high attention in rapeseed breeding owing to its advantages of higher solar energy utilization efficiency, low disease incidence, strong root assimilation effect, and high yield potential [START_REF] Buzza | The inheritance of an apetalous flower character in canola (Brassica napus) [J][END_REF]Medhan et al., 1991;Fu et al., 1990[START_REF] Fu | Study on Apetalous Breeding in Rapeseed (Brassica napus[END_REF]. The apetalous hybrid variety "Hylite200TT" was registered in Australia (Pacific [START_REF] Seeds | Variety: 'Hylite 200 TT'. Application No: 98/240[END_REF]. The author takes the apetalous character as ideotype breeding, after the apetalous germplasm APL01 was bred in 1980's (Fu et al 1995). In this program, APL01 was used as parent, the traditional breeding method was combined with molecular marker assisted selection in order to breed the new varieties, which combine the apetalous character with superior quality, high yield, high oil content and disease resistance [START_REF] Fu | Study on plant-type structure and it's ideotype in rapeseed I.A comparison of plant type structure between normal and apetalous rapeseed (Brassica napus L.)[END_REF]Zhang et al 1998). The process of breeding of apetalous line APL03 with short plant height and its potential in rapeseed breeding were reported in this paper.

Material and method

The normal petalous variety ZH004 with canola character and apetalous line APL01, which provided by Institute of Industrial Crops, Jiangsu Academy of Agricultural Sciences, were used as two parents in apetalous rapeseed breeding. The contrast Zhongshuang 9 was provided by Institute of Oil Crops, National Academy of Agricultural Sciences.

The normal petalous variety ZH004 was crossed with apetalous line APL01, plants with 0-3 petals were selected from generation F 2 -F 3 , the segregation in plant height was found in the population of generation F 4 . The plants with apetalous and short plant height character were selected for several generations, the apetalous and short height character was stabilized (Table 1).

The agronomic traits, the organization of stem, the disease resistance and lodge resistance were tested in traditional method. The oil content in seed was tested using Buchi B-811 oil content analyzer according to the method of GB/T5512. The fatty acid composition in oil was tested using Agilent 6890N gas chromatogram analyzer according to the method of GB10219-1988. The design of lines comparison test was 3 replicates, the plot was 4m×1.6m. The agronomic traits were the mean of 10 plants. 

Results

Occurence of apetalous and dwarf plants in segregation population It was reported that the F 1 and RF 1 in the crosses between normal and apetalous lines were with normal petalous. The number of petals segregated in F 2 , and the inheritance of petal number was controlled by 2-4 pairs genes [START_REF] Buzza | The inheritance of an apetalous flower character in canola (Brassica napus) [J][END_REF]Fu et al 1995[START_REF] Fu | Study on Apetalous Breeding in Rapeseed (Brassica napus[END_REF]. So we planted one large population in (ZH004/APL01) F 2 . Among 562 F 2 population plants, two plants with 0-3 petal were obtained, and the others were all with normal petalous plants. The lodge resistance of these two plants was significantly higher than APL01. In F 3 generation, plant height was used for selection except apetalous trait. In the four selected lines 98A51, 98A52, 98A53 and 98A54, the plant height of 98A54 was segregated significantly, the range of plant height was 87. 5-174.6cm. After evaluating the plant from plant-type and economic traits, plants with the height between 131-145cm was selected. Owing to the height of two parents were about 160cm, the appearance of the plant with the height of 131-145cm should be the overparent inheritance.

The plants in stable APL03 population were all apetalous, and over 90% flowers were apetalous on each individual plants. The pistil, stamen and nectar were all normal except the loss of petal in flower organ. The plant height of APL03 was 130-140cm in maturity (Fig 1). The performance of main traits of APL03 The plants with 130cm height in 98A54 were selected after selfing and compared for several generations. The line with stabilized apetalous and short plant height traits in F 6 generation was named APL03.

In 2003-2005, the agronomic traits of APL03 were compared with the lodge resistant, high yield canola Zhongshuang 9. Table 2 showed that, in comparison with Zhongshuang 9, APL03 was characterized with shorter plant height, lower branch height, more branch and silique and larger seed. Among the three factors related to seed yield, APL03 had more silique, larger seed weight, fewer seeds per silique, which led to higher yield per plant. The main stem of rapeseed was composed by short stem, stretch stem, bole stem and main rachis. Different variety had different combination of these four stems, which related with yield and lodge resistance (Fu et al 1983). In order to obtain high yield, the length of these four stems should be increased one after another (Fu et al 1983). Compared with Zhongshuang 9, the short stems of APL03 were not different, the stretch stem was decreased by 57.8%, but the bole stem and main rachis was increased by 28.1% and 21.5%, respectively. The decrease of stretch stem in APL03 led to the short plant height, low branch height, and strong lodge resistance, while the increase of bole stem and main rachis led to high yield potential (Table 3). Both parents, APL01 and ZH004, were low erucic acid lines, and the offspring generations were all selfed, which led to the fatty acid composition of APL03 similar as that of two parents. After selected for several generations, the lines with more than 65% oleic acid and less than 8% linoleic acid was obtained, such as APL03-2. The oil content of APL03 was higher than its parents and reached more than 45%, which should be related to seed-color. The seed of APL03 was plumped, shining and brown-yellow. Like its male parent APL01, APL03 was characterized with apetalous trait, which led to the avoidance of sclerotinia. In 2005, the disease incidence and disease index of stem rot in APL03 were 5.55% and 4.55%, while that of Zhongshuang 9 were 10.23% and 7.29%, respectively. APL03 was strongly resistant to lodge in the period from the end of flowering to maturity. In addition, the plants in APL03 population matured at the same time.

Discussion

The results of rapeseed plant structure and ideotype research showed that apetalous had important effect in rapeseed ideotype construction [START_REF] Fu | Study on plant-type structure and it's ideotype in rapeseed I.A comparison of plant type structure between normal and apetalous rapeseed (Brassica napus L.)[END_REF][START_REF] Fu | Study on Apetalous Breeding in Rapeseed (Brassica napus[END_REF]Zhang et al 1998). APL03, which was bred from the cross of high yield variety and apetalous line, had several advantages. Firstly, owing to the disease avoidance, the incidence of sclerotinia in APL03 was lower than other variety. Secondly, in plant structure, the length of short stem was shorter than stretch stem, bole stem and main rachis. Especially, the stretch stem was significantly shorter than usual variety, which led to short plant height, strong lodge resistance, thick pod layer, more silique and large seed. Thirdly, the harvest index of APL03 was 0.286, which significantly higher than that of normal variety--about 0.252 [START_REF] Zhang | Harvest index for various crops in China[END_REF]. In a word, APL03 had the main characters required for mechanization management of rapeseed production. The inheritance of short stem and lodge resistance in APL03 will be studied in the future.

Introduction

The improvement of rapeseed by introducing semi-dwarf genes is one of the main strategies use by oil seed breeders not only for lodging resistance but also for increased yield ability. Reduced plant height is an important traits in breeding programmes oilseed raps because cultivars with reduced plant height may be beneficial in limiting wind damage and lodging in the early silique development stage. Artificial mutagenesis techniques are required to induce new sources dwarf genes in oilseed rape. Clearly, for most of the induced mutants, have a plejotrofic effect on the traits. For breeding commercial programme increase of tocopherols content are the main goal of functional food. This compound are essential components of human and animal diets, therefore collectively know as vitamin E [START_REF] Kamal-Eldin | The chemistry and antioxidant properties of tocopherols and tocotrienols[END_REF] tocopherols are an interesting aim for improvement of rapeseed oil quality for example by mutagenesis. Photosynthetic rate may be is connected with syntheses of tocopherols. For this reason in presented a paper was to study of photosynthesis.

Material and Methods

Initial breeding lines (DH-0120) and mutant lines obtained after treatment with chemical mutagens were evaluated for morphological traits yield components. All plants were isolated for self pollination and harvested at maturity. A short time before harvest following traits were measure: plant height, number of branches, length of silique, number of seeds per silique and 1000 seed weight.

Photosynthetic rate and transpiration rate were determined at 10, 20 and 30 days after post-flowering. This two parameters were measured in the uppermost three leaves with a portal photosynthesis syste (Licor 6200 Nebraska) at light saturating between 11.00 -12.00 hr. Tocopherols content were determined by HPLC method [START_REF] Nogala-Kałucka | Preliminary studies of tocochromanol content in seeds of open pollinated and hybrid varieties of winter rape[END_REF].

Results and Discussion

The results of this experiment showed the widely variability of morphological and yield components of mutant lines (Table 1) was decrease as compared to initial line (DH-0120), particularly in plant height and length of silique. Similar variability of semi-dwarf mutant forms was observed by [START_REF] Turfing | Morphophysiological determinants of yield in rapeseed (Brassica campestris and B. napus. II Yield components[END_REF] and Wang et al. (2004). As appeared form (Fig. 1) all mutant lines showed increased photosynthetic rate in the stage after flowering, as comparising to initial line (DH-0120). Probable it will be close connected with synthesis of tocopherols in leaves as is showed in Table 2. Additionaly it was found no difference in transpiration rate in analysed mutant lines. Selected breeding lines has been used in improved breeding programme of rapeseed in Poland.

Analysed mutant lines showed increased content of tocopherols (Table 2) as compared to initial line. A great variability of tocopherol content was presented by different authors (Goffman et. al. 2002;[START_REF] Marwende | Genetische Analyse des Tocopheralgehaltes bei Winteraps[END_REF][START_REF] Marwende | Genetische Analyse des Tocopheralgehaltes bei Winteraps[END_REF].

Similar increased tocopherols content was found also by [START_REF] Olejniczak | Increased the variability for oil, protein, glucosinolate and tocopherol through induced mutation in B. napus L. 3 rd International Crop Sciences Congress[END_REF] in mutant lines of rapeseed.

Conclusions

As appeared from presented results mutagenesis is useful tools to improvement and increase variability of rapeseed. ,348 7,2 7,8 19,4567891011121314151617181920213 20,1 3,01235 3,2 101,7 7,786 7,9 18,12345678910111213141516171819203 19,3 3,0 3 

Introduction

In recent years, rapeseed (B. napus L.), whose petal color is currently yellow, has been reported that it had other colors such as white, saffron, ivory-white, nacarat etc. Amongist, the white-flowering character was mostly studied. And the demitint type could hybridize with other varieties. The formation of flower color was associated with genome type. Tisakal etc obtained an amalgamation (2n=47) by fusing the cytoplasm between rapeseed (B. napus L.) and radish. However, along with the increasing of backcross, the flower color turned into yellow when the genome type returned to 2n=38. This article mainly reported the characters and traits of white flower in rapeseed by our institute and advanced its foreground. 

Materials and Methods

WR

Results

Characters of white-flowering material

The white-flowering mutant was half stand-up at seeding stage with dark green leaf, wave blade, zigzag leaf margin, 4 pairs of decomposite leaf. It was 170 cm tall with compact type, pure white flowers and bigger petals. The material had been sent to Shanghai Academy of Agricultural Sciences for quality detection. The results showed that its oil content was 36.49%, erucic acid content was 0.16%, thioglycoside content was 10.28μmol/g, oleic acid content was 67.07%, linoleic acid content was 17.48%, linolenic acid content was 9.12% and protein content was 33.95%. The material had not only double-low character but also some better characters such as higher oleic acid content. It would be an excellent rapeseed resource or variety by further selection.

Results of reciprocal cross and backcross between white and yellow flower parents

The reciprocal cross parents were white-flowering material WR-1 and yellow-flowering material Suyou 1. Statistic analysis indicated that the flower colors of F 1 all appeared as yellowy-white while F 2 separated into white, yellowy-white and yellow (Table 1). Chi square test indicated that it accorded with the 1:2:1 theoretic proportion. When backcross between parent WR-1 and F 1 , BC 1 separated into white and yellow offspring. It accorded with the 1:1 theoretic proportion by chi square test. When backcross between parent Suyou 1 and F 1 , BC 1 separated into yellowy-white and yellow offspring. It also accorded with the 1:1 theoretic proportion by chi square test. Thus it could be seen, white-flowering character relative to yellow-flowering character was controlled by a pair of incomplete dominance genes.

Results of hybridization between white-flowering material and male sterile line

Hybridization between white-flowering material WR-1 and male sterile line 9A and investigation of the florescence of F 1 in the field were carried out. The results indicated that the number of white-flowering plants was 126. The sterility investigation indicated that the F 1 were all sterility and had appreciably powder. It accorded with the character of male sterile line 9A. Thus, it could be seen, the white-flowering mutant had potential for heterosis application in rapeseed and awaits further study. Actuality and foreground of white flower character in rapeseed

Actuality of white flower character in rapeseed

There already had some reports about inheritance mechanism of white-flowering character in rapeseed. Cun-kou Qi etc thought the white-flowering character in rapeseed was incomplete dominant inherited relative to yellow-flowering character. Petal color was controlled by a pair of genes. Jie-fu Zhang etc thought the white and yellow flower character was controlled by a pair of incomplete dominant genes. The heterozygotic type appeared as ivory-white flower. Our results were basically consistent with above results.

Up to now, domestication of double-low white-flowering rapeseed varieties reported are Yinhua 1, Yinhua 2 and Yinhua 3 developed with microspore culture technique by Yunnan Academy of Agricultural Sciences. And they have been experimentally planted for production. Besides, white-flowering character has ever been applied on breeding of hybrid rapeseed. Then restorer has been bred and the purity has been improved effectively.

Foreground of white flower character in rapeseed

The innovative germplasm resource in rapeseed is one of breeding targets. Experts inside and outside attach quite importance to rapeseed quality and a lot of new germplasm resources have been invented. The white-flowering material discovered would be a high quality rapeseed resource after being improved because it has better quality and specific appearance.

Marking with special character is mostly used in heterosis utilization both domestically and overseas, especially leaf shape mutant. The aim of using restorer with dominant character marks is to distinguish the configuration of F 1 and improve the purity by trash extraction at seeding stage. In the same way, domestic marking with flower color is a good standard in male sterile and its value by breeding restorer with white flower mark, sterile, maintainer line and crossbreed.

Rapeseed is an important oilseed crop. It plays a huge part of speeding the economic development and improving our living standard. And the effect will keep on in the further. However, in developed areas, the direct contributions on agricultural production will be weakened while sightseeing rapeseed will be incarnated. Rapeseed has been used as sightseeing crop in some places such as Nantong and Suzhou. As a result, if white-flowering rapeseed is applied in production and reasonably arranged with yellow-flowering rapeseed or other plants in touring places, especially in esthetic area of agriculture, it will not only increase the agricultural income, but also add another function of rapeseed.

Introduction

B. juncea is the major oilseed Brassica species grown in South East Asia and has gained rapid acreage in Canada and Australia. While chemical mutagenesis has been used for creation of genetic variation in B. juncea, from the present literature no consensus can be drawn for the concentration and duration of mutagen exposure for determining 50% lethality (LD 50 ), that are the most important determinants of the extent of genetic variation that can be created by chemical or physical mutagenesis [START_REF] Konzak | Efficient chemical mutagenesis. The use of induced mutations in plant breeding[END_REF]. Therefore, an empirical relationship between mutagen concentration and exposure duration is valuable from the perspective of understanding and predicting the lethality of induced mutations following chemical mutagenesis on B. juncea system. An efficient doubled haploid production protocol has been developed in our laboratory for B. juncea [START_REF] Prem | Development of an efficient high frequency microspore embryo induction and doubled haploid generation system for Indian mustard (Brassica juncea)[END_REF]2005) and in this report we present a novel strategy for exploiting haploid mutagenesis in B. juncea using mutant plants as microspore donors.

Material and Methods

Three chemical mutagens namely Ethyl methanesulfonate (EMS), Ethyl nitrosourea (ENU) and Ethidium bromide (EtBr) were used for experiments carried out to study the effect of mutagen exposure on zygotic embryos. The response was studied in terms of germination of mutagenized seeds for three B. juncea genotypes namely Pusa Bold, Varuna and BIO-902. The zygotic embryo mutagenesis experiment were planned in a three replicate 3 × 5 × 4 factorial completely randomised designs wherein for each mutagen, the three genotypes were tested for four mutagen concentration (5.0, 10.0, 20.0 and 50.0 mM prepared in 7.0 pH buffer) along with controls and four exposure durations (10, 20, 30 and 50 h). For each replicate, approximately 100 seeds of each genotype were surface sterilized in 70% ethanol (v/v) for 10 s followed by 0.05% mercuric chloride (w/v) for 10 min and were then soaked in sterile distilled water for 16 h in dark. Thereafter these were washed twice with sterile water and subjected to mutagen treatment. Following this the seeds were washed 6 to 7 times with sterile distilled water and cultured on half salt concentration MS basal medium containing 2% sucrose (w/v), gelled with 0.7 % (w/v) agar. These cultures were incubated at 25 ± 2 °C temperature and 16 h photoperiod with 175 µmol/ m 2 / s light intensity. The cultures were scored for total number of seeds incubated/ treated and total number of seeds that showed healthy plantlet growth after 15 to 20 days of culture. The proportion data was transformed using arcsine transformation and subjected to three factors ANOVA (Gomez and Gomez, 1984). The data for factors and their interaction effects recognised for significant effect on zygotic embryo survival and development of healthy plants was subjected to polynomial partitioning using orthogonal contrast procedure (Gomez and Gomez, 1984). For developing equations that explained the empirical relationship between the concentration of mutagen, exposure duration and percent survival of zygotic embryos, multiple regression analysis was done using two datasets; dataset-I constituted the linear mutagen concentrations and exposure durations along with the linear interaction effect of the two variables as independent variables and percent survival as the dependent variable and dataset-II constituted the linear mutagen concentration and the linear exposure duration along with the linear interaction effect of the two variables as independent variables and log transformed percent survival as the dependent variable. The coefficients of the regression equations were tested for their statistical significance by ANOVA method [START_REF] Sokal | Biometry: The principles and practices of statistics in biological research 2[END_REF]. For the donor plant mutagenesis, 50 seeds of each genotype were treated with 5.0 mM EMS and ENU for 20 h and the resulting mutant plants were used as microspore donors. Microspores from these plants were cultured as per established protocol [START_REF] Prem | The effect of various exogenous and endogenous factors on microspore embryogenesis in Indian Mustard (B. juncea)[END_REF] and the microsprore embryogenesis response was quantified in terms of number of embryos produced per Petri dish.

Results

The exposure of zygotic embryos to the minimum concentration and exposure duration of EtBr resulted in 100% mortality while EMS/ ENU exposure caused a linear decrease in survival with increasing concentration/exposure duration. The three factor ANOVA for the survival of ENU and EMS treated zygotic embryos revealed that the concentration and duration of mutagen exposure are highly significant determinants of zygotic embryo survival after mutagen treatment. In addition to this, the interaction effect of these two factors was also found to be highly significant. The effect of the genotype either singly or as one of the interacting factors, was observed to be non-significant contributor to the overall variation (Table 1). The zygotic embryos of Pusa Bold treated with ENU showed 38.54 ± 4.34% (mean ± SEm) survival, irrespective of concentration and exposure duration, followed by Varuna (33.27 ± 4.21%) and . The effect of 10 mM and 20 mM concentration exposure of the zygotic embryos was equivalent irrespective of the exposure duration. Similarly the 10 h and 30 h exposure duration resulted in an equivalent percent survival irrespective of the mutagen concentration for all genotypes (Fig. 1). Similarly the zygotic embryos of Pusa Bold treated with EMS showed 36.87 ± 4.71% survival, irrespective of EMS concentration and exposure duration, followed by Varuna (35.39 ± 4.61%) and . While all mutagen concentrations resulted in significantly different mean percent survival, the 10 h and 20 h exposure durations resulted in similar survival irrespective of genotype and EMS concentration (Fig. 1). The results of the three factor ANOVA indicate that the functional relationship between these variables is rather complex since the genotype do not contribute significantly to the overall variation indicating that the relationship between the variables is independent of the genotype (Table 1). In addition to this, at least two treatments of the independent variables were observed to be similar indicating that instead of a polynomial relationship there may also be a non-linear relationship between the independent and dependent variables. The results of polynomial partitioning (Table 1) indicate that the mutagen concentration has a significant linear relationship while the higher polynomial orders are non-significant contributors to the percent survival. The exposure duration, on the other hand, has a non-linear relationship with the percent survival since the polynomial order partitioning coefficients for exposure duration are non-significant contributors to the overall variation. The multiple regression analysis further validated these findings (Table 2).

The coefficient of determination (R 2 ) for the regression equations developed using dataset-I for ENU and EMS indicates that these are not suitable as prediction function. Contrary to this regression equation developed from dataset-II for ENU and EMS treatment were adequate models for predicting the percent survival response for given exposure duration and concentration of mutagens. The statistical significance of the exposure duration when the log transformed data for the percent survival is used explains that the two variables have a linearisable non-linear relationship. Based upon the above analysis for zygotic embryo/ seed mutagenesis a mid value average range of 5.15 ≈ 5.0 mM was used for EMS and ENU seed treatment for generating mutant donor plants.

The microspores cultured from ENU treated donor plants did not produce any embryos for any of the three genotypes whereas those obtained from EMS treated donor plants produced on an average 2.9 ± 0.36 embryos per Petri dish (total 943 embryos) irrespective of the genotype. Out of the 15 Pusa Bold EMS mutated donor plants, buds collected from 10 plants produced microspore embryos. Similarly for Varuna and BIO-902, five out of 12 and six out of 16 EMS mutated plants, respectively, produced microspore embryos.

The various mutant donor plants were found to be equally responsive for microspore embryogenesis indicating absence of any within plant differences for microspore embryogenic response. Genotype comparison revealed that mutant donor plants of the three genotypes had similar microspore embryogenesis response wherein Pusa Bold produced maximum microspore derived embryos (504) with an average production of 3.36 ± 0.29 embryos produced per Petri dish followed by BIO-902 with a total of 312 embryos produced with an average 3.46 ± 0.31 embryos per Petri dish and Varuna with a total of 127 embryos produced with an average 1.69 ± 0.19 embryos per Petri dish. 

Discussion

The exposure of zygotic embryos to EtBr probably resulted in lethal mutations that caused high mortality of the zygotic embryos. In the present study genotypic variation for zygotic embryo germination after ENU/ EMS exposure was not observed probably because of the non-linear response to exposure duration and random alkylation caused by these mutagens. The available literature on seed mutagenesis in B. juncea reveals that 8.0 to 120.9 mM EMS and 6 to 12 h exposure duration has been most exploited for seed mutagenesis [START_REF] Prasad | Mutagenic effectiveness and efficiency of gamma rays and ethyl methanesulphonate in Indian mustard[END_REF][START_REF] Mahla | Mutagenic effectiveness and efficiency in mustard (Brassica juncea L. Czern and Coss)[END_REF][START_REF] Jha | EMS and sodium azide induced biological damage in Brassica juncea Var. Krishna[END_REF][START_REF] Kumar | Effect of doses of physical and chemical mutagens on the germination and mortality/ survivability of induced mutations in Indian mustard (Brassica juncea (L.) Czern and Coss)[END_REF][START_REF] Bhatt | Induction of mutations for cytoplasmic male sterility and some rare phenotypes in Indian mustard[END_REF]. However, this concentration and exposure duration range is very varied and no general consensus can be drawn on the effect of chemical mutagens on B. juncea system per se. However, an increase in mutagen induced lethality with increasing concentration/ exposure duration has not been proven unequivocally for B. juncea seed mutagenesis. Contrary to our findings reports cited above highlight genotypic specificity for mutagen action. The present study for the first time elaborates the extent of biological damage resulting from varying the concentration and exposure duration for two chemical mutagens on the zygotic embryos of B. Juncea. Novel empirical relationships that explain the dependence of seed germination on the exposure duration and mutagen concentration is presented and multiple regression based model have been developed for prediction of seed survival after mutagenesis. The non totipotent response of microspores from ENU mutant donor plants can not be conclusively explained. This may be because of haplontic selection that resulted in survival of only 'fit' microspores that do not have lethal macromutations may limit the availability of viable pollens in the M 1 plants. However, its predominance in ENU treated plants is not explainable as of now. Similar non-totipotent response for microspores obtained from some of the EMS donor plants was also observed, however, the frequency of microspore embryogenesis for individual EMS donor plants was similar. This difference in microspore embryogenesis ability for EMS donor plants can be attributed to macromutations that altered the genes responsible for microspore totipotency. The donor plant mutagenesis approach is based on the philosophical premise of harnessing mutation induced gametic variations for fixing the desired mutant genotypes using androgenesis. Although this approach offers a theoretical possibility of using haploid mutagenesis, it has not been used for Brassica haploid mutagenesis. 

Conclusions

The regression models developed in the present study for prediction of survival following chemical mutagenesis are valuable for future researchers since these could be used as prediction functions for determining mutagen concentration or exposure duration required for achieving a desired level of plant survival after chemical mutagenesis. The use of mutant donor plants as microspore donors circumvents mutagen exposure of isolated microspores or microspore derived embryos and therefore potentially limits the loss of embryogenesis/ embryo regeneration following mutagen exposure. The present results indicate that this technique could be used for genetic manipulation of Brassicas for economically important traits.

The genus Brassica crops includes three cultivated diploid species: Brassica rapa L (2n=20, genome AA), B. oleracea L (2n=18, genome CC) and B. nigra Koch (2n=16, genome BB), and three amphidiploids species: B. napus L. (2n=38, AACC), B. juncea Czern and Coss (2n=36, AABB), B. carinata Brou (2n=34, BBCC) [1] . Results from cytological studies demonstrated that the amphidiploids crops were originated from a spontaneous hybridization between each pair of the diploid crops accomplished with chromosome doubling. [1, 2] Based on the information developed by comparative studies on chromosome structure and relations among them, It assumes that genome of the genus Brassica crops is derived from an ancestral genome of x=5 or 6 chromosomes undergoing duplication by amphi-ploidization. [2,3,4,5] It is believed that the B genome is more distantly related to both A and B genomes than the latter two are each other. [3,4,5] In genus Brassica several chromosome addition lines have been developed and been used as a tool in dissecting of chromosomes in a given genome and comparison of the chromosomes as well as location of a gene(s) controlling an important agronomic traits. [6,7,8,1 °,11,12] These chromosome addition lines obtained includes monosomic addition line of B. napus-Raphanus sativa carrying a white flower trait, and B. napus-Diplotex carrying a male sterile trait and B. rapa-oleracea carrying high erucic content. Scientists are making effort to construct a set of alien chromosome addition lines from a given genome into a common genome. Results of identification of a B chromosome addition line derived from the descents of a cross between B. napus and B. carinata is reported in present paper.

Materials and methods

Materials

All the plant materials used in this research are kindly supplied by Institute of Industrial Crops (IIC), Jiangsu Academy of Agricultural Sciences (JAAS). It includes "Ningyou 10" (B. napus L.), a yellow-seeded cultivar with low erucic content, and "NJ04-8089" a descent from a cross of "Ningyou 10" × "Dodolla" (B. carinata), and the hybrid seed of "NJ04-8089" × "Ningyou 10". Seed was sow in breeding nursery of IIC in autumn of 2004. Each line planted 2 rows in 3 m long with a row apace of 40cm and inter-plant space of 20cm respectively.

Cytological observation 1.2.1 Somatic cells chromosome number counting

The root tips or young ovaries were used to identify chromosome number in somatic cells of the material observed in this research.

Young ovary (size:2mm) ware treated with0.002M 8-hydroxyquinoline for 3 h at 22° C and then fixed in Carnoy's solution for 24 h, and transferred to a fresh Carnoy's solution keeping in refrigerator at 4 °C.

Seeds were in a patric dish spreading with 2 layer of tissue paper wetted with adequate water for germination. Root tips ware treated with0.002M 8-hydroxyquinoline for 4 h then took it out and after watered fixed in Carnoy's solution.

The root tips and young ovaries took out from fixation solution were hydrolyzed in 1 M HCl at 60°C for 6-9 min, squashed in one drop of 10% modified carbol fuchsin and examined under microscope of "Olympus".

1.2.2 Meiosis observation of pollen mother cells (PMCs) Young buds were collected 9-11oclock in morning and fixed in Carnoy's solution for 24 h, then transferred to 70% ethanol and keeping at 4°C. Anthers were dissected out of the buds and the PMCs squeezed out in a drop of 10% modified carbol fuchsin [13,14] examined under microscope " Olympus". Chromosome number in root-tip of the selfing offspring (seeds) of NJ04-8089 Chromosome number in root-tip cell of the seeds descending from NJ04-8089 plant by bagging were varied from 2n=40 -2n=51(fig3 and table 1). Out of the total root-tip (81) observed 67% had a chromosome number of 2n=42, 2n=43, 2n=44 and 2n=45. Among them 20% had a chromosome number of 2n=45 (table 1). These results suggested that chromosome number in each of gametes both male and female produced by NJ04-8089 were not equal and varied from n=19 to n=26. Among them gametes having a chromosome number of n=22 and n=23 were much more than the others because more offspring derived from NJ04-8089 showed a somatic chromosome number of 2n=45.

The morphology of NJ04-8089 was abnormal and characterized with short (98cm) in plant height. Its pollen grains were stick together and shaded irregularly with a poor viability of pollen resulting in a low rate of seed-set by bagging. It could be related to an uneven assortment of chromosome during the process of PMCs meiosis as well as the disorder of physiological and genetic disturbing caused by more extra-or alien chromosomes. In the process of PMCs meiosis all the added chromosomes might be 7 single chromosomes. Not only can they not pair to each other, but also they can not pair to any of one of the chromosomes of A or C genome because of the distant relations. Consequently the 7 alien chromosomes acted as univalent dispersed outside of equator plate at MI and lagged chromosome(s) formed at AI and AII resulting in an uneven assortment of the added chromosome and the gametes both male and female having unequal chromosome number produced. Chromosome number in the gametes can be divergent from n=19, the B. napus type, to n=26, the extreme one which the 7 chromosomes assorted to one cell at AI. Seeds which carry a chromosome number of 2n=51 in its somatic cells were detected from descends of NJ04-8089. Consequentially, individual plants which has various chromosome number ranged from 2n=38 to 2n=52 could be segregated easily from descends of NJ04-8089 by ovary sample observation and might become a useful materials in dissection of B genome as well as location of important gene(s). 

Introduction

Sinapis alba L. (white mustard, 2n=2x=24) is one of the self-incompatible cruciferous oilseed crops. In apiculture, S. alba is recommended as a good melliferous plant. It has strong resistance to drought and pod shatter, considerable promising as an alternative oilseed crop because it performs better than oilseed rape (B. napus) in areas with short-dry growing seasons and requires only minimal inputs (Rakow et al. 2000).S. alba is also an important breeding genetic resource, with seeds being important condiment. S. alba is strongly pest-resistant (Grishechkina,1998;Mvehlchen,1990). Recently, studies on S. alba are mainly concentrated on three aspects: (1) Resistance to insect and plant disease, drought [START_REF] Long | Resistanceto black blotch ofdistant hybrid between Chinese cabage×sinapiS. albal[J][END_REF][START_REF] Tang | White mustard water stress physiology in Brassica four specie[J][END_REF]; (2) Cytological analysis of chromosome number (Lian, 1989); (3) Somatic crossing between S. alba and oilseed rape (Wang,1999) . However, there are few reports on self-compatibility in S. alba. It is very difficult for people to obtain, retain pure lines of S. alba because of self-incompatibility. So new cultivars easily lose valuable biological traits. Thus studies on self-compatibility, breeding and selection of self-compatible lines are of great importance in research and agricultural production. Eight S. alba materials selected from different regions were studied on their self-compatibility, in order to know their strong or weak self-compatibility. These results provide a theoretical basis and technical approach for breeding and selection of self-compatible cultivars or lines and further breeding by other means.

Material and methods

(X)

, 04(Y), Lintao, Minlehongshui, Linxia, Albazuo, Wuwei and Minlehuang, eighty materials were obtained from Department of Agriculture of Gansu Agricultural University. Experiment was performed in the teaching base of Gansu Agricultural University. Experiment was arranged in order, with 4 raw blocks of 1.5m long, and 20 cm raw space containing 60 seedings. At flowering stage, 7-15 plants were chosen in each material and 10-15 buds bagged on each plant and marked. After 20 days (until all petals shed off for 6-7 days), paper bags was taken away, at mature period, pods were harvested in bags. To determine related traits, the number of flowers, pod, seed in bags were recorded. The data were analyszed by DPS, then calculate the self-compatibility index according to following formula: the self-compatibility index=the number of selfpollination seeds/the number of bagged buds; relative self-compatibility index = the number of self-pollination seeds/the number of open-pollination seeds ×100%. At last, judge the strong or weak self-compatibility [START_REF] Liu | Breeding of B-lines and C-lines [J][END_REF][START_REF] Fang | Studies on teterotic vigor and self-compatible lines in cabbage [J][END_REF]Liu,1985;Liu,1999).Classification was performed according to methods established by Taoguohua [START_REF] Tao | Studies on stability of self-incompatible gene in Brassica rape [J][END_REF] , Fangzhiyuan, Liuhouli. If the self-compatibility index is less than 1, the cultivar is classified as self-incompatible; If the selfcompatibility index is more than 1, the cultivar is classified as self-compatible [START_REF] Sun | Variation of Brassica rape self-compatibility[END_REF]Meng,1995). 

Results

Difference of self-compatibility index among cultivars

The results showed that there are great differences on the self-compatibility among different cultivars in S. alba. The selfcompatibility index ranged within 0.01-4.10 (table 1). Square analysis indicated that there was very significant difference in self-compatibility index among 8 cultivars. According to the evaluation standard, 8 materials fall into two categories: (1) selfcompatible type (including 5 cultivars); (2)self-incompatible type (including 3 cultivars). Regardless the self-compatibility type or self-incompatibility type, there are obvious difference among each cultivars in the same type. For example, there are 4 cultivars with self-compatibility indexes of 1-4, belonging to medium self-compatibility, 1 cultivars with self-compatibility index of 4, belonging to high self-compatibility. According to self-compatibility index, the cultivars in this study could be divided into three groups: (1) The highly self-compatible group with self-compatibility index >4.00, Minlehuang; (2) The selfcompatible group with the self-compatibility index from 1.00~3.99, 04(X) etc; (3) The self-incompatibility group with the self-compatibility index ≤1.00, Linxia, Albazuo (Table 3).

Difference of relative self-compatibility index among cultivars

There is great difference in the rate of set seed by open-pollination among different S. alba. As to the same cultivars, the rate of set seed by open-pollination is obviously higher than that by artificial selfing. Self-incompatibility of S. alba is controlled by the sporophytic type, its self-incompatible response occurred in the stigmatic papillae of the pistil, pollination by self-compatible pollen (which come from different plants or flower) mixed with self-incompatible pollen (which come from the same plants or flower) can increase the rate of set seed to some degree. So, when the genotype is the same, the rate of set seed by allogamy-pollination is higher than that by artificial selfing. Cultivars with high self-compatibility indexes also have high relative self-compatibility indexes and the indexes are different among different cultivars. The results showed whether strong or weak self-compatibility is indirectly judged by relative self-compatibility index.

The difference of self-compatibility between ecotypes, cultivars and landraces

Self-compatibility of materials from different regions are significantly different. When it comes to the self-compatibility, materials from west regions in Gansu are high, but those from east regions in Gansu are low, the average self-compatibility indexes are 2.99, 0.62 respectively. The order of percentage of self-compatible cultivars in population is: western, eastern, foreign and the percentage of self-compatible plants in each population is 100.00%, 50.00%, 33.33%. Because S. alba is easily grown in cool regions, especially if the weather condition was adapted to S. alba reproductive growth from bud stage to mature stage, its rate of set seed can be increased greatly. In this study, the self-compatibility index of cultivars is higher than that of landraces. The self-compatibility index of 04 white mustard (X) is as high as 3.45, but the percentage of self-compatible plants in cultivars is lower than that in landrace. Perhaps because the number of cultivars is too small, the statistical results is lack of accurateness. Regardless the self-compatibility index or the percentage of self-compatible plants, materials abroad are lower than domestic ones. So it is feasible to obtain cultivars with high self-compatibility by artificial breeding methods. Variation of self-compatible degree in S. alba not only exist among cultivars, but also in individuals of the same cultivar. Self-compatible plants were also found in cultivars with low self-compatibility. At the same time, there are variation of selfcompatibility index among cultivars with high self-compatibility. The average self-compatibility index of 04 (Y)(SI) is 0.37, but the self-compatibility index of 04 (Y)-13 is as high as 3.09. Minlehongshui belongs to high self-compatible type, all plants in the population are self-compatible, the self-compatibility indexes of some plants reached 6.36 (Figure 1). Thus, if the cultivars has higher self-compatibility, there are more self-compatible individuals. So it is easier to select high self-compatible genotypes in high self-compatible materials. The self-compatibility index of Wuwei (SC) is 3.26, but plants with selfcompatibility index of 5.2 were found in this cultivars and all plants are self-compatible (Figure 2). Minlehongshui belongs to high self-compatible type, the highest self-compatibility index of in this population is as high as 6.36 (Figure 1).

Difference of individual from the same cultivars

Discussion

The results suggested that there are extensive variation on self-compatibility, great difference in the self-compatibility index, the rate of seed set in S. alba. Of all 8 materials, the self-compatibility index of Linxia is the lowest, which is 0.01. The highest one is 4.10 (Minlehongshu). Three cultivars are self-incompatible, their self-compatibility index is less than 1. Five cultivars are self-compatible, their average self-compatibility indexes are more than 1, with an average of 2.73. Materials with self-compatibility index>3 are Minlehongshui, 04(X), Wuwei, respectively and Minlehongshui is the highest. Based on this result, materials can be divided into three categories:(1) high self-compatible type with the self-compatibility index >4.00; (2) self-compatible type with the self-compatibility index 1.00~3.99; (3) self-incompatible type with the self-compatibility index ≤1.00. When the rate of bagged set seed is higher, the relative self-compatibility index is also higher. Obvious difference can be found among cultivars. The self-compatibility index is virtually correlated to the number of seed in each pod, and the relative index is percentage of all seeds in ovule. It is thus clear that relative self-compatibility index also can be used more accurately to judge the degree of self-compatibility.

Conclusions

In this research, self-compatibility variation exists not only among cultivars, but also among plants from the same cultivar. There are high self-compatible plants in self-incompatible cultivars. Also, self-incompatible plants can be found in selfcompatible cultivars. With regards to cultivars from west and east regions, the self-compatibility from west is higher than that from east. Firstly, it may be related to the infiltration of self-compatible gene from other self-compatible species into S. alba. Secondly, S. alba is easily grown in cool west region, especially when weather condition can satisfy the reproductive growth during the growth period from bud to mature, its rate of set seed can be increased greatly. The self-compatibility index of cultivars is higher than that of local cultivars. For example, the self-compatibility index of 04 (X) reached 3.45. To summarize, it is feasible to increase the self-compatibility of self-incompatible crops or cultivars by selection and inheritable improvement.

Introduction

The members of family Cruciferae includes several Brassica species such as B. juncea, B. napus, B. rapa, B. nigra, B. oleracea, B. carinata and related species such as Raphanus sativus, Sinapis alba, Eruca sativa, Diplotaxis species, etc. Glucosinolate are the secondary metabolites produced by the plants of the crucifers. So far, more than 90 different glucosinolates belonging to different classes have been reported for this family. Structurally they can be grouped into three different classes' viz. aliphatic, indolyl and alkyl glucosinolate. Among these, aliphatic glucosinolate are the most abundant and responsible for pungent flavour due to liberation of thio-and isothiocyanates after their hydrolysis. Presence of high amounts of aliphatic glucosinolates in feeds (>30μmole/g defatted meal) have been found to be nutritionally toxic. Allyl, butenyl and hydroxy butenyl are the main aliphatic glucosinolates present in different species of the Brassica. In order to make the brassica oil and meal nutritionally safe for food and feed purposes, efforts initiated in Canada and Europe have lead to the development of 'Canola' quality varieties having low erucic acid (≤2% in seed oil) and low glucosinolate content (≤ 30μm/g oil free meal) commonly known as double low varieties ('O-O'; Downey, 1990).

Bronowski, a Polish cultivar, was the first B. napus germplasm identified in 1967 to have low glucosinolate content (≈ 12 μ moles/g oil free meal; [START_REF] Finlayson | Comparison of chemical and agronomic characteristics of two Brassica napus L cultivars, Bronowski and Target[END_REF]. Incidentally it also had low erucic acid (≈ 7%). Discovery of Bronowski led to the development of many double low varieties of B. napus in Canada, Europe and Australia. So far, Bronowski is the only naturally occurring gene pool identified for low glucosinolate content and utilized globally as a donor source. India has rich stocks of oilseed crops, which can serve as a valuable resource for utilization under breeding program. Therefore, realizing an imperative need for systematic characterization of Indian rapeseed mustard germplasm, to search for a suitable low glucosinolate donor source in the Indian gene-pool, the work was initiated for the characterization of rapeseed-mustard varieties under the project NATP on Sustainable Management of Plant Biodiversity:

Materials and Method

With this objective more than twelve hundred Brassica germplasm comprising of 651 B. juncea,443 B. campestris,35 B. napus,10 B. nigra,18 B. carinata,6 B. chinensis,63 Eruca sativus,5 Sinapis alba, 3 Raphanus sp., 5 B. tourniforti, 1 Crambe asyssinica, 18 B. rapa and 3 miscellaneous species, obtained from National Bureau of Plant Genetic Resources, India were analyzed by HPLC as per the method standardized in our laboratory [START_REF] Kaushik | High Performance Liquid Chromatographic method for Separation and Quantification of Intact Glucosinolates[END_REF] to assess the glucosinolate profile. 

Conclusion

The search for new low glucosinolate donors for Indian cultivars of rapeseed-mustard has provided useful insight into the rich diversity for this secondary metabolite. The present work showcases the diversity for glucosinolate profile and total content in various Brassica and related species. This cataloguing of variation is essential from the point of view of maintaining germplasm collections as well as identifying potential donors.

Introduction

Eruca. sativa Mill. is a minor crop worldwide. For a long time it was ignored by agricultural researchers. In the last few decades, plant breeders started to realize the importance of genetic diversity. As a result, there has been a growing interest in minor crop species such as E. sativa. E. sativa is well-known for its outstanding resistance to drought, barrenness and diseases. In addition to breed for better cultivars of E. sativa, research on this species may also lead to improved yield, quality, resistance and environmental benefits of its related crops such as rapeseed and cabbage because E. sativa is considered a genetic resource for all crops in the tribe Brassiceae [START_REF] Gómez-Campo | Morphology and morphotaxonomy of the tribe Brassiceae[END_REF]Sun, 2000). Being of self-incompatibility (SI) and long-term crosspollination, its population had become an allometrosis composed of individuals with different genotypes, so its potential yield were limited and it is also difficulty in using it as breeding resources. Therefore, the studies on self-compatibility (SC) in E. sativa has important significance for obtaining and maintaining the genetic purity of the plant lines and in the improvement and utilization of E.sativa Mill..

To date, studies on self-compatibility (SC) in Brassiceae have been mostly on three Brassica species, i.e. B. rapa (=B. campestris) and B. napus. Research on SC in E. sativa is very limited. Variations have been observed among Brassica species on SC. For example, Qi et al. (1997), [START_REF] Sun | Variation of Brassica rape self-compatibility[END_REF] demonstrated the existence of SC in B. rapa. This study focused on analysis of SCI in E. sativa Mill., and data presented in this paper add to our understanding of the SC in E. sativa and may lead to a better use of this genetic resource.

Material and methods

Totally, 34 materials of E. sativa Mill.were used in the study, and 14 from Gansu, 2 from Xinjiang, 1 from Qinghai, 2 from Ningxia, 3 from Shaanxi, 3 from Shanxi, 1 from Inner Mongolia, 1 from Hebei, 1 from Sichuan, China, 3 from Iran and 1 from Pakistan. The trials were conducted in the experiment farm of Gansu Agricultural University.

Plants were grown under field conditions. At flowering stage, 30 plants in each material and 10 flowers per plant were selected for bagging selfing, bud-pollinated selfing and open pollination, respectively. The treated plants were harvested at maturity stage. Numbers of pods and seeds produced from the treated flowers were collected and the self-compatibility was evaluated based on self-compatibility index. The self-compatibility index was calculated using the following formula:

Self compatibility index (SCI) = number of plump seeds / number of treated flowers.

Results

Difference of self -compatibility(SC) among cultivars

The study shown that the self compatibility in E. sativa Mill varied greatly among cultivars although it was highly selfincompatible. The self-compatibility indexes of 34 materials were 0.00~4.84. Amongist, 29 materials had self-compatibility indexes ≤1, which accounted for 85% of the total. The self-compatibility indexes of 4 materials were 1.00-3.99, and 1 was >4. All of these indicated that the difference of self-compatibility among cultivars was obvious, and different self-compatibility types existed in E.sativa Mill.. * Fund sources: the Natural Science Foundation of Gansu province(3ZS061-A25-076)

The self-compatibility indexes of 11 materials in 29 self-incompatibility materials were 0.00 by bagged-selfing, but their self-compatibility indexes based on the bud-pollinated selfing varied from 0.00 to 3.72. The differences of self-compatibility degree were also existed among the materials with highly self-incompatibility (Fig. 1).

The tested materials could be divided into 3 types according to their self-compatibility index: self-compatible type (selfcompatibility index >4, such as Sichuan-2); weak self-compatible type(self-compatibility index >1, <4.00, such as Zhangbei, Sanying, Machang etc= and self-incompatible type (self-compatibility index <1, including 29 materials).

Individual difference of self compatibility within cultivars

The difference of self-compatibility of E.sativa Mill. existed not only among different cultivars, but also among different individuals within the same cultivar, and the phenomena was detected both in the self-compatible population and in the selfincompatible population. For example, in Hezheng, which was of self-incompatible (average self-compatibility index was 0.23), 1 out of the 10 self pollinated plants was self-compatible (self-compatibility index was 2.70). Whereas in Sichuan-2, a type of self-compatible (average self-compatibility index was 4.84), 6 out of the 10 self pollinated plants were selfincompatible (the self-compatibility index >1) (Fig. 2). The same phenomena was found in Zhangbei, Machang and Sanying. Thus the self-compatibility varied greatly within the cultivar because of the genotype difference of the individual. Generally, the higher the average value of self-compatibility index for a cultivar, the higher the frequency of genotype of selfcompatibility in its population. It maybe easier to select genotypes with high self-compatibility from cultivars with high selfcompatibility indexes. 

Varieties

Indexes of self-compatibility Index of self-compatibility by bagging selfing Index of self-compatibility by bud peeling selfing 

Discussion

This study showed that E. sativa Mill was of high self-incompatibility, however, there were genotypes of selfcompatibility in it. The self-compatibility varied among the cultivars and individuals based on their genotypes. QI et al. (1997), [START_REF] Sun | Variation of Brassica rape self-compatibility[END_REF] gained the same results in Brassica rapa. According to the self-compatibility index, the tested materials could be divided into 3 types: self-compatible type (the self-compatibility index >4, such as Sichuan-2); weak self-compatible type(the self-compatibility index >1<4.00, such as Zhangbei, Sanying, Machang etc.= and self-incompatible type (the selfcompatibility index <1=. These differences of self-compatibility among individuals and cultivars are closely related to the developing and evolving environment (Zhang, 2003, Zhang, 2001). The difference of genotypes may come from the selfincompatibility and long term cross pollination, and it was possible to select self-compatibility type from self-incompatible plants.

Conclusions

The results indicated that: (1) E. sativa Mill. belongs to the type of high self-incompatibility. Of the tested cultivars, selfcompatibility indexes ranged from 0.00 to 4.84, and most (85%) of them were of self-incompatibility (self-compatibility index <1=. (2) The self-compatibility existed in E. sativa Mill and varied among the cultivars and individuals based on their genotypes. (3) The tested cultivars can be divided into 3 types based on self-compatibility index: 1= self-compatible type, their self-compatibility index >4; 2) weak self-compatible type, their self-compatibility index was 1.00-4.00; 3) selfincompatible type, their self-compatibility index <1; (4) It is possible to select self-compatible types from a self-incompatible

Introduction

As one of the most important oil crops in the world, rape (Brassica napus) contributes to appropriately 50% of the vegetable oil consumption in China. At present, the most important task for rape breeders is to breed new rape varieties with high oilseed output and good quality. The seed coat color of yellow-seeded B. napus is of particular interest for oilseed rape breeding, not only due to its increased content of oil and protein in yellow seeds compared with black seeds, but also because of the reduced crude fiber content in the meal [START_REF] Ochodzki | Physical properties and chemical composition of whole seeds, hulls and meals of yellow-seeded rape grown in Poland[END_REF]. For the purpose of increasing oil content, the improvement of yellow-seeded B. napus has been conducted for many years in China [START_REF] Liu | Studies on the inheritance of seed coat color and other related characters of yellow-seeded Brassica napus[END_REF], and the first yellow-seeded B. napus cultivar 'Hua-yellow No. 1' was registered in 1990. In recent years, there are many researchers focusing on the yellow-seeded B. napus breeding (Rahman M H, 2001; Meng J et al., 1998;[START_REF] Tang | Genetic variation of yellow-seeded rapeseed lines (Brassica napus L.) from different genetic sources[END_REF]. Shirazdegan et al. (1986) reported that the seed coat color of B. napus was determined by three homozygous recessive genes at three loci, but other researches showed different results [START_REF] Li Jia-Na | Initial study on the genetics of seed color of the yellow-seeded lines (Brassica napus L.) from different genetic sources[END_REF]. Yellowseeded materials from different genetic backgrounds have different locus controlling yellow seed coat color. Furthermore, other researches also revealed that the seed coat color of B. napus was affected by temperature [START_REF] Van Deynze | Temperature effects on seed color in black-and yellow-seeded rapeseed[END_REF].

By now, a number of agronomic traits in Brassica species have been mapped using molecular markers. These include boron efficiency [START_REF] Xu | Mapping boron efficiency gene(s) in Brassica napus using RFLP and AFLP markers[END_REF], Sclerotinia sclerotiorum resistance [START_REF] Zhao | Genetic analysis of loci associated with partial resistance to Sclerotinia sclerotiorum in rapeseed (Brassica napus L.)[END_REF], blackleg resistance [START_REF] Pilet | Identification of QTL involved in field resistance to light leaf spot (Pyrenopeziza brasscicae) and blackleg resistance (Leptosphaeria maculans) in winter rapeseed (Brassica napus L.)[END_REF], erucic content (LIU [START_REF] Liu Xue-Ping | Identification of the Linkage Relationship Between the Flower Colour and the Content of Erucic Acid in the Resynthesized Brassica napus L[END_REF] and club root resistance(Manzanares-Dauleux M J et al., 2000). The mapping of seed coat color in Brassica had been extensively studied because it is an important character for Brassica quality breeding. In B. napus, a chalcone synthase gene was identified tightly linked to seed coat color [START_REF] Van Deynze | The identification of restriction fragment length polymorphisms linked to seed color genes in Brassica napus[END_REF]. In another study, a RAPD marker co-segregated with yellow seed color in B. napus was discovered [START_REF] Somers | Identification of a major gene and RAPD markers for yellow seed coat color in Brassica napus[END_REF]. In Brassica juncea, an AFLP marker linked to seed coat color was identified and converted to SCAR marker for rapid selection [START_REF] Negi | Identification of AFLP fragments linked to seed coat color in Brasscia juncea and conversion to a SCAR marker for rapid selection[END_REF].

The objectives of this study are to construct a linkage map of B. napus mainly using AFLP and SSR markers with yellow-seeded GH06 and black-seeded 'Youyan2' as parents and to analyze seed coat color QTL of yellow-seeded B. napus based on the linkage map.

Materials and Methods

Brassica napus 'GH06', with light-yellow seed coat color, bred by Rapeseed Centre in Southwest Agricultural University, was used as female parent in cross and black-brown seeded 'Youyan2' as male parent. The black-brown hila of F 1 was bigger than yellow-seeded parent GH06 and some seeds looked like the black-brown seeds when their hila turn upward. One F 1 with light-yellow seed was self-pollinated to produce the F 2 population, about one-fourth of the individual was blackbrown, and three-fourth was yellow which represent a continual distribution from brown-yellow to light-yellow. One hundred and thirty two F 2 individuals were randomly selected and self-pollinated to generate F 2 :3 families. One-fourth of the family was black-brown, and 11 families was light-yellow seed coat color, the seed coat color of the rest showed segregation. The seed coat color was measured with dissecting-microscope under the same illumination and calculated using the formula: 10×(1-EX/EYouyan2), in which EX referred to Individual exposure time and EYouyan2 referred to parent 'Youyan2' exposure time respectively [START_REF] Yin Jia-Ming | The Relationship Between Seed Coat Color and the Coefficient of Brassica napus Seed Exposure Time. Food and Energy Sources Stratagem of China Oil[END_REF].

Total DNA for AFLP, SSR, RAPD and SCAR analysis was extracted from young leaves of individual F 2 plants and their parents, using the SDS method described by Li et al. (1994). The AFLP analysis was conducted as described by Vos et al. (1995), with minor modifications by our laboratory. Total DNA (100ng) was double-digested with restriction enzymes EcoRI and MseI. The PCR reaction was undertaken by pre-amplification and selective amplification with one and three anchor bases at the 3'end, respectively. Eight pairs of selective primers of combination were used in the selective amplification. The primers included: EcoRI end primers E1 (E+AAC), E2 (E+AAG), E3 (E+ACC), E4 (E+ACT), E5 (E+AGG), E6 (E+AGT), E7 (E+AGC) and E8 (E+ACA), as well as MseI end primers M1 (M+CAA), M2 (M+CAC), M3 (M+CAG), M4 (M+CTC), M5 (M+CTG), M6 (M+CTA), M7 (M+CAT) and M8 (+CGT). After denaturalization, the PCR products were subsequently separated in denaturing polyacrylamide gel and silver-stained following the method of [START_REF] Bassam | Fast and sensitive silver staining of DNA in polyacrylamide gels[END_REF].Primer sequences were downloaded from Brassica database (www.ukcrop.net) and synthesized by Shanghai Sangon Biological Engineering Service Co. Ltd. (China). PCR was carried out in PTC-100 thermocycler with a total volume of 20μL per reaction containing 50ng of genomic DNA, 50ng of primers, 0.2 mmol/L of each dNTPs, 1×PCR Buffer and 1.5 mmol/L of MgCl2 plus 1U of Taq DNA polymerase. The PCR reaction conditions were: 94°C for 1 min; 10 cycles of 94°C for 30s, 63°C with 0.5°C lowered after each cycle, for 1min, 72°Cfor 1min followed by 30 cycles of 94°C for 30s, 58°C for 1min, 72°C for 1min. The PCR products were detected using silver staining.RAPD and SCAR were performed according to the descriptions of Somers [START_REF] Somers | Identification of a major gene and RAPD markers for yellow seed coat color in Brassica napus[END_REF]and Negi [START_REF] Negi | Identification of AFLP fragments linked to seed coat color in Brasscia juncea and conversion to a SCAR marker for rapid selection[END_REF] respectively.The linkage map was obtained using Map Manager QTX (Meer J M et al., 2002)(P=1e-6). QTL for seed coat color were resolved by multiple interval mapping [START_REF] Kao | Multiple interval mapping for quantitative trait loci[END_REF] using WinQTLCart [START_REF] Basten | QTL Cartographer. Version 1.15[END_REF]with a LOD threshold of 2.7.

Results

A linkage map was constructed using 132 individuals of the F 2 population. The map consists of 164 markers including 125 AFLP, 37 SSR, 1 SCAR and 1 RAPD marker distributed over 19 linkage groups covering approximately 2549.8 cM with an average spacing of 15.55 cM between adjacent markers (Fig. 1). Of the 164 markers, 17 markers of segregation distortion were detected (P‹0.05), but they did not skewed to one parent collectively. In addition, the number of bands and polymorphic alleles scored with different AFLP primer combinations were different. AFLP markers were considered as allelic markers when they appeared steadily in the two parents for three times in the amplification with the same primer combination. In SSR analysis, we employed B. napus, B. rapa and some Arabidopsis SSR primers, and found great differences in efficiency of polymorphism among them. The polymorphic frequency for the three types of SSR primers was 58%, 43% and 10%, respectively. Finally, 37 SSR markers including 20 B. napus, 12 B. rapa and 5 Arabidopsis SSR markers were detected. Furthermore, a RAPD (rapd1) and SCAR (scar1) marker from Somers [START_REF] Somers | Identification of a major gene and RAPD markers for yellow seed coat color in Brassica napus[END_REF] and Negi [START_REF] Negi | Identification of AFLP fragments linked to seed coat color in Brasscia juncea and conversion to a SCAR marker for rapid selection[END_REF] were located in the 17th and 2nd linkage group in the analysis of map construction.

Seed coat color of F 2:3 families were analyzed with dissecting-microscope based on the exposure time. Despite the continuous variation in the exposure time of different lines in the F 2:3 families, two peaks and one valley at 4.424 appeared in the frequency distribution (Fig. 3). Ninety two lines with relative values of seed coat color higher than 4.424 were classified as a group of yellow seed coat phenotype and 29 lines with lower values than 4.424 were grouped into black seed coat phenotype. Furthermore, the ratio of yellow seed coat lines to black seed coat lines in the F 2:3 families was 92: 29 (11 data missing), fitting well to the expected Mendelian 3:1 ratio (х 2 =0.0248, х 2 ≤х 2 0.01,1 j), which provided strong evidence for a major quantitative trait locus controlling the yellow seed coat color phenotype.

For seed coat color, we detected 2 QTL using multiple interval mapping method with LOD score of 2.7. They explained 46% and 30.9% of the phenotypic variation, and distributed within the 5th and 19th linkage group, respectively (Table 1). One major quantitative trait locus, Sc1, located in the interval e7m4.150-Na12-E02.550 on LG5 and explained 46% of phenotypic variation. The positive additive effects of Sc1 and Sc2 represent the alleles from the yellow-seeded parent GH 06 and have positive effects on the seed coat color.

Discussion

F 1 plants were yellow, being quite similar to their female parent GH 06 , but significantly different from their male parent Youyan 2, which demonstrated that the seed coat color was controlled by dominant yellow seeded genes. The separate rate between the black and yellow seed in F 2 individuals and F 2:3 families displayed that the seed coat color was controlled by one major locus in this B. napus population. Furthermore, the seed coat color may be affected by the epistatic and environmental interaction effects. The yellow-seeded B. napus parent GH 06 in the present study was developed by multi-crossing (blackseeded B. napus × yellow-seeded B. juncea) × yellow-seeded B. napus followed by self-pollinating for 10 generations. GH 06 is greatly different from other yellow-seeded B. napus in which the seed color is a dominant character and inherits stably, while the seed coat color of the yellow-seeded B. napus reported before was controlled by 3-4 recessive loci [START_REF] Van Deynze | The identification of restriction fragment length polymorphisms linked to seed color genes in Brassica napus[END_REF]. The most possible reason is that the yellow-seeded B. napus from different sources are controlled by distinct yellowseeded loci [START_REF] Li Jia-Na | Initial study on the genetics of seed color of the yellow-seeded lines (Brassica napus L.) from different genetic sources[END_REF]. To date, a novel yellow-seeded cultivar 'Yu-yellow No.1' originated from parent GH 06 has been widely cultivated in Yangtze River area and Southwest of China.

The seed coat color measurement method of Brassica differed greatly in different researches. Many researchers identified the seed coat color with eye observation [START_REF] Rahman | Development of yellow-seeded Brassica napus of double low quality[END_REF], which will bring about subjectivity usually. But Technicon near-infrared reflectance (NIR) spectrophotometer [START_REF] Van Deynze | Temperature effects on seed color in black-and yellow-seeded rapeseed[END_REF] and colorimeter [START_REF] Somers | Identification of a major gene and RAPD markers for yellow seed coat color in Brassica napus[END_REF] were also used to determine the Brassica seed coat color. In our research, the dissecting-microscope was used to scale the seed coat color based on the different exposure time, which would reduce the subjectivity and simplify the evaluation.

Developing molecular markers associated with the seed coat color QTL in these cultivars may accelerate breeding progress for seed coat color improvement in B. napus. Field screening of breeding materials is difficult because of the effects of temperature and other environmental factors. Based on the linkage map, markers tightly linked to major locus of seed coat color can be converted into SCAR markers and used for selection in our yellow-seeded B. napus breeding programs. DNA marker technologies such as RFLP and SSR have been widely used in genotyping and molecular mapping in B. napus [START_REF] Saal | Microsatellite markers for genome analysis in Brassica.II. Assignment of rapeseed microsatellite to the A and C genomes and genetic mapping in Brassica oleracea L[END_REF]. However, low polymorphism, low throughput, and high cost of RFLP make it difficult to use them for MAS (Marker Assistant Selection) in B. napus. In contrast to RFLP, SSR is simple and able to detect a high level of polymorphism in B. napus. Once identified, some SSR markers are well adapted to large-scale, locus-specific application. Unfortunately, the number of SSR primers is still limited in Brassica, and the development of SSR primers requires fairly sophisticated training and resources. So far, genetic mapping of microsatellites in Brassica species has been scarcely reported [START_REF] Uzunova | Abundance, polymorphism and genetic mapping of microsatellites in oilseed rape (Brassica napus L.)[END_REF]. At the same time, AFLP markers are multiplex and highly polymorphic in Brassica. In our research, we could get five polymorphic loci averagely for each AFLP primer combination which could appear steadily thrice between the two parents. It is a rich marker source for molecular mapping and QTL tagging of important Brassica traits.

Two QTL were detected in our study, and explained 30.9% and 46% of the phenotypic variation, respectively. The unexplained part of the genetic variation for seed coat color may result from the incomplete coverage of the linkage map and from the somewhat limited size of our sample pool, which impeded us to detect very low effect QTL or the digenic interactions. Besides RAPD and SCAR markers, no QTL related to seed coat color was detected to date. The most possible reasons are the different origin and genome composition of different yellow-seeded materials. In addition, a good coverage of the genome is a prerequisite to identify markers linked to genes controlling important agronomic characters.

Conclusions

The seed coat color was controlled by a major dominant locus and can be used in molecular assisted selection for yellow seeded B. napus breeding program. Oil Crops Institute of Guizhou Academy of Agricultural Sciences, Guiyang China 550006 2. Guizhou Province Agricultural Department, Guiyang China 550001 Email: zfwei888@hotmail.com

Abstract

The leaf-on-leaf in Brassica napus L. is an easy to identify morphological marker character during seedling stage. The main expression is that a couple of leaflets growing on its normal leaf. It has the great research and utilization value on rapeseed genetics and breeding. We investigated its growth location, size, genetic mechanism and relations with the nuclear male sterile genes. The results showed: 1~5 leaf-on-leaf leaflets grown on the face of vein every normal leaf, the size of leaflet ranged 0.05~4.20m 2 . The leaf-on-leaf character was dominant relative to the non leaf-on-leaf and it was controlled by two genes in B. napus. The new recessive male sterile line of leaf-on-leaf was obtained through backcross breeding with the recessive male sterile line 98-116A and the leaf-on-leaf line T2632 as parents. The leaf-on-leaf male sterile line has the advantage of higher sterile plants ratio, and its sterile plants ratio had reached above 90% and higher observably than 98-116A' sterile plant ratio. Research result showed that its genetic mechanism was different from normal rapeseed recessive male sterile lines. The main aim in this paper was to summarize and evaluate the investigated results and utilization foreground about leaf-on-leaf in B. napus L.

Key words:

Brassica napus, leaf-on-leaf character, morphological marker, genetic mechanism, nuclear male sterility Rapeseed is similar to other crops, with a lot of specific and evident characters, which are so-called genetic properties. Some of these specific properties follow the Mondel's genetic laws in its genetical pathway. These characters can be inherited and expressed stably in its offspring, without beeningt affected by environmental conditions. So it has more significance in rapeseed genetical and shape marker research. These characters can be also regarded as important indication characters in heterosis utilization of rapeseed, such as petal color (white petal), no petal, no wax powder, purple stem and aubergine leaf characters [1,2,3,4,5] . The rapeseed leaf mutant material had been discovered in hybrid offspring materials of B. napus L, and it was called rapeseed leaf-on-leaf material. There are a couple of leaflets (no handle) on normal leaf face and its expression is very evident at seedling stage [1] . The leaf shape investigation and genetic research results had identified the leaf-on-leaf character has the properties that can be stably inherited and not affected by environmental conditions. In addition it can be expressed with a certain genetic ratio in the offspring [2,6] . The backcross breeding work of new recessive male sterile line of leaf-on-leaf between 98-116A and T2632 began from 2000. The rapeseed leaf-on-leaf genes had been introduced into original recessive unclear male sterile line through backcross breeding approach. Now we had obtained the genetic stable recessive male sterile line of leaf-on-leaf (T2632A). It has a significant property, which is high sterile plant ratio in its populations. The sterile plant ratio of some lines of among recessive male sterile lines of leaf-on-leaf can reach above 90%, but general sterile plant ratio of recessive unclear male sterile line is only 50%. So this male sterile material will play a role in the future two-line heterosis utilization and studies in B. napus L.

Discovery and genetic study of Leaf-on-leaf material in B. napus L.

Discovery of leaf-on-leaf material

The leaf-on-leaf plants were discovered in the hybrid progenies and resource material in B. napus. There are a couple of leaflets (non handle) on normal leaf surface and its expression is very evident at seedling stage [1] . It was named the leaf-on-leaf. Selection of the plants with typical leaf-on-leaf property was taken and with continuous selfed pollination to produce progenies. At the same time, we investigated the numbers, growth place and size of leaf-on-leaf in B. napus. The stable leafon-leaf lines were obtained.

Genetic study results of leaf-on-leaf in B. napus L

Using conventional genetic principle and methods, crossing between the leaf-on-leaf character line T2632 and the non leaf-on-leaf character lines, such as Zhongshuang 2, Zhongshuang 4 and Qianyoushuangdi 2. F 1 seeds of six cross combination were obtained and they were self-pollinated by bag isolation to autogamy and collected F 2 hybrid seeds respectively. On the side we selected to backcross between leaf-on-leaf plants (female parents) and respectively three non leafon-leaf lines (Zhongshuang 2, Zhongshuang 4 and Qianyoushuangdi 2) as backcross male parents, and obtained backcross offspring seeds BC 1 and BC 2 . We investigated the segregation ratio of F 2 , BC 1 and BC 2 offspring populations between leaf-onleaf and non leaf-on-leaf plants.

The results indicated: the phenotypes of all plants in F 1 generation expressed the leaf-on-leaf property whatever in positive and reverse cross. So it was confirmed that the leaf-on-leaf character is dominant to non leaf-on-leaf in B. napus. And

In the six F 2 populations, there were two genetic segregation ratio between leaf-on-leaf and non leaf-on-leaf. They were 15 (leaf-on-leaf) ׃ 1 (non leaf-on-leaf) and 3 (leaf-on-leaf) 1׃ (non leaf-on-leaf). Selecting the leaf-on-leaf plants in F 1 generation to backcross with Zhonghuang 2, Zhongshuang 4 and Qanyoushuangdi 2 (non leaf-on-leaf), respectively. We had obtained 18 backcross offspring and observed the form characters of seedling leaves. There were two genetic segregation ratio (3 leaf-on-leaf ׃ 1 non leaf-on-leaf; 1 leaf-on-leaf ׃ 1 non leaf-on-leaf) between leaf-on-leaf and non leaf-on-leaf in these backcross populations. These results derived from the genetic tests and analysis of crossed, selfed and backcrossed populations between leaf-on-leaf and non leaf-on-leaf had identified that leaf-on-leaf property was controlled by two pairs of dominant genes, and accorded with the Mondel's independent genetic law of two pairs of genes [2,6] .

2. Genetic integration of leaf-on-leaf trait into nuclear recessive male sterile material and study on fertility relation in B. napus L

The genetic transfer-breeding process of leaf-on-leaf male sterile line

Using the sterile plant of 98-116A (double-low nuclear recessive male sterile line in B. napus) as female parent and continuously backcrossed with leaf-on-leaf line T2632. T2632 was also double-low leaf-on-leaf line and this character was stably transmitted, all plants in its population had leaf-on-leaf property. There were all fertile leaf-on-leaf plants in F 1 and BC 1 generation. Selecting the strong leaf-on-leaf fertile plants in BC 1 and self with bags. The segregation population where there were sterile and fertile plants would be appeared after these plants were selfed for two generations. We continued to select the leaf-on-leaf fertile and to self in the segregation populations. The ratio of leaf-on-leaf sterile plants would be improved quickly along with the selfed generations were added. The same time qualities of rapeseeds should be tested and selected good qualities to self in each generation. The new leaf-on-leaf double-low male sterile line T2632A obtained after screen and test of 4~5 selfed generations. Its sterile ratio could achieve above 90% and much higher than 98~116A [7,8] . This is very unusual and interesting genetic phenomenon that we can't explain with traditional genetic principle.

F 1 fertilities compare between sterile lines T2632A, 98-116A and testcross parents

We observed the sterility restoring results of F 1 population among the test hybrids between T2632A, 98-116A and each test variety (Table 2). These results indicated that three testcross varieties could fully restore the sterility of T2632A and the F 1 generation plants fertility ratio reached 100%. The testcross varieties were Zhongshang 7, Huyou 12 and Zheshuang 72 respectively. While all testcross varieties (8 varieties) could restore the sterility of 98-116A and all plants of cross hybrids (F 1 ) expressed fertility. The restoring ratio also reached 100%. It illustrated the testcross varieties were the restoring lines of non leaf-on-leaf recessive male sterile line 98-116A. The results also identified that sterile restoring mechanism had changed possibly because the leaf-on-leaf trait had been introduced into non leaf-on-leaf recessive male sterile material in B. napus.

Application perspective and outlook of leaf-on-leaf trait in B. napus

It had been identified by genetic tests and the law of inheritance that leaf-on-leaf trait in B. napus was controlled by two pairs of independent dominant genes. And it has expressed the evident morphological characteristic at seedling stage. So it can be regarded as the important form marker trait for genetical basic research and heterosis utilization in B. napus. In the heterosis research and application in B. napus, the leaf-on-leaf trait can be introduced into restoring and male sterile lines by cross and backcross approach. So F 1 hybrid can express the leaf-on-leaf character at seedling stage. According to this property, we are able to distinguish the real or fake hybrids, and ensure seeds qualities, reduce producing cost and improve seed production in the hybrid producing process. It will play a significant role on the two-lines heterosis utilization in B. napus. 

Introduction

Amongst oilseed brassicas, Indian mustard (Brassica juncea Czern and Coss.) is the major crop in India occupying nearly 90% of the area under oilseed Brassica (Prakash et al. 2004). To increase productivity of any crops, breeders have aimed to develop high yielding and better quality cultivars. This is normally achieved by selecting the desirable genotypes in the segregating generation following hybridization. For the choice of diverse parents, the information on genetic relationships and diversity among the available genotypes are helped in formulation of crop improvement programme. Assessment of genetic diversity in germplasm collection can facilitate classification and identification of genotypes with possible utility for specific breeding purposes. The utility of classifying germplasm to select diverse parents for hybridization had been appreciated [START_REF] Bhatt | Multivariate analysis approach to selection of parents for hybridization aiming at yield improvement in self pollinated crops[END_REF]. Therefore, an attempt has been made to study genetic divergence among the genotypes of Indian mustard.

Materials and Methods

A total of 84 entries, including 28 tetralocular siliqua and brown seeded, 27 bilocular siliqua and yellow seeded, and 29 bilocular siliqua and brown seeded, were sown in group block design with three replications at Agricultural Research Station, Mandor-Jodhpur, India. The plots were comprised of five rows of 5 m length, and the spacing between rows and between plants within the row were 30 and 10 cm, respectively. Observations on 12 agronomical important characters were recorded on five randomly selected plants from each plot, except days to flowering, days to maturity, oil content and seed yield which were recorded on whole plot basis. The data were subjected to analysis of variance following standard method [START_REF] Gomez | Statistical Procedures for Agricultural Research[END_REF]. The clustering was performed by procedure of Ward's minimum variance method [START_REF] Ward | Hierarchical grouping to optimize an objective function[END_REF]) using INDOSTAT software (Indostat Services, Hyderabad).

Results and discussion

Mean sum of squares (MSS) between three groups were highly significant for all the characters showing greater variability among the groups (Table 1). Similarly MSS for all the characters within groups, except plant height, primary branches/ plant, main raceme length, siliquae/ plant and siliqua length in tetralocular group, were also significant depicting large variability for these attributes.

A hierarchical cluster analysis of Ward's minimum variance method produced a dendrogram showing successive fusion of individuals which clearly partitioned the genotypes into six clusters (Fig. 1). The clustering pattern indicated that all the 28 entries having tetralocular siliqua were accommodated in a single cluster VI whereas remaining 56 entries having bilocular siliqua were spread over in five clusters (I to V). Clusters I comprised 27 entries (24 brown seeded and 3 yellow seeded). Cluster II had four entries having brown seed color while cluster III comprised 17 entries all with yellow seed color. Cluster IV had seven entries (6 yellow seeded and 1 brown seeded). Cluster V was a solitary cluster having a single entry with yellow seed color.

The mean values of the characters in various clusters exhibited that different clusters were superior in respect of different characters (Table 2). Cluster I comprised entries with the earliest maturity and maximum seed yield. Cluster II had entries with the longest main raceme and maximum siliquae on main raceme. Cluster III comprised entries with the maximum oil content.

Cluster IV comprised entries with the longest siliqua. Cluster V had a single entry with the tallest height, maximum primary branches/ plant and maximum siliquae/ plant. While entries comprised in cluster VI were earliest in flowering and had the maximum seeds/ siliqua and highest 1000-seed weight.

The intra-cluster Euclidean 2 distances ranged from 8.8 (cluster VI) to 15.8 (cluster II) and did not transgress the limit of any of the inter-cluster distances (Table 3). The inter-cluster distances ranged from 18.8 to 110.8. The wide range of distances revealed that enormous diversity among the genotypes under study. The inter-cluster distance was maximum between clusters V and VI (110.8) followed by clusters I and V (88.5), clusters III and V (79.8), clusters II and V (76.9), and clusters IV and V (64.9). The crosses between genotypes of these diverse clusters might be having more chances of getting desirable segregants [START_REF] Arunachalam | Heterosis in relation to genetic divergence and specific combining ability in groundnut (Arachis hypogaea L.)[END_REF]. The inter-cluster proximity was maximum between clusters I and III, indicating that these were closely related.

Contribution of different characters towards total genetic divergence revealed highest contribution of seeds/ siliqua (10.5%) followed by main raceme length (10.4%), siliquae on main raceme (10.0%), siliqua length (8.5%), primary branches/ plant (8.1%) and seed yield (8.1%). These attributes could be offered ample scope for selection of desired genotypes. [START_REF] Dhillon | Diversity analysis of highly selected genotypes in Indian mustard (Brassica juncea Czern & Coss[END_REF] reported that seed yield/ plant and main raceme length were contributed maximum to divergence while [START_REF] Arunachalam | Marker-aided genetic divergence analysis in Brassica[END_REF] found that flowering time and single plant yield were contributed nearly 50% to divergence in Brassica. 

Introduction

Canola is the third most important source of plant oil in the world after soybean and palm oil. Rapeseed exports are now the second largest volume oilseed traded following soybeans. [START_REF] Sovero | Rapeseed, a new oilseed crop for the United States[END_REF]. It is also an excellent rotation crop to control cereal diseases, pests and weeds. It has a good stable yield, which requires normal farm equipment. Presently, over 90% of vegetable oil consumed in Iran is imported from abroad. In general, Rapeseed is a new and promising oilseed crop for this region. There are agricultural opportunities to increase canola production and the expansion of canola (Brassica napus L.) in Iran has been dramatic. However, for newly introduced crops, it is necessary to asses the appropriate production technology to different environments. Among many of others, the nutritional requirements of the crop are considered to be the most important factor. Nitrogen (N) fertilizers play a vital role in enhancing crop yield. A higher rate of N application increases leaf area development, improves leaf area duration (LAD) after flowering and increases overall crop assimilation, thus contributing to increased seed yield [START_REF] Cheema | Effects of time and rate of nitrogen and phosphorus application on the growth and the seed and oil yields of canola (Brassica napus L.)[END_REF]. [START_REF] Allen | A quantitative analysis of the effects of nitrogen on the growth, development and yield of oilseed rape[END_REF] concluded that N increases yield by influencing a variety of growth parameters such as the number of branches per plant, the number of pods per plant, the total plantr weight, the leaf area index (LAI), and the number and weight pods and seeds per plant. [START_REF] Leach | Effects of high plant populations on the growth and yield of winter oilseed rape (Brassica napus)[END_REF] showed the effect of high plant density in reducing the number of pods per plant as well as dry matter per plant. Moreover, they observed that at very high densities, 1000 seed mass was increased.

Materials and Methods

A field experiment was conducted in 2003-2004 at Agronomic Research Area, college of Agriculture, Shahid Chamran University of Ahvaz (31°19'N, 48°41'E), Iran. This area is situated at an elevation of 22 m above sea level. During conduction of experiment it has average minimum and maximum temperature 13.6 and 25.6, respectively. The soil at the experimental site (0-30 cm soil layers) was a silty clay loam; the pH and EC were 7.95 and 2.9 mmohs, respectively. The experiment was split-plot designs, with plant densities as the main plots and the time of nitrogen application as subplots randomized within them. The experiment was replicate four times. The area of each sub plot was 10 m 2 consisting of eight rows, 4 m long and 30 cm apart. N fertilizer applied (180 kg N ha -1 ) as urea form. All plots received phosphorus at 110 kg ha -1 as phosphate de ammonium and potassium at 100 kg ha -1 as potassium sulfate at sowing. The crop (Brassica napus L var. Hyola 401) was sowing at a 25-mm seeding depth on 18 November 2003. Plots were thinned to final plant density of about 100 plants m 2 at seedling stage. A 0.8-m alley was left around each plot to avoid plot to plot N contamination during irrigation. Weeds were controlled with hand weeding or by mechanical cultivation as needed. Seed yields were taken at maturity by harvesting the center two rows of each plot for seed yield determination. Seed yield was adjusted to a 10.0% moisture basis. Eight plants were collected randomly from the central two rows and the following growth and yield component variables were recorded for each plot; plant height, number of branches per plant, pod number per plant and 1000-seed weight. Seed oil content was determined by the Soxhlet apparatus and seed N concentration by micro-Kjeldahl method. All data were analyzed with the GLM procedure using the SAS package (SAS Institute, 1996).

Result and discussion

Seed yield

The study showed that the main effect of plant densities and time of nitrogen applications on seed yield was significant (Tables 1). The seed yield increased with increasing the number of plant per m 2 up to D3 treatment (100 plant m -2 ) so the maximum and minimum seed yield was obtained at 100 and 60 plant per m 2 by 4247.4 and 2177.2 Kg ha -1 respectively (Table 2). Increasing the seed yield in highest plant densities to lower was due to highest pods per m2 and higher LAI in higher plant densities [START_REF] Angadi | Yield adjustment by canola grown at different plant population under semiarid conditions[END_REF]. As see at Table 2 application of nitrogen at 3 times (T 1 ) increased seed yield significantly. The higher seed yield in this treatment was largely due to higher pods per m 2 . Means comparison of interactions by Duncan indicated that there was significant difference among different treatments (Table 2). Generally in each plant population level, application of nitrogen at 3 times significantly increased seed yield. Maximum and minimum seed yields were approximately 4404.4 and 1818.4 kg ha -1 that obtained from 100 plant per m2 and application of nitrogen at 3 times (D 3 T 1 ) and 60 plants per m 2 and application of nitrogen at 2 times, 1/2 at sowing date and 1/2 at stem elongation, (D 1 T 3 ) respectively. These findings clearly suggest the importance of nitrogen for higher seed production in rapeseed crops. Seed yield of rapeseed was much altered by N fertilization as suggested by [START_REF] Hocking | The response of dryland canola to nitrogen fertilizer: partitioning and mobilization of dry matter and nitrogen effects on yield components[END_REF], [START_REF] Cheema | Effects of time and rate of nitrogen and phosphorus application on the growth and the seed and oil yields of canola (Brassica napus L.)[END_REF].

Harvest index (HI)

Increasing the number of plant per m 2 up to 80 plants per m 2 increased the HI significantly (Table 2). But time of nitrogen application had no significant effects on HI. highest and lkowest HI was obtained at 100 and 60 plant densities (27.5 and 17.5, respectively). Means comparison of interactions on HI by Duncan indicated that there was significant difference among different treatments. As can be seen from Table 2, at each level of plant density application of nitrogen at 3 times increased HI. This is duo to effect of nitrogen on assimilate partitioning. These results are consistent with those reported by [START_REF] Noreldin | Yield response of two rapeseed cultivars to irrigation intervals and nitrogen fertilizer under sandy soil conditions[END_REF].

Oil content

The different levels of plant densities and time of nitrogen application did not affect the oil content (Table 1). Means comparison of interactions on oil content by Duncan indicated that there was significant difference among different treatments. In general use of nitrogen at the beginning of flowering (T 1 ) led to decreasing of oil content. This results was not surprising as similar effects have been reported [START_REF] Noreldin | Yield response of two rapeseed cultivars to irrigation intervals and nitrogen fertilizer under sandy soil conditions[END_REF][START_REF] Cheema | Effects of time and rate of nitrogen and phosphorus application on the growth and the seed and oil yields of canola (Brassica napus L.)[END_REF].

Oil yield

The study showed that the main effect of plant densities on oil yield was significant however the effects of time of nitrogen application weren't significant (Tables 1). The oil yield increased with increasing the number of plant per m 2 up to D3 treatment (100 plant m -2 ) so the highest and lowest oil yield was obtained at 100 and 60 plant per m 2 by 1770 and 886.2 Kg ha - 1 respectively (Table 2). Increasing the oil yield in highest plant densities to lower was due to highest seed yield in higher plant densities. Similar results were reported by many other workers [START_REF] Leach | Effects of high plant populations on the growth and yield of winter oilseed rape (Brassica napus)[END_REF][START_REF] Prakash | The effect of gobhi sarson (Brassica napus) to nitrogen and plant population[END_REF][START_REF] Shaberi | The response of nitrogen level and row spacing on the rape[END_REF]. Means comparison of interactions on oil yield by Duncan indicated that there was significant difference among different treatments. Maximum and minimum oil yields were approximately 1825 and 763.8 kg ha -1 that obtained from 100 plants per m 2 and application of nitrogen at 3 times (D 3 T 1 ) and 60 plants per m 2 and application of nitrogen at 2 times, 1/2 at sowing date and 1/2 at stem elongation, (D 1 T 3 ) respectively. As can be seen from Table 2, at each level of plant densities application of nitrogen at 3 times increased oil yield. This is duo to effect of nitrogen on seed yield.

1000-seed weight

There were no significant differences in mean seed weight among the different levels of plant densities and time of nitrogen application (Table 1). Similar results were reported by many other workers [START_REF] Munir | Dry matter accumulation, height and seed yield in spring oilseed rape as affected by fertilizer and spacing[END_REF][START_REF] Angadi | Yield adjustment by canola grown at different plant population under semiarid conditions[END_REF]. In fact the 1000-seed weight is one of the genetically controls characters.

Number of branches

The different levels of plant densities and time of nitrogen application and their interactions affect the number of branches significantly (Table 1). The number of branches decreased with increasing the number of plants per m 2 to the 100 plants m -2 (Table 2). Use of nitrogen at 3 times can significantly increase the number of pods per m 2 (Table 2). Use of nitrogen at the beginning of flowering in this treatment induced the plants to produce higher branches. As can be seen from Table 2, at each level of plant densities application of nitrogen at 3 times increased oil yield.

Number of pod per m 2

Number of pods per plant is commonly a major determinant of rapeseed yield and this character is dependent on the number of flowers produced by plant [START_REF] Ozer | Sowing date and nitrogen rate effects on growth, yield and yield components of two summer rapeseed cultivars[END_REF]. Significant differences in the number of pods per m 2 were observed among the different plant densities (Table 1). The number of pods per m 2 increased with increasing the number of plants per m 2 to the 100 plants m -2 (Table 2). These results are consistent with those reported by [START_REF] Angadi | Yield adjustment by canola grown at different plant population under semiarid conditions[END_REF]. Furthermore time of nitrogen application has significant effects on number of pods per m 2 (Table 1) and use of nitrogen at 3 times can significantly increase the number of pods per m 2 . Use of nitrogen at the beginning of flowering in this treatment induced the plants to produce higher branches and greater number of pods being carried by each inflorescence. [START_REF] Cheema | Effects of time and rate of nitrogen and phosphorus application on the growth and the seed and oil yields of canola (Brassica napus L.)[END_REF] also showed that the number of pods per plant increased with increasing rates of N. The interaction of treatments on number of pods per m 2 significantly influences the number of pods per m 2 . The highest number of pods per m 2 was obtained from 100 plants per m 2 and use of nitrogen in 3 times (D 3 T 1 ).

Number of seed per pod

As show in table 1, different levels of plant densities and time of nitrogen application had no significant effects on number of seed per pod. Similar results were reported by many other workers [START_REF] Mcgregor | Effects of plant density on development and yield of rape seed and its significance to recovery from hail injury[END_REF][START_REF] Angadi | Yield adjustment by canola grown at different plant population under semiarid conditions[END_REF]. Means comparison of interactions by Duncan indicated that there was significant difference among different treatments. Generally the highest number of seed per pod produced at 80 and 100 plants per m 2 by use of nitrogen at 3 times (D 2 T 1 ) and 2 times application of nitrogen in 2 stage, 1/3 at sowing date and 2/3 when stem elongation starts, (D 3 T 2 ), respectively (Table 2).

Plant high

There were no significant differences in mean plant high among the different levels of plant densities and time of nitrogen application and their interactions (Table 1). These results are consistent with those reported by [START_REF] Angadi | Yield adjustment by canola grown at different plant population under semiarid conditions[END_REF].

Conclusions

Different levels of plant density affected the harvest index (HI), seed yield, oil yield and number of pod per m 2 significantly, but not affected number of seeds per pod and 1000 seed weight. Time of nitrogen application has significant effects on seed yield and number of pod per m 2 . 

Introduction

Ethiopian mustard (Brassica carinata A. Braun) possesses a number of agronomic advantages over other oilseed brassicas in regions with semiarid conditions [START_REF] Knowles | Species of rapeseed and mustard as oil crops in California[END_REF][START_REF] Fereres | Productivity of Brassica juncea and B. carinata in relation to rapeseed, B. napus. I. Agronomic studies[END_REF]. Glucosinolates are secondary plant metabolites with antinutritional effects that adversely affect the nutritional value and organoleptic properties of food and animal feedstuffs [START_REF] Griffiths | Antinutritional compounds in the Brassicaceae: analysis, biosynthesis, chemistry and dietary effects[END_REF]. However, glucosinolates and their hydrolysis products possess beneficial properties as well. They show broad biocidal activity which can be used as an alternative to synthetic pesticides for pest and disease control [START_REF] Kirkegaard | Assessing the biofumigation potential of crucifers[END_REF][START_REF] Lazzeri | Biocidal plant dried pellets for biofumigation[END_REF]. Furthermore, glucosinolates exert positive influence against biological processes associated with cellular damage and cancer development [START_REF] Stoewsand | Bioactive organosulfur phytochemicals in Brassica oleracea vegetables. A review[END_REF]. In general, the genetic control of total glucosinolate content in Brassica spp. is complex and controlled by several genes [START_REF] Hill | Inheritance of progoitrin and total aliphatic glucosinolates in oilseed rape (Brassica napus L.)[END_REF]. The glucosinolate fraction of B. carinata seeds is mainly made up of sinigrin (2-propenyl), which accounts for more than 95% of the total glucosinolates in the seeds (Getinet et al., 1997). Although the genetic control of sinigrin synthesis in B. carinata has not been studied, the trait has been found to be controlled by three genes both in resynthesized B. napus forms [START_REF] Gland | Inheritance of content and pattern of glucosinolates in combinations of resynthesized rapeseed×rapeseed cultivars[END_REF] and in B. juncea [START_REF] Mahmood | Molecular mapping of seed aliphatic glucosinolates in Brassica juncea[END_REF].

The Ethiopian mustard line N2-6215, characterized by very high levels of glucosinolates in the seeds (170 µmol g -1 seed), was developed from the line C-101 (127 µmol g -1 ) following chemical mutagenesis. The objective of the present research was to study the inheritance of very high glucosinolate content in N2-6215 seeds and to evaluate the expression of the trait at the leaf level.

Material and Methods

Plant Material: C-101 is a standard Ethiopian mustard line with an average glucosinolate content of around 127 µmol g -1 .

The lines S2-1241, with slightly reduced glucosinolate content (115 µmol g -1 ) and N2-6215, with very high glucosinolate content (170 µmol g -1 ), were developed from C-101 following chemical mutagenesis and pedigree selection (Velasco et al., 1996;1999). Seeds of the three parents were sown in December 2002 and the plants were grown in pots in a screenhouse. Plants of N2-6215 were reciprocally crossed with plants of S2-1241 and C-101 in the spring of 2003. Microperforated plastic bags were used to prevent uncontrolled pollination. Crossing was done by emasculating immature flower buds of the female parent followed by immediate pollination of their stigmas with fresh pollen from open flowers of the male parent. F 1 plants were grown in the screenhouse in the spring of 2004 together with parent plants. They were self-pollinated to obtain F 2 seed and also backcrossed to both parents. The F 1 , F 2 and BC 1 F 1 plant generations were grown in the field together with plants of the parents in the spring of 2005. All the plants were bagged before flowering. Young leaves from the parents and the F 1 and F 2 generations of the cross C-101×N2-6215 were collected before flowering for the analysis of total glucosinolate content. Seeds from individual plants were harvested at maturity.

Seed glucosinolate analyses: Total glucosinolate content was measured on intact seeds by near-infrared reflectance spectroscopy (NIRS) with the pd-glucosinolate complex method [START_REF] Thies | Complex-formation between glucosinolates and tetrachloropalladate (II) and its utilization in plant breeding[END_REF] used as reference method for NIRS calibration (Velasco et al., 1999).

Leaf glucosinolate analyses: Young leaves, frozen at -80 ºC immediately after collection, were freeze dried and ground in a lab mill. The total glucosinolate content in the leaves was measured using the pd-glucosinolate complex method [START_REF] Thies | Complex-formation between glucosinolates and tetrachloropalladate (II) and its utilization in plant breeding[END_REF].

Statistical analyses: Maternal and cytoplasmic effects were studied in F 1 and F 2 seeds, respectively. The minimum number of genes k controlling total glucosinolate content was estimated following [START_REF] Wright | Evolution and the Genetics of Populations[END_REF]: k = (P 1 -P 2 ) 2 /8(S 2 F 2 -V E ), where P 1 and P 2 are the mean values of the two parents, S 2 F 2 is the variance of the F 2 plants and V E the environmental variance. V E was estimated by pooling the variances within the genetically uniform generations P 1 , P 2 and F 1 . The heritability of total glucosinolate content (h 2 ) was calculated as the ratio of the additive genetic variance to the total phenotypic variance [START_REF] Sánchez-Monge | Genética. Omega[END_REF].

Results and Discussion

The Ethiopian mustard lines S2-1241, C-101 and N2-6215 showed average glucosinolate contents of 94, 113 and 183 µmol g -1 , respectively. F 1 seeds from the cross S2-1241×N2-6215 averaged 124 µmol g -1 , whereas those from the reciprocal cross averaged 214 µmol g -1 . F 1 seeds from the cross C-101×N2-6215 averaged 170 µmol g -1 whereas those from the reciprocal cross averaged 207 µmol g -1 . The results indicated a strong maternal effect on total glucosinolate content.

At the F 1 plant level (F 2 seeds averaged), no significant differences between reciprocal crosses were observed (Table 1), indicating absence of cytoplasmic effects on this trait. The existence of cytoplasmic effects on total glucosinolate content in Brassica species is a matter for controversy, as they have been identified in some studies [START_REF] Kondra | Inheritance of major glucosinolates of rapessed (Brassica napus) meal[END_REF]Love et al., 1990) but not in others [START_REF] Rücker | Inheritance of total and individual glucosinolate content in seeds of winter oilseed rape (Brassica napus L.)[END_REF]. F 2 plants exhibited a great variation for glucosinolate content in both crosses, from 106 to 184 µmol g -1 in the cross S2-1241×N2-6215, and from 108 to 180 µmol g -1 in the cross C-101×N2-6215 (Fig. 1). Glucosinolate content in both F 2 populations showed continuous distributions, which was also the case for the BC 1 F 1 populations (Fig. 1). Estimates of heritability resulted in values of 0.31 in the cross S2-1241×N2-6215 and 0.35 in the cross C-101×N2-6215, indicating an important environmental effect on total glucosinolate content in Ethiopian mustard seeds. Previous studies in B. napus have reported higher values of heritability [START_REF] Rücker | Inheritance of total and individual glucosinolate content in seeds of winter oilseed rape (Brassica napus L.)[END_REF], although they included parents with a low glucosinolate content (≤10 µmol g -1 ).

The estimates of the number of genes controlling differences in glucosinolate content were obtained from the frequency distributions of parents, F 2 and BC (Fig. 1). The results indicated that at least 2-3 genes must be responsible for the very high glucosinolate (sinigrin) content in N2-6215. There are no previous studies on the inheritance of very high glucosinolate content in Brassica species. Genetic studies on total glucosinolate content including parents with low and high glucosinolate content have reported the presence of 2-3 segregating genes [START_REF] Siebel | Alkenyl glucosinolate levels in androgenic populations of Brassica napus[END_REF]Love et al., 1990) or even a greater number of genes [START_REF] Kondra | Inheritance of major glucosinolates of rapessed (Brassica napus) meal[END_REF][START_REF] Busch | Niedriger Glucosinolatgehalt als Zuchtziel für Winterraps[END_REF][START_REF] Toroser | RFLP mapping of quantitative trait loci controlling seed aliphatic glucosinolate content in oilseed rape (Brassica napus L.)[END_REF][START_REF] Mahmood | Molecular mapping of seed aliphatic glucosinolates in Brassica juncea[END_REF][START_REF] Rücker | Inheritance of total and individual glucosinolate content in seeds of winter oilseed rape (Brassica napus L.)[END_REF]. In relation to the inheritance of sinigrin content, the trait has been found to be controlled by three genes both in resynthesized B. napus forms [START_REF] Gland | Inheritance of content and pattern of glucosinolates in combinations of resynthesized rapeseed×rapeseed cultivars[END_REF] and in B. juncea [START_REF] Mahmood | Molecular mapping of seed aliphatic glucosinolates in Brassica juncea[END_REF].

Leaves of N2-6215 also expressed a higher glucosinolate content (59 ± 4 µmol g -1 ) than leaves of C-101 (52 ± 10 µmol g -1 ), whereas leaves of F 1 plants had an intermediate glucosinolate content (55 ± 4 µmol g -1 ). Glucosinolate content in the leaves of F 2 plants ranged from 20 to 63 µmol g -1 . A moderate but significant correlation (r=0. 34, p≤0.01) between seed and leaf glucosinolate content was observed in F 2 plants (Fig. 2). This correlation is lower than that reported in studies in B. napus (r>0.85) (Jürges, 1982;Schilling and Friedt, 1991).

There are interesting applications for Brassica germplasm with very high glucosinolate content, for example for use as green manure with natural biocidal activity [START_REF] Lazzeri | Biocidal plant dried pellets for biofumigation[END_REF]. The Ethiopian mustard line N2-6215, with a very high seed glucosinolate content that is also expressed at the leaf level, has a great potential for such applications. 

GENETICS AND BREEDING

Breeding for Stress Resistance

Introduction

Oilseeds Brassicas are the second most important oilseed crops after groundnut in India. The predominantly grown species (B. rapa and B. juncea) in Indian Sub-continent are susceptible to frost injury [START_REF] Dhawan | Freezing in oilseeds Brassica spp., some factors affecting injury[END_REF]. Although, the frost is not a common phenomenon, if it occurs it causes heavy yield losses and reduction in oil content. Frost damage occurs when ice forms inside the plant tissue and injures the plant cell. The extent of injury caused by frost mainly depends upon the temperature below freezing point, the period of that temperature and the crop stage at which frost occurs. The freezing can be either extra cellular (ice formation outside the cell) or intracellular (ice formation inside the cell). The ice formation inside the cell causes mechanical disruption of protoplasm [START_REF] Levitt | .Chilling, Freezing and high temperature stresses[END_REF]. The losses due to frost under rainfed conditions are higher than the irrigated conditions. Therefore in dry years, the frost protection is improved by wetting dry soils. During the crop season 2005-06, the temperature touched below zero i.e. -2.0, -2.7, -3.5, -2.0°C for four consecutive days for several hours (Jan. [6][7][8][9]2006) causing heavy yield looses in the entire Haryana State in early sown (first fortnight of October) crop under rainfed conditions. Therefore, benefit of natural frost was taken for screening the for frost resistance. Advanced breeding strains contributed by different research centers of All India Co-ordinated Research Programme were screened

Material and Methods

Thirty six Indian mustard genotypes contributed by different coordinating centers of AICRP programme were screened for their frost resistance /susceptibility under natural field condition. 30 siliquae from the main raceme of randomly taken five plants/genotype from each replication were used for the assessment of freezing injury. Killed seeds/ siliqua were counted seven days after the occurrence of frost. Per cent killed seeds/ siliqua were calculated using following formula :

Per cent killed seeds/siliqua = Number of killed seeds /siliqua Total number of seeds/siliqua ×100 Higher the % killed seeds / siliqua; more the genotype will be susceptible to frost

Results

During the season, the minimum temperature was below 0°C (-2.0, -2.7, -3.5, -2.0°C) for four consecutive days (Fig. 1), when the crop was at siliqua development stage. Due to frost, there were tremendous seed killing (Fig. 2) resulting into heavy yield losses. The higher the per cent killed seeds/ siliqua, more the genotype is susceptible to frost and vice versa. Data (Table 1) reveal that the extent of frost damage ranged from 3.9% (RM-110) to 78.1 % (NRCHB-303). The genotypes showing less than 20% killed seeds/siliqua were termed as frost resistant genotype such as RM-110 (3.9%), RRN 598 (13.1%), RH-9902 (16.3%), JGM3-02 (18.0%) and the genotypes showing damage in the range of 20 to 30% were referred as moderately resistant e.g. RH-0202 (22.2%), PRB-2004-06 (23.5%), RK-05-2 (25.0%), RK-05-1 (25.7%), RL-2106 (27.9%), NDR 05-2 (28.3%), JMWR-941-1-2 (28.9%), whereas, the genotypes showing more than 30% damage were categorized as frost susceptible genotypes. Negative significant correlations were observed between per cent killed seeds / siliqua with seed yield, oil content and days to flower initiation, where as negative non significant association for 1000 seed weight and days to maturity was observed (Table 2).

Discussion

The maximum seed killing was observed when plants were at the developmental stage. Similar results have earlier been reported by [START_REF] Dhawan | Freezing injury in Oilseed Brassica species[END_REF][START_REF] Chhabra | Concluding seminar of Indo-Swedish Collaborative Research Programme on rapeseed-mustard Improvement held at New Delhi from March 20-21[END_REF][START_REF] Singh | Rapeseed mustard Research at a Glance[END_REF], that plants are most susceptible to frost 30-35 days after initiation of flowering. The extent of damage in the present studies has been observed to be more in the early sown (by 15 th October) and the rainfed crops than the late sown (in first fortnight of November) and the irrigated plot. The possible explanation could be that the late sown crops were still in vegetative stage and hence escaped frost, whereas early sown crops were at a stage when Brassica crop is most sensitive to frost. Irrigated plots due to evaporation energy losses tend to counterbalance the benefit of radiation absorption [START_REF] Chhabra | Concluding seminar of Indo-Swedish Collaborative Research Programme on rapeseed-mustard Improvement held at New Delhi from March 20-21[END_REF] hence such plots escaped frost.

Conclusions

The present study revealed that out of thirty six genotypes, eleven genotypes namely; RM-110, RRN 598, RH-9902, JGM3-02 were tolerant and RH-0202, PRB-2004-06, RK-05-1, RK-05-2, RL-2106, NDR 05-2, JMWR-941-1-2 were moderately tolerant to frost. Keeping in view, the susceptibility of Brassica crop to frost, besides growing identified frost tolerant genotypes it is also advocated that frost management strategies viz: irrigation of crop, creating smoke around canopy, spray of Dimethyl sulphoxide @1ml/l before the expected period of frost may also be adopted. 

Introduction

White rust or white blister, caused by the oomycete Albugo candida (Pers.) Kuntze, is a disease of many Brassicaceae species, including the condiment mustard and oilseed crop Brassica juncea. The pathogen produces localised lesions on the leaves and systemic infection which results in distorted, sterile inflorescences (called stagheads). Resistance to the B. juncea attacking race 2 was introduced into Canadian B. juncea germplasm from brown and oriental B. juncea accessions [START_REF] Petrie | Races of Albugo candida (white rust and staghead) on cultivated Cruciferae in Saskatchewan[END_REF]. However, in Canada in 1989 a pathotype of race 2 that attacked the three commonly grown resistant B. juncea cultivars was discovered [START_REF] Petrie | New" races of Albugo candida (white rust) in Saskatchewan and Alberta[END_REF]. The avirulent isolate of race 2 was thereafter referred to as 2A and the "new" virulent pathotype was designated 2V [START_REF] Petrie | New" races of Albugo candida (white rust) in Saskatchewan and Alberta[END_REF]Rimmer et al., 2000). Resistance to pathotype 2V has not been identified in B. juncea germplasm, although resistance to 2V in B. napus has been introgressed into B. juncea [START_REF] Franke | The development and genetics of white rust (Albugo candida) race 2v-resistant canola quality Brassica juncea[END_REF].

B. juncea (Indian mustard) is only grown on a small area in Australia (less than 3000 ha), mainly for condiment production (Oram et al., 2005). However, canola quality B. juncea (juncea canola) has been developed to extend oilseed Brassica production to the lower rainfall areas within the southern Australian wheatbelt, as this crop is better adapted than B. napus canola to hotter and drier areas (Burton et al., 1999). Small scale juncea canola production is anticipated in 2007, with significant increases in area expected thereafter. Hence, the threat of white rust to this new crop needs to be assessed. The aims of these experiments are to determine the pathotype(s) of B. juncea infecting A. candida in Australia, and to assess advanced breeding lines of juncea canola for resistance to Australian pathotypes and the Canadian pathotypes 2A and 2V. The cotyledons of each cultivar were droplet inoculated using a 1×10 5 /ml zoospore suspension (10µl/cotyledon) and plants were maintained at 100% RH for 48 hrs in a randomised block design. Symptoms were assessed 8 to 9 days after inoculation using a visual 0-9 white rust rating scale based on the appearance of white rust pustules on the adaxial and abaxial surfaces of the cotyledons, where 0 = no pustules on either surface [START_REF] Fox | Correlation of spore production by Albugo candida on Brassica campestris and a visual white rust rating scale[END_REF]. The experiment was repeated using four of the isolates, which were selected to represent the range of variation observed on the differential B. juncea cultivars.

Materials and Methods

Pathotypic variation among isolates

Resistance screening of Australian juncea canola with pathotypes 2A and 2V: Advanced lines from the Victorian Department of Primary Industries juncea canola breeding program were screened for resistance to A. candida in Australia in 2004and 2006and in Canada in 2006. Canadian B. juncea cultivars resistant or susceptible to pathotypes 2A and 2V, B. rapa and B. napus cultivars were also included.

Seedlings were spray inoculated with a 1×10 4 /ml suspension of zoospores and kept humid for 24 hours. Symptoms were assessed 8 to 9 days after inoculation as described for the pathogenic variation experiments. The experiments were set out in a replicated randomised complete block design.

Statistical analysis: Analysis of variance (AVOVA) were performed using Genstat and least significance difference (LSD 0.05 ) was calculated, enabling pairwise comparisons of white rust rating means. Pearson's correlation coefficient was calculated to compare the white rust rating of B. juncea lines screened in Australia and Canada using pathotype 2A.

Results and Discussion

Pathotypic variation among isolates: There were no significant differences between isolates for white rust rating and no significant interaction between the effect of white rust isolate and Brassica differential on white rust rating, indicating that all isolates tested were the same pathotype. All isolates of A. candida caused significantly less infection on the B. rapa differentials Torch and Reward than the B. juncea differentials, which indicated that all 24 isolates were race 2. B. juncea differential Commercial Brown developed significantly more severe white rust symptoms than Vulcan and Arid (Fig. 1), which indicated that the isolates were pathotype 2A. Resistance screening of Australian juncea canola: There were significant differences in white rust rating between the breeding lines (p≤0.05). The Australian B. juncea lines ranged from susceptible to resistant to both the Australian and Canadian 2A isolates, whereas, all B. juncea lines were susceptible to the Canadian 2V isolate (Fig. 2). There was a highly significant (p≤0.01) correlation between the white rust ratings of the lines inoculated with the Canadian 2A and Australian 2A pathotypes (Pearson's correlation coefficient = 0.87), which supports the classification of the Australian isolates as pathotype 2A and suggests that these 2A isolates are the same in both countries.

Conclusions

All of the A. candida isolates collected from eight B. juncea trial sites in south eastern Australia were classified as pathotype 2A. Thus, further collection and screening of isolates is underway to determine if pathotype 2V is present in Australia.

Resistance to Australian and Canadian isolates of A. candida (pathotype 2A) was observed in well adapted Australian advanced breeding lines from the Victorian juncea canola breeding program, which indicates that selection can be undertaken for resistance to 2A in Australia without access to additional genetic resources. In comparison, all the Australian juncea canola breeding lines were susceptible to pathotype 2V, which represents a significant threat to Australian cultivars should that pathotype be found in Australia, as resistance to pathotype 2V has not been reported in B. juncea germplasm.

The current Australian breeding programs have not included the Canadian B. napus-derived source of 2V resistance, although attempts are underway to incorporate the A. candida 2V resistance from B. napus, which was introgressed into B. juncea by [START_REF] Franke | The development and genetics of white rust (Albugo candida) race 2v-resistant canola quality Brassica juncea[END_REF], into an Australian background. Further pre-emptive breeding and selection will be required to ensure resistant cultivars are released in the future.

Introduction

Among the oilseeds, rapeseed-mustard group of crops occupies prominent position in India as well as in the world. During 2005-06, the rapeseed-mustard crop had worldwide production of 46.65 mt. from an area of 27.17 mha. with an average productivity of 1720kg/ha. Of which, India's share in production and area were about 8.60mt.and 7.2mha.,respectively. The yield per hectare of rapeseed-mustard in India (902 kg) was just 56 per cent of the world's average. As maturity duration of Indian cultivars is only 4-5 months compared to almost 10 months in other rapeseed-mustard growing countries like Canada and European countries, the per day productivity of Indian cultivars is quite at par with the world average. Considering the extensive yield losses caused due to drought stress, especially in the tropical world, the major global research focus has been to develop suitable strategies to mitigate the stress effects. The occurrence and severity of drought stress is highly unpredictable and is compounded by the diverse nature of soil physical characteristics, hence rendering drought research highly complicated. Due to these reasons as well as the variations in the extent and mode of response of crop plants to drought stress, progress made to sustain productivity under drought stress has been rather slow. However several traits, physiological process relevant for adaptation to drought have been characterized and validated. Opinion accruing from the literature clearly suggests that mitigating the stress effects would be possible only through introducing relevant 'stress tolerance traits' into an agronomically elite background. Among several traits that impart drought tolerance, WUE, the amount of dry matter produced per unit amount of water transpired, seems to be most relevant. As per Passioura's growth and yield model (1986,1996), WUE is an important yield-determining factor. Improving water use efficiency (WUE) would reduce the water requirement for a specific yield potential and thus can help save considerable amount of irrigation water. Further, an improvement in WUE can significantly enhance total biomass production as well as yield at a given level of soil water availability.

Though exploitable genetic variability in WUE was documented almost a century ago [START_REF] Briggs | The relative water requirement of plants. In Investigations in Green Plains in 1910 and 1911[END_REF], significant progress in assessing genetic variability in WUE was achieved after the establishment of the physiological links between carbon isotope discrimination (Δ 13 C) and WUE [START_REF] Farquhar | Isotopic composition of plant carbon correlated with water use efficiency of wheat cultivars[END_REF][START_REF] Farquhar | Carbon isotope discrimination and photosynthesis[END_REF]. Several container and field experiments have validated that Δ 13 C is a surrogate of WUE in many crop species (Condon et al., 1987, in Triticum aestivum L. and T. turgidum L. durum ;Read et al., 1991, in Agrpyron desertorum ;Ismail and Hall, 1992, in Vigna unguiculata L. Walp ;[START_REF] White | The potential to use carbon isotope discrimination as a selection tool to improve water use efficiency in soybean[END_REF] in Glycine max (L.) Merr ; Udayakumar et al., 1998 a ;Shshshayee et al., 2003, in several field crops and perennial species).

In the present investigation improved germplasm of Indian mustard for drought prone areas were evaluated for WUE utilizing carbon isotope discrimination technique to identify appropriate donors with high WUE for utilization in the breeding program.

Material and Methods

The experiment was conducted in augmented design during the rabi season of 2004-2005 using 320 germplasm including checks Varuna, Kranti and Rohini. The checks were used in each plot in between the breeding lines. Besides 39 released varieties 281 germplasm were also used in the experiment. Each germplasm / breeding line was sown in four row, each of 5 m long. The row-to-row and plant-to-plant distances were kept as 30 cm and 10 cm respectively. The recommended doses of fertilizer (NPK: 80:40:40 kg/ha.) were given to the crop. The half of the recommended dosage of nitrogen and full dose of phosphorus and potassium were applied at the time of sowing and top dressed the remaining half of the N just after first irrigation in the form of urea. The recommended two irrigations were given to the crop at bolting and flowering stage. The thinning and weeding were done at 15 days after the sowing.

The measurement obtained from the SPAD chlorophyll meter (SPAD-502, Minolta Corp., Ramsey, NJ) is based on the differences between light attenuation at 430 nm(the peak wavelength for chlorophyll a and b) and that at 750 nm (near infra red) with no transmittance. Thus the SPAD chlorophyll meter reading (SCMR) represents the chlorophyll concentration in the leaf. The SCMR were made on 70 days old plants in the field trials. The leaves were sampled from the nodal positions three, four and five (fully matured leaves) below the apex on the main axis of three randomly selected plants. Other plant parts (leaves, stem, siliqua and roots) were oven dried at 80°C for 48 hours before determining the plant dry weight. After recording the SCMR, the leaves were processed for the measurement of SLA. The leaf area of the 3 fully matured leaves were measured using a LICOR-3100 leaf area meter after which the leaves were oven-dried at 80°C for at least 48 hours before determining the leaf dry weight. The SLA was calculated as the ration of leaf area to lead dry weight.

The dried leaf material from each harvest was ground to pass through a 100μm sieve. Carbon isotopic composition in the ground leaf samples was measured by ratio mass spectrometry at the Department of Crop Physiology, University of Agricultural Sciences, GKVK Campus, Bangalore (India).

Results

Owing to the complex city of yield under stress and the multigenic inheritance pattern of yield, further selection for yield may not be remunerative [START_REF] Araus | Plant Breeding and drought in C3 cereals : What should we breed for ?[END_REF] Therefore, breeding for important physiological traits that determine growth and productivity under water limited condition has been projected as the only plausible approach for achieving sustainable productivity under water limited condition. From this context water use efficiency, total water mining associated with roots and partioning of biomass to the economically important parts [START_REF] Passioura | Resistance to drought and salinity : A venues for improvement[END_REF]are most relevant traits that deserve exploitation. To asses the genetic variability in these parameters, a large scale screening traits was undertaken with 320 germplasm accessions were screened under irrigated condition in the field.

A significant genetic variability was noticed (table 1). The plant dry matter varied from 24.2 to 74.6g/plant representing a significant variability. Similarly yield varied from 6.53 to 21.4 g/plant. Further a significant relationship between plant dry weight and yield was noticed (fig 1) indicating a possibility of increasing the productivity of mustard through enhancing total biomass. Though considerable variability was noticed in harvest index. The study revealed that a larger variation in biomass was the major factor determined yield among these accessions. This clearly implied the relevance of breeding for improved biomass. It is also evident that efforts to improve the partioning of biomass to the economically important parts An attempt was made in this investigation to asses the variability in Δ 13 C among the 320 germplasm accession of mustard. Carbon isotope discrimination values ranged from 18.03 to 22.86 permit representing a significant genetic variability (table 1). A significant relationship between Δ 13 C and yield illustrated in fig. 2 emphasized the fact that Δ 13 C can be used as an effective selection parameter for enhancing the productivity in mustard. The regression analysis revealed up to 71% of the variability in yield can be explained by WUE in these accessions of mustard.

To examine this further the germplasm accession were segregated in to two group based on Δ 13 C. The top 40 and bottom 40 accessions were compared for yield and yield attributing parameters. The results are illustrated in fig. 3. The low Δ 13 C group showed a significantly higher average yield and total biomass when compare with the high Δ 13 C group. It was interesting to note that no significant differences in test wt. and harvest index was seen between these categories of genotypes. The results demonstrate that a higher photosynthetic capacity that controlled WUE among mustard accession resulted in higher biomass therefore yield. 

Discussion

A significant relationship between plant dry weight and yield indicating a possibility of increasing the productivity of mustard through enhancing total biomass. As per the frame work proposed by Passioura, water use efficiency is an important determinant of growth. Despite it's importance large scale breeding traits have not yet been under taken, owing mainly to the difficulty involved in the determination of genetic variability for water use efficiency. Tremendous impact to these efforts was provided with the discovery of the physiological link between WUE and carbon isotope discrimination [START_REF] Farquhar | Isotopic composition of plant carbon correlated with water use efficiency of wheat cultivars[END_REF][START_REF] Farquhar | Carbon isotope discrimination and photosynthesis[END_REF]. This technique has been extensively used in several breeding program to enhance crop productivity under water limited condition [START_REF] Richards | Breeding opportunities for increasing the efficiency of water use and crop yield in temperate cereals[END_REF]Sheshashayee et al., 2003;Condon et al., 2004;Impa et al., 2005).

A significant relationship between Δ 13 C and yield illustrated in fig. 2 emphasized the fact that Δ 13 C can be used as an effective selection parameter for enhancing the productivity in mustard. The regression analysis revealed up to 71% of the variability in yield can be explained by WUE in these accessions of mustard.Such relationship between Δ 13 C and yield is normally encountered when the photosynthetic capacity of the chloroplast are high [START_REF] Farquhar | Carbon and oxygen isotop effects in the exchange of carbon dioxide between terrestrial plants and the atmosphere[END_REF][START_REF] Richards | Breeding opportunities for increasing the efficiency of water use and crop yield in temperate cereals[END_REF]Udayakumar et al., 1988 ;Sheshashayee et al., 2003). Similar report of chloroplast capacity controlling the differences in WUE was reported for groundnut by Rao et al (1995).

Conclusion

This is perhaps the first report of demonstrating the relevance of Δ13C in mustard breeding program to improve productivity. Further experiments to confirm these observations and to study the relevance of high WUE under water limited condition are being carried out.

Introduction

White rust, caused by Albugo candida, is a highly destructive disease of cruciferous vegetable [START_REF] Williams | Nature and inheritance of resistance to Albugo candida in radish[END_REF] and oilseed crops [START_REF] Harper | Yield loss by Brassica campestris and B. napus from systemic stem infection by Albugo cruciferarum[END_REF][START_REF] Fan | Inheritance of resistance to Albugo candida in rape (Brassica napus L.)[END_REF][START_REF] Edwards | Selection for minor gene resistance to Albugo candida in a rapid-cycling population of Brassica campestris[END_REF]. This disease is characterized by the formation of white to cream coloured zoosporangial pustules on cotyledons, leaves, stems and inflorescences. Staghead galls are formed as the result of inflorescence infection [START_REF] Verma | Effect of seed infestation and flower bud inoculation on systemic infection of turnip rape by Albugo candida[END_REF]. Most commercial Indian mustard (Brassica juncea) varieties are highly susceptible to this pathogen [START_REF] Mukherjee | Molecular mapping of a locus controlling resistance to Albugo candida in Indian mustard[END_REF]. It has been estimated that combined infection of leaf and inflorescence causes yield losses up to 60% or more in India [START_REF] Lakra | Correlation of leaf and staghead infection intensities of white rust with yield and yield components of mustard[END_REF], and losses of up to 20% in Australia [START_REF] Barbetti | Effects of sowing date and oospore seed contamination upon subsequent crop incidence of white rust (Albugo candida) in rapeseed[END_REF][START_REF] Barbetti | Diseases of rapeseed[END_REF]. While a number of chemicals have been suggested for control this disease [START_REF] Verma | Effect of fungicides on germination of Albugo candida oospores in vitro and on the foliar phase of white rust disease[END_REF]Barbetti 1988a, b), as has cultural means [START_REF] Barbetti | Effects of sowing date and oospore seed contamination upon subsequent crop incidence of white rust (Albugo candida) in rapeseed[END_REF], the most efficient and cost effective way of protecting mustard plants from white rust is through the utilisation of genetic resistance. Identification of sources of host resistance is an important prerequisite to managing this disease.

In India, B. juncea is the predominant oilseed Brassica species sown while in China and Australia B. napus predominates and only smaller areas (approximately 3,000 ha) of B. juncea are grown. However, B. juncea is a more drought-hardy species than B. napus in Canada [START_REF] Downey | Agricultural and genetic potentials of cruciferous oilseed crops[END_REF]Woods et al., 1991), India and China (Oram et al., 2005). Hence, canola-quality B. juncea is being developed to extend oilseed Brassica production into the lower rainfall areas, particularly in Australia [START_REF] Burton | The potential of canola quality Brassica juncea as an oilseed crop for Australia[END_REF]. Commercial B. juncea cultivars of canola quality are planned for release in Australia in 2006 [START_REF] Salisbury | Progress in the development of canola quality mustard (Brassica juncea)[END_REF]. It is essential to rapidly identify useful sources of resistance in B. juncea. There is need in Australia for a rapid and reliable technique for screening of germplasm for resistance to this disease. Hence, studies were undertaken (Li et al., 2007 in press) to determine the differential responses of B. juncea germplasm from India, Australia and China, to identify sources of host resistance at the cotyledonary, seedling and flowering stages.

Materials and Methods

Seed was obtained from India, Australia and China through the Australian Centre for International Agricultural Research (ACIAR) programme. Forty-four genotypes of B. juncea, including 22 from India, 12 from Australia and 10 from China, were screened in a controlled environment room at different growing stages. A single isolate of Albugo candida (D1) provided by Dr. A. Gurung of the University of Melbourne, Victoria, Australia, was used as the inoculum. For all controlled environment studies, a zoosporangial suspension was used. Disease assessment details are as given in Singh et al. (1999) and Li et al. (2007 in press). Field trials involved testing 12 B. juncea lines from Australia and 22 B. juncea lines from India for white rust resistance at two field sites at Mt Barker and Wongan Hills in Western Australia.

Results

The controlled environment experiments showed significant differences among genotypes in relation to the disease severity on cotyledons, on leaves at the seedling stage and the disease incidence and the disease severity at the flowering stage. Based on disease scoring on all three stages, the most resistant genotypes were CBJ-001, CBJ-002, CBJ-003, CBJ-004 from China and JR049 from Australia. The most susceptible genotypes varied according to plant growth stage. There were no significant differences among genotypes in relation to the number of stagheads at the flowering stage. Disease incidence in the field was low and random and there was no significant difference among tested lines at either Mount Barker or Wongan Hills field sites.

Discussion

This study showed that the B. juncea genotypes with best potential resistance to A. candida could be readily identified from screening germplasm under controlled environmental conditions at all three different growth stages. In particular, the results confirm that genotype responses at the early growth stages, such as cotyledon or young seedling stages, could reliably be used as a rapid assay of B. juncea for resistance to A. candida.

A wide range in response was found within the 44 tested genotypes, ranging from complete resistance through to highly susceptible. Four Chinese genotypes CBJ-001, CBJ-002, CBJ-003 and CBJ-004 and one Australian line JR049 consistently showed the high levels of resistance to A. candida at all growth stages studied. To our knowledge, these are new sources of resistance that could be used in B. juncea breeding programs in Australia to develop cultivars that are more resistant to white rust.

Results from two separate field trials in Western Australia did not show significant differences among the tested genotypes at either Mt Barker (725 mm annual rainfall) or Wongan Hills (350 mm annual rainfall), probably because the levels of white rust leaf infection at both these field sites appeared to vary randomly across the trial area. This may have been because conditions other than rainfall also determined the conduciveness of the environment for this disease at both sites. Compared with this field testing, screening under controlled environmental conditions appears to be more reliable. However, these resistances identified under controlled environment conditions still need to be confirmed under conducive field conditions. Considering B. juncea is an emerging crop in Australia and that the first signs of white rust inoculum build-up in the field are now evident (M.J. Barbetti, unpublished data), it is possible that, in the future, field trials under conditions conducive for the disease may be needed to confirm resistance identified among genotypes to A. candida.

Conclusion

Clearly there is a need to evaluate additional germplasm from Australia, China and India. The current studies assumed that physiological races are currently not an issue in such screening tests. However, this aspect needs to be clarified for a wider range of strains of A. candida, both in Australia and in the countries from which germplasn has been obtained, such as China and India. It is possible that with expansion of the B. juncea cropping area in Australia that new strains could develop which may affect the genotypes differentially to the responses we obtained in our studies. Finally, the value of such resistances in terms of yield advantage, especially under varying environmental conditions (e.g., humidity, temperature, etc) which could affect the level of damage caused by white rust, warrants further investigation.

Introduction

Wide hybridization plays an important role in plant breeding and is considered to be a shortcut of introgression. It has been used successfully to transfer desired traits from wild species to cultivated species in a large number of species. C. bursapastoris has been used traditionally as vegetable and medicinal plant in China and some other countries [START_REF] Zhou | Flora of China[END_REF]. It is natural double-low germplasm (0.68% erucic acid and 15.68 μmol glucosinolate /g). It is highly resistant to A. brassicae [START_REF] Sigareva | Regeneration of plants from protoplasts of Capsella bursa-pastoris and somatic hybridization with rapid cycling Brassica oleracea[END_REF] and to S. sclerotiorum (in present study). So C. bursa-pastoris is a wild species with agronomic important traits potentially useful for introgression into Brassica crops. Intertribal somatic hybrids between C. bursa-pastoris and B. oleracea have been obtained and grown to flowering, but no progenies produced because of poor fertility [START_REF] Sigareva | Regeneration of plants from protoplasts of Capsella bursa-pastoris and somatic hybridization with rapid cycling Brassica oleracea[END_REF]. The present paper reports the first production of sexual hybrids between Brassica species and C. bursa-pastoris.

Materials and methods

Plant material and crosses: Cultivars used in the present study are B. rapa cv. Aijuehuang and B. napus cvs. Oro (the first B. napus cultivar with low content of erucic acid in the world), Huashuang No. 3 (double-low cultivar), Zhongyou 821 (with high content of erucic acid and glucosinolate, but high yield and resistance to S. sclerotiorum). B. rapa and B. napus had yellow petals and black seeds, while C. bursa-pastoris had little deep-green leaves, basal clustering branches, short plant, white petals and very small brown seeds. The crosses were performed in the fields by hand emasculation and pollination.

Cytological methods and GISH analyses: The cytological observation was made according to the methods of Li et al. (1995). GISH was performed according to the methods of [START_REF] Hua | Parental genome separation and elimination of cells and chromosomes revealed by GISH and AFLP analyses in a Brassica carinata × Orychophragmus violaceus cross[END_REF] AFLP analysis: AFLP fingerprints were generated based on the protocol of Vos et al. (1995), and DNA bands were visualized by silver staining (Bassam et al., 1991). The bands with 80-800 bp were scored.

Fatty acid and glucosinolate analysis: Seed oil was extracted and the composition was analyzed on gas chromatography machine (HP 6890, Germany). The glucosinolate content was determined on near-infrared reflectance spectroscopy (Vector 22/N, Germzany).

Culture of S. sclerotiorum and infection: Fungal mycelia were cultured on solid Potato/Dextrose/Agar medium. Leaves excised from plants at the 9 to 12 leaf stage were inoculated according to the method of Zhao and Meng (2003). Plants in the field were inoculated 3 weeks before harvest according to the methods of Li et al. (2004).

Results

Crossability and phenotypes of F 1 plants

B. rapa × C. bursa-pastoris : After 7513 pollinations, 185 F 1 plants were produced (0.025seeds/silique) and 14 distinguished by their phenotypes and cytology and grouped by their chromosome numbers in two types, type I (one plant, with 2n=27-29), type II (13 plants, with 2n=20). The plant of type I was morphologically intermediate between the two parents by expressing several traits of male origin, such as little deep-green leaves, nanism, basal clustering branches and white petals. Some plants exhibited its purple petiole and cleft leaves. Two plants had yellow seeds, similar to C. bursapastoris. Except plant of type I, all F 1 plants with variations of pollen fertility (47.6%-98.4%) had good seed-set after selfing. The plant of type I had very poor fertility for pollen (16.7%) and female, for no seeds were obtained after selfing and only several seeds after pollination by the female parent.

B. napus × C. bursa-pastoris: From 9248 pollinations, 169 F 1 plants obtained (0.018seeds/silique) and 22 selected and grouped into three types, type III (two plants, with 2n=19), type IV (three plants, with 2n=29), type V (17 plants, with 2n=38). Most of them resembled the female parent-type predominantly, only a few were intermediate between the parents and had some traits of C. bursa-pastoris, as cross with B. rapa. Plants of type III and IV had poor pollen fertility with no seeds produced after selfing and only one to three seeds in a silique after pollination by the female parent. Except one plant, all plants of type V had good seed-set after selfing. Four plants had red brown or yellow brown seeds; two had smaller seeds.

Cytogenetic and GISH analyses of F 1 plants

B. rapa × C. bursa-pastoris : 2n=29 was most frequent (85.3%) in ovary cells of plant type I. Majority of its PMCs at diakinesis had 13 II + 3 or 4 I, 14 II + 3 or 4 I, however, the chromosomes of PMCs at A I were 28-36, though 2n= 29 was still most frequent and 2n>29 appeared in 64.5% cells. One to five laggards were observed in most of A I PMCs. GISH investigations showed that one chromosomal arm in most ovary cells of the plant was fully covered by signals of the C. bursapastoris probe. One chromosome was fully labeled in many A I PMCs with various chromosome numbers, and two chromosomes in a few PMCs.

B. napus × C. bursa-pastoris: In plants of type IV, 60.5% PMCs at diakinesis had 1 III + 9 II + 8 I, the remaining had 10 II + 9 I. The chromosome pairing and segregation were normal in PMCs of type V. Only some chromosomal segments in ovary cells and PMCs of some plants were labeled by the probe of C. bursa-pastoris.

AFLP analyses of F 1 plants: The randomly selected fifteen pairs of AFLP primers displayed polymorphisms in the hybrids. Three kinds of bands, i.e., specific for C. bursa-pastoris, novel for two parents and deleted for Brassica species were detected in all F 1 plants except for three plants which had no specific bands, and the respective numbers of individual plants were 0~28, 39~168 and 32~80 for the cross with B. rapa and 0~11, 25~65 and 23~60 for the cross with B. napus. The numbers of the specific [START_REF] Szot | Etude des facteure entrainant des variations des properties phtsiques de colza, on vue d'evaluer les pertes de graines pendant la maturation et la recolte[END_REF] and novel (168) bands of plant type I were the highest among F 1 plants with the percentage (55.9%) of polymorphic bands. The percentages of polymorphic bands in plants from the cross with B. rapa were all over 30% expect for one plant, being higher than in plants from cross with B. napus (about 20%). Loci of C. bursa-pastoris in F 1 plants were various (0-5.9%), in general the introgressions in cross with B. rapa were higher than with B. napus.

Fatty acid composition and glucosinolate content of F 1 plants and progenies

B. rapa × C. bursa-pastoris : The content of erucic acid was reduced at different levels (from 51.7% of B. rapa to 8.58%-37.78%) in F 1 plants of type II, and the contents of glucosinolate in seeds also decreased from 116.57 μmol/g of B. rapa to 41.53-85.39 μmol/g. However, none reached the level of C. bursa-pastoris. Most profiles of the selfed seeds of F 2 plants from one F 1 plant were similar to each other and to those of their F 1 plants.

B. napus × C. bursa-pastoris : The obvious changes of fatty acid profiles from those of B. napus parents were observed in some F 1 plants and progenies of type V. For the cross with B. napus cv. Oro, the content of glucosinolate was reduced in most F 1 plants and progenies, some ≤30μmol/g. For the cross with Huashuang No. 3, the fatty acid profiles were nearly the same as those of female, and the content of glucosinolate was little lower in some F 1 plants and progenies. For the cross with Zhongyou 821, the contents of erucic acid and glucosinolate in most of F 1 plants were reduced remarkably, and one plant reached double-low standard. The content of glucosinolate of some F 2 plants was obviously deviated from those of F 1 plants, but erucic acid not.

Resistance to Sclerotinia sclerotiorum in progenies: Some lines (F 2 or F 3 ) derived from minority of F 1 plants showed significant higher resistance to S. sclerotiorum than female parents, there was a highly positive correlation between the results of leaf and stem infections. For the cross with B. rapa, some lines derived from four F 1 plants showed significantly (P≤0.05) lower damage on leaves and stems than female parent. For cross with B. napus cv. Oro, some lines derived from six F 1 plants showed significantly (P≤0.05) lower damage on leaves and stems than female parent. For crosses with Huashuang No. 3 and Zhongyou 821, only several lines showed significantly lower damage than female parents, probably due to the high resistance of female parents.

Discussion

Progenies from the intertribal sexual hybridizations between Brassica species and C. bursa-pastoris were examined for morphology, cytology and molecular characteristics, which enabled us to determine the hybridity status of each plant and to quantify the level of hybridization occurrence in these crosses.

Plant of type I from cross with B. rapa expressing more morphological characters of the male C. bursa-pastoris was a mixoploid with 2n=27-29 in somatic cells, while some PMCs had more chromosomes [START_REF] Szot | Etude des facteure entrainant des variations des properties phtsiques de colza, on vue d'evaluer les pertes de graines pendant la maturation et la recolte[END_REF][START_REF] Szot | Method of valuation of rapeseed pod resistance to shatter[END_REF][START_REF] Szot | Methods for determination od basic mechanical properties of oilseeds[END_REF][START_REF] Szot | Methodology of mechanical examination of and properties of rapeseed pods and stem[END_REF][START_REF] Szot | The influence of the Spodnam DC preparation on agrophysical properties of rape silique and seed losses at maturation and harvest[END_REF][START_REF] Tys | Estimation of rape silique resistance to cracking and rape seed shattering resistance for some selected varieties and lines of spring rape[END_REF][START_REF] Tys | Valuation of changeability of rapeseed pod resistance at maturity and harvest[END_REF][START_REF] Tys | An Evaluation of the mechanical properties of winter rape siliques in respect of their susceptibility to cracking[END_REF][START_REF] Tys | Couses of rape seed shedding[END_REF]. GISH analysis demonstrated that only one or two C. bursa-pastoris chromosomes were included and chromosomal fragments translocated in partial cells. These results suggested that the hybrid cells (2n=26) underwent chromosome doubling one or two times during mitotic divisions of the zygotes or plants, eliminating of most male chromosomes, and extra duplicating of partial chromosomes during meiotic synthesis phase. The similar results were observed in intergeneric cross between B. rapa and O. violaceus, where the genome doubling and successive elimination of O. violaceus chromosomes accompanied by the fragment recombination and introgression were responsible for producing B. rapa-type plants with modified genetic constitutions and phenotypes (Liu & Li, 2006). This mechanism would be valid for the explanation of the present results. AFLP analysis performed on 474 loci for plant type I indicated it contained 5.9% DNA fragments putatively derived from C. bursa-pastoris, however, 55.9% genomic loci were changed, suggesting that other reasons were also involved in these genomic variations. Extensive alteration in DNA methylation patterns, some mobile genetic elements, rapid sequence elimination in hybrids, and genomic rearrangements in the hybrids [START_REF] Shaked | Sequence elimination and cytosine methylation are rapid and reproducible responses of the genome to wide hybridization and allopolyploidy in wheat[END_REF] were the causes for the genomic variations.

Matroclinous plants of type II and V could be due to the complete elimination of the C. bursa-pastoris chromosomes but the introgression of its fragments and chromosome doubling. Plants of type IV had 2n=29 and PMCs at diakinesis had 10 II + 9 I and 1 III + 9 II + 8 I, suggesting that the genome of these plants consisted of 10 duplicated and 9 individual chromosomes. Cheng et al. (2002) obtained this kind of plants from B. napus × O. violaceus with the similar results of cytology and molecular markers. According to their pairing configurations, their genomic constitution was proposed as 20A + 9C and one C genome was lost from the complement of B. napus. One possible reason for this could be attributed to the dominance of rRNA genes from the two ancestors of B. napus, for the hierarchy of rRNA gene transcriptional dominance is B. rapa >B. oleracea and B. rapa rRNA transcripts are readily detected in natural B. napus, but B. oleracea not [START_REF] Chen | Transcriptional analysis of nucleolar dominance in polyploidy plants: biased expression/silencing of progenitor rRNA genes is developmentally regulated in Brassica[END_REF].

The combination of cytological and molecular techniques was successful to determine the chromosomal / genomic constitutions of partial / introgressive Brassica hybrids (Cheng et al., 2002;[START_REF] Hua | Parental genome separation and elimination of cells and chromosomes revealed by GISH and AFLP analyses in a Brassica carinata × Orychophragmus violaceus cross[END_REF]Liu & Li, 2006). In present study, the application of GISH and AFLP techniques better characterized the intertribal hybrids with very limited amount of alien genetic elements. In conclusion, the introgressive hybrids (type II and V) provided an opportunity to rapidly and successfully introduce useful traits of C. bursa-pastoris into Brassica species and to produce lines with better oil quality and higher resistance to S. sclerotiorum.

Introduction

There is about 5.5 million hectares arable lands in the rainfed condition of Iran. The cold drylands occupy 3 million hectares in the northwest and northeast of the country that receive 220-350 mm precipitation during growing season and cropping system is devoted to wheat/pasture in this region. Total 2 million hectares is devoted to fallow that is not necessary based on the previous researches and may be replaced with suitable alternative crops [START_REF] Alizadeh | Brassica Oilseed Cultivars in Cold Dry lands of Iran[END_REF]. Oilseed crops in drylands are needed for edible oil production in one hand and towards sustainable agriculture in the other hand. Among oilseed crops, rapeseed, safflower and sunflower are introduced as suitable crops for Iranian rainfed conditions [START_REF] Rashid | Oilseed crops for the highlands of CWANA[END_REF]. In order to find suitable Brassica oilseed crops for cold drylands, some field trials using genotypes from divers backgrounds have been conducted since 1999 in Dryland Agricultural Research Institute (DARI). Results showed that obligate and facultative winter type cultivars are not adapted to cold drylands of Iran, they couldn't develop to rosette stage that is the most cold tolerance stage in rapeseed and atypically harsh fall and winter temperatures result in subsequent winter injury [START_REF] Alizadeh | Brassica Oilseed Cultivars in Cold Dry lands of Iran[END_REF]. Rapeseed is suitable for irrigated lands and warm rainfeds of the country which is developing and today some canola quality rapeseed cultivars such as Hyola-401 is cultivated in about hundred thousands hectares. Spring type and drought tolerant B. juncea cultivars can be used for reliable oilseed production in the cold drylands [START_REF] Alizadeh | Brassica Oilseed Cultivars in Cold Dry lands of Iran[END_REF]. However, present Indian mustards such as Bard-1 and Landrace were not double zero and could not be used for oil production in commercial scale because only Brassica oilseed cultivars that are low in erucic acid and glucosinolate content are suitable as edible oilseed crops. The potential benefits of developing canola quality B. juncea are recognized by some other countries, particularly Canada, Australia and India, where many breeding projects focused on its development (Raney, et al. 2003). This paper will detail the present status of the research and future challenges of B. juncea development in cold drylands of Iran.

Materials and Methods

Five B. juncea lines viz. DARI-1, DARI-2, DARI-3, DARI-4, DARI-5, nearing canola quality obtained from interspecific crosses along with five B. napus cultivars viz. Legacy, Rainbow, Star, Vangard and Westar, were evaluated as spring crop in the northwest (Marageh) and northeast (Shirvan) dryland research stations during three years (2003)(2004)(2005). The experiments were sown in the late April. Each genotype was grown in plots of 6 rows 5-meter long in a spacing of 20-cm between rows. The mentioned canola quality lines of B. juncea were tested also in one hectare of farmer fields at three cold provinces during 2005-2006. Oil percent and fatty acid profile of tested materials was determined in national oil analyzing laboratory at seed and plant improvement institute.

Results and Discussion

Fatty acids profile of B. juncea lines and some agronomic traits of all genotypes are summarized in table 1 and 2, respectively. Low glucosinolate (≤7 µmol/gr) and low erucic acid content (≤2%) in one hand and relative high oleic acid (>47%) and low linolenic acid (≤12%) in the other hand, were considerable in new materials.

The selected near canola quality B. juncea lines had better performance in comparison to spring type B. napus cultivars. All selected lines of B. juncea in farmer conditions showed good yields above 1000 kg/ha that was superior in comparison to spring type B. napus cultivars with mean 600 kg/ha grain yield. The advantage of shatter resistance in B. juncea will assist in developing of canola quality cultivars in cold drylands of the country. Shattering tolerance provide more flexible harvesting time along with saving grain yield in the harvesting.

Release of one canola quality B. juncea cultivar and its fully exploit in cold drylands is our first priority and further development of high yielding and high oil cultivars with high mono-unsaturated acid content and lower glucosinolate content are future challenges in Iranian cold drylands. 

Introduction

The ascomycete fungus, Leptosphaeria maculans (Desm.) Ces. et de Not. (anamorph: Phoma lingam), commonly known as the blackleg pathogen, has the ability to infect a number of cruciferous crops. Blackleg disease causes severe yield losses of oilseed rape (Brassica napus L.) world-wide (Barbetti, 1975a;[START_REF] Gugel | History, occurrence, impact and control of blackleg of rapeseed[END_REF]West et al., 2001). The pathogen cycle is generally considered to be monocyclic (West et al., 2001), with the windborne ascospores (sexual) released from infested stubbles being the primary source of inoculum for the disease [START_REF] Brunin | Recherches sur la maladie due Colza due a Leptosphaeria maculans (Desm.) Ces et de Not. II Pouvoir pathogene des ascospores[END_REF][START_REF] Bokor | Blackleg -a major hazard to the rapeseed industry[END_REF]. Pycnidia, produced on infested stubble and on cotyledon, leaf and stem lesions on infected plants during the growing season, produce pycnidiospores (asexual) that can be dispersed via direct contact or rain splash [START_REF] Hall | Epidemiology of blackleg of oilseed rape[END_REF]. Although pycnidiospores are produced from stubbles from the beginning of the season and continue to be produced in abundance throughout the season, major ascospore showers predominantly occur in the first half of the growing season. Pycnidiospores are considered to be the secondary source of inoculum [START_REF] Hammond | A systemic pathway for the infection of oilseed rape plants by Leptosphaeria maculans[END_REF], and are usually required in higher concentrations than ascospores to ensure lesions are produced [START_REF] Barbetti | The role of pycnidiospores of Leptosphaeria maculans in the spread of blackleg disease in rape[END_REF][START_REF] Mcrp | A study on the inoculation of rape seedlings with ascospores and pycnidiospores of the blackleg disease causal agent Leptosphaeria maculans[END_REF]. Although attempts have been made to define the role of ascospores and pycnidiospores in the epidemiology of blackleg disease (e.g., [START_REF] Brunin | Recherches sur la maladie due Colza due a Leptosphaeria maculans (Desm.) Ces et de Not. II Pouvoir pathogene des ascospores[END_REF]Barbetti, 1976, respectively), the role of pycnidiospores still remains unclear. In Australia, pycnidiospores have been implicated to play an important role (Barbetti, 1975b[START_REF] Barbetti | The role of pycnidiospores of Leptosphaeria maculans in the spread of blackleg disease in rape[END_REF], and this may be directly related to weather conditions and timing of release of these spores. However, outside of Australia, the role of pycnidiospores has generally been assumed be minor in disease epidemics (West et al., 2001). One of the reasons for this is that, under controlled conditions, high concentrations of pycnidiospores are needed for reliable infection compared with reliable and severe infection produced even with relatively low concentrations of ascospores (Wood and [START_REF] Mcrp | A study on the inoculation of rape seedlings with ascospores and pycnidiospores of the blackleg disease causal agent Leptosphaeria maculans[END_REF]. The role of pycnidiospores in disease epidemics clearly warrants investigation, especially in relation to epidemics which are not closely associated with heavy ascospore showers (Barbetti 1975b). This paper reports the results of recent studies by Hua Li et al. (2006b) that provided significant new insights into the role that can be played by pycnidiospores in circumstances where there is the presence of ascospores on a different cotyledon of the same plant. The implications of these new findings are discussed.

Materials And Methods

In three separate experiments Hua Li et al. (2006b) determined the potential of pycnidiospores to cause severe disease in the presence of ascospores. Across the three experiments, they evaluated the time of co-inoculation of pycnidiospores with ascospores, the resistance level of cultivars, and the concentration of pycnidiospores needed to produce reliable infection. To avoid additive effects, they inoculated the two spore types onto separate cotyledons of each B. napus seedling. Their first experiment utilized the historical cultivar Oro, a cultivar that had been utilized commercially in Australia in the 1970's when the oilseed rape industry collapsed following severe blackleg epidemics, was used. Their second experiment utilised the commercial cultivar Surpass 400, containing single dominant gene-based resistance derived from B. rapa ssp. sylvestris. In their third experiment, two cultivars were used, viz. cv. Westar, a highly susceptible Canadian cultivar; and cv. Dunkeld, an Australian commercial cultivar expressing polygenic resistance at seedling (including cotyledon) and/or adult plant stages depending upon the environment (Hua Li et al., 2006a).

Results

In their first experiment, [START_REF] Hua | Parental genome separation and elimination of cells and chromosomes revealed by GISH and AFLP analyses in a Brassica carinata × Orychophragmus violaceus cross[END_REF] found that there were >3 times more cotyledons with lesions from pycnidiospores in the presence of ascospores compared with absence of ascospores. In their second experiment, mean lesion size from pycnidiospore infection was >1.5 time greater in the presence of ascospores than in the absence of ascospores. In their third experiment, while pycnidiospores on their own, even at high concentrations, were generally unreliable in producing significant disease symptoms, pycnidiospores caused significantly more disease, even at very low concentrations, but only on the proviso that ascospores were present on the same plant.

Discussion

The studies by Hua Li et al. (2006b) clearly demonstrated for the first time that pycnidiospores, even at low concentrations, could reliably cause severe blackleg disease, provided the same seedling had different cotyledons coinoculated with ascospores. This finding offers the first explanation of why severe epidemics can occur at times in the oilseed rape cropping season in Western Australia even when ascospore showers have been shown to be relatively low (e.g., Barbetti, 1975b), and as illustrated diagrammatically in Figure 1. It also offers an explanation as to why field epidemics in Western Australia that are initiated solely by pycnidiospores develop relatively slowly in comparison [START_REF] Barbetti | The role of pycnidiospores of Leptosphaeria maculans in the spread of blackleg disease in rape[END_REF]. Outside of Western Australia, pycnidiospores are generally considered to be, at best, of limited importance in the disease epidemiology. This current consideration outside of Western Australia that the involvement of pycnidiospores is nonsignificant in field epidemics appears to be based upon two facts. Firstly, that, in the absence of ascospores, large doses of pycnidiospore inoculum are required for the development of reliably severe disease symptoms (e.g., Wood and [START_REF] Mcrp | A study on the inoculation of rape seedlings with ascospores and pycnidiospores of the blackleg disease causal agent Leptosphaeria maculans[END_REF] and, secondly, because severe epidemics are frequently associated with periods of release of ascospores (e.g., [START_REF] Brunin | Recherches sur la maladie due Colza due a Leptosphaeria maculans (Desm.) Ces et de Not. II Pouvoir pathogene des ascospores[END_REF]Barbetti, 1975a;[START_REF] Salam | Blackleg Sporacle: A model for predicting onset of pseudothecia maturity and seasonal ascospore showers in relation to blackleg of canola[END_REF], especially during the seedling phase when the host is particularly susceptible (Barbetti 1975a;Hua Li et al., 2004a,b, 2005). This may be due to the fact that field observations give no indication of the polycyclic nature of the epidemic, if that was in fact what was occurring. This is further complicated by the fact that the latency of the pathogen in early infection processes makes it difficult to pinpoint the actual time of infection. It is noteworthy in the studies by Hua Li et al. (2006b) that even at pycnidiospore concentrations as low as 100 pycnidiospores per mL (which in their studies related to approximately 1 spore per cotyledon inoculation site) the severity of the disease was markedly increased in the presence of ascospores elsewhere on the same seedling. Not only is this the first report of this phenomenon in relation to L. maculans, this may also be the first report for any ascomycete necrotrophic pathogen where both airborne ascospores and water-splashed pycnidiospores are produced during the annual cropping cycle. This is despite the fact that there have been, for some decades, suggestions of the potential for pycnidiospores to cause significant disease in oilseed rape field crops, both in Australia (Barbetti, 1975b;1976) and in Canada [START_REF] Guo | Seasonal and diurnal patterns of spore dispersal by Leptosphaeria maculans from canola stubble in relation to environmental conditions[END_REF]. However, no attempt was made in those other studies to determine the factors affecting pycnidiospore pathogenicity. It is clear that further investigation of this ascospore/pycnidiospore interaction is warranted. This is illustrated by other studies (e.g., N. Dean, Hua Li, K. Sivasithamparam and M. Barbetti, unpubl.), where it was found that when pycnidiospores and ascospores are co-inoculated onto different lobes of the same cotyledon that this enhancement of disease caused by pycnidiospores in the presence of ascospores, at least in terms of lesion size, was not evident. As the time of introduction of ascospores did not appear to have a major influence on the pathogenicity of pycnidiospores in the studies of Hua Li et al. (2006b), it still remains to be clarified whether the expression of host susceptibility to pycnidiospores resulted either before or after host penetration by the germ tube(s) of ascospores. Ascospores germinate as early as 2 h after inoculation and approximately two days earlier than pycnidiospores (Hua Li et al., 2004a). Clearly, the importance of this differential germination of the two spore types in relation to timing of expression of host susceptibility to pycnidiospores requires further definition.

The relative roles of ascospore and pycnidiospore epidemic components in production of crown cankers also requires further clarification. This is particular, so following the recent findings of Hua Li et al. (2006a) that the plant growth stage at infection determines the expression of seedling and/or adult plant resistance in B. napus to L. maculans. The expression of host resistance between seedlings and adult plants can not be distinguished at 18/24°C for nearly all growth stages at infection (Hua Li et al. 2006a). In contrast, the expression of host resistance can be distinguished for infections after growth stage 1,05 at 11/18°C. In the same way, the studies of Hua Li et al. (2006b) indicated a noticeable host-pathogen interaction could also be associated with the actual pycnidiospore/ascospore interactions and this also needs to be further evaluated. Clearly, we still have much to learn about the development of L. maculans disease epidemics, including the relative roles in production of crown cankers of ascospores compared with pycnidiospores.

Conclusions

Although these experiments by Hua Li et al. (2006b) were not carried out in the field, they do provide clear evidence that ascospores at numbers as low as approximately 5 per cotyledon can allow pycnidiospores to initiate severe disease, even when pycnidiospore levels on the other cotyledon also are as low as approximately 1 spore per cotyledon. Reports in the literature indicate that while a large proportion of ascospore showers can range from a two to a four month period (e.g., [START_REF] Salam | Blackleg Sporacle: A model for predicting onset of pseudothecia maturity and seasonal ascospore showers in relation to blackleg of canola[END_REF], there are, however, situations where ascospore showers can be across as little as a one month period of the growing season (e.g., Barbetti, 1975b). In contrast, pycnidiospore discharge can continue for a longer period (Barbetti, 1975b[START_REF] Barbetti | The role of pycnidiospores of Leptosphaeria maculans in the spread of blackleg disease in rape[END_REF][START_REF] Guo | Seasonal and diurnal patterns of spore dispersal by Leptosphaeria maculans from canola stubble in relation to environmental conditions[END_REF]. Provided that the environment is conducive to the discharge and dispersal of pycnidiospores, plant tissues of susceptible hosts can be infected and therefore initiate further cycles of the disease in the field, as illustrated diagrammatically in Figure 1. In such instances, it could be assumed that blackleg can indeed be a polycyclic disease. This clearly requires further field studies involving artificial inoculation with ascospores. A particular area that requires further study is in relation to determining the relative roles of ascospore and pycnidiospore epidemic components in production of crown cankers. The findings of Hua Li et al. (2006b) may explain the incidence of severe disease, including crown cankers, in crops where ascospore fallout has been low or constrained to a very short part of the growing season (e.g., Barbetti, 1975b). This could also have significant implications in the field management of the disease, for example, involving the need for extended periods of application or activity of fungicides and/or utilization of higher levels of adult host resistance. Additionally, the studies by Hua Li et al. (2006b), taken in conjunction with other studies in Western Australia (Barbetti, 1975b[START_REF] Barbetti | The role of pycnidiospores of Leptosphaeria maculans in the spread of blackleg disease in rape[END_REF]Hua Li et al., 2006a) could have more wide-ranging implications for other ascomycete necrotrophic pathogens (e.g., Mycosphaerella pinodes on Pisum spp.) that also produce both ascospores and pycnidiospores during the cropping cycle.

Introduction

The high loss in rapeseed at the end of seed maturity phase and during harvest can reach up to 20% (..) and be caused by low crack resistance of seed pods and seed thresh ability. The problem is not only in economy -lower yields -but also in the risk that relates to un-sprout seeds that dwell in the land after the harvest. Following years, they become danger to genetic purity of new varieties.

Several studies were conducted years ago to explain the seed loss and ways to reduce seed shatter and thresh ability in Sweden, Czech & Slovak Republic, Poland, Austria and England . The volume of collected work as well as countries of authors stand for significance of the problem of vulnerability of seed pods to shatter that is common for all the regions where rapeseed is cultivated.

The problem dwells also in the lack of varieties that are resistant to shatter and seed thresh ability. Culture of such varieties involves investments in specific methods to provide precision in the valuation of resistance of pods to cracking. One of such methods is pod twisting (applying torque) in order to determine durability of seams that glue the pod together (14 -16). This method is useful as it illustrates close correlation between the measured force required to crack the seed pod and the actual shatter of seeds in the field (33 -38).

Materials and methodology of study

The seed pod cracking resistance tests were carried on seven varieties of winter rapeseed -the: 1 -Nelson; 2 -NK Fair; 3 -Californium; 4 -Kronos; 5 -Lisek; 6 -Smart; 7 -Toccata. All the seed pods were procured from laboratory plantations and as such were mature. To measure the seed pod cracking resistance, a method of pod twisting was applied (Fot. 1, Fig. 2) with the use of INSTRON shatter device. Applying this method, all the seed pods were placed in clasp and twisted under constant angle of φ = π rad (180 0 ), which was sufficient to cause complete crack of the seams in the pod. Each variety was described in detail in terms of the pod's resistance to shatter. Such description of mechanical properties of rapeseed is essential for the seed breeders to develop new varieties.

Result of study and Discussion

Following delivered results, it was established that the examined varieties of rapeseed demonstrate substantial variegation on account of the seed resistance to shatter. All the examined seed pods were described in terms of the following mechanical properties (Fig. 23):

M max. -maximum twisting torque at which first crack in the seed pod occurred; ΔA -energy required to overcome cohesion of seams in the seed pod; α -seed pod twist angle after which first crack occurred. Assessment of pods after application of maximum twisting torque shows that, for Nelson and Toccata one should apply much greater twisting torque to induce first crack than for seed pods of other varieties. For the Nelson variety the M max was on average 18,9 Nmm, while for Toccata it was 16,4 Nmm. The lowest M max values were found in the case of the Kronos variety -5,4 Nmm. For other varieties the values were met within 6,5 -9,6 Nmm. Evaluation of resilence of respective varieties measured by angle (α ) at which first crack occurred has demonstrated similar tendency. The widest angle was applied for the Nelson variety (1,0 rad) and for Toccata (0,7 rad). The lowest value was reported for the pods of the Kronos variety -0,36 rad and were almost three times lower than for the winning -Nelson. The twist angle for rapeseed pods at which first cracks occur was for other varieties varying from 0,43 to 0,56 rad. Examining the resistance of seams to cracking (ΔA) it was established that, as in the case of other parameters, the best (highest) values were reported for the Toccata variety -15,9 mJ and for Nelson -13,9 mJ. The lowest values were found in the case of the NK Fair variety -4,4 mJ. Other varieties were relatively marginal in difference.

Comparing results of all the examined varieties, it should be stated that the Nelson and Toccata varieties are to be described in terms of unusually high resistance of seed pods to shatter. This relates to all the examined parameters (M max , α , ΔA). Comparing to historically examined varieties (since 1979 several families and varieties have been studied) it should be stated that none of them has ever achieved such high parameter values, to describe seed pod resistance to shatter. From all the varieties examined so far in the history, the highest values were reported for the Gorczański variety (M max -9,9 Nmm; α -0,71 rad; ΔA -9,7 mJ) that was studied in 1977 -1979 (38) and some family genders studied in the Svalof Institute in Sweden [START_REF] Tys | Estimation of rape silique resistance to cracking and rape seed shattering resistance for some selected varieties and lines of spring rape[END_REF]. Particularly promising is the wide angle α , that describes the pod resilence which prevents the pod from cracking.

Conclusions

Seed pods in all the examined varieties were described in terms of different resistance to mechanical forces (seed pod twisting). Such varieties as the Nelson and Toccata exhibit particularly high resistance to torque which presumes that they are the most resistant to seed shatter and threshability. 

Bibliography Introduction

Sclerotinia sclerotiorum (Lib) de Bary, the causal agent of stem rot in oilseed rape (Brassica napus and B. juncea), has been recorded as a pathogen on more than 400 plant species, including many important crop species, such as common bean, sunflower, soybean, and peanut [START_REF] Purdy | Sclerotinia sclerotiorum: history, diseases and symptomatology, host range, geographic distribution and impact[END_REF][START_REF] Boland | Index of plant hosts of Sclerotinia sclerotiorum[END_REF]. Sclerotinia stem rot is a serious disease in oilseed rape in China and becoming a problem in oilseed growing areas in Australia [START_REF] Tl | Canola concepts: managing sclerotinia[END_REF]. Breeding and/or selection for resistance has become an important approach for the management of this disease.

Screening for Sclerotinia resistance in soybean, common bean and sunflower has been undertaken using various methods including detached leaf inoculation [START_REF] Wegulo | Soybean cultivar responses to Sclerotinia sclerotiorum in field and controlled environment studies[END_REF][START_REF] Kim | Reaction of soybean cultivars to Sclerotinia stem rot in field, greenhouse, and laboratory evaluations[END_REF], cut or wounded stem inoculation [START_REF] Chun | Laboratory and field assessment of resistance in soybean to stem rot caused by Sclerotinia sclerotiorum[END_REF][START_REF] Nelson | Comparison of laboratory and field evaluations of resistance in osybean to Sclerotinia sclerotiorum[END_REF][START_REF] Wegulo | Soybean cultivar responses to Sclerotinia sclerotiorum in field and controlled environment studies[END_REF][START_REF] Vuong | Evaluation of soybean, dry bean and sunflower for resistance to Sclerotinia sclerotiorum[END_REF], cut petiole inoculation [START_REF] Hoffman | Selected soybean plant intructions with partial resistance to Sclerotinia sclerotiorum[END_REF][START_REF] Chen | Two convenient methods to evaluate soybean for resistance to Sclerotinia sclerotiorum[END_REF] and/or oxalic acid assay [START_REF] Kolkman | An indirect test using oxalate to determine physiological resistance to white mold in common bean[END_REF]. Although various tests for Sclerotinia resistance in B. napus have been attempted (Zhao et al., 2004;[START_REF] Bradley | Response of canola cultivars to Sclerotinia sclerotiorum in controlled and field environment[END_REF], no sources of complete resistance have yet been identified. However, partial resistance has been reported in B. napus cv. Zhongyou 821 (Li et al., 1999). Certain other Chinese lines have also been reported to show useful levels of tolerance to Sclerotinia (Zhao et al., 2004). The aims of this intitial study were (a) to evaluate the reactions of germplasm from Australia and China to Sclerotinia sclerotiorum under Western Australian field conditions and (b) to determine if the severity of the disease was related to stem diameter and/or the percentage of the host plants dead.

Materials and Methods

Twenty five lines of B. napus and 12 lines of B. juncea from Australia and 17 lines of B. napus from China were tested as part of an Australian Centre for International Agricultural Research (ACIAR) programme. The experiment was carried out in a screen house at the University of Western Australia Shenton Park Field Station in 2005. All test lines were grown in single rows of 1 m length and with 0.6 m between rows. Rows of test lines were arranged in a randomized complete block design with three replications. A single isolate of S. sclerotiorum (MBRS1) was used. The methods of inoculum production and inoculation were based on those of [START_REF] Buchwaldt | Pathogenesis of Sclerotinia sclerotiorum in relation to screening for resistance[END_REF]. The disease assessment parameters used, and the assessment of stem diameters used in this study were as described in Li et al. (2006).

Results

Results of work to date (Li et al., 2006) showed significant differences among genotypes in relation to the stem lesion length by 3 weeks after inoculation (P ≤0.001). Based on stem lesion length 3 weeks after inoculation, the most resistant lines were B. napus Fan168, Fan 028, Zhougyou-za No.8 from China; and RR002, Ag-Spectrum, Oscar and Lantern from Australia. While most Australian B. juncea lines were very susceptible, some lines such as JN033, JM18, JR042 and JN032 performed significantly better than others (JM16, JR049, JN004 and JO006) (Table 1).

Discussion

This initial study (Li et al., 2006) was successful in differentiating, under Western Australian field conditions, varying levels of resistance to Sclerotinia in germplasm from China and Australia. Some Chinese B. napus lines showed partial field resistance, with 6 Chinese B. napus lines ranked in the top 15 lines in relation to resistance based on stem lesion length. We were also able to identify some Australian B. napus lines with partial resistance, such as cultivars Ag-Spectrum, Oscar and Lantern. This is the first study to highlight the existence of useful resources of resistance in germplasm from Australia under Western Australian conditions. The B. juncea lines from Australia were generally more susceptible than most of the B. napus lines tested. It is essential to rapidly identify useful sources of resistance in B. juncea in disease prone areas and this will involve testing of additional germplasm from Australia and China, and the testing of germplasm from India recently obtained through the Australian Centre for International Agricultural Research program.

This initial study is believed to be the first to demonstrate for Sclerotinia in oilseed Brassicas the relationship between the stem lesion length and stem diameter. Previous studies on Sclerotinia resistance in soybean showed that while there is a correlation between stem diameter and stem lesion length, this relationship was variable among cultivars [START_REF] Wegulo | Soybean cultivar responses to Sclerotinia sclerotiorum in field and controlled environment studies[END_REF]. Stem lesion length was lowest when the stem diameter is around 10 mm. Smaller or greater stem diameters gave increased stem lesion length. Mean stem diameter may be a useful parameter for breeders to identify genotypes of oilseed Brassicas that have potential resistance to Sclerotinia stem rot. However, before this parameter can be fully relied upon for selection for resistance to Sclerotina stem rot, a wider range of germplasm needs to be tested and to include germplasm from other countries such as India. In addition, further field trials need to be established to confirm the consistency of this relationship between stem diameter and lesion length under varying environments.

Conclusion

This initial study only evaluated germplasm from Australia and China. Clearly there is a need to evaluate additional germplasm from Australia and China and to test germplasm from other countries, especially India. The current study also assumed that physiological races are not an issue in such screening tests, but this aspect needs to be clarified for a wider range of strains of S. sclerotiorum, both in Australia and in the countries from which germplasn has been obtained, such as China and India. Finally, the value of such resistances in terms of yield advantage, especially under varying environmental conditions (e.g., humidity, temperature, etc) which could affect the level of damage caused by Sclerotinia stem rot, warrants further investigation.

Introduction

Oilseed rape (Brassica napus) is an important crop world-wide, including Australia. Blackleg disease, caused by Leptosphaeria maculans (anamorph: Phoma lingam), is of major economic importance in the oilseed rape growing areas of Australia, North America and Europe (West et al., 2001).

The cultivar Surpass 400 was released Australia-wide in 2000 as the most resistant cultivar to L. maculans. This cultivar initially showed excellent resistance to L. maculans in the field, with only a hypersensitive response, characterised by small dark brown necrotic local lesions without pycnidia being evident on the cotyledons, leaves and/or stems. The resistance to L. maculans in cv. Surpass 400, which originated from B. rapa ssp. sylvestris [START_REF] Crouch | The effect of a genome substitution on the resistance of Brassica napus to infection by Leptosphaeria maculans[END_REF], is considered to be mediated by a single dominant gene [START_REF] Li | Identification of a single dominant allele for resistance to blackleg in Brassica napus 'Surpass 400[END_REF]. However, in 2003 and 2004, there were reports of breakdown in resistance in Australian commercial oilseed rape cultivars containing this single dominant gene-based resistance derived from B. rapa ssp. sylvestris, initially in Western Australia (Li et al., 2003;[START_REF] Li | Responses of Brassica napus cultivars to Leptosphaeria maculans field isolates from Western Australia[END_REF] and subsequently in other parts of southern Australia (Anonymous 2004).

Hypersensitive reactions related to L. maculans have been reported in winter-type B. napus [START_REF] Somda | Pathogenicity of Leptosphaeria maculans isolates on a Brassica napus-B. juncea recombinant line[END_REF]Roussel, 1999aRoussel, , 1999b)), in B. juncea [START_REF] Chen | Rapid necrosis of guard cells is associated with the arrest of fungal growth in leaves of Indian mustard (Brassica juncea) inoculated with avirulent isolates of Leptosphaeria maculans[END_REF], and more recently in spring-type B. napus by [START_REF] Li | Responses of Brassica napus cultivars to Leptosphaeria maculans field isolates from Western Australia[END_REF], 2004). However, nothing was known about how this recently occurring resistance-breaking strain of L. maculans in Australia actually breaches the anatomical barriers in cultivars such as Surpass 400, barriers that were initially effective in restricting damage in such cultivars to a hypersensitive resistant reaction in the presence of non-resistance-breaking strains of L. maculans.

Studies of Hua Li et al. (2004, 2006a[START_REF] Leflon | Resistance genes to Leptosphaeria maculans are introgressed from Brassica rapa to B. napus by homologous recombination[END_REF] were undertaken to determine which barriers to the infective processes of L. maculans were overcome, in a cultivar such as Surpass 400 that carries the single dominant gene-based resistance derived from B. rapa ssp. sylvestris, during invasion by a resistance-breaking strain of L. maculans. In this paper we discuss the major histological parameters expressed in the response to the single dominant gene-based resistance in cv. Surpass 400 against representatives of strains of L. maculans that were dominant in B. napus commercial fields prior to the introduction of this particular type of single dominant gene-based resistance. We also compared these responses to those that occurred in response to challenge by the pathogen strains dominant at and following breakdown of this same single dominant gene-based resistance. These defenses and their breachings were compared in response to their reaction on cotyledons (Hua Li et al., 2004[START_REF] Leflon | Resistance genes to Leptosphaeria maculans are introgressed from Brassica rapa to B. napus by homologous recombination[END_REF] and stems (Hua Li et al., 2006a). In addition, the responses of B. napus cultivars Dunkeld, Outback and Grouse, containing polygenic resistance, and the highly susceptible cv. Westar to the same strains on cotyledons and stems were used as comparisons (Hua Li et al., 2006a[START_REF] Leflon | Resistance genes to Leptosphaeria maculans are introgressed from Brassica rapa to B. napus by homologous recombination[END_REF].

MaterialS And Methods

Two L. maculans isolates, UWA 192 and UWA P11, were used throughout these studies. UWA 192 is a highly virulent isolate that can overcome the resistance in Australian commercial B. napus cultivars containing single dominant gene-based resistance derived from B. rapa ssp. sylvestris (Hua Li et al., 2004). While isolate UWA P11 is known to be highly virulent on cultivars containing polygenic resistance or that are highly susceptible, it is, however, avirulent on cv. Surpass 400 on which it induces a clear hypersensitive reaction to inoculation [START_REF] Li | Responses of Brassica napus cultivars to Leptosphaeria maculans field isolates from Western Australia[END_REF], 2004). The spring-type B. napus cv. Surpass 400, which carries the single dominant gene-based resistance to blackleg, cultivars Dunkeld, Grouse and Outback, which carry polygenic resistance, and the highly susceptible cv. Westar were used in these studies. Details of individual methods utilized in these studies are given in the respective papers already published (Hua Li et al., 2004) or in press (Hua Li et al., 2006a[START_REF] Leflon | Resistance genes to Leptosphaeria maculans are introgressed from Brassica rapa to B. napus by homologous recombination[END_REF].

Discussion

Overall, the studies provided an interesting opportunity to study the evolution and/or development of L. maculans strains in relation to blackleg disease in Western Australia [START_REF] Sivasithamparam | Recurring challenges from a necrotrophic fungal plant pathogen: a case study with new avirulence genes in the phytopathogenic fungus Leptosphaeria maculans (causal agent of blackleg disease in Brassicas) in Western Australia[END_REF]. The results clearly indicate that strains (such as UWA 192) that became dominant in B. napus fields in Western Australia since the commercial release of cultivars with single dominant gene-based resistance from B. rapa ssp. sylvestris, are clearly different from those (such as UWA P11) which dominated when crops were based on cultivars effectively only carried polygenic resistance and/or that were highly susceptible.

The ability of strain UWA 192 to be highly virulent in cv. Surpass 400 provided an opportunity to study ways by which the resistance of cv. Surpass 400 to previously dominant populations was broken down. Clearly, the major characteristic of the resistance, both on cotyledons and stems, was related to the development of a hypersensitive reaction. This hypersensitive reaction, even at the cotyledon stage, guaranteed prevention of hyphae reaching the stem to cause cankers and associated yield losses. Inoculation with UWA 192 onto cv. Surpass 400 not only resulted in the failure of the hypersensitive reaction to occur, but also led to unlimited hyphal invasion all the way into the stem, and also the production of pycnidia, leading to the initiation of secondary infection cycles. It should be noted that there was no production of pycnidia on cotyledons of cv. Surpass 400 when inoculated with strain UWA P11.

In relation to the response of stems inoculated with UWA P11, there was a dramatic cessation of invasion of stem tissues by the pathogen, resulting from the production of additional cambium and the increased deposition of lignin and suberin in cell walls. It is noteworthy that, in contrast to UWA P11, UWA 192 was able to aggressively invade pith tissues of the stem, which is critical for canker development and stem collapse from loss of tensile tissues. This aspect clearly indicates the basis of histological-based resistance to UWA P11 and how they were breached by UWA 192 in cv. Surpass 400. However, the differences between cultivars relying upon polygenic resistance in comparison with the highly susceptible cv. Westar appear to be more quantitative than qualitative. It is likely that polygenic resistance, where it is expressed, is related, at least in a quantitative sense, to aspects other than or additional to those we determined in cv. Surpass 400.

In contrast to cv. Surpass 400 and cultivars relying upon polygenic resistance, cv. Westar showed high levels of susceptibility to UWA P11 and UWA192 and failed to initiate adequate levels of histological defenses such as additional cambium, lignin, suberin, and/or phenolic compounds. It is also interesting that while the hypersensitive response to UWA P11 took 5-7 days to develop in cv. Surpass 400, it took 12-14 days for lesions to develop both for cv. Westar and for cultivars relying upon polygenic resistance.

While hypersensitive cell death, production of additional cambium, increased production of phenolics and increased deposition of lignin and suberin clearly indicates the barrier posed within cv. Surpass 400 to the population of L. maculans that dominated prior to year 2000 and how they were subsequently breached by the strains of L. maculans that overcame this single dominant gene-based resistance, defining the nature of polygenic resistance where it has been expressed in the field remains to be determined.

Conclusion

Although histological barriers associated with resistance to L. maculans have been reported previously, this is the first series of studies which explains major aspects of the collapse of the single dominant gene-based resistance derived from B. rapa ssp. sylvestris that occurs both in cv. Surpass 400 and also in other Australian cultivars, including cvs Surpass 501TT and Surpass 603CL that were widely deployed across Western Australia, particularly in the first half of the 2000's.

Introduction

Brassica being a crop of arid and semi arid region, its sowing depends upon rains. In India, many a times, due to early rains, farmers sow the crop early in the season. Such early sown crop faces seedling mortality High temperature prevailing during sowing time causes seedling mortality to the tune of 100%. Therefore crop needs to be re sown many times before a final successful crop is taken.

Among the many approaches to combat this problem, selection of thermotolerant genotypes is the best approach, as it is one time effort and does not involve regular expenses of farmers. The present paper deals with developing simple, and laboratory method corresponding to field conditions for screening thermotolerant genotypes.

Materials and methods

Raising the seedlings: Sowing is done in trays having normal field soil. In the present experiment 3 trays were used. Each tray could accommodate 7 Kg. soil therefore, 21 Kg. soil was homogenized out side the tray with enough but measured amount of water to bring the soil to field capacity. In the present experiment 150ml water/Kg. soil was used. Equal quantity of soil was filled in each box. Each box was uniformly marked into 4 rows and 7 spots were marked in each row at uniform distance (Fig. 1). Four seeds were sown at each spot. Therefore, each tray could accommodate 4 seeds each of 28 genotypes. Sowing was done in random fashion in 3 trays, Seedlings were allowed to grow at optimum temperature (25°C + 1°C), relative humidity (70%) and optimum light conditions for five days. Then these seedlings were exposed to threshold high temperature (46 + 1°C).

Trays were kept in automatic controlled seed germinator at 25°C, and 50% relative humidity. Five days' old seedlings were then exposed to high temperature (46 + 1°C). Time taken to bending initiation (hypocotyl hook formation), 50% bending, 50% mortality, and 100% mortality was recorded. Longer the time needed for a variety/genotype to 50% mortality, more a variety/ genotype will be tolerant to high temperature compared to the one, which takes lesser time to reach that stage. Based upon this trait the genotypes were grouped into thermo tolerant, moderately thermo tolerant, and thermo susceptible genotypes. Efforts were done to screen some of the species/genotypes whose thermotolerance is already established.

Results and Discussion

Screening of thermotolerant genotypes can be achieved by screening thermotolerant genotypes either in field or laboratory conditions. The limitation of screening in field is that temperature cannot be controlled to threshold limit. Resulting thereby either all the seedlings are killed or none is killed. Moreover, microclimatic conditions of different seedlings may vary in field area.

In laboratory, the seedlings can be grown in Petri plates, in moistened blotting papers or boxes/trays containing soil. In petri plates there is very high relative humidity, which is against the natural field conditions where high temperature is accompanied by low relative humidity and water stress. None of the conditions is met in Petri plates.

Screening of genotypes in wrapping seeds in moistened blotting papers too have drawback, as the conditions are unnatural. Such seedlings are protected against high temperature and water stress. To overcome this difficulty a simple laboratory method has been suggested as mentioned in materials and methods that is comparable to natural field conditions.

Verification of proposed method by screening the established thermo tolerant and thermo susceptible species of Brassica: Six species of Brassica (Listed in Table1) were tested for their comparative thermotolerance at seedling stage by using the proposed method of screening. Data on mean time taken by different genotypes of each species to achieve 50% & 100% seedling mortality was compared. Among these species, B.carinata took maximum time to achieve 50% seedling mortality and therefore has been ranked the most thermo tolerant species followed by B. campestris and B. tournifortii, which were almost at par with each other. These 3 species were much more tolerant than B.alba, B. juncea,B..napus. The most susceptible to high temperature is B.napus.

Thermotolerance and drought tolerance in B. carinata is evident from the proposed screening method is well established in literature [START_REF] Aicorpo | Screening Brassica species for abiotic stresses[END_REF][START_REF] Chhabra | Annual Report, Rabi oilseeds[END_REF][START_REF] Chhabra | Comparative tolerance of Brassicas to high temperature[END_REF]. It is recommended for rain fed condition and is believed to be rough & tough Brassica species (Rapaport & Ferereas, 1983).). B.carinata is also relatively tolerant to water stress [START_REF] Uprety | Photosynthesis and drought resistance of B. carinata and its parent's species[END_REF], salinity stress [START_REF] Chhabra | Screening Brassicas for salinity tolerance at seedlings stage[END_REF], high temperature stress [START_REF] Chhabra | Comparative tolerance of Brassicas to high temperature[END_REF] & frost [START_REF] Chhabra | Screening different species of Brassica for frost resistance. Annual progress report[END_REF].

B.campestris var Toria is also proven thermo-tolerant through indirect observations. The recommended sowing time to B.campestris var. Toria in India is September because Brassica species of Brassica can tolerate high temperature of September when the temperature is high whereas, there is seedling mortality in Brassica juncea if sown in this month. That is the reason; the sowing of Brassica juncea is recommended in October when temperature lowers down.

Thermo-susceptibility of B.napus is supported by the fact that it is cultivated in areas where lands are irrigated & have high relative humidity. It is less suitable for water stress condition or dry condition. B.juncea though not tolerant to high temperature is most widely cultivated, because yield wise no other species can compete it for one or the other reason. Though B.juncea as a whole is not thermo-tolerant, there is range of thermo-tolerance in different genotypes of B.juncea.

To further confirm the method, a set 25 coded genotypes including thermotolerant genotypes RH-8814 and RH-8816 were screened for confirmation. Genotypes RH-8814 and RH-8816 took 6-20 and 5-30hrs. respectively to achieve 50% mortality compared to .This further support the proposed method.

On an overall, though this method seems to be only slight improvement over the existing methods, offers many advantages. Superiority of this method over the existing methods are:

1. The chances of error are the least, as the large numbers of genotypes are being tested are in a "single tray" having similar microclimatic conditions. 2. Method is rapid as the thermotolerance of large number of genotypes can be tested in a few hours. 3. As the trays contain natural soil, this method is similar to natural soil conditions rather than Petri plate/ moistened filter paper methods, which are purely laboratory techniques. 4. Time taken to seedling mortality is more reliable testing tool than percent seedling mortality.

Introduction

Fusarium oxysporum is a common widespread soil borne fungus [START_REF] Kistler | Genetic Diversity in the Plant-Pathogenic Fungus Fusarium oxysporum[END_REF]. It is an anamorphic species with considerable morphological and physiological variation (Alves-Santos et al 1999). Fusarium wilt is a soil borne disease that affects many crops, but displays a high degree of host specificity resulting in the subdivision into formae speciales based on species attacked [START_REF] Nelson | Fusarium: Disease, Biology and Taxonomy[END_REF]. The formae speciales that can attack canola is conglutinans, which includes all crucifer infecting isolates. Fusarium wilt was not identified in canola until recently, and was only reported for the first time in Alberta, and then in Saskatchewan and Manitoba of Western Canada in 1999 (Alberta Research Council). Occurrence of this disease is relatively rare; however, when a field is infected yield losses can be high (Alberta Research Council). Alberta and Saskatchewan has reported high incidence of the disease in several locations while it has been quite scattered in Manitoba with only a few locations (i.e Darlingford, MB) showing symptoms of fusarium-wilt on canola. As such, there is very limited information on the host-pathogen relationship of this particular disease. As a result it is important to understand the hostpathogen interaction to prevent occurrence of the disease as much as possible. One key aspect of this is the genetic profile of the fungus infecting the canola. In addition to providing insight into the evolution of FOC, the amount of diversity can have implications on the durability of genetic resistance in the host plant and how resistance should be screened. For example, Alves-Santos et al (1999) recommended new hybrids of common bean in Spain be screened against multiple strains of F. oxysporum f. sp. phaseolis when they discovered that the pathogen was more genetically diverse than expected, and that single dominant resistance genes may not provide effective resistance. This also concurs with Gordon and Maryn's (1997) conclusion that despite asexual propagation being the dominant influence on populations of F. oxysporum, the absence of sexual reproduction is not likely to prevent this pathogen from continuing to inflict significant damage to host crops. The objective of our study was to study the genetic diversity and population structure of this relatively new pathogen to canola using molecular markers.

Material and Methods

Isolates of F. oxysporum were collected by the Alberta Research Council from infected canola plants across Manitoba, Saskatchewan and Alberta. In addition, isolates collected from cabbage, radish, mustard, corn, wheat and oat were included as references. All isolates were single spored, and DNA was extracted using an extraction buffer of 100 mM TRIS, 10 mM EDTA, and 1%SDS and quantified using a spectrophotometer. Genetic diversity was analyzed using the PCR-based Sequence Related Amplified Polymorphism (SRAP) technique, with polymorphic bands visually scored on polyacrylamide gels stained with silver as described in [START_REF] Zhang | The genetic structure of populations of Apiosporina morbosa in Canada[END_REF]. Genetic diversity and population differentiation was determined among and between geographic and host specific populations.

Results and Discussion

To our knowledge, this is the first report of the genetic variation determination of the fusarium-wilt pathogen strains from canola. There were a total of 89 isolates of Fusarium oxysporum collected from three regions: Alberta, Saskatchewan and Manitoba (Table 1). Sixty seven loci were detected from these isolates with two pairs of primers, RP1+EM1 and RP1+EM2. AMOVA analysis (Table 3) revealed that 99% of variation was caused by molecular diversity within geographic populations because the number of polymorphic loci (r) within each population was very high ranging from 100 % for Alberta, 97% for Saskatchewan and 30% for Manitoba. The isolates from Alberta and Saskatchewan showed much higher level of heterozygosity than those from Manitoba. Gene flow estimates indicated that much higher rate of gene flow (Nm) took place between Alberta and Saskatchewan populations (Nm=38.1) than the rate of gene flow either between Alberta and Manitoba (Nm=6.9) or between Saskatchewan and Manitoba populations (Nm=6.0). However, [START_REF] Nei | Analysis of genetic diversity in sub-divided populations[END_REF] genetic distance didn't differentiate the three geographic populations as they clustered as one group on the dendrogram (data not presented due to space limitations). This might be due to gene flow among the Fusarium oxysporum populations occurring across Western Canada.

AMOVA performed on Fusarium oxysporum populations collected from different host species (Table 3) showed that 32.6% of total variance was due to differences among host crop, and 67.4% of total variance was caused by differences within crop species. It means that the isolates living on different host species are diverse in genetics. The number of polymorphic loci (r) within each population collected from different crops was not high (lower than 30%) except on canola (100%) (Table 2). Gene flow estimates indicated that it only took place (NM > 1) between the populations obtained from cabbage and mustard, cabbage and canola, radish and canola, and mustard and canola. Nei's genetic distance showed that the populations isolated from different species were mainly clustered as two groups (Fig. 1), in which the isolates from mustard, canola, cabbage, radish and corn were grouped together and totally different from wheat and oat. Mustard, canola, cabbage and radish belong to the same genus Brassica except corn; they are different from cereals wheat and oat in genetics. Species Fusarium oxysporum evolved along with different host species and developed diversity in genetics. It is believed sexual recombination does not play a role in the development of genetic diversity of Fusarium oxysporum, although it has not been proven. However, host selection pressure does increase the speed of the genetic evolution among the Fusarium oxysporum because it was observed that high heterozygosity existed among the isolates collected from canola. Determination of the degree of variation within the pathogen population is important not only in understanding the basic biology and epidemiology of this disease, but may also have implications in how resistance is screened for in the host and how durable that resistance could be in the long term. 

Introduction

The winter-killing is one of the natural disasters that badly endanger agriculture production. Selecting and breeding cold hardiness cultivar was the basic way that prevented the winter injury and the foundation of winter resistance breeding was identification. A lot of research indicated that cold hardiness correlate closely to activity of protective enzyme and some soluble substance contents, these indexes could regard as deliberated index of cold hardiness. However, how changed these indexes in winter turnip rape during overwintering period, what's about the relationship between these indexes and winter survival rates, whether there have correlation. In light of these condition, the study selects 8 winter turnip rape, tested 4 indexes during overwintering period, Testing results and winter survival rates try to find the physiological biochemical index that correlate closely to winter hardiness, in order to provided the theory basis for selecting and breeding cold hardiness winter turnip rape.

Material and methods

The experiment carries on in Gansu agricultural university in 2005-2006. 8 Winter turnip rape cultivars were: 02Cza, WXM-1, 9852, 9889, DQW-1, yanyou2, WYW-1, Tianyou2, the variety provides by the Tianshui academy of agriculture sciences, The experimental material sowed seeds on August 22th, each variety 3 repetitions, arranges immediately, conventional management.

Superoxide dismutase activity: Nitroblue tetrazolium photoreduction. Peroxidase(POD) activity: Guaiacol colourimetry. Soluble protein contents: Coomassie Brilliant Blue G-250 method. Soluble sugar contents: Anthrone coloration method.

Results

The winter survival rate was the most useful method for identification winter hardiness of plants, the result was truly. 8 cultivars were classified 3 kinds based on winter survival rate, MXW-1, DQW-1were the strongest cold hardiness. WYW-1, Yanyou2 were the medium cold hardiness. 02Cza, 9852, 9889, and Tianyou2 were the weak ones. Their winter survival rate were: 96.80%, 95.90%, 87.90%, 86%, 33.50%, 27.90%, 26.50%, 25.90%.. According to the correlate analysis, POD activity and winter survival rates have significant correlation during overwintering period, the results indicated cold hardiness index correlate closely to temperature, we can select different index under different low temperature 
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Corresponding author. E-Mail: wangcangsun@yahoo.com.cn activity climbed sharply, Its indicated winter turnip rape have been injured for low temperature while temperature descent from 14°C to 6°C. SOD activity of MXW-1 was the highest among them, it reached 358.6U, and 9852 was the lowest one, only 253.2U. Afterward, with the descent of the temperature, SOD activity of all cultivars was raised slowly. Until November 5th, when the lowest temperature was 1°C, SOD activity reached maximum. The activity of MXW-1and DQW-1 always kept higher levels, when the lowest temperature was descent to 4 below zero (November 25th). The activity of all cultivars began decline. The result showed that the cultivars of higher winter survival rate have higher SOD activity.the lower ones were not.

Although SOD activity and winter survival rates have correlation somewhat, there was no significant difference among 8 cultivars. So the SOD activity could not regard as main basis for identified the cold hardiness cultivars. POD activity of 8 cultivars (figure 1) lasted increased from October 5th to 25th, MXW-1, DQW, Yanyou2 increased about 5 or 6 times, there have remarkable difference among 8 cultivars, and POD activity of all cultivars got to highest level. After this, with the descent of the temperature, POD activity began gradually decreases, but the rule of strong or weak did not changed. Cold hardiness of cultivars and POD activity were positive correlation. The result also showed that the cultivars of higher winter survival rate have higher POD activity.the lower ones were not, and what's more, the difference of 3 kind cultivars was obvious. The result accord with winter survival rate, so, within the limits of 6°C to -4°C, POD activity could regard as one of identification indexes for cold hardiness.

Fig. 2 showed that the change trendy of soluble protein contents during overwintering period, the results of November showed the correlation on soluble protein contents and winter survival rates. Under 1°C temperature, MXW-1 have higher winter survival and higher soluble protein contents,But Tianyou2, 9852, 9889, 02Cza have lower contents. So, soluble protein contents could regard as one of the indexes for cold hardiness under 1°C.

The changes trendy of soluble sugar contents and soluble protein were similar, but changes of soluble sugar embodied cold hardiness of cultivars earlier. October 25, MXW-1 has high soluble sugar contents as well as with high winter survival rate under 6°C temperature. Winter survival rate of WYW-1and Yanyou2 were about 87% with medium contents. Other 4 cultivars with lower survival rate and worse soluble contents, but there were not correlate among them, so, soluble sugar contents could regard as one of the indexes for cold hardiness under 6°C temperature. 

Discussion

SOD and POD were regarded protective enzyme of cell membrane, the higher of enzyme activity, the better of ability to clear free radical, meantime, the plant have higher stress tolerance. According to the change of SOD activity in leaves of winter turnip rape under low temperature, Plants could reduce hurt from super oxide radical by increase the SOD activity.

Early, the activity of SOD increase continually, and what more, the stronger cold hardiness cultivars have higher enzyme activity, the weaker ones have lower enzyme activity. With the descent of temperature and prolong of the time, the injury of low temperature was worse and worse, so that the plant could not keep higher enzyme activity. The activity of enzyme began descent with different degree; the cultivars of higher winter survival rate have higher SOD activity, the lower ones were not. But there was no remarkable difference in 8 cultivars. So, The SOD activity could not regarded as the main index for identification of cold hardiness.

POD was related to aging, the activity would strengthen under low temperature, the capacity of clear free radical also increased. Similar to SOD, POD activity was also increased and decreased with the descent of the temperature, but POD activity decreased began on October 25th, the lowest temperature was 6°C. After this, enzyme activity and survival rate was interrelated. The cultivars of higher winter survival rate have higher POD activity.the lower ones were not. There was significant difference in 8 cultivars. The POD activity could regard as the main index for identification of cold hardiness under 6°C.

A lot of research has indicated there was positive correlation between soluble protein contents in cell and cold hardiness during low temperature acclimatization. High contents of soluble protein increased cell juice consistency, it's very important to strengthen plant cold hardiness. The tested results show that the correspondence between soluble protein contents and survival rate. MXW-1 have highest survival rate with high contents of soluble protein. Tianyou2, 9852, 9889, 02Cza have lower contents. In consequence, soluble protein contents could regard as one of the reliable index for identification of cold hardiness.

It is generally thought that soluble sugar as protective substance that could inducement to protein synthesis thereby improving the plant cold hardiness. With the lower of temperature, soluble sugar contents increased greatly in leaves of brassica napus [1 °]. Compared with soluble protein, soluble sugar embodied the cold hardiness of relative strength early, MXW-1 have highest survival rate with high soluble sugar contents, 4 lower survival rate cultivars have lower contents. So, soluble sugar contents also could regard as one of the main identification index of cold hardiness under 6°C.

Conclusions

Although POD activity, soluble protein contents and soluble sugar contents correlate closely to cold hardiness of Winter Turnip Rape as well as regard as main index for identification of cold hardiness under different low temperature, these indexes could compare relative intensity of cultivars not the standard of identification. In addition, cold hardiness was result of a series of physiological and biochemical action, so anyone index could not as identification index of cold hardiness singly, the reliable conclusion would be draw only according to results of different indexes.

Introduction

Indian mustard (Brassica juncea (L.) Czern and Coss.) is predominantly cultivated species in India. Due to its higher seed yield and adaptation, it is widely cultivated under different agro-climatic conditions and cropping patterns. The species of Brassica are altered by a number of diseases. Among these white rust (Albugo candida) is most important and widely distributed in tropical and temperate climates [START_REF] Saharan | White rust. A review of economically important species[END_REF]. Appreciable losses were caused by Albugo candida to seed yield up to a tune of 17 to 37 per cent [START_REF] Kolte | Disease management strategies for rapeseed mustard crops in India. A review[END_REF]. Chemical control of this disease is costly and hazardous to human beings besides creating environmental pollution. So, cultivation of resistant varieties is the only feasible way. So, keeping in view the above facts the inheritance studies of white rust resistance were undertaken in the present investigation.

Material and Methods

The experimental material comprised of four Indian mustard genotypes namely, UDN69, RH 8113 resistant to white rust and RH 9624 and Bio-902 susceptible to white rust. Two crosses UDN 69×RH 9624 and RH 8113×Bio-902 were attempted during Rabi 1999 at CCS Haryana Agricultural University, Hisar, India and six generations (P 1 , P 2 , F 1 , F 2, B 1 and B 2 ) were developed during winter 2000. The six generations were evaluated for white rust resistance by growing in compact family block design replicated thrice with the spacing of 30 and 15 cm between row and within row, respectively. For artificial inoculation, inoculum suspension (white rust infected leaves were crushed in sterilized distilled water) was sprayed twice on all the generations first at 45 days and second at 60 days after sowing. To maintain humidity in the field, the crop was irrigated twice, after 45 and 60 days after sowing. To assess the resistance against white rust in the parents, F 1 's, F 2 's and back cross progenies, symptom severity grades designated with numerical values of 0-5, were given on the basis of visual observations. The per cent disease intensity was calculated by the method described by [START_REF] Gemawat | Efficacy of different fungicides for control of Alternaria blight of Cuminum ovaianum[END_REF].

Per cent disease intensity=

Sum of all numerical ratings Total no. of leaves observed×highest ratings ×100

Results and Discussion

The perusal of the data presented in Table 1 indicated that the parental lines UDN 69 and RH 8113 were resistant whereas, RH 9624 and Bio-902 were susceptible to white rust. The disease intensity in susceptible parents was also less due to unfavorable environment for white rust but it was much higher than resistant parents.

The F 1 progenies of these crosses showed complete resistance to white rust which indicated complete dominance of resistance in F 1 transferred from resistant parents. Segregation in F 2 for resistance and susceptible reaction in both the crosses showed perfect fit into the ratio of 3R:IS. Similar ratios were also observed by Adhikari et. al (2003) while working on Albugo Candida and supported the hypothesis of a single dominant gene control of the resistant against Albugo candida. This is also in corroborative of the results reported by [START_REF] Chauhan | A source of white rust resistance in Indian mustard derived from Brassica carrinata[END_REF] that strains derived from B. napus had a single dominant resistant gene. Backcross to susceptible parents exhibited perfect fit into the ratio of 1R: IS in both the crosses. Backcross with resistant parents showed complete resistance.

From the F 1 's, F 2 's and backcrosses analysis it was evident that the resistance to white rust is controlled by single gene with complete dominance. Although the monogenic and complete dominance is evident from the present analysis, the role of few modifier involved in the expression of white rust resistance can not be excluded as is evident from susceptible reaction under scores which tended towards the resistance categories. Similarly, [START_REF] Paladhi | Inheritance of field reaction to white rust in Indian mustard[END_REF]; Sridhar and Raut (1996) and [START_REF] Bansal | Inheritance of partial resistance to race 2 of Albugo candida in canola quality mustard (Brassica.juncea) and its role in resistance breeding[END_REF] reported that resistance to white rust in rapeseed and mustard was governed by single dominant gene.

Introduction:

There are fields watered by rain fed and hidden possibilities for oil seeds in rain fed. Therefore, oil seeds widen as one of country aims to independence. Also, canola can grow at low temperatures that it can plant in cold, semi cold and highest areas (5). Rame and et al. (4) reported that four factors are defining the most variance rate (1th factor phonologic, 2nd factor yield components, 3rd undesired quality and 4th factor desired quality. In other studying, three factor defined the most variance rate. Total variance was 93.18% which have been named yield and yield components for 1th factor, morphologic particularities for 2nd factor and harvesting particularities for 3rd factor (1). Mirmousavi and et al. (3) resulted that factor analysis on the base of eigen value minimum expressed four factors. 1th factor, seed yield, No. of pod per plant, No. of seed per pod, No. of day to beginning flowering, growth period long, flowering period long, shattering resistance rate had high positive loads which have been named yield and its components factor. 2nd factor, germination rate, growth before winter, cold resistance and growth to beginning flowering have been named growth and plant establishment factor. 3rd factor, oil%, thousand seed weight and plant high have been named desired quality factor. 4th factor were oil% and protein% with coefficients of different load. Yield component affected in yield development directly and No. of pod per plant trait affect on yield particularly. These traits can use as selection index for high yield varieties. Introducing high yield varieties is the most important aim breeders for different environments accompanied by high adaptability and stability. There fore, evaluation plant germplasm is very necessary for breeders under rain fed conditions.

Materials and Methods:

139 canola genotypes (napus, rapa and juncea) were compared observational under rain fed in Agricultural Research Station of Sararood-Iran (Table 1). Each variety was planted in 2 rows with 10 meters length and distance row to row 30 centimeters in half of October before effective rain in Fall(Table 2). In growing season and after harvesting some traits recorded such as No. of day to end of flowering, No. of day to ripening, plant high, No. of sub branch per plant, No. of pod per plant, No. of seed per pod, thousand seed weight, oil%, seed yield and oil yield per plot. Weeds were deleted by hand (before rosette. and beginning stem). Statistics methods used for traits relative to seed yield were factor analysis with varimax rotation, cluster analysis on the base of group average linkage and traits correlation on the based of pierson.

Result and Discussion:

The results showed that there is high variation among genotypes for traits(Table 3). No. of day to end of flowering and no. of day to ripening traits showed range between 115 to 171 and 197 to 221 days with coefficient of variation 3.63% and 2.66% respectively. Plant high had average 103.69 cm and coefficient of variation 16.76%. Also, No. of sub branch had variation range between 1 and 10.4, mean 3.06 and coefficient of variation 46.73%. Yield and its components (No. of pod per plant, No. of seed per pod and thousand seed weight (TKW)) has been showed high variation too. No. of pod per plant had variation range between 17.6 to 278.2 and coefficient of variation 63.38% with mean 70.87. Other yield component, namely No. of seed per pod, included enough variation and coefficient of variation 24.4% with variation range between 7 to 27 and mean 18.85. Thousand seed weight showed variation range between 0.34 to 4.2, mean 2.97 gr and coefficient of variation 21.21%. Seed yield was affected by these three components. Seed yield had coefficient of variation 42.68%. accompanied by high variation range (0.19 to 1.87 Kg/plot) and mean 0.82 Kg/plot. Genetic variations were reported among canola genotypes for more agronomic traits and yield components researchers (2,6). Then, to attention to variation range and coefficient of variation can understand that there are variation among genotypes and this variation can be used for progressing breeding project. Factor analysis on the base of eigen value minimum expressed two factor eight traits (Table 3). In watered experiments have been reported four factors and three factors for traits under studying by other researchers (1,3,4). Eigen value was 9.46 and 2.56 for 1 th and 2 nd factors respectively. Rate variance was 0.99 for first two factors. Share first factor and second factor was 0.78 and 0.21 respectively. In 1 th factor, No. of sub branch and No. of pod per plant had high positive loads (0.98523 and 0.66495 respectively) which have been named morphological factor. Also, In 1 th factor, thousand seed weight and No. of seed per pod showed near by medium negative loads (-0.3286 and -0.37495 respectively). In 2 nd factor, seed yield and No. of seed per pod had high positive loads (0.324 and 0.9271 respectively) which have been named yield and yield components factor. 1 th factor explained the most variation rate. To attention loads in 1 th factor, increasing No. of sub branch and No. of pod per plant cause reducing thousand seed weight and No. of seed per pod. Namely, there is negative relative for mentioned traits. Traits correlations confirm it too. Loads in 2 nd factor showed that increasing seed yield was done by increasing No. of seed per pod. To generally can express that germplasm under studying had enough genetic variation and this variation can be used for progressing breeding projects. Hopper variety {napus species) andj-98-102-51, BP-1285, BP-4 varieties (juncea species) can be used in back cross as donor parent because of earliness. Also, No. of seed per pod trait can introduce as positive selection index in rain fed. 

Introduction

The two major environmental factors that currently reduce plant productivity are drought and salinity (Serrano et al., 1999). Some seed lots treated by stresses for an extended period may have reduced germination and vigor. Seed quality factors are very important, because other than purchasing decisions, the grower has no control over a poor quality seed lot. Although management can account for minor discrepancies in cultural and pest related factor [START_REF] Wang | Somatic crossing between S. alba and B.napus[J][END_REF]. Drought conditions occur ubiquitously during the growing season of many plants, and in the case of crops, it can have a profound negative effect on agricultural quality and productivity (Wang et al., 2005). Seed quality factors include seed maturity, seed size, chlorophyll content and genetics. Genetic plays an important role in germination, seed and seedling vigor (Anonymous, 2007).According to the Odiemah results (1988) cold test is suitable for recognizing effect of stress. Seed germination is an important stage in the life history of plant, affecting seedling development, survival, and population dynamics (Bewley and Black, 1994;[START_REF] Bewley | Seed germination and dormancy[END_REF][START_REF] Wang | Somatic crossing between S. alba and B.napus[J][END_REF]. Seed vigor is hard to define, but is the sum of those properties which determine the activity and performance of the seed during germination and emergence. A germination test is a seed viability test only. It will not provide you with a measurement of all the properties required to give vigorous growth and consequently better establishment [START_REF] Phillips | Cereal seed quality after drought[END_REF]. A study was conducted in 2005-2006 in which cold test were evaluated to determine vigor and germination of canola (Brassica napus L.) seeds. The second aim was related to less irrigation after flowering, padding and seed filling stages and this amount of water used to start spring culture. In this study had been selected six common canola cultivars in Iran, included of Orient, Okapi, Licord, SLMO46, Opera and Zarfam used which origin of this canola cultivar is Iran.

Materials and Methods

Seed Quality Determination

The canola seeds cultivars (SLM046, Licord, Opera, Zarfam, Orient and Okapi) were obtained from Seed and Plant Improvement Institute, Karaj, Iran. This experiment was performed on four 100 seed replications of each cultivar. The seeds samples exposed to 5ºc for 5 days on moistened blotter papers and then transferred to growth chamber with 22±2ºc for 5 days on moistened blotter papers for germination (Elias and Copeland, 1997). After 24 hour normal seedlings were counted and finally percent of normal seedlings was recorded. At the end of experiment thirty plants from each box were randomly chosen and tagged for subsequent sampling. Root, shoot and whole plant of seedling measured and they weighted for fresh weight and then samples dried in oven 70ºc for 24 h for measured dry weight.

Daily record used to estimate as follows: FGP is the Finally Germination Percentage. FGP is the last recorded before sampling. MTG is the Mean Germination Time, and estimate as follow ( ) n id i M T G n i

= ∑ ∑

Where di=days after sowing, ni=number of germ in di, ni ∑ = total germ during 7 days.

Final germination percentage Germination term MDG = MDG is the mean germination days and it is speed germination days index. MDG estimate as follow

Experimental Design and Statistical Analyses

All data were subjected to analysis of variance (ANOVA) appropriate to a factorial form on Complete Randomized Design with four replications for laboratory experience in 2005 with four replications factors. The studied factors were less irrigation at 4 levels (normal irrigation, irrigation until flowering, irrigation until padding and seed filling stages) and 6 winter rapeseed cultivars (SLM046, Licord, Opera, Zarfam, Orient, Okapi). All experience data were using SAS 9.1 and the treatment means were tested by Duncan Multiple Range (DMR) and drawing picture with Excel 2003.

Result and discussion

The analysis of variance showed, less irrigation had significant effect on abnormal seedling (p≤0.05); root and shoot length of seedling, root/shoot ratio; seedling fresh and dry weight (p≤0.01). Effect of Cultivars were significant in MTG, FGP, seedling dry weight (p≤0.05) and abnormal seedling (p≤0.01). Interaction of less irrigation × cultivar showed significant differences (p≤0.05) for abnormal seedling, seedling fresh weight and root/shoot ratio (Table 1). Generally less irrigation caused to increase root length, seedling dry weight and MDG; but shoot length decreased (Table 2). [START_REF] Perez | Phisiologi of seed vigour in groundunuts (Arachis hypogaea L.) in relation to low temperatures and drought Avances en Investigacion[END_REF] as the same results declared that the good seed in cold test produced more seedling weight than other seeds. Root length under applying less irrigation in cold test increased, [START_REF] Burris | Seedling vigour and its effect in field production of corn[END_REF] and [START_REF] Burris | Relationship between laboratory cold test method and field emergence in Maiz inbreeds[END_REF] confirmed this result. MDG in less irrigation after seed filling increased that it may related to decreasing retransferred of photosynthetic material. Among cultivars, Zarfam had the maximum seedling dry weight and MTG (Table 3), it may be related to adaptation this cultivar for Iran climate. Zarfam in normal irrigation (2.767 gr), SLMO46 in Less irrigation after flowering (2.437 gr), Orient in Less irrigation after padding (2.138 gr) and Zarfam in Less irrigation after seed filling (1.955 gr) had the highest seedling fresh weight (Table 4). Orient in normal irrigation (1.364), Okapi in Less irrigation after flowering (1.557), Zarfam in Less irrigation after padding (1.727) and Opera in Less irrigation after seed filling (1.789) were the maximum in root/shoot ratio (Table 4). Licord and Zarfam in normal irrigation (3.25), SLMO46, Orient and Opera in Less irrigation after flowering (3.5), Licord in Less irrigation after padding (5.75) and Zarfam in less irrigation after seed filling (4.75) had the most abnormal seedling (Table 4).

Conclusion

Less irrigation caused to increase root length, seedling dry weight and MDG; but shoot length decreased. Genetic plays an important role in germination, seed and seedling vigor and were differences among cultivars. Among cultivars Zarfam were the best cultivar under less irrigation stress situation in Iran or the same region. Root/shoot ratio is the best character for determination of the best cultivar(s) for different situation. Result of Cold test showed that, less irrigation can be occurred and this amount of water used to start spring culture. 

Introduction

Brassica species are mostly grown on conserved soil moisture with one supplemental irrigation in the Indian subcontinent. The soils of these areas are light textured with low water holding capacity. Therefore, occurrence of drought is a common feature during the crop growth period especially at reproductive phases of growth in Brassica species, when the seed yield is reduced drastically. During the last decade, there has been regular exchange of Brassica germplasm among Australia, China and India. New germplasm lines have been evolved from the exotic material, which require detailed study of physiology characters to understand their adaptability to local environments. Moisture stress has been shown to induce osmotic adjustment in Brassica species [START_REF] Kumar | Differences in osmoregulation in Brassica species[END_REF][START_REF] Kumar | Genotypic variations in the response of Brassica species to water deficit[END_REF], which help the plants to maintain growth and photosynthetic activity [START_REF] Turner | The role of shoot characteristics in drought resistance of crop plants[END_REF] over a wide range of soil water potentials could be advantageous in such situations. Very little information is available on the genetic variability in exotic material of Brassica species with regard to moisture stress in Indian conditions. The results reported in this paper have evaluated the nature and extent of variability in the two species, Brassica juncea and B. napus for root characteristics, plant water status and seed yield with regard to water deficit.

Materials and Methods

The study was conducted at Field Crop Physiology Laboratory, CCS Haryana Agricultural University, Hisar (29°10′N latitude, 75°46′E longitude and 215 M altitude). Thirty four accessions of Brassica juncea and 27 of B. napus were planted in drought micro plots of size 6x1x1.5m filled with dunal sand of 28% water holding capacity. The soil retained 11.3 and 4.3 cm water per meter soil depth at -0.1 and -15 bars of soil water potential, respectively. A pre-sowing irrigation was applied to the plots. At seeding, the soil contained 140 mm of available water in the top 120 cm layer. During the crop growing season cm rainfall was received. Plants of both the species were spaced 15cm plant to plant and 30cm between rows. The experiment was designed as randomized blocks with three replications.

Measurements of leaf water potential (by pressure chamber apparatus), osmotic potential (by 5100-B vapour pressure osmometer) and leaf relative water content (RWC) were made concurrently at six leaves within a plot at siliqua formation stage between 1200-1400 h. RWC of the same leaf was estimated by sampling 8-10 leaf disks of 15 mm diameter by using the equation (described by [START_REF] Kumar | Genotypic differences in leaf water relations between Brassica juncea and B. napus[END_REF]: RWC = FW -DW / MW -DW, where FW, DW and MW are the fresh, oven-dry and fully hydrated (maximum) fresh weights.

For root zone depth study, roots were separated from sand with a gentle water sprinkler and maximum root lengths were measured. At maturity, primary and secondary branches per plant, number of pods per plant, 1000-seed weight, total plant biomass and seed yield were recorded. Harvest index was calculated as the ratio of seed yield and total biomass.

Results

The accessions of two Brassica species displayed significant genetic variation in root zone depth, RWC, LWP and seed yield (Table 1). However, in general, B. juncea accessions showed higher seed yield per plant than the accessions of B. napus. Accessions EC 552573, 552583, 552584 in B. juncea and accessions EC 552586, 552588, 552604 and 552607 in B. napus were better performer than their respective checks. These accessions also displayed better plant water status. As shown in Table 2 and3, the correlation between the plant water status components, root zone depth, yield-attributes and seed yield differed between the two species. The major difference was that LWP and OP were related to most of the yieldattributes and seed yield in B. juncea and only to number of branches per plant in B. napus. RWC was related to root zone depth in B. juncea but not in B. napus. Similarly seed yield was negatively correlated with OP in B. juncea and showed no significant association in B. napus. RWC in B. napus decreased with decreasing OP but not in B. juncea, in which RWC followed LWP.

Introduction

Oilseed rape became a new oil crop in Egypt which may reduce the gap between the local production and consumption of the edible oil. But this new crop faces difficulties to compete with the main crops in the Nile valley land during winter seasons. The new reclaimed land outside the valley is the target for rapeseed growing. The most of these land is located in the desert with shortage of irrigating water. Therefore new genotypes adapted and tolerant to water deficiency is very essential for the success of rapeseed growing (Keshta 1998 and1999). A crop improvement program must be based on adequate variability for the desired trait, and indeed considerable variability for tolerance of drought has been observed among and within species (Epstein et al 1980). Various screening procedures have been devised for identifying tolerant lines or even individual plants within species (Epstein 1977, Kingsbury and Epstein 1984, Shanon 1979and Norlyn and Emanuel 1989) One of the rapid breeding method for the development of new improved rapeseed cultivars is producing homozygous diploid lines(DHL) derived from the natural occurring haploid plants (Thompson 1979). He illustrated that trails results from spring and winter rape showed that occasional homozygous diploid lines yielded consistently more oil per/ha than the parental varieties. Loof (1975) considered that comparatively homozygous lines would not include all the desirable characteristics of winter rapeseed e.g. extremes winter-hardiness and resistant to diseases, necessary to give variety sufficient adaptability to different soil and climatic condition.

The purpose of this study is to evaluate some homozygous diploid lines of spring rapeseed produced from the natural occurrence haploid plants with the two cultivated cultivars Fido and Serw4 under normal and water stress conditions.

Materials and Methods

The evaluated 14 genotypes of double haploid lines (DHL),Fido and Serw 4 of spring rapeseed (B.napus) were grown in irrigated soil under normal (6 irrigations), and water deficiency (3 irrigations) conditions in the experimental farm of El Serw Agricultural Research Station. Two field experiments were carried out during 2002/2003 and 2003/2004.The randomized complete blocks design in factorial arrangements was used with four replications.The area of each plot was 10 m 2 (5 rows×0.5 m width×4 m long). Seeds were sown in hills during the first week of November (5gm / plot) in both seasons. The fertilizers of P and K (40 kg P 2 O 5 + 30kg K 2 O/ha) were applied during land preparation and the nitrogen fertilizer (120 kg N /ha) was applied in two equal doses, half during land preparation and the other at the time of the second irrigation.. Plants were hand thinned three weeks after sowing leaving one plant/hill. Observations were recorded on five plants selected from the inner rows for the studied characters; and were harvested at the end of the season and air-dried to determined thousand seed weight,seed yield /ha,, oil content, 1000seed weight, number of branches per plant and plant height.Days to flowering were estimated from sowing date to 50% flowering. Harvest index and total dray matter were also recorded. Oil content was estimated according to the procedures of A.O.A.C (1975). The stress tolerant index :The value of any character studied of each genotype at the normal irrigation level (R1) considered being 100 and the value of the same character of each genotype at the level of water deficiency is considered as a percentage of R2 level. It was calculated as the following formula: Stress tolerant index = (R 2 / R1)x100.

The data were statistically analyzed according to Gomez and Gomez (1984).

Results and Discussion

Effect of water deficiency: Results presented in Tables (1,2) show that average of days to 50% flowering, plant height, number of branches per plant,1000-seed weight, seed yield per hectare, oil content, total dry matter and harvest index were

Introduction

For Annual crops, the time from planting to seedling establishment is a crucial phase in the production cycle. Uniformity and percentage of emergence of direct seeded crops can have a major impact on final yield and quality. Techniques of precision planting to achieve desired plant population depend on a high probability of successful establishment for each seed planted. Furthermore, increasing use of expensive hybrid seed has placed additional emphasis on the performance of each seed planted. The soil environment often, however, is not conductive to rapid germination and seedling growth. Physical stresses, such as extreme temperatures, excess or deficit of water, salinity, or soil crusting; and biological stresses, including pathogens and insects, can all adversely affect germination and seedling growth. These problems are compounded by the increased susceptibility of plants to many of these stresses during germination and emergence. The particular climatic conditions of the Mediterranean environment and of arid, semiarid regions, adversely affect germination and seedling establishment. Iran is considered as arid and semiarid area [START_REF] Hegarty | The physiology of seed hydration and dehydration, and the relation between water stress and the control of germination: A review[END_REF]. Likewise high temperature and evaporation rate could result in topsoil. It is not surprising, therefore, that there have been many attempts to devise presowing treatments to improve seed performance in the field. Increased germination rate, more uniform emergence, and germination under a broader range of environments are the important goals for seed scientists in Iran. One such pre-sowing seed treatment is osmotic conditioning or priming. Seed priming is a widely used methodology to improve crop establishment (Khan, 1992;Parera and Cantliff, 1994;[START_REF] Bray | Biochemical processes during the osmopriming of seeds[END_REF][START_REF] Welbaum | Table 2-Mean comparison of canola varieties traits under different salinity and priming levels in greenhouse experiment. Leaf chlorophyll content (SPAD) Leaf area (cm -2 ) Specific leaf area (cm -2 /g) Priming Control 6 ds/m Mean Control 6ds/m Mean Control 6ds/m Mean 0 38[END_REF][START_REF] Artola | [END_REF]. Priming treatments allows the uptake of sufficient water to initiate the early events of germination but not to permit radicle protrusion, followed by drying (Mcdonal, 2000). Osmopriming controls water uptake through use of osmotica having reduced water potential whilst matrix priming takes place in an inert matrix at reduced water potential [START_REF] Taylor | Seed enhancements[END_REF]. Some of the beneficial impacts obtained from seed priming are a greater germination rate, a greater uniformity of germination, a wider range of germination temperature and improve seedling vigour [START_REF] Artola | [END_REF]. There is no information on seed priming technology applied to Brassica napus seed to improve crop establishment under salinity condition. Therefore th objective of the work reported here was to evaluate the impact of seed priming in canola seeds on germination performance. Seed vigour and emergence under salinity condition

Materials and methods

Two experiments on three varieties of winter canola (SLM046, Okapi and Licord) were conducted in this investigation.

Introduction

Germination, seed and seedling vigor are complex issues influenced by many factors (Anonymous, 2007). The two major environmental factors that currently reduce plant productivity are drought and salinity (Serrano et al., 1999). Salinity in soil or water is one of the major stresses and especially in arid and semi arid regions, can severely limit crop production [START_REF] Shannon | Adaptation of plant to salinity[END_REF]. Salinity is one of the major obstacles to increasing production in crop growing areas throughout the world [START_REF] Neumann | Inhibition of root growth by salinity stress: Toxicity or an adaptive biophysical response[END_REF]. Yield reduction, over 70% has been attributed to environmental stresses such as drought, salinity, and high and low temperatures [START_REF] Bray | abiotic stresses[END_REF].

Successful seedling establishment depends on the frequency and the amount of precipitation as well as on the ability of the seed species to germinate and grow while soil moisture and osmotic potentials decrease (Roundy, 1987). Dry Matter Content (DMC) is a component of seedling vigor. Dry matter accumulation is an important factor in seed yield and tolerance of plants to insect, weed and disease stress (Anonymous, 2007). These salts interfere with seed germination and crop establishment [START_REF] Fowler | Interaction of salinity and temperature on the germination of Crambe[END_REF]. Salinity stress can affect seed germination through osmotic effects [START_REF] Welbaum | Water relations of seed development and germination in muskmelon (Cucumis melo L.). III. Sensitivity of germination to water potential and abscisic acid during development[END_REF].

Material and method

Seed Quality Determination

The canola seeds cultivars (SLM046, Licord, Opera, Zarfam, Orient and Okapi) were obtained from Seed and Plant Improvement Institute, Karaj, Iran. This experiment was performed on three 100 seed replications of each cultivar. This experiment was conducted to observe the influence of different NaCl concentrations on germination, root and shoot length, hard seed and abnormal seedlings. Plastic box with a tight-fitting lid were used for the experiment. The solution used for the study consisted of 0 (as control), 50, 100, 150 and 200 mM NaCl. For each cultivar 100 seeds for each of the five NaCl treatments were used. Seed were allowed to germinate in laboratory condition on blotter papers in boxes soaked in a solution of the respective salt concentration. The seed germination was investigated after every 12 hours. Seed germination was started after 12 hours (seeds were considered to be germinated with the emergence of the radical). The germinating seeds were counted at regular intervals. The lengths of root and shoot of the germinated seeds which were more than 2 mm in length were measured and recorded after 7 days of sowing. In 7 th day, thirty plants from each box were randomly chosen and tagged for subsequent sampling. Root, shoot and whole plant of seedling measured.

Daily record used to estimate as follows: FGP is the Finally Germination Percentage. FGP is the last recorded before sampling.

MTG is the Mean Germination Time, and estimate as follow, ( ) nidi MTG ni

= ∑ ∑

where di=days after sowing, ni=number of germ in di, ni ∑ = total germ during 7 days.

MDG is the mean germination days and it is speed germination days index. MDG estimate as follow :

1 Mean Time Germination 2 Mean Daily Germination 3 Finally Germination Percentage

Final germination percentage Germination term MDG =

Experimental Design and Statistical Analyses

All data were subjected to analysis of variance (ANOVA) appropriate to a factorial form on Complete Randomized Design for laboratory experience in 2005 with three replications factors. The studied factors were 5 salinity levels (0, 50, 100, 150 and 200 mM NaCl) and 6 winter rapeseed cultivars (SLM046, Licord, Opera, Zarfam, Orient and Okapi). All experience data were using SAS 9.1 and the treatment means were tested by Duncan Multiple Range (DMR) and drawing picture with Excel 2003.

Result and discussion

Analysis of variance revealed significant differences (p≤0.01) among salinity levels. Cultivar had significant effect on FGP, hard seed, MTG (p≤0.01) and abnormal (p≤0.05). Interaction of cultivar × salinity levels had no significant differences (data not shown).

Increasing of salinity levels declined Finally Germination Percentage, Mean Daily Germination and it is due to increased Mean Time for Germination (Table 1). It appears that a decrease in germination is related to salinity induced disturbance of metabolic process leading to increase in phenolic compounds [START_REF] Ayaz | Water stress effects on the content of low molecular weight carbohydrates and phenolic acids in Ctenanthe setosa (Rose.) Eichler[END_REF].These results were the same as Result of [START_REF] Muhammad | Effect of salt (nacl) STress on Germination and Early Seedling Growth of four Vegetables Species[END_REF], salt stress declined the germination and also delayed the emergence of seeds. It is also assumed that in addition to toxic effects of certain ions, higher concentration of salt reduces the water potential in the medium which hinders water absorption by germinating seeds and thus reduces germination [START_REF] Maas | Physiology of plant tolerance to salinity[END_REF]. The result of this study showed that in high salinity levels (200 mM NaCl) hard seeds increased (Table 1). It may due to decrease of the water movement into the seeds during imbibitions [START_REF] Hadas | Water uptake and germination of leguminous seeds in soils of changing matrix and osmotic water potential[END_REF].

The root and shoot lengths are the most important parameters for salt stress because roots are in direct contact with soil and absorb water from soil and shoot supply it to the rest of the plant. For this reason, root and shoot length provides an important clue to the response of plants to salt stress [START_REF] Jamil | The effect of salinity (NaCl) on the germination and seedling of sugar beet (Beta vulgaris L.) and cabbage (Brassica oleracea capitata L.)[END_REF]. The result showed that length of whole plant, root and shoot decreased with significant differences (Table 1), the result of [START_REF] Muhammad | Effect of salt (nacl) STress on Germination and Early Seedling Growth of four Vegetables Species[END_REF] confirmed these results. High salinity may inhibit root and shoot elongation due to slowing down the water uptake by the plant [START_REF] Werner | Arabidopsis mutants with reduced response to NaCl and osmotic stress[END_REF] may be another reason for this decrease.

200 mM NaCl had the highest root / shoot ratio, this result showed that root length was more affected then shoots length (Table 2), this result was similar to [START_REF] Jamil | The effect of salinity (NaCl) on the germination and seedling of sugar beet (Beta vulgaris L.) and cabbage (Brassica oleracea capitata L.)[END_REF].

In salinity levels, 50 and 100 mM NaCl produced maximum abnormal seedling but 200 mM NaCl had the lowest abnormal seedling (Table 2). It may due to salinity change the normal form of seedling because most germinated seed were abnormal and in high salinity levels seeds couldn't absorb water for germination. Among cultivars, Okapi were the best cultiavr for salinity situation. 

Introduction

Environmental factors regulating germination include temperature, water, and Oxygen for seeds (Bewley and Black, 1994;Baskin and Baskin, 2001). Successful seedling establishment depends on the frequency and the amount of precipitation as well as on the ability of the seed species to germinate and grow while soil moisture and osmotic potentials decrease. Germination events and subsequent establishment are controlled by nuclear and maternal genetics, and current and maternal environments (King and Bridgen, 1990;Platenkamp and Shaw, 1993;Cabin et al., 1997;Foley and Fennimore, 1998;[START_REF] Meyer | Genetic regulation of seed dormancy in Purshia tridentata (Rosaceae)[END_REF]Baskin and Baskin, 2001). Environmental controls regulate seed germination rate and percentage, and abnormal seedling and mortality. In this study, a standard germination test was evaluated to determine vigor and germination seed canola (Brassica napus L.). Canola cultivars in this study are common cultivars in Iran and origin of Zarfam cultivar is Iran because genotypic inheritance can increase plant fitness to local habitats by adaptation, which enables seeds to germinate at the right time and the right place [START_REF] Bradford | A water relation analysis of seed germination rates[END_REF][START_REF] Gutterman | Genotypic and phenotypic germination survival strategies of ecotypes and annual plant species in the Negev Desert of Israel[END_REF]Baskin and Baskin, 2001). A test that is similar to the standard towel germination test is and speeds of germination [START_REF] Aosa | Seed Vigor Testing Handbook[END_REF]. The speed of germination test is based on the rate of radical protrusion per unit time.This method does not take in to consideration the entire seeding as does the standard towel germination test. The theory behind the speed of germination test is that a relatively short time for radical protrusion is a characteristic of vigorous seeds that permits them to germinate and emerge from the soil quicker than less vigorous seeds.

Materials and Methods

Seed Quality Determination

The canola seeds cultivars (SLM046, Licord, Opera, Zarfam, Orient and Okapi) were obtained from Seed and Plant Improvement Institute, Karaj, Iran. The standard germination test [START_REF] Aosa | Seed Vigor Testing Handbook[END_REF] was conducted on four 100 seed replications of each cultivar. Seed samples were planted on moistened blotter papers in box. Boxes were placed on growth chamber at 20±2ºc. After that only normal seedlings were counted for 7 days. In 7 th day thirty plants from each box were randomly chosen and tagged for subsequent sampling. The abnormal and percent of normal seedlings were recorded and then samples dried in oven 70ºc for 24 h for measuring seedling dry weight. Daily record used to estimate as follows:

FGP is the Finally Germination Percentage. FGP is the last recorded before sampling. MDG is the mean germination days and it is speed germination days index. MDG estimate as follow Final germination percentage Germination term MDG = , MDG is mean germination days and it is speed germination days index.

DGS (Day Germination Speed) is time to need for germination a seed when ever reduce it, increase germination speed. This index is contrast MDG. 1 Mean Daily Germination 2 Finally Germination Percentage 3 Daily Germination Speed Santipracha, W., Q. Santipracha, and V. Wongvarodom. 1997. Hybride corn seed quality and accelerated aging. Seed Sci. Technol., 25: 203-208 Tekrony, D.M.and D.M.and D.B.Egli.1991. Relation shipof Seed Vigour to Crop yield a review. Crop Science, 31:816_822. Tys, J., Jankowski K. 2002. Effect of method of growing and harvesting on seed quality of winter oilseeds rape.Rosliny -Oleiste, 23 (1):85-94. [START_REF] Verma | Electrical conductivity and accelerated agieng techniques for evaluating deterioration in Brassica species[END_REF] 

Introduction:

Environmental factors regulating germination include temperature, water, and Oxygen for seeds (Bewley and Black, 1994;Baskin and Baskin, 2001). Seed germination is an important stage in the life history of plant, affecting seedling development, survival, and population dynamics. Germination begins with seed water uptake and terminates with the elongation of the embryonic axis from the seed coat (Bewley and Black, 1994). Germination events and subsequent establishment are controlled by nuclear and maternal genetics, and current and maternal environments (King and Bridgen, 1990;Platenkamp and Shaw, 1993;Cabin et al., 1997;Foley and Fennimore, 1998;[START_REF] Meyer | Genetic regulation of seed dormancy in Purshia tridentata (Rosaceae)[END_REF]Baskin and Baskin, 2001). Limited water supplies may make it impossible to grow traditional annual crops, such as canola and beans [START_REF] Gilliland | Oilseed Rape Keeps Irrigated Land Productive during Drought Agriculture Research & Extension Center[END_REF]. Seed quality factors are very important, because other than purchasing decisions, the grower has no control over a poor quality seed lot (Anonymous, 2007). Dry matter content is a component of seedling vigor. Dry matter accumulation is an important factor in seed yield and tolerance of plants to stress (Anonymous, 2007). Successful seedling establishment depends on the frequency and the amount of precipitation as well as on the ability of the seed species to germinate and grow (Roundy, 1987). The two species of canola B. napus and B. campestris are classified as tolerant to drought stress reported by Maas and Hoffman (Mass and Hoffman, 1977).

Materials and methods

Seed Quality Determination

The canola seeds cultivars (SLM046, Licord, Opera, Zarfam, Orient and Okapi) were obtained from Seed and Plant Improvement Institute, Karaj, Iran. The accelerated aging test was conducted by aging seeds at 40±2ºc for 48 h (Elias and Copeland, 1997) using the wire-mesh tray method [START_REF] Mcdonald | A modified planting of the next crop. However, if canola is har-accelerated aging seed vigor test for soybean[END_REF]. A single layer of seeds from each sampling date of each cultivar was placed on 10×10×3 cm copper wire mesh tray inside a 11×11×3.5 cm plastic box containing 2 cm water (about 100 mL) above the bottom of the box. Following incubation, the seeds were planted on moistened blotter papers in box. Boxes were placed on growth chamber at 20±2ºc for 7 days. The percent of normal seedlings was recorded and in 7 th day thirty plants from each box were randomly chosen and tagged for subsequent sampling. Then samples dried in oven 70ºc for 24 h for measuring seedling dry weight. Daily record used to estimate as follows:

FGP means finally germination percentage that recorded from seeds germinated at 7 th day. 

Fig. 1

 1 Fig. 1 The breeding strategy for yellow-seeded B. napus L.

Fig. 1 A

 1 Fig. 1 A: Flower morphology of B. Juncea hau CMS line 6-102A. Its stamens were degenerated into small petals. B: Flower morphology of maintainer line B.Juncea 6-102B, showing normal stamens.

Fig. 2 A

 2 Fig. 2 A: Anther development microstructure of 6-102A: Stamens have completely degenerate into small petals, the degenerated petals are thicker than normal petals. The cell has many layers, no polarization of archesporial cell. B: Anther development microstructure of 6-102B(normal cytoplasm): The outtest layer is calyx, which co-exists with petals, there has six normal stamens, anthers develop normally.

Fig. 3

 3 Fig. 3 Southern analysis betwe en five CMS and one maintainer lines. Total DNAs were digested with EcoR ,EcoR Ⅴ I, HindIII, BamHI,blotted onto a nylon membrane and hybridized with a gene-specific atp9, atp1 and atp6 mitochondrial probe.a atp6/ HindIII,b atp6/EcoRI,c atp6/EcoRⅤ,d atp9/ BamHI,e atp9/ Eco RI,f atp1/BamHI.a-f Lanes: 1, pol CMS; 2, 6-102A ; 3, 6-102;4, tour CMS; 5,nap CMS;6,ogu CMS ;M, size markers.

Fig. 1

 1 Fig. 1 Seed yield per row of 2 CMS lines in three planting ratios.

Fig. 1

 1 Fig. 1 Morphology of Nsa flower and seed set after selfing BN: B. napus, Nsa: Nsa CMS; a: Flower. b: Stemens. c: Siliques after bag isolation

Fig. 2

 2 Fig. 2 Molecular distinction of Nsa CMS from other CMS a: Amplified by Ogu CMS specific primers. b: Amplified by Pol CMS specific primers. 1. Nca CMS. 2. Ogu CMS. 3. Nsa CMS. 4. No CMS. 5. Pol CMS. c: Amplified by a pair of Rep-PCR primers, 1. nap CMS. 2. AT CMS. 3. Ogu CMS. 4. No CMS. 5. Nsa CMS. 6. Pol CMS. Arrow shows Nsa CMS specific band.

Fig. 3 Fig. 4

 34 Fig. 3 Fertility of F 1 hybrids a: Pollen stained by aceto-carmine. b: Fertile F 1 population. c: Fertile F 1 florescence.

Fig. 5

 5 Fig. 5 Cytological observation of the restorer line. a: Mitosis of a somatic cell. b: Metaphase I with 20 bivalents. c: Telophase II with spores containing 20 chromosomes.

Figure 1 :

 1 Figure 1: Comparison among parents and hybrids (M, semi-winter rapeseed lines; F-W and F-S, winter and spring rapeseed lines; H-W, hybrids derived from winter × semi-winter lines; and H-S, hybrids derived from spring rapeseed and semi-winter rapeseed) for seed yield (g/m 2 ) (column) and half standard deviation (bar) over 3 environments in China in 2005 and 2006 (Columns with the same letter do not differ significantly)

Fig. 2 :Fig. 3 :

 23 Fig. 2: Yield advantage of MSL hybrids above OP varieties in Germany during the years 1996 until 2006 (Average of official variety recommendation trial network "Landessortenversuche")

Fig. 4 :

 4 Fig. 4: Hybridity level of 209 different seed lots of MSL hybrids, results of the seed production 2003/04 estimated by field grow-out test in 2004/05
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 1 Figure 1: Derived SI doubled haploids with analyzed oil quality

Fig. 1 .

 1 Fig. 1. Rapeseed flower -a) male sterile; b) male sterile

Fig. 3 .

 3 Fig. 3. Phases of meiosis -microsporogenesis in male fertile flowers a) diakinesis: b) metaphase I; c) anaphase I: d) telophase II; e-i) phases of postmeiotic division

Figure 1 :Figure 2 :

 12 Figure 1: Schematic diagram of the effect of fixed heterosis (relativ performance) Figure 2: Detection of fixed heterosis into individual QTL

Figure 3 :

 3 Figure 3: Principles of QTL mapping to analyse fixed heterosis (for explanation see text)

Fig. 1

 1 Fig. 1 Comparison of the height and shape for stamen and pistil

Figure 1 .

 1 Figure 1. Temperature variation during crop growth seasons in 2000-01 and 2001-02.

Fig

  Fig. 1 The breeding procedure of Xiangyou66AYear Crossing mode Generation Fertility of offspring 1991 254A×86B PS 1992 F 1 ×86B F 1 PS 1993 PS plant×86B F 1 BC 1 PS+CS 1994 CS plant×Xiangyou91S F 1 BC 2 (Hecheng A) PS+CS 1995 CS plant×Xiangyou91S F 1 BC 2 D 1 PS+CS 1996 CS plant×Xiangyou91S F 1 BC 2 D 2 CS 1997 CS plant×Xiangyou91S F 1 BC 2 D 3 CS 1998 CS plant×Xiangyou91S F 1 BC 2 D 4 CS 1999 CS plant×Xiangyou66B F 1 BC 2 D 5 (Xiangxin A) CS 2000 CS plant×Xiangyou66B F 1 BC 2 D 5 E 1 CS 2001 CS plant×Xiangyou66B F 1 BC 2 D 5 E 2 CS 2002 CS plant×Xiangyou66B F 1 BC 2 D 5 E 3 CS 2003 CS plant×Xiangyou66B F 1 BC 2 D 5 E 4 (Xiangyou66A) CS

Fig. 1

 1 Fig. 1 Male sterile flowers induced in B.napus (a), B.juncea (b), B.carinata (c), and B. rapa (d)

Fig. 1 :

 1 Fig. 1:Seedling performances of 12-204TAM and PL12-204TAM with purple leaf

Fig. 2

 2 Fig.2The main genes that determine different desaturation of fatty acid formation

Fig. 2 .

 2 Fig. 2. Development of oil content of the respectively best line, three best lines and total entries in the German official trial in WOSR from 1995 to 2004. In order to widely eliminate environmental effects over the years the average of the two standard cultivars Express and Mohican was set to zero (source: Bundessortenamt 1995-2004, series K2; each point represents the arithmetical mean value averaged over app. 10 locations per year).

FrequencyFig. 1 .

 1 Fig. 1. Frequency distribution of the erucic acid (22:1) content in F 2 population (F 3 seeds) derived from a cross between transgenic high erucic acid (361.2B) and non-transgenic high erucic, low polyunsaturated fatty acid (HELP) rapeseed along with the parents.

Fig. 3 .

 3 Fig.3. Multiplex-PCR of a 603bp fragment of the plsC gene together with internal control amplification of the 1.1kb fad2 gene sequence using DNA extracted from 26 F 2 plants segregating for the plsC gene (Lanes 3-28 F 2 , lanes 1 and 2: 361.2B and 6575-1 as control)

  and 50m distance. Controls are made on: 30 self-pollinated 'ClgA' plants (bagged), 30 self-pollinated 'mf cv. H' (bagged), 30 manual cross-pollinated plants (female ClgA×male 'mf cv. H'), 30 open-pollinated ClgA plants representing 1% of plants inside the erucic plot and 80 (8 plants×10 belts) open-pollinated Clg A plants in the Clg A plot.

Figure 1 :

 1 Figure 1: The FA profile of BC 3 F 4 plants with high oleic acid content and B. napus type leaf morphology. Each histogram represents average FA proportion estimated from three replicate GLC analyses of pooled self pollinated seeds of six lines. The bars indicate standard error of mean.

Fig. 1 .

 1 Fig. 1. Erucic acid segregation

Fig 1 :

 1 Fig 1: Flower of pol restorer 'FL-204' (1a) completely fertile at Wuhan; (1b) sterile at Gansu.

Fig 2 :

 2 Fig 2: Different fertility grade in the DH population derived from the cross between pol fertility-temperature-sensitive-restorer(FTSR) line 'FL-204' and the restorer line 'Hui5148' at Gansu, China, in 2004. Left: sterile; Middle: partially sterile; Right: Fertile Table 3: Male fertility of F 1 plants from six crosses between the pol FTSR 'FL-204' with two pol CMS lines('195A-14' and '8110A'), the reciprocal cross with the pol maintainer '6-571B' and two pol restorer lines ('Lun 31' and 'Hui5148'), evaluated at Wuhan and Gansu, China, 2003 and 2004. Fertility grades(Fertility) * F 1 combination In Wuhan In Gansu 195A-14×FL-204 6(Fertile) 3(Partially sterile) 8110A×FL-204 6(Fertile) 3(partially sterile) 6-571B×FL-204 6(Fertile) 6(Fertile) FL-204×6-571B 6(Fertile) 3(Partially sterile) FL-204×Lun31 6(Fertile) 6(Fertile) FL-204×Hui5148 6(Fertile) 6(Fertile) *fertility categories: 0= male sterile, 6= male fertile.

  indicate chromosome behavior of BC 1 -3 where PMCs with six additional chromosomes of S. alba, two of which (arrow) are possibly associated with C chromosomes (Figures 3f).

  Figure

Fig. 1 :Fig. 2 :

 12 Fig. 1: The origin of F 1 , F 2 and BC 1 plants

Fig. 3 :Fig. 4 :

 34 Fig. 3: Chromosome behavior of F 1 and BC 1 plants analysed by GISH. Chromatin of S. alba is labeled red or pale red with Cy3, while B. oleracea chromatin is labeled green or blue-green with Fluorescein. (a-c) F 1 plants: (a) a meiotic spread at metaphase I of PMCs showing 6 bivalents from B. oleracea, 3 trivalents formed by 2 C-chromsomes and one S-chromsome, and 9 univalents from S. alba; (b) a meiotic spread at anaphase I of PMCs showing a S chromosome separation ratio of 6:6; (c) anaphase I of a PMC showing one pole of the cell containing 4 S chromosomes. (d-g) BC 1 plants with 18 C chromosomes and 6 S chromosomes: (d) a mitotic spread displaying a S chromosome segments translocated into a C chromosome; (e) diakinesis of a PMC showing 9 II from B. oleracea and 6 univalents from S. alba; (f) diakinesis of a PMC showing 9 II from B. oleracea, 4 S. alba univalents and two putative C-S trivalents (arrow); (g) anaphase I showing a 9:9 separation of B. oleracea chromosomes and a 4:2 separation of S. alba chromosomes. (h) BC 1 plants with 18 B. oleracea chromosomes and 5 S. alba chromosomes: diakinesis of a PMC showing 8 II from B. oleracea, 2 univalents from S. alba and 1 putative C-S pentavalent (arrow). (i-k) BC 1 plants with 18 B. oleracea chromosomes and 1 S. alba chromosome: (i) diplotene of a PMC showing 8 II from B. oleracea and 1 putative C-S trivalent; (j) diakinesis of a PMC showing 9 II from B. oleracea and 1 univalent from S. alba; (k) anaphase I showing a 9:9 separation of B. oleracea chromosomes and a 1:0 separation of S. alba chromosomes. Scale bar represents 5 μm.

Fig. 1 .

 1 Fig. 1. Heritability (in broad sense) estimates for floral and agronomic traits

Fig. 2 .

 2 Fig. 2. Direct effects of floral and agronomic traits

Fig. 1

 1 Fig.1The difference of seed weight changement between plants with J and C-cytoplasm or with N and C-cytoplasm.(The weight of 50 seeds)

Fig. 2

 2 Fig.2The difference of seed germination between plants with J and C-cytoplasm or with N and C-cytoplasm

Fig. 3

 3 Fig.3The difference of erucic acid between plants with J and C-cytoplasm or with N and C-cytoplasm

Fig. 1 :

 1 Fig. 1: Floral morphology of FS-M 1 (1a) and Wild type (WT,1b)(70×); Fig. 2: Pistils of FS-M 1 and WT(230×); Fig. 3: Showing a normal ovule developed (after treated with transparent agent) of FS-M 1 (3a) and WT(3b) (270×); Fig 4: Papillae cell. Showing sparse and larger papillae cell of FS-M 1 (4a) compare to WT(4b) (950×); Fig 5. Showing pollen grains adhering to the surface of stigma of FS-M 1 and WT(900×); Fig 6: Showing ovary developed of FS-M 1 and WT after free-pollination at flowering(75×); Fig 7: Showing the geminated pollen grains on stigma of FS-M 1 and WT(600×); Fig 8: Showing geminated pollen grain is stabbing a papillae cell on the stigma of WT. This phenomena not appeared on FS-M 1 (1000×); Fig 9: Showing geminating pollen grains on stigma of FS-M 1 after of style excision and hand-pollination(200×); Fig 10: Showing pollen tube inside the style of FS-M 1 after style excision and hand-pollination(200×); Fig 11. Showing pod-set of FS-M 1 (0.25×).

J7KFigure 1 :

 1 Figure 1: The variation in anther, flower and seed coat color expressed in progenies of interspecific hybids of B. juncea / B. carinata.: A) The characteristic red dot on anthers of B. carinata indicated by black arrow, B) apetalous phenotype flower and secondary branch, C) reddish brown and yellow seed coat color in hybrids as compared to the normal B. juncea and B. carinata seeds coat.

Figure 1 .

 1 Figure 1.Model for net breeding gain in blackleg resistance (+0.13 resistance units per year) in Australian canola breeding programs from 1970 to 2000, with a simultaneous erosion of polygenic resistance of -0.15 resistance units per year. The "final" resistance rating occurs after an average of 4 years of testing, at which time the variety has lost 0.6 resistance units. 1996 varieties have an average final blackleg rating of5.6, and 1970 varieties are assumed to have a final blackleg resistance rating of 1.6. Blackleg resistance varies from 0 (very susceptible, VS) to 9 (very resistant, VR). Modified from data presented in[START_REF] Cowling | Genetic diversity in Australian canola and implications for future breeding[END_REF].

Figure 1 .

 1 Figure1. The framework maps of linkage groups 6 and 12 with the mapped phytosterol QTL. The distances between markers are given in cM[START_REF] Kosambi | The estimation of map distances from recombination values[END_REF]. The grey areas are representing the confidence intervals of 3 LOD score units around the most likely position of the erucic acid genes.

Figure 2 .

 2 Figure 2. Biosynthetic scheme of phytosterols, fatty acids and phenolics in plants (adapted from Fatland et al. 2002).

Figure 1 :

 1 Figure 1: Production of segregating populations for the analyses of homologous recombination rates between the A genome of B. rapa (A1A1,C1.3 or A2A2, Z1) using synthetic oilseed rape lines (A1A1CC and A2A2CC) and between A genome of B. rapa and of B. napus (A D A D CC, Darmor or A Y A Y CC Yudal)

Figure 2 :

 2 Figure 2: Production of synthetic lines from two B. rapa varieties, Z1 and C1.3 and three B. oleracea varieties, RC, HDEM and C10 either through colchicine doubling or from female unreduced gametes.

Figure 3 :

 3 Figure 3: Production of progenies from two oilseed rape varieties, Darmor A D A D C D C D and Yudal A Y A Y C Y C Y , used either to analyse the genetic determinism through haploid plants produced from A D A Y C D C Y hybrids or to assess the effect of the genetic control on homoeologous pairing from F1 plants obtained from haploid plants showing a high (haploid of Darmor, A D C D ) or low (haploid of Yudal, A Y C Y ) level of chromosome pairing.

Figure 1 :

 1 Figure 1: Correlation between leaf and seed glucosinolates (GSL) of 140 winter rapeseed accessions grown in non replicated observation plots. Leafs were sampled 13 weeks after sowing and analyzed by High Performance Liquid Chromatography (HPLC). Seeds were analyzedwith Near Infrared Spectroscopy (NIRS). The observation for the cultivar 'Bristol' discussed in the text is marked with a circle.

  a PRO = Progoitrin, SIN = Sinigrin, GNL = Gluconapoleiferin, GNA = Gluconapin, GBN = Glucobrassicanapin, GBC = Glucobrassicin, 4ME = 4-Methoxyglucobrassicin, 4OH = 4-Hydroxyglucobrassicin, NAS = Nasturtiin

Fig 2 .

 2 Fig 2. Flowers of the somatic hybrids from fertile parents. A, flowers partial male sterile or complete sterile; B, pollens fertile and dead

Fig. 3

 3 Fig. 3 Morphology of intergeneric cross porgenies derived from B. napus× D.Sophia

Fig. 3 .

 3 Fig.3.1, leaf comparison between rapeseed (left) and the intergeneric hybrid F 1 (right); Fig.3.2-3 indicated the special leaf type slightly like D.Sophia and with larger size; Fig.3.3-11 showed the diverse appearances in F 2 population; Fig.3.12 showed that F 2 plant that might be died thourgh winter.

Fig. 4

 4 Fig.4 Chromosome observation of the somatic hybrids between D. Sophia and B.napus.

Fig. 5

 5 Fig.5 Chromosomes of F 2 progenies of the intergeneric cross between D. sophia and B. napus

Fig

  Fig. 5A, B, C, D showed that seeds have different chromosme numbers

Fig. 1 .

 1 Fig. 1. Cluster dendrogram of genetic distance of 47 restorer and 31 CMS ogura lines of winter oilseed rape.

  ) of Brassica, were used in the present investigation. These were Brassica maurorum Dur.,B. fruticulosa Cyr., B. spinescens Pomel.,B. cossoneana Boiss. & Reut.,B. gravinae Ten., Diplotaxis muralis (L.) DC., D. siifolia G. Kunze., D. siettiana Maire, D. berthautii Br. Bl. and Maire, D. assurgens (Del.) Gren., D. tenuisiliqua Del., D. catholica (L.)DC., D. tenuifolia (L.) DC., D. erucoides (L.) DC., Erucastrum gallicum O.E Schulz., E. cardaminoides (A. Rich) O.E. Schulz., E. abyssinicum (A. Rich) O.E. Schulz., Enarthrocarpus lyratus (Forsk.) DC, Coincya hispida (Cav.) Gz. Campo, Coincya pseuderucastrum (Brot.)Gz. Campo, Hutera rupestris Porta, Moricandia arvensis (L.) DC, Moricandia moricandioides (Boiss) Heywood, Rhynchosinapis longirostra (Boiss)Gz. Campo and Sinapis pubescens

Fig. 1

 1 Fig.1 Yield increase of Zhongyouza 11 over the controls in national trials

  aim of this study was to assess the responses of three genotypes of B. juncea; Varuna, RESBJ-837 [EC-446033] and RESBJ-830 [EC-446032], three of B. rapa; Pusa-Gold, RESBR-219 [EC 446034] and RESBR-350 [EC 446035] and one of B. carinata (Kiran) to individual and mixtures of Indian field isolates of A. candida from B. juncea and B. rapa.

  Fig.1a~fGISH in PMCs of F 1 between radish and cabbage with R-genome DNA as probe a: PMC at Diakinesis,16Ⅰ+1Ⅱ; b: PMC at Diakinesis, 4Ⅱ+10Ⅰ,one bivalent came from self pairing of cabbage chromosomes, the others resulted from chromosome pairing between radish and cabbage;c: PMC at Diakinesis, 2n=32, the signal number was 14; d: PMC at Diakinesis,18Ⅱ with 9 radish bivalents; e: PMC at MetaphaseⅠ,11/7, the radish chromosomes separated with 6/3; f: PMC at MetaphaseⅠ,18/18, the radish chromosomes separated with 9/9.

Fig 1

 1 Fig 1 The segregation model of flower color in F 2 (A), BC1(B), BC2(C) generations

  obtained white flowered B. napus lines "No 4003" and "No 7076" from the interspecific hybrids of B. campestris L. and B. oleracea var. alboglabra. The white flower materials in the present study were originated from the interspecific hybrid of B. chinensis (from Eastern Tibet) and the Yunnan B.oleracea var. alboglabra. The parental materials used in this study had a completely different genetic background from the materials used in the other studies. Therefore, different genetic characteristics may be shown in the hybrid offspring.

  Investigation date: Mar 10, 10 plants were observed in every treatment. a, b, c in Tab. 3 represent 0.05 level of difference.

∑

  revealed. Petalous Degree (PDgr) was calculated according to Buzza (1983): 1 with,Pi: the number of petals on the i-th flower (%) ( / 4 ) 100 N: total number of the flowers counted At least 25 open flowers of each plant were counted for number of petals at initial flowering stage. The apetalous, intermediate and normal petalled genotypes are defined as PDgr between 0-10 %, 10-90% and 90-100%, respectively. The accordance between expected and observed segregation was tested by Chi-Square test (χ 2 ).

Fig. 1

 1 Fig. 1 Chromosome behavior during meiosis of Resynthized B.napus a. One group of chromatin in pollen mother cells (PMCs); b~e. Two groups of chromatin in PMCs; f. PMCs with various shapes of chromosomes; g. PMCs with 9 bivalents and one group of chromosomes; h. PMCs with more than 10 bivalents and one group of chromosomes; i~j. PMCs with 19 bivalents appearing as 9 + 10 biavalents; k. Metaphase I of PMC; l. PMC at telophase I; m. Metaphase Ⅱ of PMC; n. Somatic synapsis of resynthized B. napus; o~p. Chromosome counts of resynthized B.napus

Fig. 1 .

 1 Fig.1. Polymorphism of NaOE02 in M 1 (1, 5, 9, 13 indicated CK of Zhongshuang9, Chuanyou18, Chuanyou20 and Shuza6;2-4, 6-8, 10-12, 14-16 indicated M 1 radiated by 800 Gy, 1000 Gy, 1200Gy of Zhongshuang9, Chuanyou18, Chuanyou20, Shuza6)

Fig. 2 .Fig. 3 .

 23 Fig.2. RAPD analysis between the mutated plant of SP 2 , SP 3 and their CK by primer BRK07 (M indicate DNA marker DL2000, 1 indicate CK plants, 2 indicate the mutated plant of SP 2 , 3 to 10 indicate the SP 3 plants from the mutant of SP 2 ) 1 5 M 10 15 20 25 30 33

Fig 1 :

 1 Fig 1: Dendrogram showing molecular diversity in 3 lines of derived B. carinata, 2 parental lines and one line of natural B. carinata.

Fig. 1

 1 Fig.1 Experimental process of three-way cross ((B. napus×O. violaceus) F 1 ×R. indica) F 1 from seedling to maturing stage

Fig. 2

 2 Fig.2 Several appearances in F 2 population derived from ((B. napus×O. violaceus) F 1 ×R. indica)

Fig. 6

 6 Fig.6Frequency distribution of seed quality traits in the F 2 population of integeneric three-way cross

Fig. 1 .

 1 Fig.1. A. Seed color of the yellow-seeded B. napus line through the cross B. juncea × B. napus and its parents Sichuan Yellow (upper left), 1047(upper right) and Stellar (down right) B. Stereoscan photograph of the seeds harvested from the yellow-seeded B. napus plants in the BC 1 F 5 family No. 8-1

Fig 1

 1 Fig 1 selection and breeding process of purple-red leaf rape in Brassica napus L. (Zigan) 2.1.1 Making combination We planted Red Rape and Sinan White Rape for two lines in autumn 1987, and made self-cross for them in spring 1988.Then We planted them in the same way in autumn 1988, and made combinations by using Red rape as female parent and Sinan white rape as male parent in spring 1989. We planted the combinations in autumn 1989, and observed that the leaf of them were purple-red and they gave seed normally. The F 1 generation and youyan 2 were used as female parent and male parent to make the hybrids in spring 1990, the hybrids were planted for two lines in autumn 1990, and the plants with purple-red leaf were used as female parent to make backcross with youyan 2 in spring 1991. The backcrosses were planted in three lines in autumn 1991.2.1.2 Selection of offspring We began to do the selection of offspring from 1992. Every year we chose the good plants with purple-red leaf character, and made them self-cross, the selected lines were planted for 3~6 lines. It was until 1997 the rape strain with stable purple-red leaf trait in Brassica napus L.-Zigan was selected and bred successfully.

Fig. 2

 2 Fig. 2 Heredity mode for leaves colour of hybrid F 1 and its offspring

Fig. 1

 1 Fig. 1 Flower and plant of APL03

Fig. 1 .

 1 Fig. 1. Photosynthetic rate and transpiration rate in initial line DH-0120 and mutant lines in different stage after flowering rapeseed plants [μM m-2s-1]

  -1, a mutant of white-flowering in rapeseed among testing materials was discovered by our institute. The material was discovered and then had selfing in 2000. The reciprocal cross between yellow-flowering Suyou No.1 and white-flowering WR-1 was finished in Spring 2003. The flower color was investigated at F 1 in Spring 2004 while F 2 and BC 1 by selfing and backcross were produced. Investigated the characters of flower color in Spring 2005. The flower colors of F 2 all appeared as white, yellowy-white and yellow. Chi square test was based on theoretic proportion by the Stat.

Fig. 1 :

 1 Fig. 1: The interaction effect of concentrations and exposure durations for EMS and ENU treatment. Each histogram represents average survival proportion in terms of normal radical and plumule development after mutagen treatment for the three B. juncea genotypes (100 seeds per replication × 3 replications × 3 genotypes = 900 seeds). Bars represent standard error of mean. Lack of error bar indicates no survival of zygotic embryos. LSD 0.05 for comparison of any two means for ENU treatments = 11.04 and for EMS = 11.68

  2.02 -(0.013 × 20) -0.011 × (CONC) + 0.00045 × 20(CONC) = LD 50 CONC = 3.5 mM EMS Log (50) = 2.71 -(0.014 × 20) -0.024 × (CONC) -0.00026 × 20(CONC) = LD 50 CONC = 6.84 mM # EXP, exposure duration in hours; CONC, concentration in mM; *Significant at α= 0.05; ns non-significant

2

  Results and Analysis Chromosome number in somatic cells of NJ04-8089 plant Chromosome number in somatic cells of NJ04-8089 was 2n=45 resulting from ovary cells observation (fig 1). Chromosome behavior in pollen mother cells meiosis of 04-8089 Cytological observation revealed that 19 divalent and 7 univalent formed at MI in PMCs of 04-8089 and no trivalent detected (fig 2A). However, the 7 univalent were asserted independently to each pole of a given PMC. Several lagged chromosome fund at AI (fig 2B, 2C, showed in arrow). As a consequence dyads formed randomly at AI (fig 2B) in which chromosome number varied from 18:27 to 22:23. It demonstrates that 04-8089 is a multi-somic addition line of B. napus in which 7 alien chromosomes from B genome of B.carinata added to the AACC genomes of B. napus.

  was segregated from a cross of B. napus/B. carinata//B. napus. Obviously its fundamental chromosomes is the one of AACC genome and the added one is the B genome chromosomes since no trivalent found at MI of PMCs meiosis of NJ04-8089 in this study. Cytological studies evidences that B chromosomes are more distantly related to A or C one than the latter two are each other. Thus chromosomes from B genome have much difficulties and nearly no possibility to pair with that either from A or C theoretically. A conclusion can be made from the cytological observation in this paper is that the 7 added alien chromosomes are the chromosomes of B genome originated from Dodolla, a cultivated form of B. carinata (genome BBCC, 2n=34).

Fig 1 Fig 2 Fig 2 . 3

 1223 Fig 1 Showing chromosome number in somatic (ovary) cells of NJ04-8089 (2n=45)

*

  Fund sources: the Project of Agri-biotechnology Research and Application Development of Gansu province (GNSW-2005-09); the Project of Dominant Science Technology of Gansu province. The Author: FAN Hui-ling,, born in 1980, in Longxi of Gansu, China,. Her research focuses on rapeseed breeding and genetic resources of Cruciferae. E-mail: qianjing05@163.com.cn Tel: 0931-76730374
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 1 Figure 1: Glucosinolate pattern of B. juncea germplasm

Fig. 1

 1 Fig. 1 Indexes of self-compatibility by bagging selfing and bud peeling selfing in different cultivars.

Fig. 2

 2 Fig.2The seed coat color of the two parents and F 1

Fig. 1

 1 Fig. 1 Linkage map of B. napus and the locations of quantitative traits loci (QTL) for yellow-seeded trait in B. napus. The symbol indicates seed coat color QTL. Nomenclature of the AFLP markers is based on their primer combinations. E.g., 'e8m1' indicates the combination of AFLP primer E8 (E +ACA ) with M1 (M +CAA ). 'Ra' and 'BMRS' represent B. rapa SSR markers from www. ukcrop. net and K. Suwabe (2002) respectively, while 'Na' represents B. napus SSR markers from www.ukcrop.net. 'a' indicates Arabidopsis SSR makers.

Fig. 1 .

 1 Fig. 1. Frequency distributions of glucosinolate content (µmol g -1 seed) in individuals plants of S2-1241, N2-6215, and F 1 , F 2 , and BC 1 F 1 populations from crosses S2-1241×N2-6215 (A) and N2-6215×C-101 (B).

Fig. 2 .

 2 Fig. 2. Seed and leaf total glucosinolate (GSL) content (µmol g -1 ) in F 2 plants from cross N2-6215×C-101.

.

  

Fig 1 .

 1 Fig 1.Variatin in maximum (A) and minimum(B) temperature (°C) during December & January, 2002-03 to 2005-06

:

  Twenty four single pustule isolates (SPI) of A. candida were prepared from samples collected from B. juncea at eight sites in south eastern Australia (Victoria and New South Wales) during 2003. No white rust was observed in B. juncea trials in South Australia and Western Australia during 2003 and 2004. Pathogenicity of the isolates was examined using a set of cultivars that express differential responses to race 2 and race 7 (i.e. B. rapa cvv. Torch and Reward -susceptible to race 7, B. juncea cv. Commercial Brown -susceptible to race 2 (pathotypes 2A and 2V) and cvv. Vulcan and Arid -resistant to 2A and susceptible to 2V).

Fig. 1 .

 1 Fig. 1. Average white rust rating for B. juncea differentials Commercial Brown, Vulcan and Arid using four A. candida SPIs (standard error bars are shown).

Fig. 1

 1 Fig.1 Relationship between seed yield (g.plant-1) and carbon discrimination (∆ 13 C) among 320 genotypes of B. juncea L.

Fig. 2 .Fig. 3

 23 Fig. 2. Relationship between different characters studied in 320 genotypes of B.juncea L.

Figure 1 .

 1 Figure 1. Diagrammatic representation of the hypothetical potentials for ascospore-and pycnidiospore-initiated disease epidemics in Western Australia. The hypothetical disease severity levels (0-100%) in relation to spore type and spore load.

Fot. 1 .Fig. 1 .

 11 Fig.1. Different torque values in function of twisting angle, determining the energy needed for complete pod crack (breaking seam cohesion and pod resilence under twisting process): M max -maximum twisting torque (Nmm); α -twisting angle at which initial pod cracking occurred (rad); A' -energy elastic siliques (mJ); A" -energy needed for initial cracking of pods (mJ); ΔA -energy needed to crack pod seams (ΔA = A -A'); 1 -curve plotted during pod twisting; 2 -curve elastic pods.

Fig. 3 .

 3 Fig. 2. The twisting angle for investigated varieties

Fig. 1 .

 1 Fig. 1. Sowing pattern of Brassica seedlings. V= variety/genotype, * indicates placement of seeds in tray.

  of SOD activity in leaf of winter turnip rape was showed in figure 1. From October 5th to October 25th, SOD * Fund sources: the Project of Agri-biotechnolege Research and Application Development of Gansu province (GNSW-2005-09);the Project of Dominant Science Technolege of Gansu province.

  Fig.1 change of SOD, POD activity in leaf during overwintering period

Fig. 4

 4 Fig.4 Change of soluble protein, soluble sugar contents in leaf during overwintering period

Fig 1 .Fig 2 .Fig 3 .Fig 4 .

 1234 Fig 1. Multiple comparison of whole plant, root length and root/shoot ratio affected by Less irrigation stages under standard germination test condition.Mean followed by the same letters in each column are not significantly different(Duncan multiple rang 5 %)

12 aFig 1 .Fig 2 .Fig 3 .Fig 4 .Fig 5 .Fig 6 .

 12123456 Fig 1. Multiple comparison of root length affected by Less irrigation stages under accelerates aging test condition. Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %

  

  

  

  

Maximum oil, protein and sum of oil and protein levels in B. napus from yield trials grown at the UM 2002-2006

  

		Heterosis Utilization	
	Table1. Line Type / I.D.	Pedigree	Oil 1 %	Protein 2 %	Sum (O+P) 3 %
	Canola (Oil max)	96LL112×HiQ	51.0	45.3	96.3
	Canola (Pro max)	97LL105×HiQ	50.8	46.3	97.1
	Canola (Sum max)	97LL105×HiQ	50.8	46.3	97.1
	Low Lin (Oil max)	Polo×92-588	52.9	47.8	100.7
	Low Lin (Pro max)	970170×97C49	49.8	50.8	100.4
	Low Lin (Sum max)	99LL120	52.3	50.0	102.3
	HSO (Oil max)	970126×97C49	53.0	45.6	98.5
	HSO (Pro max)	970126×97C49	51.8	48.3	100.1
	HSO (Sum max)	970126×97C49	51.8	48.3	100.1
	HEAR (Oil max)	HR100×Sponsor	54.8	42.5	97.3
	HEAR (Pro max)	HR100×Bianca II	50.7	48.3	99.0
	HEAR (Sum max)	HR100×Bianca II	52.5	46.8	99.3
	Check (Oil max)	Q2	49.7	43.4	93.1
	Check (Pro max)	46A65	45.6	49.4	95.0
	Check (Sum max)	46A65	45.6	49.4	95.0
	1				

Table 3 . Oleic acid level and linolenic acid level in high stability oil (HSO) B. napus grown in yield trails at the UM 2002-2006

 3 

	Line type / I.D.	Pedigree	Origin	Oleic acid %	Linolenic acid %
	B. napus×B. napus				
	LL canola×LL canola (linolenic min)	970073×97C49	DH line	75.4	1.4
	LL canola×LL canola (oleic max)	970126×97C49	DH line	76.6	1.5
	B. napus×B. rapa				
	LL canola×low sat B. rapa (linolenic min)	(970247×FA16-4)×970247	Interspecfic cross DH line	76.0	2.1
	LL canola×low sat B. rapa (oleic max)	970247 × FA16-4	Interspecfic cross DH line	76.0	2.1

Table 1 . Seed bearing siliquae (per cent) after pollination in CMS lines of B. juncea (2001-02) Siliquae set (%) after pollination (days)

 1 

	CMS line	1	2	3	4	5	6	7	8
	Oxyrrhina	100	96	80	80	82	68	60	56
	Siifolia	100	85	65	56	50	50	45	40
	Erucoides	100	70	54	36	32	27	25	12
	Ogura	100	92	70	65	50	55	35	30
	Tournefortii	85	55	33	18	15	12	10	12
	Moircandia(green)	95	85	70	72	65	48	45	21
	Moricandia(chlorotic)	70	52	34	28	25	22	26	18

Table 2 . Seed setting after artificial pollination in CMS lines of Brassica juncea (2001-2)

 2 

Table 3 . Seed bearing siliquae (per cent) after pollination in CMS lines of B. juncea (2002-3)

 3 

	CMS line	1	2	3	4	Siliquae set (%)after pollination (days) 5 6 7	8	9	10
	Oxyrrhina	97	96	86	85	82	61	68	70	22	17
	Siifolia	72	72	60	54	52	50	48	46	25	16
	Erucoides	71	50	42	39	43	37	31	8	9	8
	Ogura	85	75	65	65	55	53	41	31	24	14
	Tournefortii	25	25	13	13	12	13	10	10	0	0
	Moricandia (green)	89	89	76	72	61	45	41	15	18	12
	Moricandia (chlorotic)	55	43	24	21	25	24	22	26	8	2

Table 4 . Seed setting after pollination in CMS lines in B.juncea (2002-3) Mean number of seeds/pod after pollination (days)

 4 

	CMS line	1	2	3	4	5	6	7	8	9	10	Control
	Oxyrrhina	7	6	4	5	3	3	3	2	2	1	10
	Siifolia	7	8	5	5	5	4	3	3	1	0	10
	Erucoides	8	8	7	5	5	4	4	5	3	0	10
	Ogura	12	7	8	5	6	5	6	4	2	1	12
	Tounefortii	2	2	1	2	1	2	2	0	0	0	7
	Moricandia (green)	9	10	10	7	9	8	4	1	2	1	12
	Moricandia (Chloritic)	9	7	5	3	5	4	5	3	2	1	10

Table 1 . Grouping of test germplasm.

 1 

	Group

Table 2 . Hybrid combinations showing positive heterosis for yield

 2 

	Group Combination	0-10%	Extent of Commercial Heterosis 10-30%	>30%
				RR 001×GSL 1
				RR 005×GSL 1
	I×II	-	Rivette×Neelam	Oscar×GSL 1 Oscar×Neelam
				Spectrum×GSL 1
				Sapphire×GSL 1
				Lantern×OCN 3
	I×IV	Skipton×GSL 1 RR 013×OCN 3	Lantern×GSC 5 RR 013×GSC 5 Sapphire×OCN 3	Rainbow×GSC 5 Rivette×OCN 3 Oscar×GSC 5 RG 001-02M 2 ×GSC 5
				Sapphire×GSC 5
	II×II	-	Mystic×GSL 1	Charlton×GSL 1 Surpass 400×Neelam
	II×III	-	-	Monty×Neelam
				Surpass 400×GSC 5
	II×V	Mystic×OCN 3	Mystic×GSC 5	Surpass 400×OCN 3 Outback×OCN 3
				RR 002×OCN 3
	III×V	-	Monty×OCN 3	-

Table 1 F 1 and parental means, midparent value and relative heterosis

 1 

	Heterosis (%) b

a EFB: Early fresh biomass [g/plant]; PH: Plant height [cm]; GY: Grain yield [dt/ha] b MPH and BPH: midparent heterosis and better parent heterosis. **Significant at P = 0.01

Table 2 Means of 'Express', the doubled haploid population and the corresponding F 1 hybrids as well as the relative midparent and better parent heterosis

 2 

	Mean of
	Heterosis (%) b

a EFB: Early fresh biomass [g/plant]; PH: Plant height [cm]; GY: Grain yield [dt/ha] b MPH and BPH: midparent heterosis and better parent heterosis. **Significant at P = 0.01

Table 3 QTL and their effects detected with doubled haploid lines (DH-lines), midparent heterosis values (MPH), and test cross hybrid values (F 1 )

 3 

	Trait a	LG	Interval	LOD	DH-lines Effect b	Vp c	LOD	MPH Effect	Vp	LOD	F 1 Effect	Vp
	EFB	N3	E32M47ak-E32M51t	4.07	0.700	6.7	6.56	1.210	7.7			
	EFB	N11	Ol10E12-E32M49n	12.29	1.221	22.9	3.41	0.694	3.8			
	EFB	N13	BRAS065-E35M62g	7.45	0.850	12.3						
	EFB	N19	CB10288-CB10575b	5.47	0.713	8.4						
	EFB	N9	CB10373b-CB10022b							4.04	0.966	6.5
	PH	N8	CB10003-E35M62h	3.47	-1.989	3.9						
	PH	N9	E32M48e-CB10533a	3.48	-1.653	3.0						
	PH	N12	E35M62f-Na12E04b	3.24	1.766	3.0	4.32	2.796	6.3			
	PH	N16	BRAS048-CB10211b	6.19	-2.733	7.7						
	PH	N16	CB10632-CB10213							6.21	-3.514	10.5
	GY	N5	E32M47al-E35M62l	5.72	-1.449	8.7						
	GY	N7	CB10439-MR153b	5.17	1.581	8.5						
	GY	N12	E35M62f-Na12E04b	8.98	2.024	14.6	3.43	1.248	4.9			
	GY	N13	CB10329b-CB10427	4.46	1.402	8.1	3.83	1.422	6.9			

a, b EFB: Early fresh biomass [g/plant]; PH: Plant height [cm]; GY: Grain yield [dt/ha]; c Vp: Explained phenotypic variation [%]

Table 3 : Comparison of main stages for sterility in several CMS systems*

 3 

	CMS in rapeseed	Hau CMS	pol CMS	tour CMS	nap CMS	Ogu CMS
	Main abortion stage	Polarization of stamen anlage	Polarization of archespore	Polarization of archespore	Polarization of archespore	late stage of tetrad to single nucleus sporule stage
	*Based on liu (2001)					

Table 4 : Mensuration of restorer and maintainer relationship between several kinds of sterilities

 4 

	Name of accessions	Hau CMS	tour CMS	Pol CMS	Ogu CMS	nap CMS
	5900	S	S	F	S	S
	5148	S	S	F	S	S
	5200	S	S	F	S	S
	Hui 10	S	S	F	S	S
	6-300R	S	S	F	S	S
	6-270B	S	S	S	S	S
	6-260R	S	F	S	S	S
	02-102	S	S	S	S	S
	02-106	S	S	S	S	S
	6-301R	S	S	S	F	S
	3706	S	S	F	S	S
	3721	S	S	F	S	S
	71-1	S	S	F	S	S
	F=fertility and S= sterility					

  Data on seed yield were collected row-wise as in previous year (Experiment I) and analysed following standard statistical procedures.

		I	Replication II	Replication III
		2:8	2:8	2:8
	Moricandia	2:12	2:12	2:12
		2:16	2:16	2:16
		2:16	2:16	2:16
	Ogura	2:12	2:12	2:12
		2:8	2:8	2:8

Table 1 . Number of plants / plot in CMS lines of mustard Table 4. Seed yield of CMS lines in different planting ratios

 1 

			Seed yield		
	Planting ratio	Ogura		Moricandia (green)	
		g/plot *	kg/ha	g/plot*	kg/ha
	8:2	415	1475	429	1575
	12:2	427	1628	389	1496
	16:2	411	1632	371	1462
	Mean	418	1578	396	1511
	CD (0.05)		NS		
	* Plot size-2.25 sq.m				

Table 1 Seed set of lines with a same nuclear background

 1 

	Lines	Compatibilty index	Seed/pod
	Maintainer	10.28	14.06
	Shaan 2ACMS	2.51	8.02
	Nsa CMS	0	0

Table 2 Fertility performance of F 1 pollinated by restorer lines

 2 

	Line code	No. of F 1 plants	% of fertile plants	Pedigree
	7244	64	100	(Zhong4+W4296)F 3
	8401	70	100	(Zhong8+W4296)F 5
	8367	47	98.4	(Zhong4+W4296)BC 1 F 3
	7265	342	95.5	(Zhong4+W4296)F 3
	7196	228	94.8	(Zhong8+W4296)F 4
	7199	166	93.7	(Zhong4+W4296)BC 1 F 3

Table 1 . Number of fertilized ovules for siliques harvested from 6-16 DAP following reciprocal interspecific crosses between Brassica napus and B. oleracea var. alboglabra

 1 

	Cross	Temp. (°C)	No. pollinations	No. fertilized ovules	No. fertilized ovules / poll. (Mean ± S.E.)
	HiQ×B. oleracea var. alboglabra	20/15 15/10	91 115	304 309	3.3 (± 3.2) 2.7 (± 1.4)
	A01-104NA×B.oleracea var. alboglabra	20/15 15/10	114 116	340 715	3.0 (± 1.5) 6.2 (± 3.8)
	B. oleracea var. alboglabra×HiQ	20/15 15/10	88 108	330 1002	3.8 (± 2.3) 9.3 (± 4.4)
	B. oleracea var. alboglabra×A01-104NA	20/15 15/10	92 123	454 1251	4.9 (± 2.2) 10.2 (± 3.2)
	Selfed B. napus	20/15 15/10	29 34	522 550	18.0 (± 3.1) 16.2 (± 5.9)
	Selfed B. oleracea var. alboglabra	20/15 15/10	27 30	172 388	6.4 (± 3.4) 12.9 (± 5.5)

Table 2 . Number of hybrid embryos from siliques harvested between 6-16 DAP and developed under two temperature conditions for reciprocal crosses between B. napus and B. oleracea var. alboglabra

 2 

	Cross	B. napus×B.oleracea var. alboglabra	B. oleracea var. alboglabra×B. napus
	Temp. (°C)	20/15	15/10	20/15	15/10
	No. pollinations	205	231	180	231
	No. embryos produced	11	17	29	5
	No. embryos / pollination	0.05	0.07	0.16	0.02

Table 1 : Average genetic distances within and among new type rapeseed (N group), Chinese normal rapeseed (C group), spring rapeseed (S group) and winter rapeseed (W group) calculated using Nei's method

 1 

	Group	Lines analysed	N group	Average genetic distance (standard deviation) C group W group	S group
	N group	10	0.427 (0.079)			
	C group	9	0.394 (0.081)	0.364 (0.074)		
	W group	9	0.424 (0.056)	0.388 (0.040)	0.193 (0.042)	
	S group	17	0.430 (0.064)	0.402 (0.042)	0.323 (0.036)	0.226 (0.051)

Table 2 : Correlations between parental genetic distance (GD) and 5 different parameters calculated for seed yield and oil content from a field trial with 52 hybrid combinations in 8 environments (E1 -E8): HP, hybrid performance; MPH, mid-parent heterosis; HPH, high-parent heterosis; GCA (f + m) , total general combining ability of both parents; SCA, specific combining ability (*,** Significant at p = 0.05 and 0.01, respectively)

 2 

	Environments	GD					HP			
		HP	MPH	HPH	GCA (f + m) SCA	MPH	HPH	GCA (f + m)	SCA
	Seed yield									
	E1	-0.02	0.27	0.03	0	-0.03	0.65**	0.91**	0.78**	0.63**
	E2	0.2	0.21	0.36	0.17	0.12	0.64**	0.90**	0.93**	0.37
	E3	0.14	0.35	0.15	0.27	-0.13	0.58**	0.87**	0.82**	0.57*
	E4	0.11	0.38**	0.32	0.13	0.01	0.61**	0.38**	0.78**	0.63**
	E5	-0.07	0.44*	0.18	-0.02	-0.09	0.33	0.16	0.86**	0.50**
	E6	0.42*	0.36	0.29	0.42*	0.14	0.02	0.06	0.73**	0.43**
	E7	0.1	0.33*	0.15	0.13	0.02	0.69**	0.77**	0.72**	0.69**
	E8	-0.13	0.47**	-0.11	-0.13	-0.03	0.46**	0.84**	0.88**	0.47**
	Mean	0.09	0.35	0.17	0.12	0.01	0.50	0.61	0.81	0.54
	Oil content									
	E1	0.22	0.56** 0.34	0.23	0.05	0.63**	0.60**	0.86**	0.51**
	E2	-0.18	0.19	0.11	-0.29	0.07	0.53**	0.60**	0.78**	0.62**
	E3	-0.23	0.43*	-0.18	-0.31	0.10	0.36	0.88**	0.87**	0.49*
	E4	-0.41**	0.16	-0.23	-0.47**	-0.02	0.59**	0.84**	0.86**	0.52**
	E5	-0.07	0.37	0.06	-0.09	0	0.36	0.49**	0.79**	0.61**
	E6	-0.28	0.38	-0.08	-0.26	-0.10	0.43*	0.67**	0.90**	0.43*
	E7	-0.12	0.35** -0.20	-0.25	0.10	0.66**	0.80**	0.76**	0.65**
	E8	-0.37	0.49** -0.16	-0.44**	0.01	0.11	0.71**	0.86**	0.52**
	Mean	-0.18	0.4	-0.04	-0.24	0.03	0.46	0.70	0.84	0.54

Tab. 1: MSL hybrids of WOSR with special merits

  

	Variety	Special merits	Remarks
	Kronos, Kasimir	Winter hardiness	
	Trabant, Alkido	Black leg resistance	
	Elan	Downy mildew resistance	
	Tuscan	Light leaf spot resistance	
	Mendel	Club root resistance	Race-specific
	Elektra	Shortness	
	Artus, Titan	High stress tolerance	e.g. Conservation tillage
	Zeppelin	High oil content, hybrid seed yield	
	Tenno	Very low glucosinolate content	
	Marcant	High erucic acid	

Table 1 . The fertility of F 1 and F 2 progenies of the cross Huyou15A×HF03

 1 

	code	Generation	No. of fertile plants	No. of sterile plants
	02-4247	F 1	165	0
	03-4216	F 2	138	0
	03-4217	F 2	149	20

Table 2 . Fertility and flower color segregation in the F 3 progeny of the cross Huyou15A×HF03

 2 

	code	No. of yellow flower plants Fertile Sterile	No. of orange flower plants Fertile Sterile	% of sterile plants
	04-4307	70	22	30	9	23.7
	04-4308	134	25	0	0	18.7
	04-4309	166	45	0	0	27.1
	04-4310	154	0	0	0	0.0
	04-4311	129	37	0	0	28.7
	04-4312	140	36	0	0	25.7

Table 3 . The behavior of test-crosses

 3 

	code	No. of sterile plants	No. of fertile plants	No. of plants with yellow flower
	05-4357	35	0	35
	05-4358	58	0	58
	05-4359	28	0	28

Table 4 Fertility and flower color segregation in F 4 and F 3 SM 1 progenies of the cross Huyou15A×HF03

 4 

	code	Generation	code of last year	Total No. of plants	No. of plants with orange flower	No. of fertile plants	No. of sterile plants
	05-4347	F 4	04-4307B1	121	121	121	0
	05-4348	F 4	04-4307B2	98	98	75	23
	05-4349	F 4	04-4307B3	136	136	136	0
	05-4350	F 4	04-4307B4	121	121	85	36
	05-4351	F 4	04-4307B6	115	115	115	0
	05-4352	F 4	04-4307B8	154	154	120	34
	05-4353	F 4	04-4307B9	153	153	153	0
	05-4354	F 4	04-4307B5	37	37	28	9
	05-4355	F 4	04-4307B7	45	45	33	12
	05-4356	F 3 SM 1	04-4307A1×B4	34	34	18	16

Table 1 . Analysis of variance for some traits in a line×tester trial in rapeseed and mustard.

 1 .

	S.O.V.	Df	GY	MS P/P	TKW	EMS
	Replication	2	2.56	12.07	0.0491	-
	Entries	19	5.62 **	39.47 **	0.1246 *	-
	Parents(P)	7	3.69	36.68 **	0.0968	-
	Females(F)	5	3.41	37.27 **	0.1146	-
	Males(M)	1	2.97	29.68 *	0.0442	-
	F vs. M	1	5.81	40.73 *	0.0604	-
	Hybrids(H)	11	6.74 **	41.24 **	0.1471 *	-
	F/H	5	5.87 *	49.26 **	0.1635 *	σ 2 e +3Cov FS -2Cov HS +6Cov HS
	M/H	1	3.69	34.51 *	0.0486	σ 2 e +3Cov FS -2Cov HS +18Cov HS
	Fh × Mh	5	8.22 **	34.57 **	0.1504 *	σ 2 e +3Cov FS -2Cov HS
	P vs. H	1	6.81	39.53 *	0.0717	-
	Error	38	1.89	6.07	0.0549	σ 2 e
	Total	59	-	-	-	-
	* and **: significant at 0.05 and 0.01 probability level, respectively.			

Table 2 . Estimated effects of general combining ability in some crosses of Brassica oilseed.

 2 

	Parent	Grain yield	Pods/plant	Grains/pod	TKW
	Landrace	1.10	7.07	3.72 **	0.05
	Rainbow	4.71 **	14.93 **	4.32 **	-0.08 **
	Bard-1	-0.47	2.05	-1.65 **	0.07 *
	Cutlass	-0.06	-4.02	0.04	0.05
	UCD	0.77	7.41	-0.85 *	0.04
	Echo	-0.20	-9.02	-1.14 **	-0.05
	Westar	1.01	-18.89 **	6.16 **	-0.10 **
	Torch	-3.75 **	0.78	-1.53 **	0.02
	* and **: significant at 0.05 and 0.01 probability level, respectively.			

Table 3 . Mean Performance of F 1 and estimated specific combining ability effects for yield and its components in some crosses of Brassica oilseed.

 3 

	Cross	GY Mean (gr/plot)	sca effects	Pods/Plant Mean Sca effects	Grains/Pod Mean sca effects	TKW Mean (gr) Sca effects
	Rainbow×Cutlass	33.44	11.52 **	181.60	74.90	22.26	-0.67	2.91	-0.04
	Rainbow×UCD	28.94	6.19	77.83	42.40	24.45	2.41 *	2.82	-0.13
	Bard1×Echo	21.30	4.71	88.33	28.34	17.68	1.90	2.94	-0.07
	Cutlass ×UCD	20.50	2.51	-7.58	-12.97	17.21	-0.54	3.28	0.21 *
	UCD×Landrace	15.75	-1.93	-5.42	-15.94	17.15	1.04	3.24	0.21 *
	Echo×Westar	24.50	6.42	100.17	47.81 **	23.38	-0.02	2.75	-0.08
	Echo×Landrace	24.94	8.77 *	113.82	49.68 **	16.22	0.42	2.96	0.01
	Landrace×Torch	19.33	6.70	11.31	2.31	15.67	0.26	3.09	0.08

* and **: significant at 0.05 and 0.01 probability level, respectively.

  SCHWEIGER W., RUDLOFF E. (1981) Untersuchungen zur Hybridzüchtung bei Winterraps unter Ausnutzung der progamen Inkompatibilität. Tagungsbericht, Akademie der Landwirtsch.-Wiss. DDR, Berlin, 191: 73-78. THOMPSON K.F. (1983): Breeding winter oilseed rape. Advances in Applied. Biology, 7: 1 -104. VYVADILOVÁ, M. -ZELENKOVÁ, S. (1992): Responsiveness in microspore cultures of some cultivars and Czech breeding materials of rapeseed (Brassica napus L.

Table 1 . Analysis of variance for 8 characters in mustard

 1 

	Mean squares

DM = Days to maturity; PB = Primary Branches per plant; SB = Secondary Branches per plant; SPP = Number of Siliquae per plant; PH=Plant height (cm); SW= 1000 seed weight; SY= Seed yield(g); OC= Oil content (%)

Table 2 . Heterosis per cent over better parent (Heterobeltiosis) and over check variety, Pusabold (Economic Heterosis) for 8 characters in different crosses of mustard

 2 

		DM		PB		SB		SSP	
	Crosses	Heterosis over better parent	Economic Heterosis	Heterosis over better parent	Economic Heterosis	Heterosis over better parent	Economic Heterosis	Heterosis over better parent	Economic Heterosis
	RH-30×BIO-902	-2.50**	-1.70*	5.70	8.80	40.00	2.44	34.20*	17.80
	RH-30×SEJ-2	0.90	-2.70**	5.90	5.90	50.00*	9.70	59.50**	40.00**
	RH-30×Laxmi	-0.90	-4.30**	5.60	11.80	43.33*	4.88	39.20*	22.20
	RH-30×Varuna	0.90	-2.70**	10.50	23.50*	4.88	4.88	40.00**	40.00**
	RH-30×Pusabold	-1.70*	-1.70*	17.60	17.60	60.00*	17.07	75.60**	75.60**
	RH-30×BR-40	0.90	-3.40**	18.90*	29.40**	61.29*	21.95	67.50**	48.90**
	RH-30×CM-3	-4.20**	-3.40**	5.90	5.90	106.67**	51.22**	127.80**	100.00**
	BIO-902×SEJ-2	0.00	-3.40**	-25.70**	-23.50**	10.53	-48.78**	9.60*	-11.11
	BIO-902×Laxmi	1.80*	-1.70*	8.30	14.70	105.00**	0.00	77.61**	32.22**
	BIO-902×Varuna	0.00	-3.40**	5.30	17.60	9.76	9.76	71.64**	27.80*
	BIO-902×Pusabold	-2.70**	-3.40**	28.60**	32.40**	44.83	2.44	46.70**	46.70**
	BIO-902×BR-40	-1.70*	-0.90	2.70	11.80	67.74**	26.83	82.50**	62.22**
	BIO-902×CM-3	0.00	0.90	40.00**	44.10**	200.00**	39.02*	97.30*	60.00**
	SEJ-2×Laxmi	0.90	-2.70**	11.11	17.50	180.00**	36.59*	90.40**	54.40**
	SEJ-2×Varuna	-0.90	-4.30**	21.10*	35.30**	41.46*	41.46*	97.30**	60.00**
	SEJ-2×Pusabold	-0.90	-4.30**	14.70	14.70	158.62**	82.93**	-16.70	-16.70
	SEJ-2×BR-40	-0.90	-5.10**	5.40	14.70	54.84*	17.07	77.50**	57.80**
	SEJ-2×CM-3	-0.90	-4.30**	29.00**	17.60	226.67**	19.51	53.40**	24.40
	Laxmi×Varuna	5.30**	1.70*	23.70**	38.20**	70.73**	70.73**	136.90**	71.10**
	Laxmi×Pusabold	3.50**	0.00	30.60**	38.20**	120.69**	56.90**	82.20**	82.20**
	Laxmi×BR-40	2.70**	-1.70*	27.00**	38.20**	96.77**	48.78**	62.50**	44.40**
	Laxmi×CM-3	0.00	-3.40**	11.11	17.60	205.00**	48.78**	69.90**	37.80**
	Varuna×Pusabold	-0.90	-4.30**	0.00	11.80	-4.88	-4.88	31.10*	31.10*
	Varuna×BR-40	0.00	-4.30**	-5.30	5.90	4.88	4.88	28.80	14.40
	Varuna×CM-3	-0.90	-4.30**	-2.60	8.80	-4.88	-4.88	80.80**	48.90**
	Pusabold×BR-40	0.90	-3.40**	16.20	26.50**	67.74**	26.83	52.20**	52.20**
	Pusabold×CM-3	-2.60**	-2.60**	17.60	17.60	72.41**	21.95	45.60**	45.60**
	BR-40×CM-3	0.90	-3.40**	16.20	26.50**	93.55**	46.34*	75.00**	55.60**

Table 2 continued

 2 

		PH		SW		SY		OC	
	Crosses	Heterosis over better parent	Economic Heterosis	Heterosis over better parent	Economic Heterosis	Heterosis over better parent	Economic Heterosis	Heterosis over better parent	Economic Heterosis

Table 1 Development of buds of 681A

 1 

	Observed Date (month/day)	3/8	3/10	3/12	3/14	3/16	3/18	3/20
	Largest bud in length(mm)	2.0	2.8	3.8	4.5	5.2	6.1	First flower
	>1mm No.bud	21	27	34	38	43	49	54

Table 2 . The relationship between tittle pollen and temperature in the natural condition (Sterile line: 681A)

 2 

	Abloom date(month/day)	3/16-3/23	3/24-3/29	3/30-4/3	4/4 until harvest
	Observed flower No.	113	237	88	100
	trace pollen No.(%)	100	78.8-100	37.5-97.4	0
	Grade of trace pollen	1-4	0-4	0-2	0
	Temperature°C variation (X±s)	8.25±3.7	8.40±1.6	11.5±1.3	16.5±0.7
	The lowest temperature°C	1.5	6.5	8	15.5

Table 3 The results of buds in different size of first branch of three plants were treated

 3 

	Plant order	No.1	No.2	No.3	Total
	Bud Size				
	≤2mm				
	No.of flower	8	6	10	24
	No.of Trace Pollen flower	0	0	0	0
	Percentage(%)	0	0	0	0
	Bud size				
	2.1-3mm				
	No.of flower	20	18	24	62
	No.of Trace Pollen flower	0	0	0	0
	Percentage(%)	0	0	0	0
	Bud size				
	3.1-4mm				
	No.of flower	32	26	28	86
	No.of Trace Pollen flower	2	0	1	3
	Percentage(%)	6.2	0	3.6	3.5
	Bud size				
	4.1-5mm				
	No.of flower	14	18	12	44
	No.of tittle Pollen flower	6	15	12	37
	Percentage(%)	71.4	83.3	100	84.1
	Have opened flower				
	No.of flower	2	3	4	9
	No.of Trace Pollen flower	2	3	4	9
	Percentage(%)	100	100	100	100

with low temperature(10 °C/7 °C) for 15 days

Table 1 : Analysis of variance (mean square) for experimental design for various characters in rapeseed

 1 * 41.763 ** 849.556 ** 73.866 ** 176.682 ** 28791.297 ** 1.904 ** 79.740 ** 0.618 ** 3.864 ** 43.305 ** 54.334 ** a.

	Sr. No.	Source of variation	d.f.	Days to 50% flowering	Days to maturity	Plant height	Effective branches per plant	Siliquae on main branch	Siliquae per plant	Length of siliqua	Seeds per siliqua	1000-seed weight	Oil content	Harvest index	Seed yield per plant
	1. Replications 2	2.531	3.678	3.751	2.519	11.478	7.050	0.128	4.640 *	0.517 ** 7.340 ** 15.689 * 1.966
	2.	Genotypes 58 84.290 Parents 13 176.432 ** 63.629 ** 1276.346 ** 88.554 ** 207.186 ** 13639.740 ** 1.635 ** 44.826 ** 0.313 ** 3.757 ** 32.167 ** 40.298 **
	i	Females	8 227.666 ** 79.748 ** 1701.745 ** 16.846 ** 152.420 ** 4451.982 ** 1.914 ** 44.221 ** 0.122 ** 4.725 ** 23.059 ** 49.380 **
	ii	Males	4	43.670 ** 44.433 ** 728.828 ** 193.332 ** 284.461 ** 25463.230 ** 1.485 ** 46.175 ** 0.637 ** 2.319 ** 44.097 ** 27.221 **
	iii	Females vs. Males	1 297.621 **	11.453 * 63.187 243.109 ** 336.210 ** 39847.810 ** 0.001 12.263 ** 0.548 ** 1.751 * 57.303 ** 19.957
	b.	Hybrids 44 58.345 ** 32.810 ** 686.496 ** 68.238 ** 148.554 ** 27599.170 ** 1.970 ** 83.288 ** 0.596 ** 3.967 ** 47.073 ** 58.519 **
	c.	Parents vs. Hybrids	1	27.976 ** 151.406 ** 2475.250 ** 130.526 ** 1017.812 ** 278215.500 ** 2.511 ** 377.457 ** 5.502 ** 0.633 22.365 * 52.648 **
	3.	Error	116	1.669	2.126	19.269	1.993	3.759	48.733	0.039	1.125	0.008 0.398	3.696 5.777
	* P ≤ 0.05, ** P ≤ 0.01												

*

Table 2 : Three top ranking parent and hybrids with respect to per se performance and heterosis over better parent and standard check (GS 1).

 2 

Table 1 The yield of Hu118A in different isolation environments

 1 

	Block Yield(kg)

Table 2 The purity of Hu118A in different isolation environments

 2 

	Treatments		No.of plants (plant)	No. of fertility (plant)	No. of sterility (plant)	Purity(%)	Average of purity(%)
		I	249	6	243	97.59	
	Stalker and honeybee	II	253	4	249	98.42	97.99
		III	245	5	240	97.96	
		I	257	7	250	97.27	
	Stalker	II	250	4	246	98.40	97.76
		III	261	6	255	97.70	
		I	235	25	210	89.36	
	Open air	II	248	26	222	89.51	90.60
		III	255	18	237	92.94	

Table 3 The effect of planting ratio on the yield of F 1 hybrid seed

 3 

	Block yield(kg)

Table 1 . Comparison of seed test and molecular analysis of regenerants for detection of SI and SC genotypes

 1 

	Genotype	No. of tested regenerants	Seed test	No. of SI plants Molecular analysis	Seed test	No. of SC plants Molecular analysis
	OP 19	31	0	11	31	20
	OP 20	10	5	6	5	4
	OP 21	56	8	27	48	29
	OP 22	18	7	12	11	6
	Total	115	20	56	95	59

Table 2 . Results of seed quality analyzes (HPLC) of selected Ogu-INRA CMS and Rf lines

 2 

	CMS line	GSL μmol/g seeds	Rf line	GSL μmol/g seeds
	189-6	15.30	2097-273	10.48
	558-17	10.15	2136-281	15.13
	213-29	15.41	2137-285	11.79
	13-37	15.03	2141-292	9.95
	303-53	16.57		
	323-60	13.97		
	82-102	16.34		
	114-106	14.40		
	523-157	19.20		
	551-227	13.58		

Table 3 . Results of seed quality analyzes of selected Shaan 2 CMS and Rf lines

 3 

			(GSL -HPLC, Fatty acids / % / -Gas chromatography)		
	Genotype	GSL mol/g seeds	C16:0 Palmit.	C18:0 Stear.	C18:1 Oleic.	C18:2 Linoleic.	C18:3 Linolen.	C22:1 Erucic.
	S-2 CMS	14.22	3.16	1.08	69.54	18.57	5.59	0.22
	S-3 CMS	26.74	3.06	0.81	71.51	16.62	6.27	0.14
	S-5 Rf	12.96	3.00	0.85	70.66	17.12	6.02	0.20
	S-6 Rf	16.35	3.38	1.04	71.13	16.89	6.25	0.14
	S-7 Rf	13.77	2.49	0.86	74.64	16.07	5.08	0.21
	S-8 Rf	13.11	2.63	0.92	73.94	16.23	5.34	0.17

Table 1 . Morphological and cytogenetic characteristics of male-fertile and male-sterile flowers in rapeseed

 1 

						Characteristics				
		Morphological			Cytogenetic: stages of meiosis -microsporogenesis		
	Genotype	Anther development level	Presence of pollen	Diakinesis Metaphase I Anaphase I Telophase II Tetrads Microspores Pollen grain	Pollen viabillity
	R 2000 INRA	normal	+	19 II	normal	normal	normal	normal	normal	normal	>90%
	Ku 27 Draghon	rudimentary	-	19 II	normal	normal	normal	normal	irregular shape	small exine without	-
	Ku 58 Draghon	rudimentary	-	19 II	normal	normal	normal	normal	irregular shape	small exine without	-
	Ku 85 Topas	rudimentary	-	19 II	normal	normal	normal	irregular shape	irregular shape	small without exine	

-The analysis of meiosis in R 2000 INRA revealed normal meiotic (diakinesis with 19 II

Table 1 . Glucosinolate contents (μM/g of seed) and composition (%) in seeds of parental lines.

 1 

							Glucosinolate				
	DH line	Gluconapin	Progoitrin	4-hydroxy-brassicin	Total of alkenyl glucosinolate	Total of glucosinolate
		μM/g	%	μM/g	%	μM/g	%	μM/g	%	μM/g	%
	H1-112	0.5	10.9	0.6	13.0	3.4	73.9	1.2	26.1	4.6	100
	H5-771	0.3	6.8	0.4	9.1	3.7	84.1	0.8	18.2	4.4	100
	H5-925	0.3	6.7	0.4	8.9	3.8	84.4	0.8	17.8	4.5	100
	W-86	1.2	22.2	3.3	61.1	0.7	13.0	4.8	88.9	5.4	100
	174-26	14.7	33.6	24.5	56.1	3.1	7.1	40.5	92.7	43.7	100
	174-99	12.2	25.9	26.7	56.7	5.5	11.7	41.6	88.3	47.1	100

Table 2 . Analysis of variance according to Hayman for glucosinolate content in seeds from plants of F 1 and F 2 generations of hybrids between DH lines of winter oilseed rape.

 2 

	Source of variation	Degree of freedom	Sum square	F 1 Mean square	F statistic	Sum square	F 2 Mean square	F statistic
				Gluconapin				
	Dominance	15	102.66	6.84	8.48***	44.65	2.98	3.54**
	Unidirection	1	20.69	20.69	25.64***	0.02	0.02	0.03
	Asymmetry	5	36.42	7.28	9.03***	5.06	1.01	1.20
	Residue	9	45.55			39.56		
	Additivity	5	755.10	151.02	187.15***	394.41	78.88	93.77***
				Progoitrin				
	Dominance	15	117.70	7.85	4.57***	131.87	8.79	3.97***
	Unidirection	1	3.84	3.84	2.24	11.20	11.20	5.06*
	Asymmetry	5	17.96	3.59	2.09	7.98	1.60	0.72
	Residue	9	95.89			112.69		
	Additivity	5	1530.75	306.15	178.41***	1435.12	287.02	129.65***
				4-hydroxybrassicin			
	Dominance	15	4.04	0.27	2.00*	1.69	0.11	0.81
	Unidirection	1	1.11	1.11	8.22**	0.02	0.02	0.14
	Asymmetry	5	1.54	0.31	2.29	1.08	0.22	1.56
	Residue	9	1.39			0.59		
	Additivity	5	14.14	2.83	20.97**	7.10	1.42	10.24***
	*** -significant at α = 0.001 ** -significant at α = 0.01 * -significant at α = 0.05			

Table 3 . Characteristics of lines and of diallel crosses between DH lines -glucosinolate content in seeds of F 1 and F 2 generations

 3 

	Means	F 1	Gluconapin	F 2	F 1	Progoitrin	F 2	4-hydroxybrassicin F 1 F 2
	Total	6.85		4.83	8.87		8.55	3.58	3.60
	Parents	5.15		4.78	8.14		9.8	3.19	3.55
	Hybrids	7.18		4.85	9.01		8.3	3.66	3.61
				Means of line progeny			
	H1-112	5.61		3.95	6.25		6.28	3.41	3.57
	H5-771	4.08		2.76	4.69		4.52	3.73	3.82
	H5-925	4.58		3.14	5.90		5.37	3.59	3.59
	W-86	5.12		3.46	7.09		6.39	2.94	2.96
	174-26	10.46		7.51	13.68		13.41	4.11	3.91
	174-99	12.15		8.20	15.99		14.68	3.93	3.79

Table 4 Estimation of heterosis effects for progenies in relation to parent lines for individual glucosinolate content in seeds of F 1 and F 2 generations.

 4 

	No.	Line	F 1	Gluconapin	F 2	F 1	Progoitrin	F 2	4-hydroxybrassicin F 1 F 2
	1	H1-112	3.53***		1.82	4.79***		2.84	0.31	0.08
	2	H5-771	3.36***		1.94	3.89**		3.16	0.14	0.36
	3	H5-925	3.63***		1.97*	4.90***		3.49*	0.13	0.10
	4	W-86	2.25*		0.90	2.32		0.98	2.55***	0.01
	5	174-26	-0.81	-3.73***	-5.79***	-10.39***	-0.26	-0.04
	6	174-99	0.25		-2.47*	-4.85***		-9.05***	-0.05	-0.12

Table 5 . Genetics parameter according to Mather for glucosinolate content in seeds harvested from plants of diallel hybrids of F 1 generations between DH lines.

 5 

	Parameter	Glukonapin	Progoitrin	4-hydroxybrassicin
	D	24.47	80.23	1.62
	F	-21.28	-20.00	0.84
	H(1)	16.39	13.51	0.39
	H(2)	12.07	12.26	0.27
	h 2	11.49	2.13	0.62
	Mean degree of dominance	0.818	0.410	0.49
	Number of gene group showed dominance	1	0	2
	Product of frequency in loci (u*v) showed dominance	0.184	0.227	0.17
	Ratio of dominant to recessive allel number	0.306	0.534	3.277
	Narrow sense heritability	0.868	0.914	0.689
	Broad sense heritability	0.972	0.969	0.793

Table 6 . Comparison of different heritability estimation of glucosinolate content in seeds of winter oilseed rape from diallel crosses of DH lines.

 6 

	Parameter	glukonapin	progoitrin	4-hydroxybrassicin
		Expected heritability according to Mather		
	Narrow sense	0.868	0.914	0.69
	Broad sense	0.972	0.969	0.79
	Realized heritability between F 1 and F 2 generations		
	Regression coefficient	0.685	0.934	0.467
	Correlation coefficient	0.956	0.953	0.635
	Determination coefficient	0.913	0.908	0.403

Table 7 -Heritability for combining abilities between F 1 and F 2 generations

 7 

	Parameter	glukonapin	progoitrin	4-hydroxybrassicin
		General combining ability		
	Correlation coefficient	0.997**	0.997**	0.993**
		Specific combining ability		
	Correlation coefficient	0.682**	0.547*	-0.327
		Reciprocal effects		
	Correlation coefficient	0.514*	0.423	0.104

Table1 Flower morphology of the sterile lines(in Kunming, length and width/mm)

  

	CMS lines	Length of floral shoot	Length of petal	Width of petal	Length of pistil	Width 0f stigma	Length of anther Length of filament
	YN04252A	7.80	9.02	4.54	8.24	0.94	2.18	3.32
	YN02A	11.63	9.70	6.45	7.14	1.08	2.34	4.27

Table2 Flower posture and fertility of the sterile lines (in Kunming)

  

	CMS lines	Abnormal buds	Petal posture	Pistil posture	Petal color	Functional pollen	Nectar sugar	Fertile stability
	YN04252A	2.1%	stretched	straight	light yellow	none	normal	stable
	YN02A	0.2%	wrinkled	curved	brownish yellow	trace	normal	unstable

Table3 Agronomic traits of the sterile lines

  

	CMS lines	Plant height/cm	Branches/plant	Pod number/plant	Seeds per pod	1000seeds Weight/g	Maturing days
	YN04252A	167	8.3	377	15.7	3.52	189
	YN02A	189	8.2	385	9.33	3.14	188

Table 1 . Mean oleic and linoleic acid of parents (in bold) and their F 1 hybrids in a 5×5 diallel cross of oilseed rapes.

 1 

	Parents	Characters	Banaćanka	Orkan	Valeska	Aligator	Alaska
	Banaćanka	Oleic acid Linoleic acid	70,01 16,83	72,41 h 15,42 d-	69,87 17,40 d+	67,80 d-18,25 d+	69,32 17,51 d+
	Orkan	Oleic acid Linoleic acid		70,69 15,61	67,47 16,14	70,65 d+ 16,53 h	71,01 16,20 i
	Valeska	Oleic acid Linoleic acid			71,60 14,94	70,21 d+ 16,79 i	68,90 17,87 d+
	Aligator	Oleic acid Linoleic acid				67,64 19,06	67,93 19,14 d+
	Alaska	Oleic acid Linoleic acid					68,88 17,97
	LSD 0,05=1,61	0,78					
	0,01=2,17	1,05					

Table 2 .Analysis of variance for general (GCA) and specific (SCA) combining ability effects in oilseed rapes.

 2 

	Source	d. f.	SS	Oleic acid MS	F	SS	Linoleic acid MS	F
	Gca	4	10,78	2,70	8,72**	17,91	4,48	61,80**
	Sca	10	21,47	2,15	6,95**	4,87	0,49	6,72**
	Error	28	8,65	0,31		2,03	0,07	
	GCA/SCA ratio			1,26			9,14	
	δA=2δ 2 g			0,31			2,28	
	δD=2δ 2 s			1,84			0,41	

Table 3 .Estimates of general combining ability effects for two traits in oilseed rapes

 3 

	Parent	Oleic acid	Linoleic acid
	Banaćanka	0,24	-0,01
	Orkan	0,74*	-0,96**
	Valeska	0,27	-0,60**
	Aligator	-0,84**	0,94**
	Alaska	-0,41	0,63**
	(g i -g j )	0,30	0,14
	LSD 0,05	0,82	0,40
	0,01	0,61	0,30

Table 4 . Estimates of specific combining ability effects for oleic and linoleic acid contents in oilseed rapes

 4 

	Sca effects

Table 5 . Estimates of general and specific combining ability variances in oilseed rapes.

 5 

	Parent	Characters	δg i 2	2 δs i	Individual basis (δe 2 )	Mean δ 2
	Banaćanka	Oleic acid Linoleic acid	0,02 -0,0	4,62 1,39	0,93 0,22	0,31 0,07
	Orkan	Oleic acid Linoleic acid	0,53 0,91	15,44 1,30	0,93 0,22	0,31 0,07
	Valeska	Oleic acid Linoleic acid	0,03 0,35	11,58 2,28	0,93 0,22	0,31 0,07
	Aligator	Oleic acid Linoleic acid	0,67 0,88	4,06 0,89	0,93 0,22	0,31 0,07
	Alaska	Oleic acid Linoleic acid	0,13 0,39	1,44 1,13	0,93 0,22	0,31 0,07

Table 1 The fertility of different generations (Changsha, 2001,2002)

 1 

	Material	occurring stage of trace pollen	total flowers	rate of flowers with trace-pollen/%	sterile degree/%
	(991A/D6B)	9-19 March, 2001	11376	2.60	97.4
	(D6A/991B)	9-19 March, 2001	8304	5.35	94.65
	991A	10-16 March, 2001	8164	2.59	97.41
	D6A	9-23 March, 2001	8515	11.57	88.43
	(991A/D6B)/D6B	16-21 March, 2002	6406	5.01	94.99
	(D6A/991B)/991B	16-18 March, 2002	6810	2.31	97.69
	991A	no trace pollen,2002	6552	0.0	100.0
	D6A	16-21 March, 2002	7218	5.80	94.20

Table 1 . Yield performance of DMH-1 tested in a multilocation trial during 2003-04.

 1 

	Entry	Del	Mean yield (Kg/ha) and heterosis (%) over best check Heterosis Bassi Heterosis Gwl	Heterosis	Average yield	Average heterosis
	DMH-1	3143.0	15.5	1985.0	43.3	1628.0	23.2	2252.0	27.3
	Varuna	2431.0		899.0		1232.0		1520.0	
	Kranti	2605.0		1250.0		1286.0		1717.0	
	Zonal check*	2721.0		1385.0		1321.0		1809.0	
	* Zonal checks -RL-1359 for Delhi and Bassi Pathana, Pusa bold for Gwalior locations				

Table 2 . Yield performance and percent heterosis of DMH-1 hybrid over commercial check varieties in farmer's field demonstration trials during 2004-05

 2 

	Location	Number of trials	Range of productivity (q/ha) DMH-1 Check	Average yield (q/ha) DMH-1 Check	Average heterosis
	Agra	4	21.4 -27.5	19.0 -24.4	25.7	21.3	20.7
	Bharatpur	4	17.3 -23.9	13.7 -17.2	20.5	15.2	34.9
	Rewari	2	23.0 -30.1	16.2 -19.1	26.6	17.6	51.1
	Faridabad	1	-	-	13.0	10.3	26.2
	Delhi	1	-	-	12.5	11.7	6.8

Table 3 . Yield performance and percent heterosis of DMH-1 hybrid over commercial check varieties in farmer's field demonstration trials during 2005-06

 3 

	Location	Number of trials	Range of productivity (q/ha) DMH-1 Check	Average yield (q/ha) DMH-1 Check	Average heterosis
	Agra	4	14.4 -28.5	12.2 -24.6	25.2	20.3	24.1
	Alwar	4	19.7 -31.1	11.5 -27.4	25.2	19.9	26.6
	Bharatpur	6	27.0 -31.1	17.3 -25.0	29.2	22.9	27.5
	Morena	4	22.7 -31.1	17.2 -24.8	26.8	20.7	29.5
	Rewari	4	22.3 -27.0	19.6 -21.9	24.3	20.4	19.1
	Sriganganagar	5	14.0 -33.0	11.3 -28.9	25.7	17.8	44.4

Table4. Yield performance and percent heterosis of DMH-1 hybrid over commercial check varieties in minikit farmer's field trials during 2005-06

  

	Location	Number of trials	Range of productivity (q/ha) DMH-1 Check	Average yield (q/ha) DMH-1 Check	Average heterosis
	Agra	34	16.4 -32.8	15.5 -29.8	24.4	21.0	16.2
	Aligarh	7	13.0 -22.6	11.5 -20.7	18.5	16.7	10.8
	Alwar	35	14.3 -37.9	8.8 -27.5	21.9	17.5	25.1
	Anand	10	16.9 -27.0	15.4 -26.0	21.1	19.0	11.1
	Bharatpur	53	12.6 -32.5	12.5 -25.0	22.8	17.5	30.3
	Bhiwani	48	10.0 -22.0	9.0 -16.0	15.0	12.8	17.2
	Delhi	10	15.3 -20.0	14.4 -17.5	19.0	17.1	11.1
	Gurgaon	23	15.0 -23.6	13.0 -20.0	18.8	16.3	15.3
	Hanumangarh	22	8.4 -19.1	8.5 -13.8	12.5	10.0	25.0
	Morena	27	15.8 -26.9	17.6 -23.8	23.2	20.0	16.0
	Rewari	47	17.9 -30.3	18.0 -20.0	22.4	18.8	19.1
	Sriganganagar	44	13.2 -33.3	8.8 -25.0	20.1	17.0	18.2
	Mahendragarh	17	15.6 -22.1	17.0 -22.0	19.5	18.5	5.4
	Hisar	28	8.1 -18.2	7.6 -17.3	14.5	11.8	22.9

Table 1 Fertility expression of F 1 in sib-mating and selfing of two-type line 20118AB

 1 

	χ 2

Table 2 Fertility expression of F 3 in test crosses between sterile line 20118A and different rapeseed varieties

 2 

	Fertility expression of F 3 families

Table 3 Fertility expression of F 1 in sib-mating from the crosses between 20118A and 5001

 3 

	Selfing progenies of corresponding male parents

Table 1 : Possible allele combinations in the allopolyploid at two homeologous loci and the expected occurrence of fixed heterosis

 1 

	Genotype	Fixed heterosis
	A	

Table 1 Comparison the length of various part of flower

 1 

	Lines	Petal/cm Length Width	Sepal length/cm Stalk length/cm	stamen length/cm Long stamen Short stamen	Pistil length /cm	Long stamen/pistil
	B2	1.50	0.83	0.80	1.88	1.00	0.88	0.95	1.05
	YZA	0.93	0.55	0.55	1.97	0.56	0.44	0.71	0.79
	1002AB	1.05	0.68	0.70	1.88	0.50	0.35	0.93	0.54
	Yang A2	0.97	0.46	0.59	1.27	0.35	0.27	0.72	0.49

Table 2 Fertility expression of F 1 by testcross

 2 

	Combination	Total plants	Fertility plants	Sterile plants	Percent of sterile plants(%)
	YZA×B1	41	0	41	100
	YZA×B2	35	0	35	100
	YZA×R1	38	0	38	100
	YZA×R2	32	0	32	100
	YZA×R3	43	0	43	100
	YZA×R4	36	0	36	100
	YZA×R5	44	0	44	100
	YZA×R6	38	0	38	100
	With YZA as the female parent, with Pol CMS' B-line, R-line as male parent, the offsprings are all completely sterile. So, YZA is a kind of male sterility source
	different from Pol CMS.				

Table 3 Fertility expression of BCF 1

 3 

	Combination	Total plants	Fertility plants	Sterile plants	Percent of sterile plants(%)
	(YZA×B1)BCF 1	36	0	36	100
	(YZA×B2)BCF 1	44	0	44	100
	(YZA×R1)BCF 1	38	0	38	100
	(YZA×R2)BCF 1	39	0	39	100
	(YZA×R3)BCF 1	41	0	41	100
	(YZA×R4)BCF 1	32	0	32	100
	(YZA×R5)BCF 1	39	0	39	100
	(YZA×R6)BCF 1	41	0	41	100
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Table 1 the correlation coefficient between self seeding rates and the DAT of 0 to 20 day before flowering

 1 

	Days before flowering	Correlation coefficient	Sig. (2-tailed)	Days before flowering	Correlation coefficient	Sig. (2-tailed)	Days before flowering	Correlation coefficient	Sig. (2-tailed)
	20	0.5765	0.0309	13	0.7421	0.0024	6	0.5786	0.0302
	19	0.4962	0.0712	12	0.6730	0.0083	5	0.8382	0.0002
	18	0.5341	0.0491	11	0.5905	0.0262	4	0.8509	0.0001
	17	0.5147	0.0596	10	0.7206	0.0036	3	0.8038	0.0005
	16	0.2186	0.4527	9	0.6273	0.0163	2	0.7701	0.0013
	15	0.4478	0.1083	8	0.4626	0.0958	1	0.7070	0.0047
	14	0.7683	0.0013	7	0.5832	0.0286	0	0.5484	0.0423

Table 2 the fertility of the F 2 s and BC 1 s populations at Kunming situation

 2 

	Crosses	Generations	Seasons	Fertile	Sterile	E. Prop.	X c 2	P
	K121S×Kunyang Wulong	F 2	Autumn	591	32	61:3	0.26	0.61
			Summer	189	10	15:1	0.32	0.57
		BC 1	Autumn	301	30	7:1	3.27	0.07
			Summer	128	15	3:1	0.36	0.55
	K121S×Wuding Laoshuiba	F 2	Autumn	677	26	61:3	1.48	0.22
			Summer	342	18	15:1	0.76	0.38
		BC 1	Autumn	279	35	7:1	0.41	0.52
			Summer	79	6	3:1	1.83	0.18
			Summer	264	50	3:1	3.06	0.08

Table 3 the fertility of reciprocal crosses between "K121S" and "116A" in different situation of Kunming

 3 

	Fertility

Table 1 The main agronomic traits of Mian 7AB-4-1 and Mian 7AB-4-2

 1 

	Material	Plant height (cm)	Pod number per plant	Seed number per pod	1000-seed weight(gram)	Oil content(%)	Erucic acid content(%)	Glucosinolate content umoi/g	Whole growth period(d)
	Mian7AB-4-1	191.7	616	11.8	3.32	39.15	0.38	29.5	225
	Mian 7AB-4-2	184.6	645	12.3	2.98	40.78	0.56	34.1	227

Table 2 Fertility performance of Mian 7AB-4-1 and Mian 7AB-4-2

 2 

	Year		1998-2004		2005		2006	
	Material		population(plants) Sterility rate(%) population(plants) Sterility rate(%) population(plants) Sterility rate(%)
	Mian 7AB-4-1	sibmating selfing	1534 1237	51.1 25.4	1742 807	49.1 27.1	3346 120	52.7 28.5
	Mian 7AB-4-2	sibmating selfing	1422 1696	73.3 61.0	1583 10288	83.1 79.8	516 877	81.6 71.7

Table 3 Fertility performance of the test crosses and backcrosses between other male sterile materials and fertile plants in Mian 7AB-4-2

 3 

	Year	2002(testcross)	2003(backcross)	2005(testcross)	2006 (backcross)
	Material	population(plants)Sterility rate(%) population(plants)	Sterility rate(%)	population(plants)Sterility rate(%) population(plants)	Sterility rate(%)
	Shu6A-1	136	97.2	134	91.9				
	De4A-1	172	94.2	135	82.2				
	Zaxuan1A-1	87	95.4	67	89.6				
	Mian1A-3	85	96.5	69	95.7				
	Mian 4A-3	88	96.6	69	84.1				
	Mian 9A-1	89	94.4	68	92.6				
	Rong4A-1	88	2.3						
	De97A-1					60	0.0		
	Youyan9A-1					60	93.3	60	85.4
	Mian7AB-4-1	2153	96.1	4421	92.3	2473	93.4	687	88.1

Table 4 The main agronomic traits of the two-line and the three-line hybrids of Mian 7AB-4-1

 4 

	Yield

Table 1 . Floral structures of sterile line BE23A, maintain line BE23 and original sterile line 254A

 1 

	Materials	length	Calyxes	width	length	Petals	width	length	Anthers	width	Pistils and Stamens length width
	BE23	0.95		0.35	1.63		0.98	0.31		0.13	1.06	1.13
	BE23A	0.90		0.25	0.27		0.77	0.15		0.06	0.95	0.36
	254A	0.90		0.21	1.03		0.72	0.21		0.11	0.81	0.42
	Note: Unite=cm										

Table 2 Fertility restoration of the hybrid combinations in BE23A

 2 

	Year	Plants tested	MS plants	F plants	Restoration rate %
	2004	720	15	705	98
	2005	1080	59	1021	95
	2006	3600	113	3478	96

Table 3 Economical characters of sterile line BE23A

 3 

	Year	Plant height (cm)	The first branches	Total pods	Pod's length	Grains	1000-grain weight (g)
	2004	153.8	10.4	312.6	5.6	24.9	4.1
	2005	157.0	10.7	349.4	5.4	23.8	4.2
	Note: the date value is the average of 10 plants					

Table 1 . Flowering characteristics in Pusa Bold and CMS lines of Brassica juncea.

 1 

	Line	Days to bud initiation	Days to first flowering	Days to termination of flowering	Flowering duration
		Y1D1	Y1D2	Y2D1	Y1D1	Y1D2	Y2D1	Y1D1	Y1D2	Y2D1	Y1D1	Y1D2	Y2D1
	Pusa Bold	51.0	51.5	41.0	62.7	63.2	47.0	108.0	97.0	85.0	45.3	33.8	38.0
	Oxyrrhina	52.8	53.6	45.0	64.3	68.5	55.0	107.0	98.7	96.0	42.7	30.2	41.0
	Siifolia	51.8	52.5	46.0	63.3	68.9	60.0	106.7	99.2	95.0	43.4	30.3	35.0
	Erucoides	51.1	51.6	44.0	63.1	65.4	54.0	107.1	97.5	99.0	44.0	32.1	45.0
	Ogura	52.2	52.4	47.0	63.2	67.1	55.0	108.1	97.9	99.0	44.9	30.8	44.0
	Tournefortii	53.2	52.7	48.0	65.5	65.0	66.1	110.8	93.8	99.1	45.3	28.8	33.0
	Moricandia (Chlorotic)	64.9	66.8	55.0	83.5	71.0	76.3	116.7	112.2	113.0	33.2	41.2	36.7
	Moricandia (Green)	53.8	56.2	45.0	64.0	68.0	54.0	108.5	101.5	101.0	44.5	33.5	47.0
	Mean	53.9	54.7	46.4	66.2	67.1	58.4	109.1	99.7	97.4	42.9	32.6	40.0
	C.D. (P=0.05)	4.5	2.3	1	6.1	3.6	5	NS	5.9	5	8.6	5.2	7
	Y1D1: Year 1 (2000-01) Sowing 1 (October 24, 2000) Y1D2: Year 1 (2000-01) Sowing 2 (November 18, 2000)				
	Y2D1: Year 2 (2001-02) Sowing 1 (October 25, 2001)									

Table 2 . Evaluation of Pusa bold and CMS lines of Brassica juncea for Pod length, beak length and seeds per pod.

 2 

	LINE/Branches	PRI.	Pod length (mm) SEC. TER.	Mean	PRI.	Beak length (mm) SEC. TER	Mean	PRI.	Number of seeds per pod SEC. TER.	Mean
	Pusa bold	46.33	48.00	43.00	45.78	8.33	9.67	8.00	8.67	12.33	12.33	11.00	11.89
	Oxyrrhina	38.33	44.67	42.33	41.78	7.00	7.00	5.67	6.56	13.33	14.00	13.67	13.67
	Siifolia	49.67	49.67	49.00	49.44	7.33	8.00	8.00	7.78	11.67	13.33	13.67	12.89
	Erucoides	48.00	45.67	49.33	47.67	7.00	8.00	9.00	8.00	13.33	14.00	13.67	13.67
	Ogura	53.67	51.33	49.67	51.56	7.00	7.33	6.67	7.00	14.67	16.67	14.67	15.33
	Tournifortii	34.00	43.00	42.00	39.67	6.33	7.00	6.67	6.67	13.00	15.00	12.67	13.56
	Mori (Chl)	43.67	45.67	44.33	44.56	6.67	7.33	6.00	6.67	14.67	16.67	14.67	15.33
	Mori (Gr)	44.00	44.33	48.00	45.44	6.67	6.33	7.33	6.78	13.33	16.33	16.00	15.22
	Mean	44.71	46.54	45.96		7.04	7.59	7.17		13.29	14.79	13.75	
	CD (P=0.05)												

Table 3 . Evaluations of CMS lines of Brassica juncea yield characteristics (Normal Sowing time).

 3 

	Var./ Line	No.

of branches per plant 1000-Seed weight (g) Seed yield per plant (g) Seed yield per plot (g) Seed yield per hectare (kg

  

										)	
	YEAR	2000-01	2001-02	2000-01	2001-02	2000-01	2001-02	2000-01	2001-02	2001-02	2000-01
	Pusa Bold	94.0	82.0	7.4	7.5	50.3	54.9	1279.0	2496.0	2842.2	3327.9
	Oxyrrhina	91.0	58.0	7.4	7.4	33.3	72.2	1869.0	4208.0	2076.6	2805.1
	Siifolia	125.0	94.0	7.4	7.5	51.3	79.1	1776.0	3472.0	1973.3	2314.4
	Erucoides	95.0	98.0	6.3	6.5	38.7	48.6	1773.0	3713.0	1970.0	2475.1
	Ogura	97.0	89.0	7.4	7.5	56.0	92.1	2658.0	4628.0	2953.3	3085.0
	Tournefortii	109.0	128.0	5.0	5.0	35.0	48.3	1063.0	1846.0	1181.1	1230.5
	Moricandia (Green)	95.0	94.0	7.6	7.8	60.7	96.4	2884.0	4528.0	3204.4	3018.4
	Moricandia (Chlorotic)	112.0	93.0	5.7	5.9	51.7	54.5	1402.0	1558.0	1557.8	1038.6
	Mean	102.6	92.0	6.8	6.9	47.1	68.3	1838.0	3306.1	2219.8	2411.9
	C D (P=0.05)	2.4	3.4	0.2	0.2	1.8	3.4	112.3	193.2	112.3	193.2

Table 1 Parent and classification of parents

 1 

	Parent	Type or Classfication	Parent	Type or classfication	Parent	Type or classfication
	Bai-1A	Chinese cabbage	Bai-4A	Rapeseed B.campestris L	03h136	Rapeseed B.campestris L
	Tai-2A	Purple Tsai-tai	03h164	Rapeseed B.campestris L	01v1003	No-heading Chinese-cabbage
	Qing-2A	No-heading Chinese-cabbage	99CH381	Rapeseed B.campestris L	03v843	Chinese cabbage
	Bai-21A	Rapeseed B.campestris L	21CH334	Rapeseed B.campestris L	03v1039	No-heading Chinese-cabbage

Table 2 Heterosis of vegetative characters of hybrid F 1 among subspecies or varieties in B. campestris L.

 2 

	Item	Leaves	Petiole fresh weigh	The biggest leaf length	The biggest leaf width	Petiole length
	Pre(F 1 )	9.00	7.13	27.11	11.90	14.90
	Hpm(F 1 )	0.10	0.44*	0.17+	0.19+	0.20+
	Hpb(F 1 )	0.02	0.34	0.11	0.15+	0.10
	Item	Width of root-stem zone	length of root	Fresh weight of root	Weight of stem and leaves	Fresh weight per plant
	Pre(F 1 )	1.27	14.11	7.86	91.57	102.63
	Hpm(F 1 )	0.14	0.03	0.06	0.41+	0.37
	Hpb(F 1 )	0.00	-0.04	-0.11	0.29	0.25
	Note: Pre(F 1 ), Hpm(F 1 )Hpm(F 1 ) denote genetic value, average heterosis and over parent heterois of F 1 . *, ** denote significance at 0.05 and 0.01 levels
	respectively. The following tables are the same.			

Table4 Genetic analysis of agronomic and yield characters of hybrids among subspecies or varieties in B. campestris

  Va,Vd,Vm,Ve,Vp denote additive, dominant, maternal, residual and phenotype variances respectively; Hn is narrow hereditary capacity.

	Characters	Va/Vp	Vd/Vp	Ve/Vp	Hn	Hb
	Plant height	0.317*	0.533**	0.149*	0.317*	0.851**
	Branch height	0.632**	0.056+	0.312**	0.632**	0.688**
	Length of main florescence	0.222+	0.464**	0.313*	0.222+	0.687*
	Effective primary branches	0.542**	0.074*	0.384**	0.542**	0.616**
	Siliques of primary branches	0.248**	0.210**	0.542**	0.247**	0.458**
	Secondary branches	0.389*	0.081	0.530*	0.389*	0.470*
	Siliques of secondary branches	0.332*	0	0.668**	0.332*	0.332*
	Siliques of main inflorescence	0.31*	0.376*	0.315**	0.309*	0.685**
	Silique per plant	0.287**	0.100	0.614**	0.287**	0.386**
	Silique density	0.226*	0.239+	0.535*	0.226*	0.465*
	Seeds per silique	0.335*	0.422*	0.243*	0.335*	0.756**
	1000-seed weight	0.461**	0.293*	0.246*	0.461**	0.754**
	Yield per plant	0	0.474*	0.526**	0	0.474*
	Yield per hectare	0	0.878**	0.122*	0	0.878**
	Note:					

Table 1 Comparison of main agronomic characters and disease resistance between triple-cross hybrids and single-cross hybrids of GMS

 1 

	No.of hybrid	Combination	Type of GMS	Type of hybrids	Plant Height (cm)	Pods of all branches	Pods of main inflorescence	Pods /plant	Seeds /pod	Yield /plant (g)	Average yield (kg/hm 2 )	Disease index of S. sclerotiorum (%)
	H01	T12AB/R507	two-type Line	SCH	153.2	217.3	57.4	278.4	24.5	19.8	3350.8	30.7
	H02	T12A/ TML 12//R507	Homozygous ASL	TCH	146.3	213.6	58.6	272.2	24.4	17.7	3667.2	29.1
	H11	T13AB/R106	two-type line	SCH	140.7	251.7	62.8	313.8	25	21	3874.1	27
	H12	T13A/ TML 13//R106	Homozygous ASL	TCH	150.1	251.7	68.2	319.2	24.9	22.3	3498.2	26.8
	H21	T16AB/R97	two-type line	SCH	160.8	292.4	61.8	302	25.1	25.2	3956.3	21.4
	H22	T16A/ TML 16//R97	Homozygous ASL	TCH	155.6	258.6	66.4	321.5	20.1	19.2	4156.7	23.7
	H31	T17AB/R511	Two-type line	SCH	142.4	261	60.4	322.4	17.6	15.4	4153.9	30.8
	H32	T17A/ TML 17//R511	Homozygous ASL	TCH	141.2	315.2	67.2	382.6	21.4	25.2	4300.4	27.6
	H33	T17A/TAM52 //R511	Heterogeneous ASL	TCH	148.4	327.7	61.1	388.5	24.3	26.8	4331.1	25.4
	H41	T25AB/R519	two-type line	SCH	141.6	309.1	62.4	316.1	23.7	19.2	3665.7	31.7
	H42	T25AB/ TML 25//R519	Homozygous ASL	TCH	138.2	281.6	65.1	346.6	22.8	17.4	3588.6	32.2
	H43	T25AB/ TML 57//R519	Heterogeneous ASL	TCH	142.8	263.7	71.8	335.6	20.9	19.5	4048.5	29.3
	Note: ASL is all sterile line; SCH is single-cross hybrid; TCH is triple-cross hybrid						
	Note: 1. 50% fertile plants were removed in the homozygous two-type line(T12AB) in flowering stage;				
	2. Male parent: female parent was 1:2 in isolation net.								

Table 2 Comparison of seed setting in net and in field for all sterile line, homozygous two-type line and CMS

  

	Combinations and sterile line	Type of sterile lines	Pollinating ways	Pod length (cm)	Pods /plant	Seeds /pod	1000-seed weight (g)	Yield /plant (g)	Average yield (kg/hm 2 )		Percentage of increment (±%)
	T12AB×R510	two-type line	in net	4.1	261.6	13.2	3.4	13.4	1417.4	1.60	/
	T12A/TML12 ×R510	All sterile line	in net	5.4	181.7	12.9	3.3	12.1	1987.7	42.5	40.2
	Shaan3A ×R510	CMS	in net	5.8	160.8	17.7	3.7	7.3	1395.1	/	-1.6
	T12AB	two-type line	in field	5.23	218.5	17.6	2.9	8.4	1103.3	12.4	/
	T12A/TML 12	All sterile line	in field	5.19	249.3	21.6	3.1	7.3	1219.7	24.3	10.6
	Shaan3A	CMS	in field	6.94	177.4	20.1	2.9	6.5	981.5	/	-11.0

Table 1 The fertility of different material at different stage (Changsha, 2004)

 1 

	Material	03-05	03-10	03-15	03-20	03-25	Average fertility index 03-30 04-04	04-09	04-14	04-19	04-24	04-29
	XY402S	5.17	5.01	4.26	4.14	3.85	2.63	1.26	0	0	0	0	0
	XY402A	0	0	0	0	0	0	0	0	0	0	0	0
	104S	5.54	5.47	5.62	5.25	4.47	3.82	2.96	2.55	1.61	0	0	0
	104A	0	0	0	0	0	0	0	0	0	0	0	0
	99104	5.74	5.81	5.48	5.44	5.37	5.17	5.33	5.42	5.51	5.36	5.16	5.25
	XY402S and XY402A are the abbreviation of Xiangyou402S and Xiangyou402A respectively.				

Table 2 The average size of petals of different material at different growing stage

 2 

	Material	03-10	Average width and length of petal / mm×mm 03-20 03-30 04-09	04-19	Average value/mm×mm
	XY402S	10.4×14.8	10.7×15.1	8.1×14.4	6.8×11.5	6.1×10.3	8.42×13.22
	XY402A	7.4×11.5	6.9×12.1	7.2×11.4	6.5×11.7	6.5×10.8	6.90×11.50
	104S	11.1×15.4	11.5×15.5	10.1×14.7	8.6×14.3	8.3×14.1	9.92×14.80
	104A	9.5×15.2	10.1×15.7	9.8×15.0	9.3×14.7	9.1×14.4	9.56×15.0
	99104	10.6×15.1	11.1×15.4	11.3×15.7	11.5×15.4	10.8×14.9	11.06×15.30

Table 3 The fertility of plants of F 1 and F 2 generations of the combinations with 104S in positive and negative crossing mode

 3 

	Combination	F 1 generation Fertile plants Sterile plants	Fertile plants	TS plants	CS plants	F 2 generation The fertile/ the sterile * Expected proportion	χ 2	χ 0.05,1 2
	104S×04014	127	0	1772	406	149	1772:555	3:1	1.5793	3.84
	104S×04107	114	0	1841	438	173	1841:611	3:1	0.0049	3.84
	04014×104S	121	0	1514	357	141	1514:498	3:1	0.0537	3.84
	04107×104S	126	0	1702	443	158	1702:591	3:1	0.6921	3.84
	* Notes: The sterile plants contain partially and completely sterile plants.					

Table 4 The distributions of plants with different sterile degree in F 2 generations

 4 

	Combination	turning early	TS plants middle type	turning late	CS plants	The TS: the CS	Expected proportion	χ 2	χ 0.05,1 2
	104S×04014	35	274	107	149	406:149	3:1	0.9135	3.84
	104S×04107	84	229	125	173	438:173	3:1	3.4048	3.84
	04014×104S	88	176	93	121	357:141	3:1	2.7416	3.84
	04107×104S	61	306	76	158	443:158	3:1	0.4743	3.84

Table 5 The fertility of offspring of the combinations concerning four ms lines

 5 

						F 1 generation					F 2 generation		
	Combination	Fertile plants	Sterile plants	Fertile plants	TS plants	CS plants	The fertile:the sterile	Expected proportion	χ 2	The TS:the CS	Expected proportion	χ 2	χ 0.05,1 2
	XY402A×104S	109	0	1627	413	261	1627:674	180:76	0.1543	413:261	45:31	1.1064	3.84
	104A×XY402S	115	0	1754	94	637	1754:731	180:76	0.0748	94:637	9:67	0.6293	3.84

Table 1 The fertility performance of the offspring from different combinations (Changsha)

 1 

			F 1 (2004)							F 2 (2005)		
	Combination	F	PS CS	F	PS CS	F: (PS+CS)	Expected proportion	χ c 2	χ 2 0.05,1	PS:CS	Expected proportion	χ c 2	2 χ 0.05,1
	XY402A×Z04B 116	0	0	574	0	31	574:31	15:1	1.1241	3.84	0	0
	127A×Z04B	123	0	0	565	0	28	565:28	15:1	2.1101	3.84	0	0
	XY402S×Z04B 105	0	0	1147 44 17	1147:61	15:1	2.7691	3.84	44:17	3:1	0.1366	3.84
	022S×Z04B	127	0	0	1135 45 16	1135:61	15:1	2.5052	3.84	45:16	3:1	0.0055	3.84
	1030RS×Z04B	94	0	0	1093 42 17	1093:59	15:1	2.3148	3.84	42:17	3:1	0.2768	3.84
	Notes: XY402A and XY402S is the abbreviation of Xiangyou402A and Xiangyou402S respectively.			

Table 2 Distribution of PS plants with different transforming stage in F 2 generations of combinations with TG ms lines

 2 

	Combination	number	Turning early rate%	AFI	number	Middle type rate%	AFI	number	Turning late rate%	AFI
	XY402S×Z04B	7	15.91	1.14	26	59.09	2.37	11	25.0	3.71
	022S×Z04B	11	24.44	1.87	25	55.56	2.92	9	20.0	3.65
	1030RS×Z04B	5	11.90	1.52	20	47.62	2.54	12	28.57	3.47

Table 3 The fertility performance of mutual-test-crossing F 1 generations (Changsha, 2005)

 3 

	Combination	Fertile plants	PS plants	CS plants	Combination	Fertile plants	PS plants	CS plants
	XY402A×127B	127	0	0	127A×022S	115	0	0
	127A×104B	104	0	0	127A×1030RS	122	0	0
	XY402A×022S	0	116	0	104A×1030RS	106	0	0
	127A×XY402S	113	0	0	022S×1030RS	0	132	0
	104A×104S	0	121	0	Y402A×XY402S	0	114	0
	127A×104S	121	0	0	XY402S×1030RS	0	117	0
	104A×022S	126	0	0	022S×104S	117	0	0
	2.3 The breeding progress of improving Pol cms line using different genic ms materials		
	2.3.1 The effect of improving Pol cms line using RG ms two-used lines			

Table 4 The breeding procedure through RG ms lines (Changsha)

 4 

		Program I			Program II		Program III
	Year	Generation	Fertility	Year	Generation	Fertility	Year	Generation	Fertility
	1998	Z04A×XY402B	100%PS	1997	Z04A×127B	100%PS	2001	Z04A×104B	100%PS
	1999	F 1 ×XY402B	100%PS	1998	F 1 ×127B	100%PS	2002	F 1 ×104B	100%PS
	2000	F 1 BC 1 ×XY402B	100%PS	1999	F 1 BC 1 ×127B 78.3%PS+21.7%CS	2003	BC 1 ×104B	76.2%PS+23.8%CS
	2001	F 1 BC 2 ×XY402B	100%PS	2000	F 1 BC 2 ×127B 55.8%PS+44.2%CS	2004	F 1 BC 2 ×104B 54.7%PS+45.3%CS
	2002	F 1 BC 3 ×XY402B 97.4%PS+2.6%CS	2001	F 1 BC 3 ×127B 53.5%PS+46.5%CS	2005	Group III	52.4%PS+47.6%CS
	2003	F 1 BC 4 ×XY402B 78.7%PS+21.3%CS	2002	F 1 BC 4 ×127B 57.6%PS+42.4%CS		PS: CS	52.4: 47.6
	2004	F 1 BC 5 ×XY402B 73.2%PS+26.8%CS	2003	F 1 BC 5 ×127B 55.9%PS+44.15%CS		Expected proportion	1: 1
	2005	Group I	76.9%PS+23.1%CS	2004	F 1 BC 6 ×127B 52.3%PS+47.7%CS		χ c 2	0.038
		PS: CS	76.9: 23.1	2005	Group II	46.8%PS+53.2%CS		χ 2 0.05,1	3.84
		Expected proportion	3: 1		PS: CS	46.8: 53.2			
		χ c 2	0.1045		Expected proportion	1: 1			
		χ 2 0.05,1	3.84		χ c 2	0.054			
					χ 2 0.05,1				

Table 5 The breeding procedure of improving Pol cms line using TG ms lines (Changsha)

 5 

		ProgramIV			ProgramV			ProgramVI	
	Year	Generation	Fertility	Year	Generation	Fertility	Year	Generation	Fertility
	2000	Z04A×022S	100%PS	2002	Z04A×104S	100%PS	2000	Z04A×1030RS	100%PS
	2001								

Table 1 Fertility change of the observed materials in different years (Changsha)

 1 The sterile plants contain CS and PS plants, and sterile plant ratio is the percent of sterile plants in plant group.

	FI

Table 2 The economic traits of Xiangyou 66A and Xiangyou 66B(Changsha, 2004)

 2 

	Material	Plant height /cm	Branch height /cm	1 st branch No.	Pods of single plant	seeds per pod	1000-seed weight/ g	Yield of single plant/g
	Xiangyou66A	194.53	67.70	10.76	374.70	19.65	3.73	17.24
	Xiangyou66B	188.40	55.15	12.50	414.35	20.40	3.64	20.51

Table 3 The fertility of F 1 generations of test-crossing combinations (Changsha, 2003)

 3 

	Combination	Restoring plant ratio /%	Combination	Restoring plant ratio /%	Combination	Restoring plant ratio /%
	XY66A×1030R	100	XY66A×9016	100	XY66A×9024	100
	Z04A×1030	100	Z04A×9016	100	Z04A×9024	100
	XY66A×Zhong2R	100	XY66A×9018	42.7	XY66A×9025	0
	Z04A×Zhong2R	100	Z04A×9018	54.2	Z04A×9025	0
	XY66A×9007	0	XY66A×9019	0	XY66A×9027	0
	Z04A×9007	0	Z04A×9019	0	Z04A×9027	0
	XY66A×9011	100	XY66A×9021	0	XY66A×9031	0
	Z04A×9011	100	Z04A×9021	0	Z04A×9031	0
	XY66A×9015	0	XY66A×9022	100	XY66A×9044	100
	Z04A×9015	0	Z04A×9022	93.87	Z04A×9044	100
	Note: XY66A is the abbreviation of Xiangyou66A.				

Table 4 The yield of combinations with Xiangyou66A in variety comparing trial (Changsha, 2005).

 4 

	Yield in each plot /g

Table 1 Efficacy of inducing male sterility and the phytotoxicity (the differences subtracted from the corresponding contrast) of tribenuron-methyl on Brassica

 1 

	plant	Complete sterile plants (%)	Partial sterile plants (%)	Fertile plants (%)	Pollen viability (%)	Plant height (cm)	Initiation of anthesis (day)	Diameter of corolla (mm)	Pistil length (mm)	Seed-set rate of open-pollination (%)
	B.carinata	98	2	0	1.3	-5.8	+1	-1.5	-0.9	56.6
	B.rapa	100	0	0	0.0	-6.1	+2	-2.0	-0.7	34.9
	B.juncea	92	7	1	6.8	-15.7	+3	-1.9	-1.5	33.3
	B.napus	99	1	0	0.0	-3.5	+2	-2.2	-1.1	49.2

Table 1 The correlation coefficient between male-fertility index (MFI) and the temperature, atmospheric humidity, and day length before blooming

 1 

	Ecological factor					Days prior to blooming				
		1	2	3	4	5	6	7	8	9	10
	Daily average temperature	-0.103	-0.249	-0.372	-0.523 b	-0.620 b	-0.683 b	-0.535 b	-0.115	0.331	0.448
	Daily maximum temperature	-0.180	-0.207	-0.247	-0.427 a	-0.610 b	-0.689 b	-0.526 b	-0.086	0.353	0.436
	Daily minimum temperature	-0.318	-0.524 b	-0.557 b	-0.504 b	-0.420 a	-0.485 b	-0.452 a	-0.097	0.272	0.384
	Atmospheric humidity	0.142	-0.129	-0.267	-0.128	0.160	0.375 a	0.219	-0.098	-0.096	0.025
	Day length	-0.005	0.078	0.053	0.020	-0.017	-0.063	-0.117	-0.179	-0.254	-0.345

Note: a and b meant significant at 95% and 99% probability level, respectively.

Table 1 : Maintaining rates of PL12-204TAM plants with purple leaf

 1 

	Plot number	Fertile plants	Sterile plants	Maintaining rate (%)
	05TM403	0	28	100
	05TM407	0	33	100
	05TM412	0	35	100
	05TM413	1	36	97.3

Table 2 : Segregation ratios of green leaf to purple leaf in F 1 , BC 1 and F 2 generations

 2 

	Cross	Generation	Green leaf	Purple leaf	G/P	E	χ 2	P
	9012A×PL12-204TAM	F 1	33	0				
		BC1	150	48	3.125:1	3:1	0.027	0.9-0.75
	G9012A×PL12-204TAM	F 1	48	0				
	12-148TAM×PL12-204TAM	F 1	25	0				
		F 2	293	18	16.278:1	15:1	0.048	0.9-0.75
	PL12-204TAM×12-148TAM	F 1	21	0				

Table 3 : Agronomic performances of TAM line PL12-204TAM and effect of purple leaf on hybrid derived from it and green leaf line

 3 

	Hybrid or parent line	Plant height (cm)	Number of first-order branches	Number of second-order branches	Number of pods per plant	Number of seeds per pod	1000-seed weight(g)	Seed yield per plant (g)
	PL12-204TAM-1*	84.3	4.0	0.0	48.0	7.5		0.5
	12-148TAM-1×PL12-204TAM-1	145.0	7.8	3.0	348.5	16.3	3.4	10.5
	12-148TAM-1*	121.5	10.8	5.5	361.1	10.8	4.1	8.7
	Over-parent heterosis	19.3	-27.9	-45.5	-3.5	50.3	-17.0	20.7
	PL12-204TAM-2*	76.0	5.0	0.0	52.0	6.5		0.6
	12-148TAM-2×PL12-204TAM-2	137.7	9.0	3.7	383.7	18.4	3.9	16.1
	12-148TAM-2*	121.6	10.5	5.8	434.5	14.2	3.9	13.4
	Over-parent heterosis	13.2	-14.3	-36.2	-11.7	29.8	-0.1	19.7
	*:-1,-2: Individual plant number of parent line.							

Table 1 . Brassica rapa populations used in this study and the country of origin

 1 

	PG No.	Populations	Country	PG No.	Populations	Country
	1	Rex	Germany	9	Orbit	Sweden
	2	Largo	Sweden	10	Schneiders Sprengel	Germany
	3	Steinacher	Germany	11	Hege's Winter	Germany
	4	Weibulls Storrybs	Sweden	12	Janetzki's	Germany
	5	BRA 245	Bulgaria	13	Opava	Czechoslovakia
	6	Lemkes Winter	Germany	14	Grubers Winter	Germany
	7	Lemkes Malchower	Germany	15	Rübsen (T. Gladis Bonn)	Germany
	8	Arktus	Germany			

Table 2 . Minimum, maximum, mean over locations, least significant difference (LSD) and mean at individual locations for 4 traits of the 15 parental populations and their 105 diallel crosses grown in Germany.

 2 

	Parents

Table 3 . Mean squares from combined analysis of variance of parents and diallel FS among 15 B. rapa accessions

 3 * and + significantly different from zero at P = 0.01, P = 0.05 and P = 0.1 probability levels, respectively.

	Source	df	DTF	DMC	FBY	DBY
	Location (L)	1	5741.05**	565.52**	20.16**	51976.02**
	Entries	119	2.23	11.1**	0.29**	350.72*
	Parents	14	2.39	0.84	0.40	5324.62
	Parent vs Crosses	1	4.69	0.33	3.55	56612.80
	Crosses	104	2.18	1.15**	0.25**	2754.80
	GCA	14	4.39	3.91**	0.39	3498.53
	SCA	90	1.81	0.72*	0.23**	2638.83+
	Entries×L	119	1.86**	0.46	0.14	2474.82**
	Parent×L	14	1.30	0.57	0.29**	4414.45**
	Parent vs Crosses×L	1	1.01	0.38	1.04**	8156.35*
	FS×L	104	1.94**	0.44	0.12	2159.35*
	GCA×L	14	3.30*	0.45	0.13	3777.12*
	SCA×L	90	1.72**	0.45	0.12	1907.18
	Error	198	1.05	0.42	0.13	1816.53
	*, *					

Table 4 . Minimum, maximum, mean and number of Crosses showing positive heterosis for MPH% and HPH%.

 4 

	MPH%

Table 5 . Mean squares of analysis of variance for MPH% and HPH%.

 5 

	Source	df	DTF	DMC	MPH%	FBY	DBY	DTF	DMC	HPH%	FBY	DBY
	Location (L)	1	1.63*	140.53+	9453**	7816**	3.23**	462**		907*	772+
	Crosses (C)	104	0.41	69.22*		408**	362+	0.49	71*		333*	286+
	C×L	104	0.38*	48.43		250*	263**	0.45+	49		212	218
	Error	198	0.25	40.45		164.8	158.9	0.34	55.9		187.3	181.6

*, ** and + significantly different from zero at P = 0.01, P = 0.05 and P = 0.1 probability levels, respectively.

Tabel 1: Germplasm grouping based on morphological parameters

  Agena, BAUR 9502, BXY, Candle, CH 1, Chail Chowk Badi, EC 3390-101, EC 513426, EC 513427, ECHO, IB 309, IB-648, Mandi 1, Mandi 2, Margon, MBR 101, MCT 96, Mitra, MYSEL 201, NAKO YELLOW, NDTC 9810, NDYR 17, NRCT 9813, PBT 101, 

	Group	Germplasm Lines	Germplasm Type
	5244,		
	I		

  3, Tobin, TWB 881, Tyko, VLT 1, VLT 2, YSIB 24

			Toria (69)
			Introgressed lines (17)
			Brown sarson (9) Yellow
			sarson (1)
	III	BAUST 4, OR (NO), PTYS 2005	Toria (2) Yellow sarson (1)
	IV	Bathari Mandi	Yellow sarson (1)

Tabel 2: Germplasm grouping based on polymorphism generated by RAPD markers

  Chail Chowk Badi, Debra, EC 3390-102-2, Emmer, Mandi 1, OR (NO), PBT 101,

	Group	Germplasm Lines	Germplasm Type
	I	IB 309	Brown sarson (1)
			Toria (2)
	II	BXY, Bathari Mandi, Nako Yellow, PT 303, SL 6, YSIB 24	Yellow sarson (3)
			Brown sarson (1)
	III	Echo, EC 513426, EC 3390-102-1, EC 3390-101, EC 513427, EC 3390-102, IB 313, IB 1320, Mitra, PBT 37, Sanya, Tobin	Toria (2) Brown sarson (10)
		Agena, BAUST 1,	
	IV		

Table 3 . Heterosis patterns in intra-and inter-group crosses of B. rapa

 3 

	Standard Heterosis

Table 1 : A comparison of fatty acid data of 14 lines selected from the 2004 Nursery

 1 TSF -total saturated fat; s18:1, s18:2, s18:3, sTSF -standard deviation of the rows for the respective fatty acid or fatty acid group; Oilaverage oil content (% dry seed) NT -not tested in 2000.

	04Code	Gen	Pedigree	N	18:1	s18:1	18:2	s18:2	18:3	s18:3	TSF	sTSF	Oil
	10378	F 5	7727	2	80.1	0.1	10.6	0.0	1.1	0.0	5.5	0.0	50.5
	10379	F 5	7727	2	78.8	0.6	10.4	0.7	2.3	0.1	5.7	0.0	50.7
	10380	F 5	7727	2	78.4	0.0	11.7	0.0	0.8	0.0	6.0	0.1	49.1
	10384	F 5	7727	2	79.0	0.2	10.9	0.0	0.9	0.0	6.0	0.1	46.5
	10385	F 5	7727	2	78.9	0.2	11.1	0.1	1.0	0.2	6.1	0.2	47.0
	10389	F 5	7727	2	76.4	1.9	13.1	1.6	1.2	0.1	6.4	0.1	47.7
	10390	F 5	7727	2	78.1	0.4	11.8	0.3	1.1	0.1	6.1	0.1	47.4
	10395	F 5	7727	2	77.9	0.1	11.8	0.0	1.2	0.0	6.2	0.0	48.7
	10540	F 6	7727x7719	2	79.1	0.4	10.6	0.2	1.0	0.0	6.1	0.0	48.0
	10541	F 6	7727x7719	2	78.4	0.2	11.5	0.1	1.0	0.0	6.1	0.1	47.9
	10542	F 6	7727x7719	2	77.3	0.9	12.4	0.5	1.1	0.2	6.1	0.2	47.4
	10560	F 6	NTx7743	2	77.0	0.3	12.7	0.5	1.3	0.0	6.1	0.1	48.3
	10580	F 6	NTxNT	2	76.9	0.2	12.8	0.2	1.2	0.0	6.2	0.1	47.8
	10605	F 6	7718xNT	2	70.5	0.2	18.6	1.0	0.9	0.1	7.1	0.8	45.1
						Checks						
	S86-69			6	58.8	0.7	28.4	0.4	2.3	0.1	7.3	0.2	44.1
	46A65			26	61.4	0.5	19.5	0.4	9.9	0.3	6.2	0.2	47.5
	N99-508			32	59.7	1.4	18.5	0.5	12.4	0.3	6.6	0.2	49.5
	Nursery Mean		237	74.8	4.3	12.7	4.5	3.1	1.7	6.3	0.4	46.3
	Nursery Median		237	76.2		11.3		2.8		6.3		46.5
						Parents -2001 Nursery data						
	7718				73.4		16.7		0.9		6.3		
	7719				76.1		13.7		1.0		6.5		
	7727				76.3		13.4		0.9		5.8		
	7743				76.6		9.5		2.0		7.4		
	* N -number of rows;											

Table 2 : Yield, oil, protein and fatty acid comparison of lines entered into the 2005 replicated yield trial

 2 Saskatoon site 1 seeded May 14, 2005; Loc2 -Saskatoon site 2 seeded May 26, 2005; Avg -average of 2 sites; Oil -average oil content over 2 sites;

			Yield -%46A65		Oil	Protein			Saskatoon site 1		
	04CODE	Loc1	Loc2	Avg	%dry	%dry	18:1	18:2	18:3	TSF	GSL
	10378	81	73	77	47.9	23.4	76.4	12.0	2.3	6.3	60.1
	10379	90	85	88	47.3	24.1	76.0	11.7	2.9	6.5	59.0
	10380	81	84	83	47.0	23.8	75.3	13.0	2.0	6.7	52.0
	10384	79	63	71	47.4	23.9	75.6	12.7	2.0	6.5	39.7
	10385	78	89	83	46.4	24.3	75.4	12.8	2.3	6.5	57.8
	10389	78	83	81	46.2	23.9	72.8	15.2	2.0	6.9	25.8
	10390	72	71	71	47.4	23.4	75.7	12.0	2.5	6.7	16.7
	10395	72	73	72	46.4	23.6	73.8	12.9	2.5	7.0	18.4
	10540	77	73	75	46.6	24.7	75.3	12.7	2.2	6.6	22.4
	10541	77	75	76	47.5	24.3	75.5	12.7	1.9	6.7	68.7
	10542	80	75	78	46.9	24.4	75.1	13.4	2.1	6.3	22.3
	10560	86	81	83	45.9	24.6	73.4	14.0	2.9	6.8	21.0
	10580	78	80	79	46.0	25.3	74.2	13.6	2.1	7.0	48.8
	10605	90	79	84	46.8	24.0	69.4	18.8	1.7	7.4	22.8
	N99-508	107	103	105	49.1	23.2	60.0	19.5	11.0	6.9	11.5
	YN01-429	108	119	113	51.3	21.3	58.4	22.2	9.9	6.8	12.6
	InVigor2663	114	105	110	47.5	23.7	59.8	19.3	11.6	6.7	8.9
	46A65	100	100	100	48.1	24.6	61.8	19.5	9.7	6.2	15.6
	* Loc1 -										

Table 1 Regeneration of embryos derived from in vitro microspores of B.napus (2001)

 1 The oil contents of 16 of these lines were above 45% with a highest one of 48.1%.

	Crosses	No. total of embryo	ratio of embryogenesis	Regenerating plants	single plants
	Huayou3/Legency	540	75	405	313
	Huayou3/Stellar	345	62	214	156
	Huayou6/Legency	510	63	321	178
	Huayou6/Stellar	105	60	63	45
	Total	1500		1003	692
		Table2			

Selection for high oil content germplasm

2000 individual plants/families were harvested in May, 2002. 200 lines with the life cycle around 180 days and advisable economic traits were selected.

Oil content of single plants(2002)

  

	Coding	Resourse	Oil content	Coding	Resourse	Oil content
	33-8	Huayou3/Legency	47.61	45-14	Huayou3/Legency	45.41
	33-39	Huayou3/Legency	47.49	45-25	Huayou6/Legency	45.74
	33-57	Huayou3/Legency	45.46	45-57	Huayou6/Legency	46.17
	33-62	Huayou3/Legency	45.57	45-78	Huayou6/Legency	45.75
	33-65	Huayou3/Legency	47.95	45-82	Huayou6/Legency	46.47
	33-79	Huayou3/Legency	45.74	45-87	Huayou6/Legency	47.89
	43-19	Huayou3/ Stellar	46.44	45-105	Huayou6/Legency	48.10
	43-28	Huayou3/Stellar	47.26	45-163	Huayou6/Legency	47.48
	Control 1	Huayou3	40.60	Control 2	Huayou6	41.20

Table 3 Oil content of single plants grown in different regions (2003)

 3 

	Coding	Oil content(Jinning)	Oil content(JiangChuan)	Coding	Oil content(Jinning)	Oilcontent(Jiangchuan)
	33-8	48.20	48.32	45-14	47.29	48.21
	33-39	48.61	49.15	45-25	45.19	46.32
	33-57	46.31	47.05	45-57	46.29	46.23
	33-62	47.10	47.87	45-78	47.24	47.98
	33-65	49.72	49.88	45-82	47.15	48.28
	33-79	47.25	48.45	45-87	49.43	50.02
	43-19	46.62	47.88	45-105	50.52	50.85
	43-28	48.87	49.82	45-163	48.37	49.65
	Huayou3	40.64	42.23	Huayou6	41.18	42.87

Brassica napus produced by 60 Co radiation GUAN Chunyun, LIU Chunlin, CHEN Sheyuan, PEN Qi, LI Xun, GUAN Mei

  High oleic acid content rapeseed breeding has great significance. Firstly, high oleic acid content oil is a healthy and nutritious oil. It can reduce low density lipoprotein. It reduces cholesterol formation and effectively prevents heart disease.

	The Oil Crops Institute, Hunan Agricultural University; Hunan Branch, National Oil Crops Improvement Center, Changsha 410128,
	Hunan, P.R.China Email: guancy2000@yahoo.com.cn

Table 1 The variation of oleic acid content(%) in M 1 -M 5 seeds

 1 

	Generation	Total No. of plants	≤60	No. of plants with OAC(%) 61-70 71-80 81-90	≥91	Average OAC(%)	The highest OAC(%)
	M 1	160	25	135	0	0	0	61.12	66.36
	M 2	160	--	--	--	--	--	--	---
	M 3	300	8	292	0	0	0	65.25	68.83
	M 4	300	19	281	0	0	0	66.17	69.85
	M 5	600	0	352	183	63	3	70.94	93.50
	In fatty acid composition of HOAC, 16:0, 20:1, 22:1 were trace or zero and 18:2, 18:3 were very low (Table 2).		

Table 2 The fatty acid composition of HOAC in M 5 seeds

 2 Homology of DNA sequencing and protein reached 98%.The base site 270 of high oleic acid content mutant fad2 had changed to A. This induced the codon TGG (Trp) to be converted into TGA (stop codon). The location is at the beta folding area and conservative area of this protein. Base mutations at sites 1044 and 1962 also led to production of stop codon. These changes in structure led to loss of function of fad2.Fad2 gene DNA sequencing as published on the internet and fad2 gene DNA sequencing of high oleic acid content mutant were compared:Fad2 gene DNA sequencing as published on the internet:

	Plant No.	16:0	18:1	18:2	18:3	20:1	22:1
	03-922	0	93.50	5.33	1.05	0	0.05
	03-932	0	88.20	8.15	2.34	0.10	0.03
	03-923	0	83.30	10.57	3.00	0.54	0.05
	03-927	0	81.80	15.48	2.62	0.35	0.01
	CK	4.23	61.05	21.12	8.45	2.16	0.55

2.2 High oleic acid content mutant fad2 cloning,sequencing and results analysis

M6 04-855 (oleic acid content 91.5 %) high oleic acid mutant fad2 was compared with fad2 as published at the internet.

Table 1 . Oil content and other important traits of recently released German WOSR cultivars compared to the best standard cultivars (mean results from 3 years 2004-2006, averaged over app. 10 locations per year; source: Bundessortenamt 2006).

 1 

	Cultivar	Type	Oil content % at 91% DM	Grain Yield dt/ha at 91% DM	Oil yield dt/ha	Lodging 1 = very good	Phoma 1 = very good
	Best standard	Hybrid	42,3	53,0	22,3	3	5
	Best standard	Line	43,3	52,6	22,9	2	4
	Oase	Line	44,4	51,9	23,1	2	5
	Billy	Line	44,6	53,0	23,7	1	5
	Lilian	Line	44,5	52,2	23,2	4	5

Table 2 . Oil content and other important traits of best WOSR hybrids compared to the best line and hybrid standards in German official trial series 1 st year (WP1) in 2006 (source: Bundessortenamt 2006).

 2 

	Cultivar/Variety	Type	Oil content % at 91% DM	Grain Yield dt/ha at 91% DM	Oil yield dt/ha	Lodging 1 = very good	Phoma 1 = very good
	Best standard	Hybrid	41,5	51,8	21,6	2,0	5,3
	Best standard	Line	42,8	50,5	21,6	1,7	4,4
	WRH287	Hybrid	42,8	55,0	23,6	1,6	4,4
	WRH288	Hybrid	42,8	54,8	23,4	1,5	5,0

Table 1 Seed color and oil content of Ya'an Yellow Rape

 1 

	Year	Plants	Seed color Yellow Brown	Plant rate, % Yellow Brown	Yellow seed	Averaged oil content, % Brown seed	Difference
	2004	240	188	52	78.33	21.67	-	-	-
	2005	120	92	28	76.67	23.33	46.91	43.11	3.80**
	2006	488	378	110	77.46	22.54	46.71	43.60	3.11**
	Sum/mean	848	658	190	77.59	22.41	46.81	43.36	3.45
	** significant at 1% level							

Table 2 :Difference in yellow color and oil content in the yellow seeded plants in Yaan Yellow Rape

 2 

			Whole sampling population		The top 50 highest oil content plants
	Seed color	No. of plants	Range of oil content, %	Mean of oil content, %	No. of plants	Range of oil content, %	Mean of oil content, %
	Pale yellow	108	39.77~51.36	45.92	15	49.29~51.36	50.27
	Fine yellow	114	39.07~51.90	46.79	24	49.28~51.90	50.11
	Brownish yellow	32	39.95~50.95	47.84	11	49.51~50.95	50.11
	Total	254	39.07~51.90	46.85	50	49.28~51.90	50.16

Table 3 Variation of oil content in seeds harvested from plants with different seed colors

 3 

	Population	Plants	Range	Mean	Standard deviation	C.V. (%)
	Yellow-seeded	378	40.02-53.54	46.71	2.64	5.64
	Brown-seeded	110	38.87-49.04	43.60	2.29	5.25
	Whole	488	38.87-53.54	46.01	2.87	6.24

Table 4 Effects of bulk selection on yellow seeded plant rate and oil content (2006)

 4 

	Population	Plants observed	Yellow seeded plant, %	Oil content, %
	Original population	120	76.67	46.05
	Daughter population	299	86.62	47.95
	Increase		9.95	1.90

Table 1 : Range and mean (± standard error) for glucosinolate content (µmoles/g defatted seed meal) of parental and segregating generation in the three crosses of Indian mustard.

 1 

		NUDHYJ-3 × Varuna	NUDHYJ-3 × RL 1359	NUDHYJ-3 × PCR-7
	Population	Range	Mean ± Sem	Range	Mean ± Sem	Range	Mean ± SEm
	P 1	23.2-29.1	26.5 e * ± 0.4	23.2-29.1	26.4 e ± 0.4	23.2-29.1	26.5 e ± 0.4
	P 2	105.7-122.9	116.3 a ± 1.4	102.8-116.6	109.8 a ±1.2	106.7-130.4	117.4 a ± 2.4
	F 1	40.9-57.8	49.4 c ± 2.4	49.0-58.3	52.1 c ± 2.0	48.6-61.5	55.5 c ± 1.2
	F 2	22.7-96.3	57.1 c ± 0.9	31.4-92.7	56.0 c ± 0.8	21.8-125.7	61.8 c ± 1.8
	B 1	22.3-49.7	38.9 d ± 1.9	31.7-47.2	36.8 d ± 1.9	33.1-53.3	38.8 d ± 1.6
	B 2	56.6-94.2	70.3 b ± 3.6	58.9-99.4	64.5 b ± 4.9	57.7-90.2	75.7 b ± 3.2
	* In a column, means followed by different letters are significantly different from each other.			

Table 2 : Scaling tests and estimates of gene effects for glucosinolate content (µmoles/g defatted seed meal) in the three crosses of mustard

 2 

	Estimate

Table 1 .Palmitic acid contents (16:0) of three canola seed cultivars at various priming treatments.

 1 

	Priming treatment		Cultivar		Mean
		SLM046	Okapy	Licord	
	0	8.61def	8.29efg	9.38cde	8.76A
	T1P1	9.48cde	4.82h	3.60hi	5.97G
	T1P2	9.13cde	2.65i	8.91de	6.90EF
	T1P3	6.90g	8.28efg	8.59def	7.92D
	T1P4	4.72h	8.27efg	9.72cde	7.57DE
	T1P5	3.47hi	7.33fg	9.16cde	6.66FG
	T2P1	12a	11.12ab	8.28efg	10.47AB
	T2P2	9.27de	12.25a	8.45def	9.99B
	T2P3	4.69h	9.86bcd	9.39cde	7.98D
	T2P4	12.12a	9.38cde	9.92bcd	10.47AB
	T2P5	12.35a	10.59bc	9.40cde	10.78A
	Mean	8.43A	8.44A	8062A	
	Mean comparison by multiple Duncan range test at 1%.				

Table 2 . Palmitoleic acid contents (16:1) of three canola seed cultivars at various priming treatments.

 2 

	Priming treatment		Cultivar		Mean
		SLM046	Okapy	Licord	
	0	0o	0o	0o	0H
	T1P1	0.55k	0.39i	0.84hi	0.59E
	T1P2	0.91gh	0.09no	0.65jk	0.55E
	T1P3	0.24m	0.06no	0.76ij	0.35F
	T1P4	0.19mn	0.13mno	0.17mn	0.17G
	T1P5	1.02efg	0.56k	0.62k	0.73D
	T2P1	1.12de	1.89a	0.75ij	1.25B
	T2P2	1efg	1.27bc	0.95fgh	1.07C
	T2P3	1.38b	1.36b	1.38b	1.37A
	T2P4	1.40b	1.09def	0.95fgh	1.15C
	T2P5	1.21cd	1efg	1.05efg	1.09C
	Mean	0.82A	0.71B	0.74B	
	Mean comparison by multiple Duncan range test at 1%.				

Table 3 . Stearic acid contents (18:0) of three canola seed cultivars at various priming treatments.

 3 

	Priming treatment		Cultivar		Mean
		SLM046	Okapy	Licord	
	0	1.55ijk	2.07fghi	2.31defg	1.98CD
	T1P1	2.79cde	1.72hijk	1.52ijk	2.01CD
	T1P2	2.67cdef	0.70m	1.27kl	1.54E
	T1P3	2.05fghi	3.61a	2.64cdef	2.76A
	T1P4	1.68hijk	2.94bcd	1.37jk	1.99CD
	T1P5	1.87ghij	2.62cdef	2.95bc	2.48A
	T2P1	2.59cdef	2.79cde	1.69hijk	2.36B
	T2P2	0.78lm	2.56cdef	2.46cdefg	1.93D
	T2P3	1.62ijk	2.86bcde	2.39cdefg	2.29BC
	T2P4	2.58cdef	2.39cdefg	2.40cdefg	2.46AB
	T2P5	2.26efgh	3.39ab	2.55cdef	2.73A
	Mean	2.04B	2.51A	2.14B	
	Mean comparison by multiple Duncan range test at 1%.				

Table 4 . Oleic acid contents (18:1) of three canola seed cultivars at various priming treatments.

 4 

	Priming treatment		Cultivar		Mean
		SLM046	Okapy	Licord	
	0	99.32kl	118.76efgh	111.46ghij	109.85D
	T1P1	89.33mn	65.62o	43.03r	65.99H
	T1P2	108.68ij	23.79c	97.46lm	76.64G
	T1P3	86.50n	121.50ef	88.97mn	89.99E
	T1P4	60.58op	104.16jkl	133.22cd	99.32E
	T1P5	95.75pq	109.75hij	115.98fghi	90.49F
	T2P1	126.54de	106.41ijkl	107.28ijk	113.41D
	T2P2	89.51mn	155.90a	110.14hij	118.51C
	T2P3	52.95pq	132.22cd	120.05efg	101.74E
	T2P4	142.55b	132.22cd	137.24bc	137.34A
	T2P5	136.76bc	138.34bc	115.57fghi	130.22B
	Mean	94.40C	109.88A	107.31B	
	Mean comparison by multiple Duncan range test at 1%.			

Table 5 . Linoleic acid contents (18:2) of three canola seed cultivars at various priming treatments.

 5 

	Priming treatment		Cultivar		Mean
		SLM046	Okapy	Licord	
	0	29.96hijk	33.90efgh	35.24cdef	33.03B
	T1P1	26.52k	18.47l	12.76n	19.25E
	T1P2	30.91ghij	6.57o	30.77ghij	22.75D
	T1P3	29.56ijk	33.28efghi	27.48jk	30.11C
	T1P4	17.17lm	29.56ijk	38.53bcd	28.42C
	T1P5	26.19k	30.03hijk	31.81fghi	29.34C
	T2P1	36.11cde	33.41efghi	29.67hijk	33.06B
	T2P2	26.05k	44.34a	30.76ghij	33.72B
	T2P3	13.73mn	39.23bc	38.7bc	30.58C
	T2P4	42.08ab	35.64cdef	37.26cde	38.33A
	T2P5	34.51def	39.01bc	35.24cdef	36.25A
	Mean	28.43B	31.22A	31.66A	
	Mean comparison by multiple Duncan range test at 1%.			

Table 1 . Fatty acid composition of selected F 2 plants (100mg F 3 seeds) with high erucic acid content along with the parental lines having the highest erucic acid content

 1 

	Genotype	16:0+18:0	18:1	18:2+18:3	20:1	22:1	MUFA
	IV-A-4	2.12	7.93	11.67	3.43	72.10	83.46
	III-H-10	3.00	6.98	14.01	3.31	69.84	80.13
	IV-A-10	2.47	14.18	8.57	3.79	69.35	87.32
	III-G-7	3.47	12.41	8.63	3.74	68.38	84.53
	II-C-10	2.67	9.31	13.03	3.90	68.15	81.36
	6575-1HELP	3.63	26.42	7.98	9.25	50.06	85.73
	361.2B	2.91	7.73	16.38	5.99	63.20	76.92

MUFA = monounsaturated fatty acids (18:1+20:1+22:1)

Table 1 . Variation of mean myrosinase activity (nmol mg -1 min -1 ) at different developmental stages in crop Brassica species

 1 

	Species	Samples analysed	Levels	Myrosinase activity (nmol mg -1 min -1 ) (Mean ± SE) Developing seeds Mature seeds Developing pod wall	Mature pod wall
	Brassica napus	45	1.29±0.59	1.12±0.05	0.67±0.03	0.67±0.03	0.27±0.01
	Brassica juncea	49	0.63±0.05	0.90±0.09	0.25±0.01	0.25±0.01	0.11±0.01
	Brassica rapa	20	0.30±0.03	0.94±0.06	0.29±0.02	0.29±0.02	0.15±0.01
	Brassica nigra	14	0.52±0.09	1.02±0.06	0.21±0.01	0.21±0.01	0.09±0.01

Table 2 : Correlation for myrosinase activity (nmol mg-1 min-1) at various developmental stages in Brassica species

 2 

	Developmental stages	Leaves	Developing seed	Developing pod wall	Mature seed	Mature pod wall
	Leaves			0.453**	0.344**	0.093	-0.106
				-0.179	-0.173	-0.290	-0.022
				0.745**	0.894**	0.818**	0.730**
				-0.380	-0.288	-0.355	-0.648**
	Developing seed				0.836**	-0.036	-0.044
					0.949**	0.866**	0.807**
					0.997**	0.615**	0.585**
					0.824**	0.707**	0.446**
	Developing pod wall				-0.088	-0.017
						0.908**	0.835**
						0.667**	0.817**
						0.929**	0.508
	Mature seed						0.218
							0.861**
							0.927**
							0.557*
	Mature pod wall					
	* Significant at P=0.05				
	** Significant at P=0.01				
	B. napus	B. juncea	B. rapa	B. nigra		

  Singh, J.V. 1989. Study on bacterial blight (Xanthomonas compestris pv. Cyamopsis) resistance in guar (Cyamopsis tetragonoloba L.) Tamb.) Ph.D. Thesis, HAU, Hisar. Swain, T. and Hillis, W.E. 1959. The phenolic constituents of Prunus domestica. The quantitative analysis of phenolic constituents. J. Sci. Food Agri. 10: 63-68. Yadav, O.P.; Yadav, T.P.;Kumar, P. and Gupta, S.K. 1996. Inheritance of phenols and protein in relation to white rust (Albugo candida) resistance in Indian mustard. 

Table 1 : Estimate of gene effects of generation means on three/six parameters model for total phenols in Indian mustard

 1 

	Gene effects

* 10.49±4.94 ** 10.07±2.36 * 14.16±6.32 -** 1.85±0.27 ** -49.65±8.90 ** -21.92±4.17 * 3.04±1.43 ** 26.34±4.80 D * 0.31±0.12 -17.59±9.42 -7.68±4.42 -2.18±1.44 * 10.33±5.07 -* -7.72±3.61 * -3.66±1.61 -0.84±0.75 2.61±2.05 -** 11.64 *,** Significant at 5% and 1% level, respectively, ► -Denotes Additive-Dominance model

Table 1 . Fatty acid composition and oil content of selected line.

 1 PAL: palmitic acid, STE: stearic acid, OLE: oleic acid, LNL: linoleic acid, LIN: linolenic acid, EIC: eicocenic acid, ERU: erucic acid.

	Lines	Oil content(%)	PAL	STE	OLE	LNL	LIN	EIC	ERU
	76152-B-2-4-2-8	45.1	3.7	1.7	65.6	19.8	7.9	1.2	0
	76152-B-2-8-2-2	44.7	4.0	1.4	65.0	20.3	8.7	0.5	0
	76152-B-2-8-3-6	44.8	3.7	1.7	65.0	20	8.9	1.5	0
	76152-B-2-8-4-2	45.3	3.7	1.5	65.2	19.4	7.7	2.5	0
	76157-B-4-4-1-7	45.2	4.3	1.7	64.3	22.3	6.2	1.2	0
	76161-B-2-2-2-6	44.5	4.3	1.5	70.4	15.4	7.1	1.2	0
	78113-B-6-3-1-1	45.3	3.8	1.5	67.1	18.8	7.5	1.3	0
	82009-B-101-1-1	44.6	4.2	1.4	72.0	15.8	5.4	1.3	0
	82009-B-108-1-2	44.3	3.2	1.4	70.6	16.7	6.8	1.2	0
	82009-B-108-3-2	44.5	3.9	1.3	70.9	16.3	5.9	1.6	0
	82009-B-111-1-2	44.6	4.5	1.4	70.5	17.4	5.1	1.1	0
	82009-B-111-1-5	44.3	3.9	1.2	71.9	16.3	5.6	1.1	0
	82009-B-77-1-1	44.7	4.3	1.4	66.2	20.4	6.5	1.2	0
	82009-B-82-1-1	44.3	4.2	2.1	69.1	19.7	3.8	1.0	0
	82009-B-89-2-2	45.1	3.7	1.5	71.7	15.7	6.2	1.2	0
	82009-B-96-2-1	45.2	3.8	1.5	67.6	18.7	7.2	1.1	0
	82009-B-98-1-2	44.2	4.6	1.6	67.6	18.4	6.3	1.5	0
	82009-B-99-1-2	44.7	4.1	1.3	70.9	16.9	5.8	1.1	0
	82015-B-2-2-2	44.7	4.0	1.3	69.5	16.0	7.9	1.3	0
	YL-MB-60-3-2-3	44.5	2.6	2.3	65.0	20.8	7.6	1.7	0
	Note:								

Table 2 . Comparison of agronomic characters of high oleic acid lines.

 2 

	Lines	Flowering times	Maturing times	Plant Height (cm)	No. of siliqua per ear	Silique Length (cm)	Weight of 1,000 seeds(g)
	76152-B-2-4-2-8	April 24th	June 16th	160	43	6.0	3.2
	76152-B-2-8-2-2	April 20th	June 15th	146	46	6.8	3.6
	76152-B-2-8-3-6	April 21th	June 15th	153	41	7.3	3.3
	76152-B-2-8-4-2	April 18th	June 14th	140	43	7.2	3.1
	76157-B-4-4-1-7	April 17th	June 13th	148	46	7.0	3.6
	76161-B-2-2-2-6	April 20th	June 14h	142	36	7.2	3.0
	78113-B-6-3-1-1	April 18th	June 13h	131	45	6.5	3.6
	82009-B-101-1-1	April 22th	June 18th	158	35	7.8	2.7
	82009-B-108-1-2	April 25th	June 15th	161	37	8.2	3.3
	82009-B-108-3-2	April 25th	June 17th	160	33	7.8	2.9
	82009-B-111-1-2	April 25th	June 17th	158	44	7.3	3.3
	82009-B-111-1-5	April 22th	June 15th	148	38	6.9	3.2
	82009-B-77-1-1	April 23th	June 16th	167	42	7.4	2.7
	82009-B-82-1-1	April 23th	June 19th	160	40	7.0	2.8
	82009-B-89-2-2	April 18th	June 13th	166	39	7.1	3.4
	82009-B-96-2-1	April 18th	June 13th	163	33	7.0	2.7
	82009-B-98-1-2	April 20th	June 15th	162	43	8.1	2.9
	82009-B-99-1-2	April 17th	June 12th	151	43	7.3	3.0
	82015-B-2-2-2	April 12th	June 9th	165	28	10.7	2.8
	YL-MB-60-3-2-3	April 17th	June 12th	146	43	7.2	3.2

Table 1 : The FA profile in recurrent backcross lines derived from B. juncea/B. napus interspecific crossing.

 1 

					*FA profile (%)			
	Generation/ parents		Plants with B. juncea type leaves			Plants with B. napus type leaves	
		Oleic	Linoleic	Linolenic	Erucic	Oleic	Linoleic	Linolenic	Erucic
	B. juncea ♀ parents	34.4-40.6	36.3-36.5	15.2-16.4	0-2	-	-	-	-
	B. napus ♂ parents	-	-	-	-	59.5-70.2	13.3-20.9	12.5-7.3	0-2
	BC 1	38.5-41.9	36.5-42.3	7.8-10.8	0-2	36.9-58.2	27.4-40.2	5.1-11.3	0-2
	BC 2	40.2-50.0	28.9-40.1	12.2-22.5	0-2	45.6-62.0	23.5-27.4	6.1-11.1	0-2
	BC 3	41.2-49.6	20.9-38.6	11.3-19.7	0-2	59.3-63.5	19.5-20.1	6.8-11.0	0-2
	BC 4	44.1-50.5	16.2-32.1	9.1-15.4	0-2	64.1-68.4	14.6-19.5	6.7-10.8	0-2
	*Values represent range								

Table 1 . Materials used in the experiment

 1 

	Species	Genome: 2n	Common name	Cultivar
	B. hirta (S. alba L.)	SS= 24	white mustard	Borowska
	B. campestris (L.) ssp. pekinensis	AA = 20	pekinese cabbage	Unknown
	B. campestris (L.) ssp. trilocularis	AA = 20	Yellow sarson	Unknown
	B. carinata (Braun.)	BBCC = 34	Ethiopian mustard	Unknown
	B. napus (L.) (f. biennis)	AACC = 38	Winter oilseed rape	MS-line
			Winter oilseed rape	Lisek
	B. napus (L.) (f. annuua)	AACC = 38	Spring oilseed rape	Westar

Table 2 . Results of interspecific crosses within Brassica genera

 2 

	Cross combination Maternal form	Paternal form	Number of: flowers pollinated(F) siliqua set (S) seeds obtained	S/F[%] seeds mean no./ silique
			B. hirta	885	79	0	8.9	0.0
		B. c. ssp. pekinensis	1825	1253	17388	68.7	13.9
	B. napus f. biennis MS line	B. c. ssp. trilocularis B. carinata	786 939	337 518	3154 1351	42.9 55.2	9.4 2.6
		B. napus f. biennis	691	634	8541	91.8	13.5
		B. napus f. annuua	70	66	786	94.3	11.9
			B. hirta	103	7	0	6.8	0.0
		B. c. ssp. pekinensis	101	48	273	47.5	5.7
	B. napus f. biennis cv. Lisek	B. c. ssp. trilocularis B. carinata	99 100	46 2	387 2	46.5 2.0	8.4 1.0
		B. napus f. biennis	102	98	1379	97.1	14.1
		B. napus f. annuua				
			B. hirta	93	14	0	15.1	0.0
		B. c. ssp. pekinensis	100	67	215	67.0	3.2
	B. napus f. annuua cv. Westar	B. c. ssp. trilocularis	102	1	1	1.0	1.0
			B. carinata	95	35	138	36.8	3.9
		B. napus f. annuua	100	95	1248	95.0	13.1

Results of interspecific crosses within Brassica genera by means of embryo culture techique

  1 hybrids B. napus (MS line)×B. campestris ssp. sarson were found to have 28 to 32 chromosome, hybrids B. napus (MS line)×B. campestris ssp. sarson from 27 to 34 and hybrids B. napus (MS line) ×B. carinata from 35 to 37 chromosomes. It is interesting that no one hybrid showed 2n chromosomes number typical to the parent plants. Li et al. (1998) crossing B. juncea and B. carinata with Orychphragmus violaceus obtained hybrids which showed different somatic chromosome numbers but the most frequent were parental chromosome numbers. According to Li et al (1998) such big variation in chromosome number may be caused by chromosome elimination during mitotic divisions.

	Maternal form	Cross combination	Paternal form	siliqua	Number of: Ovules (O)	embryos (E)	Mean no. of well developed ovules/ ovary	E/O [%]
				B. hirta	17	326	0	19	-
			B. c. ssp. pekinensis	15	272	209	18	76.8
	B. napus f. biennis MS line	B. c. ssp. trilocularis	14	304	180	22	59.2
				B. carinata	24	602	163	25	27.1
			B. napus f. annuua	2	48	48	24	100.0

Table3:

Table 4 . Results of backcrossing of F 1 interspecific hybrids with paternal initial form

 4 

	Cross combination			Number of:			
	Maternal form (F 1 )	Paternal form	flowers pollinated (F)	siliqua set (S)	seeds obtained	S/F [%]	seeds mean no./ silique
	B. napus MS line × B. c. ssp. pekinensis	B. c. ssp. pekinensis B. napus f. annuua	415 519	76 90	52 71	18.3 17.3	0.68 0,79
	B. napus MS line×B. c. ssp.trilocularis	B. c. trilocularis B. napus f. annuua	193 596	54 174	7 17	28.0 29.2	0.13 0,10
	B. napus MS line×B. carinata	B. carinata B. napus f. annuua	95 902	35 276	0 32	36.8 30.5	0.23 0.11
		B. carinata	25	5	12	20.0	2.40
		B. c. ssp. pekinensis	76	32	52	42,1	1.62
	B. napus MS line×B. napus f. annuua	B. c. ssp. trilocularis	102	23	24	22.5	1.04
		B. napus f. annuua	176	33	230	18.7	6.97
		B. napus f. biennis	102	23	24	22.5	1.4

Table 1 Phenotypic value of quality characters of hybridized combinations
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	hybridized					quality characters %				
	combination	glu.	prot.	oil	palmitic	stearic	oleic	linoleic	linolenic	eicosenoic	erucic
	A4/jian1	12.977	34.995	41.536	4.804	1.154	62.992	21.119	9.662	1.141	1.472
	A4/cj2-1	17.917	34.181	40.521	4.866	1.038	63.882	22.341	9.824	0.823	1.220
	A4/jian2	14.183	35.779	42.353	4.748	1.021	65.208	21.029	9.760	0.996	1.023
	A4/p27-1	17.312	36.414	42.908	4.773	1.080	65.215	20.240	9.063	0.862	1.318
	A7/jian1	28.292	34.472	41.148	4.915	1.054	65.470	20.804	10.062	1.332	1.699
	A7/cj2-1	40.315	35.238	42.221	4.847	1.072	64.627	21.443	9.907	1.267	1.589
	A7/jian2	39.933	34.994	41.550	4.884	1.004	65.389	20.758	10.316	1.277	1.163
	A7/p27-1	37.994	36.427	42.622	4.885	1.059	66.791	20.528	9.306	1.050	1.277
	A9/jian1	15.488	35.551	42.045	4.693	1.164	64.792	20.726	9.127	1.229	1.189
	A9/cj2-1	23.163	36.863	43.352	4.701	1.176	64.546	21.648	9.659	1.161	1.509
	A9/jian2	22.249	34.273	40.528	4.828	1.021	65.332	21.988	9.759	1.092	1.083
	A9/p27-1	21.449	36.620	42.965	4.720	1.042	67.478	20.390	8.472	0.879	0.927
	average	24.274	35.484	41.979	4.805	1.074	65.143	21.084	9.576	1.092	1.289
	C.V.	41.85	2.66	2.22	1.61	5.89	1.81	3.09	5.26	15.86	18.36

Table 3 Relative effect of general ability of A-lines and C-line
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	Parent	glucosinolate	protein	oil	palmitic	stearic	oleic	linolenic	eicosenoic
	A4	-35.73	-0.40	-0.35	-0.17	-0.09	-1.26	0.01	-12.55
	A7	50.91	-0.57	-0.22	1.60	-2.42	0.65	3.35	12.73
	A9	-15.19	0.97	0.58	-1.46	2.51	0.60	-3.36	-0.18
	Jian	1	-22.03	-1.35	-0.96	-0.02	4.66	-1.11	0.43
	Cj2-1	11.77	-0.16	0.12	-0.02	2.05	-1.22	2.30	-0.82
	Jian	2	4.87	-1.32	-1.20	0.31	-5.40	0.25	3.84
	P27-1	3.39	0.03	0.67	-0.27	0.28	-0.23	-2.20	4.02

Table 4 genotypic variance and heritability of combining ability
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	characters	genotypic variance of combining ability P1 P2 P1*P2	environ. variance	variance of colony g.c.a s.c.a	combining ability(%) broad	heritability(%) narrow
	Gluco.	119.549	11.658	3.166	3.324	97.64	2.36	97.597	95.297
	Prot.	-0.106	0.226	0.871	0.344	12.09	87.91	74.21	8.98
	Oil	-0.198	0.057	1.204	0.372	-13.34	113.34	79.68	13.93
	Palmiti.	0.005	-0.001	0.001	0.002	86.68	13.32	77.78	66.67
	stearic	0.001	0.001	0.002	0.001	47.77	52.23	73.14	34.94
	oleic	0.408	0.875	-0.171	0.468	115.36	-15.36	75.65	66.75
	linolenic	0.094	0.182	-0.087	0.080	146.33	-46.33	81.94	62.30
	eicosenoic	0.018	0.014	0.003	0.004	91.01	8.99	88.64	80.66

Table 1 . Fatty acid segregation in population of 291 DH lines of rapeseed (per cent of total fatty acid)
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		Palmitic	Stearic	Oleic	Linolic	Linolenic	Eicosenoic	Erucic
	Mean	4,506	1,099	29,467	18,045	9,196	11,429	26,249
	Minimum	3,0	0,3	10,5	11,7	4,4	0,4	0,0
	Maximum	7,0	1,9	65,9	29,2	13,9	23,2	54,8
	C of V.	16,493	25,774	55,923	18,841	16,015	55,016	63,862
	s	0,226	0,133	1,386	0,833	0,552	1,226	0,854
	s d	0,320	0,188	1,960	1,178	0,780	1,734	1,208
	LSD	0,640	0,375	3,920	2,356	1,560	3,468	2,415
	where: s = error of mean for line (two replication)					
	s d = error for difference between two line						
	LSD = least significant difference between means of two lines (P=0,05)				

Table 2 . Least significant differences (LSD 0,05 ) for fatty acid contents by comparing fraction containing different number of lines (per cent of fatty acid)

 2 

	Fatty acid

Table 3 . Mean contents of fatty acids in calculated groups (%)

 3 ,058.with df=3 and probability of larger χ 2 equal to P=0,109 what means that deviation from theoretical ratio are not significant on the level α =0,05. Obtained groups can be used for genes mapping (gen loci) not only for calculation of quantitave (metric) trait loci (QTL).

	Acid	Group 1	Group 2	Group 3	Group 4
	n=	60	69	73	89
	Erucic	0,56	19,54	29,69	45,95
	Eicosenoic	1,33	16,67	16,56	9,97
	Oleic	59,51	29,74	21,42	15,61

Differences among groups according tree examined fatty acids are highly significant. Calculated χ 2 for these groups has value.6

Table 4 . Analyses of variance for fatty acids in groups
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	Acid:	SS	df	SS	df	F	p
	Erucic	78110,35	3	3377,734	287	2212,299	0
	Eicosenoic	10122,2	3	1342,988	287	721,0468	0
	Oleic	75993,61	3	2757,898	287	2636,085	0

Table 1 : Fatty acid composition of investigated genotypes
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	Genotype	Oleic	Linoleic	Linolenic	Erusic
	PI 263058 Kashirka	61,6	19,2	11,4	0,5
	PI 263072 Ladozshkaya	62,6	18,6	9,7	0,2
	PI 246111 Eisenkopf	46,5	32,1	11,5	0,1
	00-15991 B. rapa	56,89	22,03	16,34	0,00
	00-15080 B. rapa	55,43	28,33	16,23	0,00

Table 2 : Performed interspecific crosses
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	Crossing combination	İmmature pod	Obtained ovules
	PI 246111-4 x 15080-16	17	406
	PI 246111-6 x 15080-16	25	498
	15080-3 x PI 246111-9	7	36
	15080-4 x PI 246111-9	18	139
	15080-5 x PI 246111-9	22	165
	15080-7 x PI 246111-9	15	133
	15080-10 x PI 246111-9	21	139
	15080-11 x PI 246111-9	3	6
	Totally	128	1522

Table 1 .Chemical seed composition of two Polish varieties of white mustard (Sinapis alba L.)
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	Trait	Borowska	Nakielska	Bamberka
	Oil content [%]	25.6	26.5	28.1
		Fatty acids:		
	C 16:0 -palmitic acid	2.8	2.6	3.8
	C 18:0 -stearic acid	0.9	1.1	2.5
	C 18:1 -oleic acid	22.5	29.5	65.5
	C 18:2 -linoleic acid	11.8	9.7	10.6
	C 18:3 -linolenic acid	8.5	9.9	15.5
	C 20:1 -eicosenoic acid	9.7	11.6	1.8
	C 22:1 -erucic acid	43.8	35.7	0.3
		Glucosinolates:		
	sinigrin	0.0	0.0	1.0
	sinalbin	143.0	151.0	148.0
	gluconapin	0.0	0.2	0.0
	glucobrassicanapin	0.0	0.1	0.0
	progoitrin	2.1	1.3	1.9
	napoleiferin	0.0	0.0	0.2
	brasscin	0.2	0.3	0.3
	4-hydroxybrassicin	0.0	0.0	0.8
	Total of glucosinolates	145.3	152.9	150.3
	Total of aliphatic glucosinolates	2.1	1.6	2.4

Table 2 . Characteristics of investigated lines of white mustard
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	Parameters	Erucic acid	Progoitrin	Total of aliphatic glucosinolates	4-hydroxybrassicin	Sinalbin	Total of glucosinolates
		A	B	A	B	A	B	A	B	A	B	A	B
	Number of lines	561	46	561	46	561	46	561	46	561	46	561	46
	Mean	1.6	0.2	16.1	11.5	18.1	13.2	4.5	3.8	0.1	0.0	25.0	20.2
	Standard deviation	1.9	0.3	6.1	3.2	6.3	3.4	2.1	1.4	0.5	0.0	7.3	4.3
	Minimum	0	0	0	5.2	2.1	6.2	0	1.1	0	0.0	2.4	9.0
	Maximum	13.3	0.7	40.2	20.7	42.7	23.2	15.0	8.3	9.7	0.0	53.2	31.2
	Coefficient of variability	120.1	121.6	37.8	27.6	34.4	25.5	47.3	36.0	781.0	-	29.6	21.5
	A -all lines B -selected lines												

Table 3 . Correlation coefficients for glucosinolate contents in lines of white mustard.
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			Under diagonal all lines (n=561) above diagonal chosen lines (n=46)	
	Trait		Progoitrin	Total of aliphatic glicosinolates	4-hydroxybrassicin	Sinalbin	Total of glucosinolates
	Progoitrin		1	0.993**	0.090	-	0.825**
	Total of aliphatic glicosinolates	0.968**	1	0.061	-	0.809**
	4-hydroxybrassicin		0.132**	0.109	1	-	0.486**
	Sinalbin		-0.018	-0.003	-0.045	1	-
	Total of glucosinolates		0.874**	0.892**	0.484**	-0.026	1
	* -significant at level α = 0,05	** -significant at level α = 0,01		

Table 1 : World rapeseed production (in 1000 tonnes) in countries with >100,000 tonnes annual production, 2003 (FAO Statistical Yearbook 2004).
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	Countries	1000 tonnes	Countries	1000 tonnes
	Australia	1,622	India	3,842
	Bangladesh	218	Lithuania	120
	Canada	6,669	Pakistan	250
	China	11,410	Poland	754
	Czech Republic	388	Russian Federation	192
	Denmark	280	Sweden	130
	France	3,341	UK	1,771
	Germany	3,638	USA	686
	Hungary	104	World	36,146

Table 1 . Performance of Brassica juncea canola at 17 locations in western Canada, 1997 and 1998. (Source: D. Potts, et al. 1999).
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	Entry	Yield(% checks)	Mat.(days)	Oil(%)	Protein(%)	Oleic-acid(%)
	B. napus	103.4	85.6	46.0	45.1	63.6
	B. rapa	96.6	75.8	46.4	42.5	59.7
	J90-4316	120.4	84.6	43.2	42.6	45.4
	PC97-32	109.9	86.5	44.6	45.2	65.2
	B. napus: AC Excel, Defender, Legacy				
	B. rapa: AC Parkland, Maverick, Reward				

Table 1 Rapeseed planting acreage and yield in different years

 1 

	Years	Yearly acreage million hectares	Yearly average (kg/ha)	Total yield per year (million tones)
	1950-59	1.936	463.5	0.8855
	1960-69	1.731	478.9	0.8332
	1970-79	2.127	652.0	1.3865
	1980-89	4.246	1153.7	4.8990
	1990-99	6.249	1331.5	8.3210
	2000	7.495	1518.5	11.3810
	2001	7.095	1596.8	11.3310
	2002	7.143	1477.5	10.5522
	2003	7.221	1581.0	11.4200
	2004	7.500	1757.6	13.1820
	2005	7.240	1802.5	13.0500
	2006	6.740	1854.6	12.5000

Table 2 Comparison of the seed yield between double low (low erucic acid and glucosinolates) varieties and CK in Hubei trials

 2 

	Years	1992	1994	1998	2000	2004	1994-2004
	Double low OP varieties	-8.0%	-8.0%	+1.5%	+6.7%	+10%	+18%
	Double low Hybrid varieties	-	+7.05%	+10.18%	+16-19%	+20-25%	+18%

Table 3 Numbers of cultivars registered in China during 2000-2005

 3 

	Hybrids

Table 4 The planting acreages of double low varieties and hybrid varieties

 4 

				Rapeseed planting acreage		
	Years	Total acreage (million ha.)	Acreage (million ha.)	DL varieties	Ratio %	Hybrid varieties (million ha.) Acreage	Ratio %
	2000	7.495	3.8895		51.9	2.933	39.6
	2001	7.095	4.0156		56.6	3.443	48.5
	2002	7.143	4.5720		64.0	3.549	49.6
	2003	7.221	4.9998		69.2	3.600	49.8
	2004	7.838	5.598		71.42	5.331	68.01
	2005	7.921	5.765		72.78	5.642	71.23

Table 1 . Some desirable traits in wild germplasm
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	Alternaria blight resistance	Clubroot resistance	High linoleic acid content
	Coincya spp.	Armoracia rusticana	Orychophragmus violaceus
	Camelina sativa	Pod shatter resistance	Mathiola incana
	Capsella bursa-pastoris	Enarthrocarpus lyratus	High erucic acid content
	Diplotaxis erucoides	Hirschfeldia incana	Crambe abyssinica
	Diplotaxis catholica	Raphanus spp.	Erucastrum cardaminoides
	Black leg resistance	Trachstoma balii	Sinapidendron angustifolia
	Arabidopsis thaliana	Zinc tolerance	High linolenic acid content
	Sinapis arvensis	Thlaspi caerulescens	Alyssum spp.
	Diplotaxis muralis	Cold tolerance	Barbarea spp.
	Diplotaxis tennuifola	Coincya richeri	Cardamine
	White rust resistance	Erucastrum abyssinicum	Conringia
	Eruca vesicaria	Drought tolerance	Lepidium sativum
	Raphanus sativus	Brassica tournefortii	C3-C4 intermediate photosynthesis
	Flea beatle resistance	Diplotaxis acris	Diplotaxis muralis
	Arabidopsis thaliana	Diplotaxis harra	Diplotaxis tennuifola
	Capsella bursa-pastoris	Eruca sativa	Moricandia arvensis
	Crambe abyssinica	Lesquerella spp.	Moricandia nitens

Table 2 . Intertribal somatic hybrids in Brassiceae
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	Somatic hybrid	Desirable trait	Reference
	Tribe Arabideae		
	Armoracia rusticana(n=16) + B.oleracea	Club root resistance	Navatilova et al.1997
	Barbarea vulgaris (n=8) + B.oleracea	Cold tolerance	Ryschka et all 1999
	Barbarea vulgaris (n=8) + B.rapa	Cold tolerance	Oikarinen & Ryoppy 1992
	Barbarea vulgaris (n=8) + B.napus	Cold tolerance	Fahleson et al 1994
	Barbarea stricta (n=8) + B.rapa	Cold tolerance	Oikarinen & Ryoppy 1992
	Tribe Drabeae		
	Lesqurrella fendleri (n=6) + B.napus	Drought tolerance, lesquerolic oil	Skarzhinskaya et al 1996,1998; Schroder-Ponttoppidan 1999
	Tribe Lepideae		
	Capsella bursa-pastoris(n=16) + B.oleracea	Flea beetle and Alternaria resistance	Nitovskaya et al 1998: Sigareva & Earle 1999
	Lepidium meyenii (n=32) + B.oleracea	Glucosinolate content	Ryschka et al 2003
	Thlaspi perfoliatum (n=21) + B.napus	Nervonic acid content	Fahleson et al 1994
	Thlaspi caerulescens (n=7) + B.napus	Zinc and cadmium tolerance	Brewer et al 1999
	Tribe Lunarieae		
	Lunaria anuua (n=14) + B.napus	Nervonic acid content	Craig & Millam 1995
	Tribe Hesperideae		
	Matthiola incana (n=7) + B.oleracea	Oil quality	Ryschka et al 1999
	Tribe Sisymbrieae		
	Arabidopsis thaliana (n=5) + B.nigra	Flea beetle resistance	Siemens & Sacristan 1995
	Arabidopsis thaliana (n=5) + B.oleracea		Nitovskaya & Shahkhovskii 1998 Yamagishi & Nakagawa 2004
	Arabidopsis thaliana (n=5) + B.rapa		Gleba & Hoffmann 1979,1980
	Arabidopsis thaliana (n=5) + B.napus	Herbicide resistance, Black leg resistance	Bauer-Weston et al 1993 Forsberg et al 1994,1998 Yamagishi et al 2002
	Camelina sativa (n=20) + B.oleracea	Alternaria resistance	Hansen 1998: Sigareva & Earle 1999
	Camelina sativa (n=20) + B.carinata	Alternaria resistance	Narasimhulu et al 1994
	Camelina sativa (n=20) + B.oleracea	Alternaria resistance	Hansen 1998: Sigareva & Earle 1999
	Camelina sativa (n=20) + B.carinata	Alternaria resistance	Narasimhulu et al 1994

Table 1 : Male sterility/fertility of polima CMS, maintainer and restorer lines of Brassica napus oilseed rape, developed by the rapeseed laboratory of Huazhong Agricultural University, under autumn sowing conditions at Wuhan and spring sowing conditions at Gansu, China, for two years(2003 and 2004).
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	Male sterility/fertility

3=cytoplasm: S=male sterile, N=normal male fertile, Rf= pol restorer.

Table 2 : Evaluation of segregating generations for male sterility/fertility of two crosses between the pol FTSR 'FL-204' and pol restorers 'Lun31' and 'Hui5148', the reciprocal cross between the pol FTSR 'FL-204' and pol maintainer '6-571B', and the original cross between the pol restorers '1815' and '7-6' that generated the pol FTSR line 'FL-204', at Wuhan and Gansu, China, in 2003 and 2004.
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	F 1 Combinations	Segregating generations	Location of fertility scoring
	L1815×7-6	DH	Wuhan, Gansu
	FL		

Table 4 : Male fertility/sterility segregation in DH, F 2 and BC 1 generations of crosses of the pol FTSR restorer line "FL-204' with pol restorers and the pol maintainer line '6-671B' under field conditions at Gansu, China, in 2004.
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	Populations	Total plants	0	plants with different fertility grades 1 2 3 4 5	6	F:S **	ER ***	χ 2	P-value
	(FL-204×Lun31)F 2	205	0	2	3	6	12	14	168	182:23	3:1	20.03	≤0.005
	(FL-204×Hui5148)F 2	308	1	0	1	11	12	22	261	283:25	3:1	75.3l	≤0.005
	(FL-204×6-571B)F 2	231	43	59	30	18	17	23	41	64:167	9:7		≤0.005
	(6-571B×FL-204)F 2	257							257	257:0		1.23	
	(FL-204×Lun31)×FL-204	98	1	8	13	16	17	15	28	43:55	1:1		0.25-0.5
	(FL-204×Lun31)×Lun31	256							256	256:0		6.56	
	(FL-204×Hui5148)×FL-204	103	0	0	10	23	32	20	18	38:65	1:1		0.025-
	(FL-204×Hui5148)×Hui5148	277							277	277:0		74.56	0 01
	(FL-204×6-571B)×FL-204	116	19	19	22	18	27	8	3	11:105	1:1	110.41	≤0.005
	(FL-204×6-571B)×6-571B	170	61	15	19	22	37	6	10	16:154	1:1		≤0.005
	(6-571B×FL-204)×6-571B	269							269	269:0			
	(6-571B×FL-204)×FL-204	214							214	214:0		49.49	
	(FL-204×Hui5148)DH	146	1	1	2	8	18	74	42	116:30	1:1	11.61	≤0.005
	(FL-204×Lun31)DH	38	0	1	0	1	6	16	14	30:8	1:1	25.40	≤0.005
	(L1815×7-6)DH *	63	1	1	3	2	4	28	24	52:11	1:1		≤0.005

* FL-204 was selected from the DH population. **F:S is abbreviated for 'fertile/sterile plants'. ***ER is abbreviated for 'expected ratios'.

Table 1 : Chromosome constitutions of the parents, F 1 , F 2 , and BC 1 plants analyzed by GISH
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	Genotype	Chromosome number	Genomic constitution	Chromosomes from B. oleracea S. alba
	B. oleracea	18	CC	18	
	S. alba	24	SS		24
	F 1	21	CS	9	12(10) a
	(S. alba ♀ × B. oleracea ♂)	30	CCS	18	12(2)
	F 2 (F 1 selfing)	>30	CC+10S+?C	>18	10(2)
	BC 1		CCS(1-12)		
	(Fertile F 1 ♀ × B. oleracea ♂)				
	BC 1 -1			18	1(2)
	BC 1 -2			18	5(4)
	BC 1 -3			18	6(3)

a Figures in parentheses = frequency

Table 2 : Chromosome behavior of semi-fertile F 1 plants at diakinesis I (or metaphase I) and anaphase I analyzed by GISH
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	Meiosis	No. of trivalents per PMC at diakinesis I (or metaphase I) 1 2 3		Separation ratio of S. alba chromosomes at anaphase I 1:11 2:10 3:9 4:8 5:7 6:6
	No. of PMCs scored	27	35		9		2	7	10	11	17	15
	Frequency(%)	38.0	49.3		12.7		3.2	11.3	16.1	17.7	27.4	24.2
			S. alba ?	×	B. oleracea ?					
			(SS, 2n=24)		(CC,2n=18)					
			Ovaries 7 days after pollination					
					Cultured on MS medium with 500mg/L			
				hydrolyzed casein and with no hormone			
			Mature siliqua						
				Seed cultured on					
				MS medium					
			Young plants						
				Clonal propagation, transferred				
					to the fieldB					
			Sterile F1 plants	Semi-fertile F1 plants ?	×	B. oleracea?			
			(CS, 2n=21)		(CCS, 2n=30)					
				F2 plants		BC1 plants			
			(CC + 10S + ?C)	(CC + S1-12)			

Table 1 . Mean values, range and phenotypic coefficient of variation (PCV) for 13 traits in Indian mustard.

 1 

	Range

Table 2 . Correlation coefficients between floral and agronomic traits in Indian mustard.
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	Trait	NOL	PL	PW	STL	STYL	DFI	DM	S/S	SW	OC	PC	SY
	PH	-0.12	0.11	0.07	0.11	0.21**	0.44**	0.29**	-0.18**	0.02	-0.07	-0.07	0.19**
	NOL		-0.08	-0.15*	-0.18**	-0.29**	-0.19**	0.02	0.32**	0.01	0.01	0.11	-0.08
	PL			0.13	0.19**	0.1	0.16*	-0.0	-0.01	-0.11	0.25**	-0.11	0.16*
	PW				0.17*	0.28**	0.14*	0.03	-0.26**	0.15*	0.12	0.13	0.37**
	STL					0.39**	0.14*	0.06	-0.13	0.05	0.09	-0.27**	0.18*
	STYL						0.33**	0.03	-0.14*	0.01	0.02	-0.36**	0.21**
	DFI							0.63**	-0.08	0.04	-0.14*	-0.10	0.04
	DM								0.03	0.13	-0.19**	0.04	-0.04
	S/S									0.14	-0.05	0.15*	-0.12
	SW										-0.10	-0.23**	0.35**
	OC											-0.20**	0.07
	PC												-0.25**
	*, ** indicate significance at 5 and 1 percent level, respectively.							

  . Fatty acid is one major limiting factor for a wider usage of Brassica ssp. Until now no report has dealt with the alloplasmic effect of B. napus and B. juncea on B. carinata. The species B. napus and B. juncea are related to B. carinata. B. napus contains the genomes A and C, and B. juncea contains the genomes A and B, while B. carinata contains the genomes B and C (UN, 1935). In order to study alloplasmic effect of B. napus and B. juncea on B. carinata, alloplasmic lines of B. carinata was developed by substituting its nucleus into the cytoplasm of B. napus and B. juncea, respectively, using bud pollination. This paper reports the alloplasmic effect of B. napus and B. juncea on seed characteristics of B. carinata such as silique setting rate, total silique number per plant, seed weight changement, seed dormancy and fatty acid.

Table 1 Experiment materials and designations

 1 

	Materials and lines	Generation	Experiment designations
	Chuseinatane (B. napusL L.)		N
	A byssinian mustand (B. carinata A. Br.)		C
	Hakarasinan (B. juncea (L.) Czern & Coss)		J
	(N×C)×C×C×C×C×C	BC 5	N-BC 5
	(J×C)×C×C×C×C×C		J-BC 5
	N-BC 5 ×C, J-BC 5 ×C	BC 6 F 1	nc-6,jc-6
	C×N-BC 5 , C×J-BC 5		cn-6, cj-6

Table 3 Mean±standard deviation of fatty acid composition(%) of alloplasmic and euplasmic lines

 3 

	lines	C16:1	C18:1	C18:2	C18:3	C20:1	C22:1
	jc-6	3.39±0.39	9.63±0.65	17.15±1.88	15.13±0.88	6.25±0.93	48.4±1.63
	cj-6	2.97±0.32	9.50±1.54	17.78±2.21	14.22±1.02	6.35±0.53	49.17±2.35
	nc-6	2.84±0.98	11.45±1.33	20.10±1.57***	13.90±0.69*	6.33±0.87	45.37±0.83***
	cn-6	2.85±0.22	10.82±0.72	16.97±0.83	14.78±0.56	6.40±0.56	48.19±0.49
	*,**,*** mean significant at p=0.05,0.01,0.001					

  [START_REF] Liu | Genomic evolution of Brassica allopolyploids revealed by ISSR marker[END_REF], that B. nigra, B. juncea, B. carinata belong to 'Nigra' lineage and B. napus belong to 'Rape' lineage.

Table 1 : Agro-morphological variations in F 2 and BC 1 populations of B. juncea/ B. carinata crosses

 1 

	Genotypes [no of plants screened]	Height	Plant type @	Leaf morphology	Inflorescence/ pods	Seed coat color
	RESBJ 837 ♀ RESBJ 830 ♀	194 -194 cm (M)	J	Dark green, acute pointed tip Serrate margins, petiolate, narrow from tip course texture	Raceme type, long main branch, upward, appressed dense pods	Brown
				Sap green, obtuse tip, round from top,	Raceme type, short main	
	Kiran ♂	246 cm (T)	K	slight serrate, white veins, broad from top	branch, upright, open scattered	Bright yellow
				and bottom, smooth texture	pods	
	F 2					
	J0K [3]	M	66% -J 34% -I	I to J type, oval to elliptical tip, clasping upper leaves dentate margins	Raceme type, short main appressed pods branch, upright, partially	Brown
	J7K [39]	M	50% -K 50% -I	Petiolate, smooth texture, partially serrate, obtuse tip, light green	53.8% -I 46.1% -K	17.9% plants yellow rest brown
	BC 1					
	J0K [7]	M	100%-I	K to I type, oval round or elliptical tip, course texture	Raceme type short main branch, appressed pods	28.5% plant yellow seeded

Table 1 . Genetic variation of phytosterol content (mg/kg seed) in the DH mapping population.

 1 

			Brassicasterol	Campesterol	Sitosterol	Avenasterol	Total
		Mean	415	903	1648	129	3107
		Min	333	631	1251	61	2570
		Max	548	1533	2138	303	4104
		F-value §	14**	14**	10**	7**	11**
		LSD 0.05	31	108	147	51	262
		h 2	0.93	0.93	0.90	0.86	0.91
	§	F-test from analysis of variance for genetic variation among DH lines		
	** significant at p = 0.01				

Table 2 . Genetic correlation between different seed quality traits in the DH mapping population.

 2 

		Brassica-sterol	Campe-sterol	Sito-sterol	Avena-sterol	Total phytosterols	Oil	Erucic acid
	Campesterol	0.38 ++						
	Sitosterol	0.16 +	0.58 ++					
	Avenasterol	0.07	0.38 ++	0.29 ++				
	Total phytosterols	0.40 ++	0.88 ++	0.87 ++	0.50 ++			
	Oil	-0.32 ++	-0.50 ++	-0.64 ++	-0.39 ++	-0.67 ++		
	Erucic acid	-0.39 ++	-0.76 ++	-0.80 ++	-0.49 ++	-0.91 ++	0.74 ++	
	Sinapate esters	0.26 ++	0.48 ++	0.67 ++	0.34 ++	0.67 ++	-0.81 ++	-0.77 ++
	+ coefficient is larger than the standard error						
	++ coefficient is two times larger than the standard error					

Table 3 . Mapped QTL and their most likely positions for total and individual phytosterol content.

 3 

	Trait	LG a	D b	Marker interval	LOD score	a c	Vp% d	Vg% d	Total Vp% e	Total Vg% e
	Total phyto-sterols	6 12	62 136	MG21-GATA.H3 OPAG10.630-RP318a.E1	5.9 22.9	205 172	47 34	52 37	54	60
		20	0	OPAG4.620-MG87	4.7	61	8	8		
		6	58	MG21-GATA.H3	32.2	91	39	43		
	Sito-sterol	8 11	26 8	RP1470.H1-WG7B3.H1 RP1454.E1-WG7E10.H1	4.0 16.7	22 -70	4 30	4 33	61	68
		12	134	OPAG10.630-RP318a.E1	30.2	76	29	33		
		6	60	MG21-GATA.H3	21.1	74	31	34		
	Campe-sterol	12 12	24 146	WG9A2.E1-RP1117a.E2 RP318a.E1-RP1365.H3	10.6 9.2	28 54	6 19	7 21	44	48
		14	76	RP1142.H1-RP1117a.E4	11.8	31	8	8		
		17	42	RP1230.H1-RP1117a.E1	7.6	44	14	15		
		6	64	GATA.H3-OPS7.970	8.5	12	13	14		
		8	8	MG25-MG26	10.2	-10	10	11		
		9	56	RP1100.E1-RP825.H1	10.7	9	7	7		
	Brassica-sterol	10 12	22 128	RP984.H2-MG40 RP1218.H1-OPAG10.630	5.8 6.1	8 11	7 11	8 12	48	52
		14	28	OPAI16.1420-RP1422.E1	10.6	8	7	8		
		17	44	RP117a.E1-WG4A4.H1	4.9	-22	33	36		
		19	48	OPT9.862-RP981.H1	3.7	8	7	7		
		5	40	GATA.H1-RP1126.H1	9.5	22	27	32		
		6	36	OPA15.896-MG21	4.1	15	6	19		
	Avena-sterol	7 12	10 144	RP1202.H1-RP318b.E1 RP318a.E1-RP1365.H3	5.7 3.0	-7 12	4 10	4 12	50	58
		13	12	OPA18.600-cRT21.E1	3.0	-16	13	15		
		14	76	RP1142.H1-RP1117a.E4	2.7	-20	25	29		

Table 1 The direct and indirect effects of plant-type traits and yield traits for yield per plant

 1 

	Characters	Direct effect	Indirect effect	Total effect	Characters	Direct effect	Indirect effect	Total effect
	Plant height	0.006	0.340	0.346	Silique density	0.210	-0.035	0.175
	Effective branch height	0.195	-0.554	-0.359	Seeds per silique	0.591	-0.377	0.214
	Length of main inflorescece	0.043	0.610	0.653	1000-seed weight	0.812	-0.819	-0.007
	The last branch height	-0.208	0.061	-0.147	Silique length	-0.095	-0.088	-0.183
	Relative length of branch part	-0.029	0.134	0.105	Silique width	0.052	0.373	0.425
	Effective primary branches	0.298	-0.051	0.247	Relative length of effective primary branch	-0.086	0.263	0.177
	Siliques of effective primary branches	0.132	0.470	0.602	Length of effective primary branch	-0.023	0.610	0.587
	Siliques of main inflorescence	-0.078	0.700	0.622	Angle between Stem and primary branch	-0.028	-0.148	-0.176
	Siliques per plant	0.864	-0.193	0.671				
	Note:							

  763-772. 2 Yuan Zhi-fa, Zhou Jing-yu, Guo Man-cai, Lei Xen-qin, Xie xiao-li. Decision coefficient--the decision index of path analysis. Jour. of North west Sci-Tech Univ.

	Characters	R (i) 2	Orde r	Characters	R (i) 2	Order
	Plant height	0.0041	10	Silique density	0.0294	6
	Effective branch height	-0.1780	16	Seeds per silique	-0.0963	14
	Length of main inflorescence	0.0543	4	1000-seed weight	-0.6707	17
	The last branch height	0.0179	8	Silique length	0.0257	7
	Relative length of branch part	-0.0069	11	Silique width	0.0415	5
	Effective primary branches	0.0584	3	Relative length of effective primary branch	-0.0378	13
	Siliques of effective primary branches	0.1415	2	Length of effective primary branch	-0.0275	12
	Siliques of main inflorescence	-0.1031	15	Angle between Stem and Primary branch	0.0091	9
	Siliques per plant	0.4130	1			
	of Agri. and For. (Nat. Sci. Ed.). 2001, 29(5):131-133.				
	3 Shen Jin-xiong, FU Ting-dong, YANG Guang-sheng, MA Chao-zhi,TU Jin-xing. Analysis of heterosis reveals genetic improvement for yield traits in
	rapeseed(Brassica napus L.). Chinese Journal of Oil Crop Sciences. 2005, 27(1):5-9.		

Table 1 : Near Infrared Spectroscopy (NIRS) calibration results for GSL dried leaf samples of 134 winter rapeseed accessions grown in the field. Leafs were sampled 13 weeks after sowing and analyzed by High Performance Liquid Chromatography (HPLC). Listed are for each GSL the sample size (N), mean in µmol/g drymatter (DM), standard deviation (SD) in µmol/g DM, minimum (Min) and maximum (Max) in µmol/g DM, standard error of calibration (SEC), R2 of calibration (RSQ), standard error of cross validation (SECV), and R2 of cross validation (1-VR).

 1 

	Constituents a	N	Mean b	SD b	Min b	Max b	SEC	RSQ	SECV	1-VR
	PRO	133	4.6	3.9	0.1	26.0	1.16	0.82	1.41	0.74
	SIN	128	0.1	0.2	0.0	1.0	0.07	0.22	0.08	0.09
	GNL	127	0.3	0.3	0.0	2.5	0.12	0.12	0.12	0.06
	GNA	132	2.3	1.7	0.0	10.8	0.88	0.47	1.02	0.30
	GBN	133	7.5	5.0	0.2	29.5	1.17	0.93	1.66	0.86
	Alkenyl GSL	133	14.7	9.1	0.7	46.0	2.15	0.93	2.86	0.88
	GBC	137	1.2	0.8	0.1	4.8	0.36	0.71	0.60	0.22
	4ME	129	0.4	0.3	0.0	2.3	0.22	0.08	0.23	0.02
	4OH	130	0.7	0.5	0.0	3.4	0.19	0.70	0.24	0.50
	Indole GSL	138	2.4	1.0	0.2	6.2	0.41	0.82	0.71	0.48
	NAS	130	1.1	0.7	0.1	5.5	0.41	0.08	0.42	0.04
	Total GSL	134	18.1	9.5	1.9	49.7	2.78	0.90	3.28	0.86

Table 1 The discrepancy among cultivars self-compatibility index

 1 

	Self-compatibility types	Compatibility index	number of lines	Percentage of all materials(%)
	High self-compatibility	〉4.00	2	0.99
	Self-compatibility	1.00-4.00	29	14.36
	Self-incompatibility	≤ 1.00	165	81.68
	High self-incompatibility	0	6	2.97

Table 2 Distribution of the self-compatibility index of the individual plant in two lines

 2 

	Compatibility index and plant number

Table 3 The discrepancy between different area and ecology cultivars self-compatibility

 3 

	Source		Number of lines	Total plants	All pod number	Compatibility materials	Incompatibility materials	Average compatibility index
		Gansu	11	166	26	1	10	0.43
		Shaanxi	10	132	23	0	10	0.29
		Henan	2	10	3	0	2	0.32
	Local	Shanxi	3	36	8	0	3	0.36
	cultivars	Anhui	3	24	3	1	2	0.37
		Sichuan	2	20	4	1	1	0.94
		Yunnan	3	26	4	1	2	0.74
		Hubei	4	35	8	1	3	0.81
	Breeding lines	164	1615	154	26	141	0.66
	Total		202	2064	233	31	171	0.62

Table 4 Self-compatibility index of yellow seeds and brown seeds in the two years
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		Year 2004		Year 2005	
		Brown	Yellow	Brown	Yellow
	Line number	64	34	64	62
	Percentage of the all materials(%)	46	54	50	50%
	Self-compatibility index	0.39	0.89	1.51	2.03
	Average self-compatibility index	0.62		1.75	

Table . 1. Cultivation acreage, seed yield and production of oilseed rape in Poland.

 . 

	Years	Cultivation acreage thousand ha	Average seed yield dt/ha	Production thousand tons
	2000	436,8	21,9	958,1
	2001	443,2	24,0	1063,6
	2002	439,0	21,7	952,7
	2003	426,3	18,6	793,0
	2004	538,2	30,3	1632,9
	2005	550,2	26,3	1450,0
	2006	560,0	24,0	1500,0

Tab. 5. Effectiveness of selection of winter oilseed rape restorer lines with the pedigree and double haploid method. Borowo 2002 -2006.

  

	Selection year	Method of selection		Number of single plants
			sown with gene restorer	fertile, homogeneous
	2002	pedigree	1260	24 (1,9 %)
	2003	pedigree	1076	23 (2,1 %)
	2004	pedigree	2323	95 (4,1 %)
	2005	pedigree double haploid	930 30	92 (9,9 %) 30 (100%)
	2006	pedigree double haploid	998 60	91 (9,1%) 60 (100%)
	Tab.6.			

Yielding of restorer lines in comparison to the check open-pollinated variety Californium. Borowo 2006.

  

	Restorer line	Yield dt/ha	% of check (Californium)
	359RJ DH-10	42,30	100,7
	Californium -check	42,00	100,0
	359RJ DH-14	35,24	83,9
	MR 10-3-2-5-3	34,93	83,2
	301RJ-12	32,70	77,9
	300RJ-6	32,32	77,0
	358RJ-8-6	32,09	76,4
	277R-1-4-1	30,99	73,8
	89RJ-5-13-7	30,93	73,6

  arvensis.Attempts can be made to develop wide hybrids using embryo rescue techniques.B. rapa pistils when crossed with 12 wild species, three of the crosses B. rapa×B. fruticulosa, B. rapa×B. gravinae and B. rapa×Erucastrum cardiminoides, showed post-fertilization barriers; wide hybrids could be tried in these crosses through embryo rescue techniques.Crosses of B. oleracea with 17 wild species, only four crosses: B. oleracea×B. maurorum, B. oleracea×Diplotaxis tenuisiliqua, B. oleracea×D. catholica, and B. oleracea×Moricandia arvensis, showed the presence of post-fertilization barriers. Efforts could be made to develop wide hybrids.

Table 2 Oil content and oil yield of Zhongyouza 11 in national regional trials

 2 

	Trial	Year	Zhongyouza 11 Oil content(%) Oil yield(kg/hm 2 )	Control Oil content(%) Oil yield(kg/hm 2 )	Yield increase (%) Oil content(%) Oil yield(kg/hm 2 )
		2003-2004	46.68	1175.2	38.02	795.3	22.78	47.76
	Upper reach	2004-2005	43.21	991.2	39.54	878.7	9.28	12.80
		Average	44.95	1083.3	38.78	836.5	15.90	29.42
		2003-2004	46.21	1369.7	39.73	936.8	16.31	46.21
	Middle reach	2004-2005	43.55	1058.5	39.64	959.3	9.86	10.33
		Average	44.88	1210.2	39.69	948.1	13.09	27.65
		2003-2004	44.84	1273.7	42.06	1067.0	6.61	19.37
	Lower reach	2004-2005	43.55	1175.8	41.93	958.5	3.86	22.67
		Average	44.20	1224.8	42.00	1012.6	5.24	20.98

Table 1 . Variability in some agro-morphological traits in yellow Sarson

 1 

	Mean values of checks

Table 2 . Promising accessions of yellow Sarson
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	Characters	Promising Accessions
	Initiation of flowering (Days)	≤ 47: IC 331817, IC 342766, IC 361510, IC 361512
	50 % flowering (Days)	≤ 53: IC 331817, IC 334283, IC 334291, IC 520823
	Plant height (cm)	> 118: IC 447818, IC 447822, IC 520757, IC 521379
	Primary branches per plant	> 5.4: IC 361512, IC 447818, IC 520748, IC 520749
	Secondary branches per plant	> 3.5: IC 355391, IC 355397, IC 361512, IC 520748
	Main shoot length (cm)	> 50.5: IC 334290, IC 336456, IC 342762, IC 342768
	Siliquae on main shoot	> 28.0: IC 336456, IC 342760, IC 342762, IC 361506
	Siliqua length (cm)	> 4.1: IC 342766, IC 355365, IC 520755, IC 520771
	Seeds per siliqua	> 39.0: IC 447740, IC 447824, IC 520315, IC 520748
	1000-seed weight (g)	> 3.04: IC 355412, IC 355368, IC 355382, IC 361508
	Seed yield per plant (g)	> 17.7: IC 336456, IC 520771
	Harvested index (%)	> 25.1: IC 334200, IC 334290, IC 355365, IC 361512
	Oil content (%)	> 42.7: IC 342283, IC 355307, IC 355312, IC 355368, IC 355378, IC 355382

Table 3 . Correlations among the different agro-morphological traits in yellow sarson

 3 

	Characters	Initiation of flowering	50 % flowering	Plant height	Primary branches per plant	Secondary branches per plant	Main shoot length	Siliquae on main shoot	Siliqua length	Siliqua Beak length	Seeds per Siliqua	1000seed weight	Protein content	Oil content	Harvest Index	Maturity Period
	50 % flowering	0.89*														
	Plant height	0.54*	0.33*													
	Primary															
	per	0.25*	-0.06 0.40*												
	branches															
	Secondary															
	per	0.06	0.04	0.24* 0.46*											
	branches															
	Main shoot length	0.01	0.12	0.30*	0.15	0.10										
	Siliquae on main shoot	0.10	0.12	0.39*	0.13	0.19	0.68*									
	Siliqua length	0.10	0.08	0.27* -0.05	-0.07	-0.10 -0.05								
	Siliqua beak length	-0.11	0.16	-0.23 -0.37*	-0.22*	0.29* 0.09	-0.08							
	Seeds per siliqua	0.38*	0.43*	0.03	-0.13	-0.13	-0.20 -0.20 0.28* 0.04						
	1000-seed weight	-0.52*	-0.18 -0.62* -0.37*	-0.23	0.15	-0.02 -0.14 0.43* -0.14					
	Protein content	0.10	0.09	0.19	0.02	0.20	-0.01	0.15 -0.27* -0.01 0.15	-0.29*				
	Oil content -0.40*	-0.11 -0.55* -0.26*	-0.28*	-0.02 -0.19	0.08	0.13 -0.18	0.68* -0.61*			
	Harvest index	-0.33*	-0.14 -0.28* 0.10	0.11	0.22* 0.15	-0.01 -0.02 -0.20	0.50* -0.29* 0.63*		
	Days to maturity	-0.59*	-0.18 -0.67* -0.36*	-0.20	0.27* 0.09 -0.29* 0.46* -0.29* 0.83* -0.30* 0.61* 0.49*	
	Seed yield per plant	0.00	0.06	0.10	0.27*	0.17	0.51* 0.38*	0.01	0.13 -0.33* 0.31* -0.33* 0.38* 0.61* 0.32*
	*significant at 5 % level														

Table 1 . Disease indices on the cotyledonary leaves of three Brassica genotypes inoculated 7 days after sowing with A. candida and scored 12 days after inoculation

 1 Point, where 0= No visible symptoms, 1= Light necrotic flecks, no sporulation, 2= Heavy necrotic flecks, no sporulation, 3= Minute pustules on upper surface of cotyledon, 4= Few pustules on lower surface of cotyledon, 5= Numerous pustules on lower surface of cotyledon, 6= Large scattered pustules on lower surface of cotyledon and 7= Large coalescing pustules on lower surface of cotyledon.

					Disease index 1, 2		
	Host species	Genotype		B. juncea isolates		B. rapa isolate	
			AcBjP	AcBjD	Mix. (1) 3	AcBrP	Mixt. (2) 4
		Varuna	5.97 (0.77)	6.37 (0.80)	6.83 (0.83)	5.83 (0.76)	6.07 (0.78)
	B. juncea	RESBJ-837	4.56 (0.68)	5.0 (0.69)	5.3 (0.72)	1.33 (0.11)	4.67 (0.66)
		RESBJ-830	4.8 (0.68)	5.07 (0.70)	5.53 (0.74)	1.30 (0.11)	4.77 (0.67)
		Pusa-Gold	4.93 (0.69)	5.77 (0.76)	5.93 (0.77)	6.27 (0.79)	5.7 (0.75)
	B. rapa	RESBR-219	1.53 (0.18)	1.8 (0.25)	2.57 (0.40)	4.77 (0.68)	4.4 (0.64)
		RESBR-350	1.60 (0.20)	1.97 (0.29)	2.6 (0.41)	4.97 (0.69)	4.47 (0.64)
	B. carinata	Kiran	0.4 (-0.40)	0.37 (-0.43)	0.43 (-0.38)	0.0 (-2.0)	0.3 (-0.56)
	LSD P=0.05, df=70			(0.09)		

1 Disease index was scored on 0-7 2 Figure in parenthesis are Log transformed data. 3 Mix. (1): Mixture of isolates BjPAc+BjDAc. 4 Mix. (2): Mixture of isolates BjPAc+BjDAc+BrPAc

Table 1 The ANOVA of DTF in DH population

 1 

	Source	DF	MS	F Value	P
	G	148	1162.68	14.99 ***	≤0.001
	Y	1	39920.22	514.64 ***	≤0.001
	E	2	234203.31	3019.29 ***	≤0.001
	G×Y	148	70.573	0.91	0.74
	G×E	296	229.034	2.95 ***	≤0.001

Notes: *** represents significance at 0.001 probability level. G, Y and E represent genotype, year and environment, respectively.

Table 2 Select lower AIC values of DTF and PSI in DH population from cross of Hyola401 × Q2

 2 

	Location	Model	AIC value	Location	Model	AIC value
		F-1	1201.839		G-2	1490.637
		G-1	1205.339		E-1-6	1494.515
	Hezheng	G-0	1207.309	Zhaoqing	E-1-7	1495.505
		E-1-0	1225.979		E-1-8	1495.505
		E-2-0	1228.039		G-3	1495.738
		E-1-1	1465.257		E-1-5	-59.5278
		E-1-5	1465.286	PSI(photoperiod	F-1	-58.6578
	Wuhan	E-1-4	1468.612	sensitivity	E-1-1	-57.8004
		E-2-4	1468.773	index)	E-1-0	-57.6333
		E-2-5	1468.773		E-2-3	-57.5927

Table 3 Estimates of genetic parameters of DTF and PSI in DH population from cross of Hyola401 × Q2

 3 

	Location	M	d a	d b	1st order para. d c i ab	i ac	i bc	i abc	[d]	σ p 2	σ pg 2	2nd order para. 2 σ mg σ e 2 h mg 2 (%) h pg 2

Table 1 Yield and quality data of advanced breeding lines from multi-location breeding trials (6 sites) in 2004.

 1 

	Line	Yield (t/ha)	Oil Content(%)	Meal Protein Content (%)
	JR055	1.33	37.48	40.52
	JT004	1.37	35.95	40.90
	JT005	1.08	37.44	40.46
	JT007	1.22	37.00	41.70
	AG-Outback 1	1.33	36.11	39.1
	1 B. napus control			

Table 2 . Allyl and total glucosinolate contents and fatty acid composition of advanced breeding lines sown at Horsham in 2004.

 2 

	Line	Allyl Glucosinolates (µmoles/g)	Total Glucosinolates (µmoles/g)	C18:1 1	C18:2	C18:3	C22:1
	JR055	0.13	16.88	56.48	18.40	16.44	0.00
	JT004	0.13	17.12	58.10	21.33	11.56	0.00
	JT005	0.10	12.89	61.00	18.18	12.99	0.00
	JT007	0.21	22.91	56.42	19.60	16.32	0.00
	AG-Outback		13.16	56.03			
	1 Oleic acid levels were lower in both species due to seasonal conditions				

Table 3 . Allyl and total glucosinolate contents and oleic acid content of new generation breeding lines sown at Horsham in 2004.

 3 

	Line	Allyl Glucosinolates (µmoles/g)	Total Glucosinolates (µmoles/g)	Oleic Acid (%)
	JC05002	0.37	18.59	63.05
	JC05005	0.27	19.17	62.39
	JC05006	0.16	14.39	64.36
	JC05007	0.15	14.49	64.66
	JC05008	0.75	17.75	60.72
	JC05009	0.12	15.61	60.03

Table 4 . Yield data (t/ha and % AG-Outback) from multi-location breeding trials in 2005

 4 

	Line	South Australia	Victoria		Mean Yield (t/ha)	Mean Yield (% AG-Outback)
		Lameroo	Minnipa	Walpeup	Beulah		
	JR055	0.88	0.87	0.87	1.18	0.95	100
	JT004	1.08	1.01	0.81	1.19	1.02	108
	JT005	0.81	0.93	0.78	1.24	0.94	99
	JC05002	0.82	0.75	0.85	1.03	0.86	91
	JC05005	1.05	0.72	0.94	0.95	0.92	97
	JC05006	0.79	0.82	0.80	0.99	0.85	90
	AG-Outback	0.99	1.13	0.83	0.84	0.95	100
	AG-Spectrum	1.07	1.13	0.60	0.59	0.85	90
	CV%	13.4	8.8	8.0	19.8		
	LSD	0.22	0.10	0.09	0.24		

Table 1 Yield characteristics of B. juncea L. with multi-loculus

 1 

	Material	Origin region	Growing stage(d)	Plant height (cm)	Yield per plant (g)	Pods per plant	Seeds per pod	TSW (g)
	B. juncea L. with	Qinghai	126	200	28.1	421	30	2.23
	multi-loculus Conventional B.	Qinghai	128	190	19.6	464	18	2.38
	juncea L.							
	Note: TSW-1000 seed weight						

Table 2 Quality and other characteristics performance of parental materials

 2 Parental materials (B. napus L.) 6 B. napus L. materials summarized in Table2performed superior quality characteristics such as low content of erucic acid and glucosinolate, No.14 was a conventional cultivar around the whole spring rapeseed regions in China and confirmed as a check in this paper. We hope to get multi-locular B. napus L. with double-low characteristics by interspecific hybridization between B. juncea L. with multi-loculus and B. napus L..

	Parental material	Origin region	Growing stage(d)	Seed color	Glucosinolate (μmol/g)	Erucic acid (%)	Oil content (%)	Yield per plant (g)
	No.14 	Qinghai	106	Brown	27.6	0.1	42.43	24.6
	93-221-1	Qinghai	110	Yellow	24.65	0	39.11	23
	1321	Qinghai	115	Brown	22.79	0.25	47.42	24.1
	AgrEvo-18	Canada	109	Yellow	21.87	0	44.31	23.9
	Topas	Sweden	120	Brown	21.87	0.18  	35.19	22.1
	B. juncea L. with	Qinghai	128	Yellow	86.69	25.52	27.99	28.09
	multi-loculus							
	1.2							

Table 3 the quality characteristics of 5 new B. napus L. idioplasmes with multi-loculus

 3 

	No		New idioplasm	Origin combination	Erucic acid (%)	Glucosinolate (µmol/g)	Oil content (%)
	1	248	B.juncea L.	with multi-loculus×No.14	0.6	32.8	41.21
	2	351	B.juncea L.	withmulti-loculus×93-2	3.1	35	40.18
	3	208	B.juncea L.	with multi-loculus×1321	1.4	28.9	42.59
	4	220	B.juncea L.	with multi-loculus×AgrEvo-18	3.2	31.4	40.35
	5	403	B.junceaL.	withmulti-loculus×Topas	2.2	32	41.75
	6	No.14(CK)			0.1	27.6	42.43

Table 4 Multi-loculus and yield characteristics of new idioplasmic B. napus L. with multi-loculus

 4 

	No. New idioplsm	Multi-locular	plant rate(%)	Multi-locular pod rate(%)	Pods per plant	Seeds per pod	TSW (g)	Seed yield per plant(g)
	1	248	98	96	232	35	3.3	26.5
	2	351	90	92	207	40	3.2	26
	3	208	92	90	213	36	3.5	26.1
	4	220	90	87	194	51	3.3	28.2
	5	403	83	76	210	41	3.0	24
	6	No.14(CK)			224	30	3.5	24.6

Table 2 The numbers and percents of PMCs with different chromosome-pairing configurations in intergeneric hybrids between radish and cabbage

 2 

	Configuration	18I	16I+1II	14I+2II	12I+3II	10I+4II	Others	Total
	Number of PMCs	110	44	60	34	18	20	286
	Percentage	38.5%	15.4%	21.0%	11.9%	6.3%	7.0%	
		The mean chromosome-pairing pattern	14.87I+1.20II+0.04III+0.06IV		

Table 3 The PMC numbers and frequencies with different chromosome separation ratios at AnaphaseIin intergeneric hybrids between radish and cabbage

 3 

	Ratio	14/4	12/6	11/7	10/8	9/9	Others	Total
	Number of PMCs	10	25	98	60	8	15	230
	Percentage(%)	4.3	10.9	32.6	26.1	13.0	6.6	

Table 4 The PMC numbers and frequencies with different separation ratios of nine R-genome chromosomes at AnaphaseIin intergeneric hybrids between radish and cabbage

 4 

	Ratio	5/4	6/3	7/2	8/1	Others	Total
	No. of PMCs	85	45	35	5	30	230
	Percentage	38.0%	32.6%	15.2%	2.2%	13.0%	

Table 1 Segregation of flower colors in the six generations of Westar×HW243

 1 

	Time	Populations	White	Number of plants Milky	Yellow	Total plants	Expect ratio	χ 2	P
		P 1			46	46			
		P 2	49			49			
	March,	F 1		42		42			
	2006(Ya'an)	F 2	37	395	150	582	1:11:4	0.216	0.8-0.9
		BC 1		144	131	275	1:1	0.524	0.3-0.5
		BC 2	78	215		293	1:3	0.329	0.5-0.7
		P 1			27	27			
		P 2	30			30			
	July, 2006(Kang	F 1		29		29			
	ding)	F 2	17	168	60	245	1:11:4	0.213	0.8-0.9
		BC 1		69	75	144	1:1	0.174	0.5-0.7
		BC 2	33	115		148	1:3	0.441	0.5-0.7

Table 1 Effect of 12 C heavy ion beam irradiation on growth duration of rapeseed M 1

 1 

	Treatment(Gy)	Seeding date	Seedling stage	Start flowering stage	Flowering end stage	Ripening	Growth duration(D)
	30	10/20	10/30	3/12	4/11	5/8	199
	50	10/20	10/30	3/10	4/8	5/6	197
	80	10/20	10/30	3/10	4/8	5/6	196
	CK	10/20	10/30	3/12	4/11	5/8	199
	2.1.2 Effect on the growth duration of M 2				

Table 2 Effect of 12 C heavy ion beam irradiation on growth duration of rapeseed M 2

 2 

	Treatment (Gy)	Seeding date	Seedling stage	Squaring stage	Start flowering stage	Flowering end stage	Ripening	Growth duration (D)
	30	9/28	10/6	2/8	3/21	4/6	5/12	225
	50	9/28	10/5	2/5	3/19	4/5	5/8	219
	80	9/28	10/4	2/4	3/17	4/4	5/7	218
	CK	9/28	10/6	2/8	3/21	4/6	5/12	225

Table 4 Effect of 12 C heavy ion beam irradiation on agrinomy character of rapeseed

 4 

	Treatment (Gy)	Plant height (cm) ( -X±S)	No. of primary branch ( -X±S)	Site of branch ( -X±S)	No. of siliques/plant ( -X±S)	No. seeds/silique ( -X±S)	1000 seeds weight (g) ( -X±S)	Average 1000 seeds weight (g) ( -X±S)
	30	175.6±1.2 a	7.2±1.1 a	38.1±0.8 a	311.1±1.0 a	18.8±0.8 a	3.5±0.08 a	9.5±0.1 a
	50	176.9±1.5 ab	7.7±1.2 a	39.4±0.9 a	328.5±1.1 ab	20.0±0.9 ab	3.8±0.09 a	10.5±0.2 a
	80	179.4±2.1 ab	8.3±1.4 ab	40.0±0.9 ab	343.6±1.2 b	21.9±1.0 b	4.0±0.08 ab	11.9±1.2 ab
	CK	175.5±1.1 a	7.0±1.2 a	38.0±0.7 a	304.2±1.1 a	19.2±0.8 a	3.5±0.07 a	9.5±0.1 a
	10 plants were observed in every treatment. a, b in Tab. 4 represent 0.05 level of difference.			

Table 5 .1 Observation on botanical morphology variant plants by different treatments of 12 C heavy ion beam irradiation on rapeseed

 5 

	Treatment (Gy)	Root variation Plant No. Morphology	Frequency %	Plant No.	Stem variation Morphology	Frequency %	Plant No.	Leave variation Morphology	Frequency %
	30	0	-		0	-		0	-	
	50	0	-		0	-		1	Light green spoon leave	0.98
	80	3	Tumor-like root	2.5	3	Plant height 155cm	2.5	3	Light green spoon leave	2.5
	CK	0	-		0	-		0	-	

Table 5 .2 Observation on botanical morphology variant plants by different treatments of 12 C heavy ion beam irradiation on rapeseed

 5 

	Treatment (Gy)	Plant number	Flower variation Morphology	Frequency %	Plant number	Silique variation Morphology	Frequency %	Plant number	Seed variation Morphology	Frequency %
	30	0	-		0	-		0	-	
	50	1	Multipistil	0.98	1	Disiliques	0.98	0	-	
	80	5	Multipistil	4.2	3	Disiliques	2.5	4	Yellow seed	3.3
	CK	0	-		0	-		0	-	

Table 6 Effect of 12 C heavy ion beam irradiation on quality character of rapeseed

 6 

	Treatment	Plant	Seed oil content		Fatty acid composition (%)		Protein content	Glucosinolate content
	(Gy)	name	(%)	16:0	18:1	18:2	18:3	22:1	(%)	(μmol/g)
			41.3	3.8	60.0	20.2	4.3	0.5	23.3	33.0
			38.7	5.1	61.2	20.1	4.3	0.0	25.5	21.8
			37.5	4.4	61.2	18.8	6.0	3.2	26.6	25.5
			40.7	6.2	58.9	20.7	6.6	1.2	19.9	40.0
	30		38.1 38.9	7.1 6.6	60.7 61.2	21.2 20.0	5.5 4.9	2.4 3.3	24.4 20.2	39.9 12.4
			39.6	7.0	58.2	22.2	5.6	1.2	23.3	33.6
			42.2	5.5	61.1	18.1	4.4	0.8	20.4	32.1
			39.9	4.2	63.5	18.4	5.0	4.1	20.5	25.1
		10	38.4	4.3	63.3	18.8	5.8	0.5	24.6	35.5
	(X±S)		39.53±1.5	5.42±1.50	60.93±1.66	19.85±1.32	5.24±0.79	1.72±1.42	22.87±2.45	29.89±8.69
			38.8	5.1	58.6	17.3	4.4	1.5	22.4	35.2
			41.5	3.2	69.1	17.5	5.2	0.2	22.3	12.6
			39.9	5.5	58.2	20.2	4.1	0.1	27.8	22.6
			42.6	6.0	59.9	21.1	3.5	0.2	23.5	23.1
	50		43.1 38.2	4.2 3.3	60.1 64.1	18.4 18.8	5.1 5.5	0.7 0.6	24.0 28.3	33.6 33.3
			38.1	2.2	58.2	20.1	6.2	2.1	22.6	35.5
			42.2	4.1	55.3	19.7	7.7	3.1	21.8	41.2
			39.7	4.2	59.3	18.1	6.0	0.0	23.7	40.0
		10	38.3	5.1	56.9	17.4	8.1	0.2	24.5	35.7
	(X±S)		40.24±1.95	4.31±1.17	59.97±4.02	18.86±1.34	5.58±1.48	0.87±1.04	24.09±2.25	28.02±9.63
			39.5	6.8	78.1	18.0	5.3	0.6	28.4	33.1
			41.1	7.4	66.5	19.2	3.4	0.6	23.5	32.2
			38.2	1.6	80.2	10.9	3.3	0.9	31.2	26.1
			37.9	5.3	75.2	15.5	3.9	0.5	22.4	28.4
	80		42.2 43.3	5.4 4.6	64.2 63.1	10.6 19.2	4.4 3.5	0.1 3.1	23.6 22.6	25.5 32.2
			40.0	8.3	65.9	21.4	3.7	2.5	23.3	18.5
			42.5	7.2	66.4	21.5	5.2	2.6	27.7	13.9
			45.0	9.1	60.7	18.7	6.1	0.8	20.8	28.6
		10	43.3	7.2	66.1	16.4	8.7	0.4	25.5	40.1
	(X±S)		41.30±2.36	6.29±2.15	68.64±6.69	17.14±3.86	4.75±2.22	1.21±1.08	24.9±3.24	27.86±7.51
	CK		40.0	5.3	60.6	18.8	7.3	1.2	21.7	40.0
			39.9	4.8	59.1	20.1	7.7	1.7	25.3	38.1
			41.2	5.5	58.2	19.4	8.1	3.2	20.1	30.2
			41.0	5.2	59.9	20.5	8.2	1.6	22.7	30.5
			38.5	6.3	58.7	21.5	6.5	0.6	24.4	29.1
			44.1	6.0	61.2	18.3	6.1	2.1	22.9	28.4

Table 7 Effect of 12 C heavy ion beam irradiation on chromosomal aberration in root top cell of rapeseed

 7 

	Treatment (Gy)	Observed cell number	Micronucleus	Mininucleus	Bridge	Lagging chromosome	Fragment	Aberration cell number	Micro nucleus rate (%)	Total aberration rate
	30	10000	8	0	0	0	0	11	0.08	0.08
	50	10000	11	1	1	1	1	15	0.11	0.15
	80	10000	13	2	1	1	1	18	0.13	0.18
	CK	10000	0	0	0	0	0	0	0	0

Table 8 Effect of 12 C heavy ion beam irradiation on chromosomal aberration in pollen mother cell of rapeseed

 8 

									Micro	Total
	Treatment (Gy)	Observed cell number	Micronucleus Bridge	Lagging chromosome	Fragment	Abnormal tetraspore	Aberration cell number	nucleus rate	aberration rate
									(%)	(%)
	30	10000	2	0	0	0	0	2	0.02	0.02
	50	10000	5	1	1	1	0	8	0.05	0.08
	80	10000	10	1	2	1	1	15	0.10	0.15
	CK	10000	0	0	0	0	0	0	0	0

Table 1 Plant materials used in the present study

 1 

	Name		Type	Origin			Discription
	APT02	B. napus.L	Ausralia		mutant, petal-loss, steady
	ZS NO.4	B. napus.L	China			normal-petalled
	SC95-16	B. napus.L	Canada			normal-petalled
	Yunyou NO.11	B. napus.L	China			normal-petalled
	AM032	B.campestris.L	America	mutant, petal-stameniod, steady
	Guiding sweet rape	B.campestris.L	China	cultivating-breed, normal-petalled, steady
	Nantong yellow seed	B.campestris.L	China	cultivating-breed, normal-petalled, steady
	normal petalled rape × apetalous rape	apetalous rape × normal petalled rape
	apetalous rape ×		RF1	× apetalous rape	apetalous rape ×	F1	× apetalous rape
			selfing			selfing
	RBC2-1		RF2	BC2-1	RBC1-1	F2	BC1-1
	normal petalled rape × apetalous rape	apetalous rape × normal petalled rape
	normal petalled rape ×	RF1	× normal petalled rape	normal petalled rape ×	F1	× normal petalled rape
	RBC2-2		BC2-2	RBC1-2		BC1-2

Table 1 the cultivars of B. carinata and B. rapa used in trail

 1 

	B. carinata

  Capital and small letter indicate significance at p≤0.05and 0.01 respectively.

	Genotype	Dose	Seedling survival rate(%)	Plant height(cm)	Height of primary branch(cm)	No. of silique per plant	Seed No. per silique	1000-seed weight(g)	seed weight per plant(g)
		CK	90.00a	190.00a	76.50A	969.20A	10.27a	3.95a	35.50A
	Zhong	800Gy	87.00a	186.00b	61.20B	568.00B	11.06a	3.85a	22.00B
	shuang 9	1000Gy	70.00b	160.00c	52.00C	233.50C	11.57a	3.70a	10.00C
		1200Gy	54.00c	130.50d	22.40D	180.50D	8.20b	3.02a	4.00D
		CK	90.00A	173.00a	56.50a	639.00A	13.93A	3.15a	22.00a
	DEYIN-10	800Gy 1000Gy	40.00B 17.50C	169.50b 160.00c	39.50b 33.50c	541.00B 211.50C	3.98C 8.95B	2.85a 2.05b	4.60b 3.10bc
		1200Gy	10.00D	130.00d	12.00d	158.00D	8.51B	1.65c	1.95c
	Note:								

Table 2 .Variation characters found in SP 2 plants of the three populations

 2 

	Lines	Plant height(cm)	No. of branches per plant	No. of pods per plant Seeds per pod 1000-seed weight(g)	Growth period(d)
	9713	CK SP 2	190.00-210.00 184.00-201.00	7.20-16.00 9.50-15.00	299.00-654.00 111.00-374.00	7.70-16.40 10.30-21.30	4.55-4.70 2.40-5.30	210 212
	9804	CK SP 2	170.00-202.00 110.00-135.00	11.00-17.00 5.00-12.00	230.00-624.00 178.00-334.00	9.70-19.00 9.00-17.00	2.76-4.78 3.67-8.60	215 213
	(PR-1)	CK	187.00-205.00	7.00-15.00	359.00-654.00	15.70-25.30	3.29-4.21	210
		SP 2	171.00-198.00	10.00-38.00	143.00-2366.00	16.20-28.50	2.99-6.64	

Table 3 . The mutant characters of SP 3 plants from populations

 3 

	Lines	Plant height(cm)	No. of branches per plant	No. of pods per plant Seeds per pod 1000-seed weight(g)	Growth period(d)
	9713	CK SP 3	198.00 191.00	13.00 14.33	482.00 223.00**	15.00 17.50	4.66 5.00	210 209
	9804	CK SP 3	189.00 124.00**	12.50 9.50	361.00 207.00**	21.00 19.30	4.00 6.64*	211 212
	(PR-1)	CK	198.20	12.20	379.90	28.80	3.71	213
		SP 3	203.30	26.60**	891.20**	29.30	3.82	220*
	*and **indicate significance at p≤0.05and 0.01 respectively.				

Table1: Production of doubled haploid embryos from B. juncea var. Heera and Varuna, their F 1 and five subsequent backcross generations*

  

	Source material	No. of microspores cultured (x10 5 )	No. of embryos obtained	Embryogenic frequency (%)	Plant conversion frequency (%)	Diploidization frequency (%)
	Heera	187	45	0.00024	100	60
	Varuna	105	2383	0.022	98	64
	F 1 DH	325	5179	0.016	79	65
	BC1DH	258	6114	0.027	81	65
	BC2DH	94	1686	0.026	82	67
	BC3DH	53	9856	0.18	90	66
	BC4DH	297	13720	0.046	85	67
	BC5DH	346	9608	0.027	87	68
	*Data average of at least seven experiments				

Table 1 . Seed quality in the parents and the yellow-seeded progenies from the cross B. juncea × B. napus

 1 

	generation	No. plants determined	Glucosinolates content(μmol/g)	Erucic acid content (%)	Oil content (%)
	Sichuan Yellow	3	87.77	45.73	44.00
	Stellar	3	22.31	1.61	35.42
	1047	3	66.76	0.00	39.86
	BC 1 F 2	1	61.82	8.17	39.65
	BC 1 F 3	12	54.88-126.26	4.77-23.24	35.55-44.72

Table 2 . Percentage and seed quality of the yellow-seeded plants in the BC 1 F 4 families

 2 

	Seed quality of the yellow-seeded plants

Table 3 . Yellow-seeded plants percentage and seed quality of the BC 1 F 5 families derived from the 2 highest-percentage BC 1 F 4 families

 3 

	Seed quality of the yellow-seeded plants

Table 1 . Variation of phytosterol content (g/kg seed) in three DH populations of Brassica napus L.

 1 

			Brassicasterol		Campesterol			Sitosterol			Avenasterol			Total	
									Population							
		I	II	III	I	II	III	I	II	III	I	II	III	I	II	III
	Mean	0.42	0.53	0.35	0.90	1.04	0.97	1.65	1.98	1.71	0.13	0.10	0.14	3.11	3.66	3.18
	Min	0.33	0.45	0.21	0.63	0.73	0.70	1.25	1.66	1.38	0.06	0.05	0.04	2.57	2.95	2.83
	Max	0.55	0.61	0.48	1.53	1.32	1.30	2.14	2.21	1.95	0.30	0.18	0.45	4.10	4.15	3.72
	LSD5%	0.03	0.04	0.05	0.11	0.14	0.13	0.15	0.15	0.15	0.05	0.04	0.09	0.26	0.25	0.23

Table 2 . Components of variance for phytosterol content (g/kg seed) and heritability in three DH populations of Brassica napus L.

 2 

		Variance	Brassicasterol		Campesterol			Sitosterol			Avenasterol			Total
		component	I	II	III	I	II	III	I	II	III	I	II	III	I	II	III
		σ 2 g	1.6** 1.6** 8.1** 19.1** 18.3** 29.2** 25.6** 12.2** 16.3** 2.1** 0.6** 4.5** 90.9**	63.2**	35.6**
		σ 2 e	0.4** 0.2** 1.1** 2.8** 8.1** 14.6** 4.0** 1.1**	0.8* 1.4** 1.3** 8.2**	7.3**	26.4**	49.7**
		σ 2 ge	0.1** 0.2* 0.3 + 1.9** 4.7** 3.8** 2.7**	2.4*	4.7** 1.0** 0.5** 3.3**	9.5**	7.7*	7.7*
		σ 2 ε	0.7	1.6	1.74	8.2	9.2	10.0	17.1	17.1	13.5	0.8	0.6	2.5	52.1	50.7	40.3
		h 2	0.93 0.86 0.97	0.93	0.88	0.93	0.90	0.82	0.85	0.86 0.71 0.80	0.91	0.89	0.84
	**significant at p = 0.01; F-test from the analysis of variance									
	* significant at p = 0.05													
	+	significant at p = 0.1													

Table 3 . Coefficients of genetic correlation for phytosterol content and other quality traits in three DH populations of Brassica napus L.

 3 

			Brassicasterol			Campesterol			Sitosterol			Avenasterol			Total
		I	II	III	I	II	III	I	II	III	I	II	III	I	II	III
	Campesterol	0.38 ++ 0.50 ++ -0.78 ++											
	Sitosterol	0.16 + 0.42 ++ -0.02 0.58 ++ 0.56 ++ 0.06								
	Avenasterol	0.07 -0.13 0.13 0.38 ++ 0.37 ++ 0.09 0.29 ++ 0.34 + -0.31 +					
	Total	0.40 ++ 0.61 ++ -0.17 0.88 ++ 0.90 ++ 0.59 ++ 0.87 ++ 0.84 ++ 0.63 ++ 0.50 ++ 0.42 ++ 0.29 +		
	Oil	-0.32 ++ 0.50 ++ -0.07 -0.50 ++ 0.54 ++ 0.21 + -0.64 ++ 0.42 ++ -0.28 + -0.39 ++ 0.35 + 0.21 + -0.67 ++ 0.59 ++	0.06
	Protein	0.11 + -0.12 0.08 -0.03 0.05 -0.16 0.10 -0.02 0.01 0.17 + -0.25 + 0.12	0.08	-0.03	-0.08
	Glucosinolates	-0.16 + -0.10 0.19 + 0.06 -0.17 + -0.25 + 0.25 ++ 0.02 -0.33 ++ 0.21 ++ -0.05 0.06	0.17 +	-0.11	-0.33 ++
	+ coefficient is larger than the standard error											
	++ coefficient is two times larger than the standard error										

Table 1 Expression about the purple-red leaf character of the hybrid and F 2

 1 

	F 2

Table 2 Proportion of hybrid by using purple-red leaf material

 2 

	F 1

  445, S 1 =5.527, - Z 2 =-10.202, S 2 =18.495, - Z 3 =105.786, S 3 =60.555, - Z 4 =-46.939, S 4 =24.584 The regulation as follows: The first:Z 1 >15.977 good, 4.918≤Z 1 ≤15.977middle, Z 1 ≤4.918bad; The second:Z 2 ≤-28.697good, -28.697≤Z 2 ≤8.293middle, Z 2 >8.293bad; The third:Z 3 ≤45.231good, 45.231≤Z 3 ≤166.341middle, Z 3 ≥166.341bad; The fourth:Z 4 >-22.355good, -71.523≤Z 4 ≤-22.355middle, Z 4 ≤-71.523bad.

Table 1 Variation of quality characters in different varieties

 1 

	Quality character		Range			Average		CV(%)
	Saturated fatty acids		3.72~6.59		5.01		11.03
	Oleic acid		9.92~26.19		14.04		18.40
	Linoleic acid		7.51~15.54		11.68		18.87
	Linolenic acid		5.53~10.94		8.46		11.02
	Erucic acid		40.68~56.66		49.71		5.71
	Glucosinolates		22.57~286.92		133.25		54.40
	Oil content		33.8~50.15		42.57		9.26
	Protein		18.94~29.6		23.36		9.29
		Table2 Correlation matrix of quality characters			
	Quality character	X 1	X 2	X 3	X 4	X 5	X 6	X 7
	Saturated fatty acid X 1	1						
	Oleic acid X 2	-0.0804	1					
	Linoleic acid X 3	0.4654 **	-0.6092 **	1				
	Linolenic acid X 4	0.0248	-0.5917 **	0.3600 **	1			
	Erucic acid X 5	-0.3521 **	-0.6985 **	0.0155	0.1220	1		
	Glucosinolates X 6	0.1398	0.0304	-0.0050	-0.0317	-0.0915	1	
	Oil content X 7	-0.3259 **	0.3777 **	-0.5562 **	-0.2972 **	-0.0814	-0.3389 **	1
	Protein X 8	-0.1378	-0.1753	0.1632	0.3387 **	0.1148	0.2866 **	-0.6647 **
	Note: ** means significant at 0.01 level							

Table3 Principal components analysis of quality character in vegetable of B. campestris

  

	Quality properties	A1	A2	Eigenvector	A3	A4
	Saturated fatty acids	-0.288	0.538		-0.152	0.147
	Oleic acid	0.518	0.369		-0.068	-0.040
	Linoleic acid	-0.525	0.147		-0.207	0.069
	Linolenic acid	-0.358	-0.229		-0.210	-0.777
	Erucic acid	-0.192	-0.589		0.318	0.415
	Glucosinolates	-0.061	0.257		0.869	-0.354
	Oil+Protein	0.453	-0.304		-0.173	-0.264
	Principal components	The first	The second		The third	The fourth
	Cumulative percent (%)	37.76	64.13		78.37	89.87

Table 1 . Variation for various morphological and seed quality traits in selected F3 /BC1 F 2 / BC2 progenies of the Brassica interspecific crosses

 1 

	Combination Generation Progenies	Pollen fertility (%)	Maturity (days)	Plant ht.(cm)	Primary branches	Siliqua intensity/cm	Seeds/ silqua	Yield (%)	Oil (%)	Erucic acid	Glucosinolates
	B.juncea×B. carinata	F 3	8	69.9 ± 2.9	165.0± 1.1	220.3± 10.6	24.8± 2.1	1.6± 1.5	7.9 ± 0.6	12.5 ± 1.7	32.9 ± 0.6	25.7 ± 3.0	97.2 ± 7.0
		BC 2	11	76.4± 4.1	169.5 ± 1.2	196.2 ± 11.2	22.5 ± 4.4	1.6± 1.1	10.1± 0.5	12.8 ± 1.7	35.2 ± 0.5	30.5 ± 1.2	108.9 ± 7.9
		BC 1 F 2	7	81.1 ± 4.8	171.6± 2.1	208.3 8.8	21.8 ± 3.7	1.3 ± 0.8	11.9± 0.8	12.2 ± 1.9	35.3± 0.4	22.1 ± 2.2	107.7 ± 6.0
	B.napus×B. carinata	F 3	14	77.2± 1.7	162.2± 0.9	236.9± 3.1	18.6± 1.3	1.6± 0.6	9.4± 0.3	11.9± 0.9	31.8± 0.9	30.7± 2.2	102.0± 26.2
		BC 2	5	70.4± 6.0	170.0± 0.9	195.7± 10.5	24.7± 2.4	1.9± 0.5	12.8± 1.3	12.3± 1.4	35.2± 0.6	22.2± 2.2	108.9± 8.0
		BC 1 F 2	1	82.3± 5.4	164.5± 0.3	185.2± 15.9	21.2± 3.1	2.1± 0.3	10.8± 1.5	10.8± 1.2	35.3± 0.4	19.3± 1.7	107.7± 6.0
	B.carinata cv PC5	-	-	100.0	169.0	230.6	19.0	1.6	14.4	13.5	34.3	45.4	107.6
	B.juncea												
	cv.NUDH	-	-	100.0	152.0	219.0	12.9	1.2	13.6	10.2	43.4	1.2	28.3
	YJ-4												
	B.napus cv. NHO 7-14	-	-	100.0	155.0	141.2	7.0	1.0	22.4	9.5	45.1	45.2	76.3

Table 1 Breeding procedure of APL03

 1 

	Year	Generations	Traits selected	Treatments
	1995	F 0		Cross
	1996	F 1	Normal petalous	Inbreed
	1997-1998	F 2 -F 3	Apetalous	Inbreed
	1999	F 4	Apetalous and short plant height	Inbreed
	2000-2002	F 5 -F 7	Apetalous and short plant height	Inbreed
	2003-2005	F 8 -F 10	Agronomic and resistances	Inbreed in isolated plot

Table 2 Comparison of agronomic traits between APL03 and Zhongshuang 9

 2 

	Variety	Plant height (cm)	Branch height (cm)	No. of branches Primary Secondary	Silique per plant	Silique length (cm)	Seeds per Silique	1000 seed weight (g)	Yield per plant(g)
	APL03	135.3	26.6	10.3	4.5	418.0	5.9	23.6	4.05	39.9
	Zhongshuang 9	153.9	45.8	8.3	4.6	386.2	5.7	24.3	3.75	35.2

Table 3 Comparison of stem composition between APL03 and Zhongshuang9

 3 

	Variety	Short stem(cm)	Stretch stem(cm)	Bole stem(cm)	Main rachis(cm)
	APL03	3.4	24.2	52.4	62.2
	Zhongshuang 9	4.2	57.3	40.9	51.2

Table 4 Fatty acid composition and oil content of APL03

 4 

	Lines	16:0	18:0	Fatty acid composition (%) 18:1 18:2	18:3	20:1	22:1	Oil content (%)
	APL03	4.04	1.85	61.80	18.27	10.34	1.18	0.00	46.68
	APL03-2*	4.10	2.05	65.14	17.37	7.09	1.37	0.55	45.55
	APL01	3.96	2.07	61.93	18.51	11.22	1.51	0.20	41.78
	ZH004	4.18	2.08	63.26	20.41	7.50	1.91	0.35	43.69
	*APL03-2: High oleic acid line in APL03							

Table 1 . Variability of agronomic traits of winter oilseed rape mutant lines

 1 

	Forms	Plant height [cm]		No. of branches		Length of silique [cm]	No. of seeds per silique	1000 seed weight [g]
		min-max	x	min-max	x	min-max	x	min-max	x	min-max	x
	DH-0120	120,5-130,0	125,5	4-6	4,9	8,8-10,4	9,6	17,8-24,0	23	23,4-4,9	4,2
	SD-1	93,0-110	102								

Table 2 . Tocopherols content in seeds of initial form and mutant line in winter rapeseed

 2 

	Forms	Tocopherol content [mg/g -1 ]
	DH-0120	342,0
	SD-1	394,0
	SD-2	402,0
	SD-3	450,0
	SD-4	480,4

Table 1 Flower color segregation of cross between white and yellow flower parents

 1 

	Combination	Generation	White flower	Yellowly-white flower	Yellow flower	E	X 2	P
	Yellow/white	F 1		28		0:1:0		
	White/yellow	F 1		33		0:1:0		
		F 2	32	76	36	1:2:1	0.667	0.50~0.75
	White/yellow//yellow	BC1		29	27	0:1:1	0.018	0.75~0.90
	Yellow/white//white	BC1	39	35		1:1:0	0.061	0.75~0.90

Table 1 : Three factor ANOVA with polynomial partitioning of main effects for B. juncea zygotic embryos treated with ENU and EMS

 1 

	ENU	EMS

Table 2 : Multiple regression equation developed for dataset-I and II; testing of regression coefficients and predicted LD 50 for ENU and EMS concentrations for 20 h exposure duration

 2 

			Regression equation #		
			ENU			
		Data set I: % Survival = 68.90 -0.536(EXP) -1.224(CONC) +0.0027 (EXP)(CONC) R 2 = 0.499	
		Data set II: Log (% Survival) = 2.02 -0.013(EXP) -0.011(CONC) + 0.00045 (EXP)(CONC) R 2 = 0.756	
			EMS			
		Data set I: % Survival = 78.56 -0.827(EXP) -1.535(CONC) +0.0106 (EXP)(CONC) R 2 = 0.623	
		Data set II: Log (% Survival) = 2.71 -0.014(EXP) -0.024(CONC) -0.00026 (EXP)(CONC) R 2 = 0.861	
			Testing of regression coefficients by ANOVA		
				Mean Squares		
	Source due to	Degree of freedom	Data set I		Data set II	
			ENU	EMS	ENU	EMS
	Regression (R 2 )	3	3141.05*	3912.97*	1.97*	2.68*
	EXP	1	1051.31 ns	1829.27 ns	2.02*	1.36*
	CONC	1	8361.69*	9752.33*	3.60*	6.57*
	EXP × CONC	1	10.15 ns	157.31 ns	0.29 ns	0.09 ns
	Error	16	591.14	443.73	0.12	0.08
			Prediction of LD 50 concentration for 20h duration		
			ENU			
		Log (50) =				

Table 1 Chromosome number in root-tip cell of inbred seeds of NJ04-8089

 1 

	Chromosome number (2n)	Root tips observed	% of total observed	Chromosome number (2n)	Root tips observed	% of total observed
	40	5	6.17	46	5	6.17
	41	3	3.70	47	7	8.64
	42	12	14.81	48	3	3.70
	43	14	17.28	49	1	1.23
	44	11	13.58	50	2	2.46
	45	17	20.99	51	1	1.23

Table 1 Seed coat color QTL detected by multiple interval mapping using software WinQTLCart

 1 Log likelihood ratio; A: additive; D: dominance; Distance: QTL peak to it's corresponding right marker.

			Number of lines								
			.929	1.628	2.327	3.026	3.725	4.424	5.123	5.822	6.521	7.22	7.919
					Relative value of seed-coat color	
			Fig. 3 The frequency distribution of seed coat color determined by exposure time
	QTL	LG	Interval				LOD		A			D	Contribution	Distance
	Sc1	5	e7m4.150-Na12-E02.550				3.5		3.72		0.04	46%	9cM
	Sc2	19	Na14-D07.500-Na14-D07.550			2.7		0.17		-3.58	30.9%	2cM
	LG: linkage group; LOD:									

Table 2 The F 1 fertility comparison among sterile lines T2632A, 98-116A and testcross parents

 2 

	Sterility expression (F 1 )

Table 1 . Analysis of variance showing mean sum of squares for different characters in B. juncea

 1 

					Source of variation		
	Characters	Replication	Group	Error (a)		Within groups		
		(2)	(2)	(4)	Tetralocular siliqua and brown seeded (28)	Bilocular siliqua and yellow seeded (27)	Bilocular siliqua and brown seeded (29)	Error (b) (162)
	Days to flowering	15.43	391.43**	8.21	48.25**	12.45**	63.17**	1.93
	Days to maturity	9.69	1340.03**	2.69	4.65**	3.69**	6.55**	1.45
	Plant height (cm)	14.55	10246.87**	23.18	536.55**	163.31	353.16**	123.31
	Primary branches/ plant	0.18	16.92*	1.94	0.95**	0.42	0.57**	0.30
	Main raceme length (cm)	23.72	987.69**	72.91	252.48**	66.73	230.02**	66.67
	Siliquae on main raceme	55.86	4920.97**	64.16	69.91**	66.46**	43.29*	26.38
	Siliquae/ plant	3060.60	557735.86** 6335.09	14679.99**	2080.28	12467.31**	2302.37
	Siliqua length (cm)	0.33	43.96**	0.08	1.37**	0.09	1.21**	0.13
	Seeds/ siliqua	0.05	265.97**	1.02	3.75**	7.57**	4.64**	1.36
	1000-seed weight (g)	0.03	200.51**	0.10	1.96**	0.74**	0.67**	0.24
	Oil content (%)	8.49	387.95**	2.19	21.96**	7.37**	23.30**	0.92
	Seed yield (t/ha)	0.08	4.49**	0.03	0.43**	0.22**	0.50**	0.04
	*, ** Significant at 5 and 1 per cent, respectively; figures in parentheses showed df			

Table 2 . Character means in six-clusters of B. juncea entries

 2 

	Characters	I	II	III	IV	V	VI
	Days to flowering	46.15	45.25	44.28	50.24	62.00	43.37
	Days to maturity	129.83	130.83	130.47	133.24	137.00	130.68
	Plant height (cm)	186.57	212.00	187.69	185.57	219.67	173.02
	Primary branches/ plant	4.48	4.03	5.48	5.55	6.87	4.92
	Main raceme length (cm)	84.67	90.92	87.77	76.24	75.0	88.00
	Siliquae on main raceme	43.75	47.83	32.92	29.91	46.33	35.49
	Siliquae/ plant	328.33	317.42	327.16	276.57	411.33	183.45
	Siliqua length (cm)	5.27	5.00	6.18	7.07	4.17	4.62
	Seeds/ siliqua	13.47	11.93	13.30	13.26	11.00	16.16
	1000-seed weight (g)	5.29	5.97	5.70	5.95	3.55	8.17
	Oil content (%)	37.0	36.28	37.54	33.29	36.47	33.98
	Seed yield (t/ha)	2.71	2.30	2.39	2.11	1.36	2.47

Table 3 . Euclidean 2 distances between the six clusters of B. juncea entries

 3 

	Cluster	I	II	III	IV	V	VI
	I	12.5	2 °.5	18.8	36. °	88.5	25.9
	II		15.8	27. °	44.3	76.9	35.6
	III			11.9	25.4	79.8	25.4
	IV				13.5	64.9	35.8
	V					°.°	11 °.8
	VI						8.8

Figure 1. Dendrogram showing different clusters of Brassica juncea entries

Table 1 : Summary of variance analysis of characters

 1 

	S.O.V df	Seed Yield	Harvest Index	Oil%	Oil Yield	1000-seed weight	No. of Branches	No. of Pod/m 2	No. of Seed/Pod	Plant High
	R	3	1034129.27 n.s	69.172 n.s	4.47 n.s 224584.62 n.s	0.166 n.s	6.23n.s	398268.55 n.s	24.49 *	1927.07**
	D	2	13996926.81 **	341.134 *	6.05 n.s 2531243.74 **	0.073 n.s	68.82**	5973002.46 *	13.57 n.s	190.51n.s
	E(a)	6	999991.85	45.57	2.002	195886.9	0.09	3.95	1226407.8	6.66	130.48
	T	2	1376610.6 *	13.46 n.s	3.66 n.s 192245.35 n.s	0.038 n.s	12.78**	1973859.73 *	10.27 n.s	18.19n.s
	D*T	4	337610.31 n.s	10.28 n.s	2.52 n.s	58532.28 n.s	0.147 n.s	10.12**	1008606.21 *	7.36 n.s	48.83n.s
	E(b)	18	424702.94	29.67	1.82	78599.99	0.058	1.45	433621.63	6.059	42.14
	*.** and n.s significant at the 5 and 1% and Non-significant, respectively					

Table 2 : Means comparison of characters

 2 

	Treatment	Seed Yield (kg/ha)	Harvest Index (%)	Oil%	Oil Yield (kg/ha)	1000-seed weight (gr)	No. of Branches	No. of Pod/m 2	No. of Seed/Pod	Plant High (cm)
	Plant Density									
	D1	2177.2b	17.5b	40.5a	886.2b	3.15a	12.4a	2794.0b	28.9a	148.9a
	D2	3673.5ab	25.6a	41.9a	1544.9ab	3.14a	9.4ab	4111.6ab	29.5a	156.5a
	D3	4274.4a	27.5a	41.3a	1770.0a	3.28a	6.9b	4282.8a	27.1a	157.2a
	Time of nitrogen									
	application									
	T1	3762.8a	24.6a	40.6a	1545.9a	3.22a	10.8a	4181.6a	27.5a	155.0a
	T2	3225.6ab	23.5a	41.4a	1338.6a	3.22a	9.6ab	3760.3ab	29.6a	152.6a

Table 1 . Glucosinolate content (µmol g -1 ) in the Brassica carinata lines S2-1241, C-101, N2-6215, and F 1 plants from crosses between them.

 1 Within the same cross and environment, averages followed by the same letter are not statistically different (P ≤ 0.01).

	Generations	Glucosinolate content (µmol g -1 seed)	
		Screenhouse 2004	Field 2005
	Parents		
	S2-1241	49 ± 7	115 ± 9
	C-101	87 ± 13	127 ± 14
	N2-6215	146 ± 23	170 ± 10
	F 1 plants		
	S2-1241×N2-6215	96 ± 15ª*	158 ± 5 b
	N2-6215×S2-1241	98 ± 22 a	153 ± 10 b
	C-101×N2-6215	90 ± 20 c	157 ± 8 d
	N2-6215×C-101	102 ± 18 c	157 ± 10 d

*

Table 1 . Genotypic variation in Δ 13 C, seed yield, test weight, total dry matter, SCMR and harvest index among 320 genotypes of B.juncea L.

 1 

		Δ 13 C	Seed yield	Test wt.	TDM	SCMR	H.I
	Mean	20.82	10.7	4.77	39.9	35.9	27.1
	Minimum	18.03	6.53	3.35	24.2	27.9	20.1
	Maximum	22.86	21.4	5.59	74.6	51.2	35.4
	Std. Deviation C.D.(p=0.05)	0.87	2.13	0.54	8.64	11.9	4.49
	Within check	0.65	1.95	0.46	6.15	2.35	2.57
	Within block	2.05	5.02	1.45	19.45	7.43	8.14
	Between block	2.36	5.80	1.67	22.47	8.58	9.41
	Check-variety	1.80	4.41	1.27	17.1	6.53	7.16

Table1-fatty acids profile (%) and glucosinolate (µmol/gr) in selected materials of Brassica juncea

  

	Accession	C 16:0	C 18:0	C 18:1	C 18:2	C 20:0	C 18:3	C 22:1	Others	Glucosinolate
	DARI-1	5.27	2.44	48.99	30.68	1.22	9.98	1.4	-	6.3
	DARI -2	5.11	2.12	47.74	32.33	0.93	10.96	0.33	0.48	2.61
	DARI -3	3.79	2.14	47.38	30.98	1.99	11.29	1.77	0.65	6.05
	DARI -4	4.13	2.18	48.02	31.42	1.7	10.64	0.99	0.95	5.9
	DARI -5	4.22	2.07	46.78	30.03	2.28	11.17	2.16	1.28	1.44

Table 2 -Performance of 15 advanced lines in spring seeding trial during three years (2002-2005)

 2 

	Entry	Accession	Pods per plant Plant eight(cm) Days to aturity	Grain Yield (kg/ha)	Oil (%)
	1	DARI -1	80	100	118	861	37
	2	DARI -2	81	59	119	844	42
	3	DARI -3	97	92	119	912	40
	4	DARI -4	84	69	119	718	43
	5	DARI -5	88	85	121	835	38
	6	Rainbow	68	40	128	150	39
	7	Legacy	72	61	119	662	42
	8	Vangard	77	56	128	326	41
	9	Star	69	35	128	169	42
	10	Westar	45	32	105	73	41

Table 1 . Genetic diversity among FOC populations sampled from three different regions

 1 Population size, g = number of genotypes, r = percentage of polymorphic loci (99% criterion)

	SRAP data by region a

Table 2 . Genetic diversity among F. oxysporum populations obtained from seven host crops

 2 Population size, g = number of genotypes, r = percentage of polymorphic loci (99% criterion)

	SRAP data by host crop a

Table 3 . Analysis of molecular variance (AMOVA) of F. oxysporum populations among and within regions and by host species.

 3 

			AMOVA Analysis		
			Sum of	Variance	Total
	Source of variation	d.f.	squares	components	Variance
	Among regions	2	16.186	0.11062	1.1
	Within regions	86	875.994	10.1859	98.9
	Among crops	6	152.206	4.38926	32.6
	Within crops	92	834.138	9.06672	67.38

Table 1 .The correlate analysis of survival rate and cold hardiness indexes in different period (** Correlation is significant at the 0.01 level, * Correlation is significant at the 0.05 level)

 1 

	Cold hardiness indexes

Table 1 : Climate situation in dry land agricultural researches station -Sararood -Iran

 1 

	Longitude

Table 2 : Crop growing season meteorological details for Sararood station -Iran (2002-2003)

 2 

	Evaporation (mm)	Average Rel Humidity %	No. of days Below(0)	Average Temp	Mean.Temp Max Min	Abs.Temp Max Min	Rainfall (mm)	Month

Table 3 : Measured statistics on the traits under studying in rapeseed

 3 DEF=No. of day to end of flowering, DR=No. of day to ripening, PH=Plant high, SB=No. of sub branch, PP=No. of pod per plant, SP=No. of seed per pod, SW=Thousand seed weight, Oil%=Oil percentage, OY= Oil yield, SY=Seed yield

	Traits	1th	Loads	2nd	Minimum	Maximum	Mean	Std	CV%
	DEF	-0.016		-0.0046	115	171	162.86	5.91	3.63
	DR	-0.0401		0.0001	197	221	208.14	5.54	2.66
	PH	0.0641		0.1663	52.5	167	103.69	17.38	16.76
	SB	0.9852		0.1712	1	8.4	3.06	1.43	46.73
	PP	0.665		0.1261	17.6	278.2	70.87	44.92	63.38
	SP	-0.375		0.9271	7	27	18.85	4.6	24.4
	TSW	-0.3286		0.1655	0.34	4.2	2.97	0.63	21.21
	OIL%	-0.1036		0.0383	0.43	0.55	0.5	0.002	0.4
	OY	0.0658		0.3098	0.09	0.89	0.41	0.18	42.83
	SY	0.0799		0.324	0.19	1.87	0.82	0.35	42.68

Table 1 . Source of variance of traits affected by Less irrigation stages and canola cultivar under cold test condition

 1 ×× significant at the 0.01 level of probably, × significant at the 0.05 level of probably, ns no significant

	S.O.V		Root Length (cm)	Shoot Length (cm)	Root/shoot ratio	Seedling (gr) dry Weight	Seedling (gr) fresh Weight	MDG	MTG	FGP	Abnormal seedling
		DF				MS					
	Less irrigation stages (A)	3	2.22 **	4.06 **	0.72 **	18.6 **	0.016 **	0.02 ns	1.7 ns	2.22 ns	0.04 *
	Cultivar (B)	5	0.36 ns	0.30 ns	0.03 ns	7.07 *	0.002 ns	0.02 ns	1.6 *	3.95 *	0.04 **
	A × B	15	0.223 ns	0.28 ns	0.04 *	3.04 ns	0.002 *	0.04 ns	3.69 ns 1.37 ns	0.02 *
	Error	72	0.40	0.15	0.02	3	0.001	0.03	5.	1.66	0.01
	CV		8.03	7.49	9.9	2.78	6.4	11.67	0.29	1.31	17.74

Table 2 . mean traits for four Less irrigation stages under cold test condition

 2 Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %)

	Less irrigation stages	Root Length (cm)	Shoot Length (cm)	Root/shoot ratio	Seedling Fresh weight (gr)	Seedling dry weight (gr)	MDG	MTG	FGP	Abnormal seedling
	Normal irrigation	7.57 b	5.84 a	1.29 b	2.36 a	0.063 b	2.5091 ab	40.163 a	98 a	2.65 b
	Less irrigation after flowering	7.73 b	5.49 b	1.37 b	2.22 a	0.065b	2.5085 b	51.094 a	98.08 a	3.04 ab
	Less irrigation after padding	7.94 ab	4.91 c	1.62 a	1.92 b	0.084a	2.5129 ab	41.621 a	98.72 a	3.62 a
	Less irrigation									
	after	8.28 a	5.04 c	1.65 a	1.88 b	0.082a	2.5135 a	43.92 a	98.12 a	3.72 a
	seed filling									

Table 3 . mean traits for six canola cultivars under cold test condition

 3 Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %)

	Cultivar	Root length (cm)	Shoot length (cm)	Root/shoot ratio	Seedling fresh weight (gr)	Seedling dry weight (gr)	MDG	MTG	FGP	Abnormal seedling
	Licord	8.04 a	5.24 ab	1.54 a	1.91 b	0.066 b	2.51 a	36.885 a	98.43 a	3.81 a
	SLMO46	7.72 a	5.56 a	1.41 b	2.15 a	0.075 ab	2.51 ab	42.698 a	97.37 b	2.62 b
	Okapi	7.83 a	5.36 ab	1.47 ab	2.13 ab	0.08 ab	2.50 ab	45.239 a	98.33ab	2.53 b
	Orient	7.8 a	5.15 b	1.49 ab	2.05 ab	0.068 b	2.51 a	45.294 a	98.06 ab	3.18 ab
	Zarfam	7.79 a	5.30 ab	1.49 ab	2.21 a	0.086 a	2.50 b	51.021 a	98.87 a	3.62 a
	Opera	8.13 a	5.29 ab	1.53 a	2.07 ab	0.07 b	2.51 ab	44.806 a	98.26 ab	3.66 a

Table 4 . Interaction of traits measurements for six canola cultivars and Less irrigation stages

 4 Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %)

	Less irrigation	Canola cultivar	Seedling fresh weight	Root/shoot ratio	Abnormal seedlings
		Licord	1.778 k	1.339 efgh	3.25 g
		SLMO46	2.445 c	1.292 fgh	1.75 l
	Normal irrigation	Okapi Orient	2.555 b 2.368 d	1.235 gh 1.364 efgh	2.333 ij 2.25 j
		Zarfam	2.767 a	1.248 gh	3.25 g
		Opera	2.353 d	1.296 fgh	3 h
		Licord	2.353 d	1.436 defgh	2 k
		SLMO46	2.437 c	1.197 h	3.5 f
	Less irrigation after flowering	Okapi Orient	2.370 d 1.880 hi	1.557 abcde 1.287 fgh	3.333 fg 2.5 i
		Zarfam	2.368 d	1.357 efgh	3.5 f
		Opera	2.122 e	1.449 defg	3.5 f
		Licord	1.840 ij	1.718 abc	5.75 a
		SLMO46	1.972 fg	1.538 bcde	2.25 j
	Less irrigation after padding	Okapi Orient	1.883 hi 2.138 e	1.689 abc 1.495 cdef	2 k 4.25 d
		Zarfam	1.775 k	1.727 abc	3 h
		Opera	1.923 gh	1.604 abcd	5 b
		Licord	1.793 jk	1.687 abc	4.25 d
		SLMO46	1.842 ij	1.618 abcd	3 h
	Less irrigation after seed filling	Okapi Orient	1.982 f 1.820 jk	1.444 defg 1.764 ab	2.5 i 3.75 e
		Zarfam	1.955 fg	1.631 abcd	4.75 c
		Opera	1.945 fg	1.789 a	3.5 f

Table 1 . Variations in root depth. lea1 relative water content(RWC) and seed yield in Brassica juncea and B. napus

 1 

	Brassica juncea				Brassica napus			
	Accession	Root depth (cm)	Seed yield (g/plant)	RWC (%)	LWP (bar)	Accession	Root depth (cm)	Seed yield (g/plant)	RWC (%)	LWP (bar)
	EC 552573	128.3	9.1	86.0	-11.3	EC 552585	104.7	7.3	84.7	-11.5
	EC 552574	114.0	5.6	88.8	-10.0	EC 552586	142.7	9.2	87.8	-12.0
	EC 552575	135.0	4.6	87.6	-10.8	EC 552587	89.0	2.6	86.2	-13.0
	EC 552576	153.0	5.5	88.0	-10.8	EC 552588	50.7	9.5	79.7	-10.5
	EC 552577	119.0	7.4	88.9	-10.3	EC 552589	117.7	4.4	85.2	-10.0
	EC 552579	114.0	7.2	88.0	-10.0	EC 552590	108.3	2.8	88.7	-11.0
	EC 552580	115.3	2.6	89.3	-10.0	EC 552591	116.7	3.5	86.3	-10.0
	EC 552581	131.0	3.6	89.5	-9.8	EC 552592	61.3	4.9	90.3	-10.0
	EC 552582	134.0	2.7	89.8	-9.8	EC 552593	86.0	1.7	88.5	-10.0
	EC 552583	112.0	9.7	88.5	-10.0	EC 552594	103.0	2.8	87.7	-10.5
	EC 552584	95.3	9.4	90.4	-10.8	EC 552595	98.0	5.8	87.0	-9.5
	Varuna	121.3	5.0	90.5	-9.3	EC 552596	97.3	2.4	85.3	-10.0
	Seetha	135.7	7.6	87.3	-11.3	EC 552597	125.3	3.8	85.8	-9.5
	Sanjucta-Aseh	75.0	4.4	90.6	-10.8	EC 552598	128.7	3.2	86.8	-10.5
	RH 30	139.0	4.5	89.8	-10.0	EC 552599	130.3	6.9	90.3	-9.5
	RL 1359	94.7	5.0	90.8	-11.3	EC 552600	140.0	6.7	90.3	-10.0
	Prakash	100.0	5.2	90.1	-11.5	EC 552601	146.0	7.1	86.5	-9.5
	RH 781	121.7	5.5	92.6	-11.0	EC 552602	125.0	6.2	86.4	-10.0
	PBR 97	109.0	5.0	91.4	-10.8	EC 552603	129.0	3.6	85.7	-10.0
	RH 819	103.3	2.9	89.3	-11.8	EC 552604	64.3	9.2	88.5	-10.5
	Durgamani	91.3	2.1	90.5	-11.0	EC 552605	153.0	7.2	88.7	-10.0
	Sej 2	117.3	5.3	92.7	-11.0	EC 552606	81.0	2.6	89.5	-10.5
	RH 8113	115.0	3.2	90.2	-10.8	EC 552607	146.0	11.6	87.5	-10.0
	Kranti	113.3	5.7	86.7	-9.8	EC 552608	106.0	5.8	90.4	-11.0
	PCR 7	120.7	3.9	89.2	-9.5	EC 552609	117.3	3.6	87.0	-11.0
	Vardan	127.0	6.3	73.0	-11.0	Neelam	104.3	13.9	85.7	-11.0
	RH 8812	125.0	4.3	84.5	-10.0	GSL 2	124.0	12.1	84.9	-11.0
	GM 1	124.0	5.8	83.1	-11.8	CD (5%)	14.9	2.4	3.4	0.4
	Vaibav	134.3	5.2	78.4	-13.0					
	PBR 91	117.0	5.2	83.9	-11.8					
	Rohini	131.7	4.5	87.6	-12.8					
	RLM 619	113.7	7.7	83.7	-13.0					
	RH 0270	96.7	4.2	80.6	-13.0					
	RH 9304	127.0	4.4	81.3	-12.5					
	CD (5%)	16.7	2.3	5.9	0.4					

Table 1 . mean traits for five Salinity Levels and six canola cultivars under standard germination test condition

 1 Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %)

	SalinityLevels (mM NaCl)	Finally Germination Percentage	Mean Daily Germination	Mean Time Germination	Hard seed	Whole plant	Root length	Shoot length	Root/shoot ratio	Abnormal seedling
	0	95.333 a	46.796 a	3.027 d	1.389 bc	16.900 b	10.684 a	6.216 c	1.729 b	2.167 bc
	50	95.556 a	36.578 b	3.034 cd	0.889 c	18.997 a	10.157 a	8.840 a	1.153 d	5.111 a
	100	94.333 a	36.531 b	3.053 c	1.722 bc	17.599 b	10.448 a	7.090 b	1.462 c	4.353 a
	150	93.294 a	32.441 b	3.084 b	2.412 b	12.124 c	7.417 b	4.708 d	1.582 c	2.294 b
	200	89.889 b	24.037 c	3.222 a	3.833 a	8.002 d	5.579 c	2.459 e	2.282 a	1.333 c
	Canola Cultivars									
	Licord	91.200 c	37.511 a	3.075 bc	3.333 a	15.021 a	8.993 a	6.028 b	1.633 ab	3.333 ab
	SLMO46	92.800 c	33.827 a	3.076 bc	2.133 ab	15.044 a	9.346 a	5.721 b	1.786 a	3.500 a
	Okapi	96.933 a	38.489 a	3.113 a	0.600 c	14.405 a	8.712 a	5.692 b	1.680 ab	2.533 c
	Orient	91.733 c	33.200 a	3.089 ab	2.600 ab	14.659 a	8.750 a	5.909 b	1.616 b	2.733 bc
	Zarfam	95.867 ab	32.947 a	3.089 ab	1.533 bc	14.659 a	8.608 a	6.050 b	1.522 b	2.933 abc
	Opera	93.571 bc	35.919 a	3.051 c	2.071 ab	15.026 a	8.964 a	6.387 a	1.529 b	3.286 abc

Table 1 . Source of variance of traits affected by Less irrigation stages and canola cultivars under standard germination test condition

 1 .Electrical conductivity and accelerated agieng techniques for evaluating deterioration in Brassica species Crop Research Hisar. 21(2): 148-152. Wood stock, L.W. 1969. Biochemical tests for seed vigour. proc. Int. Seed Testing Assoc. 34:253-263 ×× significant at the 0.01 level of probably, × significant at the 0.05 level of probably, ns no significant

	S.O.V		Whole Plant (cm)	Root Length (cm)	Root/shoot ratio	Seedling Dry weight (gr)	DGS	MDG	FGP	Hard seed	Abnormal seedling
		DF					MS				
	Less										
	Irrigation Stages	3	18.55 **	5.30 **	0.52 **	0.0008 **	0.00005 ns	0.44 ns	0.008 ns	0.4 *	10.13 **
	(A)										
	Cultivar (B)	5	0.71 ns	0.74 ns	0.03 *	0.0003 **	0.00005 ns	0.41 ns	0.013 **	0.07 ns	0.21 ns
	A× B	15	0.79 ns	0.56 ns	0.04 **	0.00002 ns	0.00003 ns	0.29 ns	0.006 ns	0.1 ns	0.15 ns
	Error	72	0.72	0.39	0.013	0.0001	0.00002	0.21	0.004	0.16	0.16
	CV		5.120	6.250	7.560	9.600	0.650	8.690	0.630	38.01	10.56

Table 2 . mean traits for four Less irrigation stages under standard germination test condition

 2 Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %)

	Less irrigation stages	DGS	MDG	FGP	Hard seed	Abnormal seedling
	Normal irrigation	0.0367 ab	28.34 ab	98.29 ab	0.875 ab	22.29a
	Less irrigation after flowering	0.034 b	30.01 a	98.87 a	0.541 b	12.20 b
	Less irrigation after padding	0.034 b	29.35 ab	98.25 ab	0.541 b	13 b
	Less irrigation after seed filling	0.039 a	26.83 b	98 b	1.208 a	10.41 c

Table 3 . mean traits for six canola cultivars under standard germination test condition

 3 

	Cultivars	DGS	MDG	FGP	Hard seed	Abnormal seedling
	Licord	0.038 ab	26.72 a	98.18 bc	0.81 a	15.25 a
	SLMO46	0.039a	27.10 a	98 bc	0.81 a	14.75 a
	Okapi	0.037 ab	27.60 a	98.43 abc	0.87 a	14.18 a
	Orient	0.033 b	30.50 a	97.56 c	0.98 a	14.06 a
	Zarfam	0.034 ab	30.02 a	98.75 ab	0.68 a	15.31 a
	Opera	0.034 ab	29.87 a	99.18 a	0.56 a	13.31 a

Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %)

Table 4 . Interaction of traits measurements for six canola cultivars and Less irrigation stages

 4 Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %)

	Less irrigation	Canola cultivars	Root/shoot ratio
		Licord	1.643 ab
		SLMO46	1.608 abc
	Normal irrigation	Okapi Orient	1.504 bcde 1.718 a
		Zarfam	1.355 e
		Opera	1.616 abc
		Licord	0.6950 f
		SLMO46	0.7840 f
	Less irrigation after flowering	Okapi	0.7443 f
		Orient	0.7341 f
		Zarfam	0.7080 f
		Opera	0.7254 f
		Licord	1.465 bcde
		SLMO46	1.371 de
	Less irrigation after padding	Okapi	1.434 bcde
		Orient	1.448 bcde
		Zarfam	1.320 e
		Opera	1.415 cde
		Licord	1.581 abcd
		SLMO46	1.526 abcde
	Less irrigation after seed filling	Okapi	1.363 e
		Orient	1.451 bcde
		Zarfam	1.455 bcde
		Opera	1.414 cde

Table 1 . Source of variance of traits affected by Less irrigation stages and canola cultivars under accelerate aging test condition

 1 ×× significant at the 0.01 level of probably, × significant at the 0.05 level of probably, ns no significant

	S.O.V		Root length	Root/ shoot ratio	Seedling dry weight	MTG	DGS	MDG	FGP	Hard seed	Abnormal seedling
		DF					MS				
	Less										
	irrigation	3	5.70 **	3.41 **	0.009 ns	0.002 ns	6.25 ns	0.039 ns	40.59 **	0.17 **	0.46 **
	stages (A)										
	Cultivar (B)	5	2.06 ns	0.04 *	0.010 ns	0.0006 ns	3.66 ns	0.013 ns	12.58 **	0.05 ns	0.004 ns
	A× B	15	0.74 ns	0.01 ns	0.008 ns	0.0008 ns	3.86 ns	0.019 ns	3.19 ns	0.02 ns	0.01 ns
	Error	72	0.93	0.016	0.006	0.001	6.91	0.031	2.65	0.03	0.0086
	CV		12	9.9	10.53	1.11	1.13	11.66	1.67	53.12	7.97

Table 2 . mean traits for four Less irrigation stages under standard germination test condition

 2 Mean followed by the same letters in each column are not significantly different (Duncan multiple rang 5 %)

	Less irrigation stages	MTG	DGS	MDG	FGP	Hard seed	Abnormal seedling
	Normal irrigation	3.0301 ab	0.033 a	34 a	96.30 c	0.71 b	8.33 d
	Less irrigation after flowering	3.0158 b	0.031 a	41.55 a	98.91 a	0.54 b	19.73 a
	Less irrigation after padding	3.0427 a	0.036 a	30.33 a	96.04 c	1.75 a	15.5 b
	Less irrigation after seed filling	3.0272 ab	0.035 a	32.66 a	97.37 b	0.47 b	11.95 c

Table 3 . mean traits for six canola cultivars under standard germination test condition

 3 

	Cultivar	MTG	DGS	MDG	FGP	Hard seed	Abnormal seedling
	Licord	3.02a	0.035 a	30.59 a	96.375 bc	0.81 ab	14.69 a
	SLMO46	3.02 a	0.034 a	35.57 a	97.375 ab	0.62 b	13.31 a
	Okapi	3.03 a	0.034 a	37.29 a	97.6 ab	0.64 b	14.37 a
	Orient	3.029 a	0.035 a	32.61 a	95.937 c	1.5 a	12.81 a
	Zarfam	3.02 a	0.029 a	38.61 a	98.437 a	0.57 b	15.07 a
	Opera	3.03 a	0.034 a	33.35 a	97.312 ab	1.06 ab	14.

Mean Time Germination

Mean Daily Germination
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Results and Discussion

Genetic diversity in Australian canola

The ancestral population of Australian canola included European and Canadian types (the source of "double low" genes) and Asian lines of B. napus and B. juncea (L.) Czern. (the origin of polygenic blackleg resistance) (Cowling, 2006), but none of these were well adapted to the Australian environment. Recurrent selection was used to exploit this genetic variation and resulted in blackleg resistant and high quality varieties which form the basis of the current canola industry in Australia, and which are genetically distinct from Asian, European and Canadian types (Chen et al. 2007, these Proceedings). Recurrent selection is a powerful tool to exploit genetic variation in breeding programs for adaptation to new environments, and Australian canola breeding is a good example of this.

The average number of recurrent selection cycles in this closed population was approximately 5 cycles during 30 years 1970 -2000), at an average cycle time of 6 years (Cowling 2006).

There was a high (>0.3) coefficient of parentage (f) between some pairs of Australian canola varieties in 2000 (Cowling 2006). This is higher than between pairs of North American two-row barley cultivars prior to 1990 (0.19) (Martin et al. 1991) and higher than the average coefficient of parentage in the North American soybean improvement program prior to 1980 (0.25) (St. Martin, 1982). Inbreeding is the result of low effective population size (N e ), and lack of immigration of new alleles. In Australian canola, N e ≈ 11, based on the number of ancestor parents left in pedigrees of canola varieties in 2000 (Cowling, 1996). This is similar to the estimate of N e for the soybean improvement program (maturity groups 00 to IV) after 50 years of breeding in North America (St. Martin, 1982).

The relatively small N e of the Australian canola breeding pool means that genetic drift is continually removing potentially valuable alleles. The coefficient of inbreeding in Australian canola (F t = 0.21) (Cowling, 2006) may be interpreted as a 21% random loss of alleles after five cycles of recurrent selection, in addition to alleles lost through selection (Falconer and Mackay 1996). While genetic progress is possible in the short term, new genetic material must be brought in to ensure future genetic progress.

Changes in blackleg resistance over time

Based on the assumptions that the average final blackleg resistance rating of ancestor varieties in 1970 was 1.6, and the final blackleg resistance rating of cultivars released in 1996 was 5.6 in the year 2000 (the average final ratings of 1996 varieties Monty, Scoop, Grouse, Drum, Clancy and Pinnacle), then the net rate of improvement in blackleg resistance in the closed population was +0.8 resistance units per cycle, or +0.13 resistance units per year from 1970 to 2000 (Cowling, 2006). This includes any apparent fall in resistance of Australian cultivars in the years following release, since it is based on the final blackleg rating.

The average change in blackleg resistance ratings per year following release for 34 Australian canola varieties, which met the minimum requirements for inclusion, was -0.150 units per year, which was highly significantly different from zero (Cowling, 2006). Australian canola varieties slowly lose polygenic resistance in the years following release. The blackleg pathogen Leptosphaeria maculans can evolve in the field in response to changes in selection pressure brought about by wide scale cultivation of new varieties (Howlett 2004). While this potential for change is most commonly observed in response to the release of major resistance genes, the results presented here are unique in demonstrating possible changes in the pathogen population following release of polygenic resistant varieties.

Canola breeders have more than kept ahead of this erosion of polygenic resistance through genetic improvements in

Conclusions

The comparative effect on seed dormancy and fatty acid was studied, the results offers the opportunity to breed low dormancy and low erucic acid varieties in Brassica. The further research should to do using the different fatty acid content and the difference genetic distance materials to confirm the present results. Alloplasmic breeding might be a potential way for shifting the fatty acid content frontiers below the level of current cultivar. method by Doyle and Doyle (1990). The RAPD method with the use of 27 arbitrary 10-bp-long oligonucleotides as primers was used in analysis of the investigated lines [START_REF] Williams | DNA polymorphisms amplified by arbitrary primers are useful as genetic markers[END_REF].

Results & Discussion

New varieties

Winter open pollinated varieties bred at PBC Strzelce showed high yield potential during the period of testing in official trials (COBORU) (Table 2). The variety Bojan, registered in 2004, is characterized by high seed yielding and has good resistance to most important fungi diseases. Moreover, this variety has excellent winterhardiness, the trait which is very important in Polish and European climatic conditions. Our research [START_REF] Woś | General combining ability of selected inbred lines and heterosis effects of winter oilseed rape F 1 hybrids[END_REF] showed that the average effect of heterosis with respect to the seed yield was 16% in comparision with the tester variety Lirajet. The authors stated that the best hybrids yielded about 40% higher than the tester. Four composite hybrids have been created as temporary forms offered to farmers before development of restored varieties. Due to high yielding and good adaptation to environmental conditions of the country they are popular and still grown in Poland (Table 3). Three open pollinated varieties of spring type bred at PBC Strzelce have recently been registered and successfully introduced into practical farming (Table 4). Breeding of ogura restorers Breeding programme for the development of hybrids started in 1995. From the beginning the most important task of the programme was selection of double low restorer lines because the content of glucosinolates in the initial breeding material was 60 µM/g. As the result of special cross-combination and using both traditional pedigree method and production of double haploids it was possible to find desired genotypes. During several years of single plant isolation we have improved effectiveness of restorer selection (Table 5). Recent advances in the restorer selection have allowed the further breeding progress resulted in seed yield improvement (Table 6).

Genetic distance of CMS and restorer lines

To remain internationally competitive, breeders of the PBC Strzelce initiate appropriate research and breeding cooperation with public and private organizations. One of the most promising projects aiming at enhancement of the development of hybrid components is currently underway in cooperation with Oilseed Crop Division of PBAI in Poznan. The main task of this project is to find components (CMS and restorer lines) for the best hybrids basing on the genetic distance analysis. The strategy is expected to reduce cost of production of new hybrids.

Results and Discussion

The experiment was arranged in a randomised complete block design with three replicates (propagators); each replicate contained 10 seedlings per genotype. Disease reaction was scored 12 days after inoculation on a 0 (resistance) -7 (Susceptible) scale described in Table 1 [START_REF] Leckie | The location and exploitation of genes for pest and disease resistance in European gene bank collection of horticultural Brassicas[END_REF]. Disease reactions in the range 0-2, 3-5 and 6-7 were classified as resistant, moderately resistant/ moderately susceptible and susceptible, respectively. The average score of each genotype per propagator was considered as a replicate data value of Disease Index (DI). The DIs of a genotypes inoculated with different isolates were Log transformed and subjected to a two way Analysis of Variance (ANOVA) following Gomez and Gomez, 1984 (Table 1). The results of ANOVA revealed significance of genotype (G), isolates (I) as well as their interaction (G×I) at P= 0.05. However genotype has a major role during G×I interaction indicating host based differential response. Based on the interaction of these isolates with individual genotypes, isolate AcBjD appeared to be more virulent than isolate AcBjP on all B. juncea and B. rapa. Maximum virulence of the former isolate was observed on B. juncea genotype Varuna followed by B. rapa genotype Pusa-Gold. Evidence of distinct pathogenic variability among Indian isolates from B. juncea and B. rapa was reported earlier [START_REF] Townsend | Host differential resistance and pathogenic variability in interactions between Brassica juncea and Albugo candida isolates from B. juncea, B. rapa and B. oleracea[END_REF]. Disease severity was increased significantly in all genotypes against the mixture of the two isolates from B. juncea in comparison to individual isolates. Such an increase in disease severity may indicate a form of synergistic effect that might have occurred due to the interaction between the two isolates which may have triggered different host response. In all cases, the mixture of B. juncea isolates and that of both B. juncea and B. rapa were more virulent than their individual isolates. In the case of B. rapa genotypes, Pusa-Gold showed a susceptible reaction to the individual and mixture of B. juncea isolates, whereas RESBR-219 and RESBR-350 expressed a resistant reaction to the two individual isolates, but a moderate-resistant reaction to the mixture of the two isolates. Similar reactions were reported earlier as a result of interaction between B. juncea genotypes and P. parasitica isolates [START_REF] Singh | Altered phenotypic response of Peronospora parasitica in Brassica juncea seedlings following prior inoculation with an avirulent or virulent isolate of Albugo candida[END_REF].

The results also showed that among B. juncea genotypes, only Varuna expressed a susceptible reaction to the B. rapa isolate AcBrP; all the three genotypes of this host species exhibited better compatibility with the mixture of the two B juncea isolates, AcBjD+AcBjP, than the mixture of all three isolates. The two B. rapa genotypes, RESBR-219 and RESBR-350, expressed the highest compatibility with isolate AcBrP, followed by the mixture of three isolates, whereas Pusa-Gold expressed a high compatibility with all isolates. In all cases, Varuna and Pusa-Gold expressed the highest level of compatibility with the individual or mixture of isolates. In the case of B. juncea genotypes, the reduced susceptibility to the mixture of three isolates in comparison to the individual isolates AcBjP/ AcBjD, and in comparison to isolate AcBrP in the case of B. rapa genotypes, could be attributed to the likely competition for sites of penetration through stomata. However, the possibility of induced host resistance due to infection with isolate(s) from the opposite host species in both cases cannot be ruled out (Singh et al., 1999). In general, when plants were inoculated with a mixture of the three isolates, the DIs were higher on B. juncea than B. rapa genotypes, except in the case of Pusa-Gold (Table 1). This may be attributed to better host-pathogen compatibility and/or the higher proportion of the two B. juncea zoosporangia isolates in the mixed inoculum (AcBjD+AcBjP+AcBrP) as compared to B. rapa isolate.

B. carinata genotype expressed a high level of resistance to all three individual isolates and their mixtures (Table 1). The higher virulence of the B. rapa isolate on the amphidiploid derivative B. juncea (AABB) in comparison to that observed on B. carinata (BBCC) may be attributed to the shared 'A' genome between B. juncea and the diploid species B. rapa and an adaptation factor, as B. juncea is widely cultivated in India whereas B. carinata has a relatively limited cultivation.

The new genotypes of B. juncea (RESBJ-837 and RESBJ-830) and B. rapa (RESBR-219 and RESBR-350) were reported to be resistant against a wide range of P. parasitica isolates [START_REF] Nashaat | Differential response and genes for resistance to Peronospora parasitica (downy mildew) in Brassica juncea (mustard)[END_REF]. Interspecific crosses involving the above genotypes which share partial genome homology may result in the combination of a wide range of factors for resistance to white rust and downy mildew. This is very important since infection with A. candida can break down resistance or renders the plants more susceptible to P. parasitica [START_REF] Awasthi | The effect of Albugo candida on the resistance to Peronospora parasitica and vice versa in rapeseed-mustard[END_REF].

Differentiation of pathogen races in India was mainly based on different Brassica species. Characterization of new differential host resistance from individual as well as different Brassica species capable of discriminating between pathogen isolates with different factors for virulence would be more appropriate for monitoring the pathogen population and breeding for disease resistance.

Results

The glucosinolate content in the Brassica germplasm collection analyzed is summarized in 

Sinapis alba

All the S. alba accessions were exotic collections and had butenyl as predominant glucosinolate with low to medium amount of allyl. The total glucosinolate ranged from 204-288μ moles.

Discussions

The Indian B. juncea accessions have allyl and butenyl glucosinolates while the exotic collections have the hydroxybutenyl and butenyl glucosinolate. However, some of the IC numbers also showed this trend, and a few However, all of these are exotic collections (EC). All Indian accessions of B. juncea and B. campestris, the most important and widely grown oilseed brassicas analyzed so far, have high glucosinolate (65 to 363μ mole/g) and there is no Indian source of B. juncea or B. campestris having ≤ 30μ mole/g glucosinolate. Therefore, there is a need for further rigorous systematic characterization of Indian accessions for their quality to identify any potential donor source for low glucosinolate gene. it was controlled by nuclear genes. In addition, it was identified that it was controlled by two pairs of independent genes through the test of F 2 and BC 1 , BC 2 generation [2,6] . The genetic segregation ratio between leaf-on-leaf and non leaf-on-leaf accorded with the law of inheritance in F 2 , BC 1 and BC 2 generation populations (table 1). The leaf-on-leaf character was controlled by two pairs of independent dominant genes in B. napus. We presumed that genes controlling leaf-on-leaf trait in Brassica napus were dominant genes T 1 T 2 , and the genes of controlling non leaf-on-leaf character were recessive genes t 1 t 2 . So the genotypes of expressing leaf-on-leaf character should be T 1 T 1 T 2 T 2 , T 1 T 1 t 2 t 2 , t 1 t 1 T 2 T 2 , T 1-T 2-, T 1---and --T 2 -, but the genotype expressing non leaf-on-leaf character was t 1 t 1 t 2 t 2 . The phenotypes of all plants in F 1 generation expressed leaf-on-leaf character, and its genotype was T 1 t 1 T 2 t 2 .

Note:

The backcross male parents were still Zhongshuang No.2,4 and Qianyoushuangdi No..2 in BC 2 . There were two segregation ratio between leaf-on-leaf and non leafon-leaf plants in BC 2 generation. Fig. 1 Nei's genetic distance between populations isolated from canola, mustard, cabbage, radish, corn, wheat and oat.

Conclusions

The results of the present study indicated that resistance to the disease is simply inherited and could easily be incorporated into susceptible but high yielding locally adapted cultivars through backcross. Since Brassica juncea is an amphidiploids of putative parents B. campestris and B. nigra (L.) koch, the alleles controlling the disease reaction to white rust could be located in either genome. 

Discussion

Water deficits may induce osmotic adjustment in leaves, roots and reproductive parts of the plants [START_REF] Kumar | Differences in osmoregulation in Brassica species[END_REF], resulting into near normal functioning of the metabolic activities of the plants. In B. juncea, RWC showed positive association with LWP indicating that RWC decreased with the decrease in LWP as a result of decreasing soil water potential or increasing water deficit. This shows that B. juncea plants were able to sense the degree of water deficit and made adjustment in their tissue water content. While in B. napus, RWC was positively correlated with OP, which means that decrease in OP also decreased RWC. This simply showed the effect of dehydration when decreasing water concentration in the tissues increased the solutes thereby reducing OP. This fact in B. napus is further supported by the lack of association between root zone depth and OP, whereas, both parameters were negatively associated in B. juncea indicating a greater degree of osmotic adjustment. Osmotic adjustment is reported to promot root growth in B. juncea [START_REF] Kumar | Use of physiological indices as a screening technique for drought tolerance in oilseed Brassica species[END_REF]. On an average, root zone depth was 118.2 cm in B. juncea and 109 cm in B. napus. Higher root depth in B. juncea might have led to higher soil moisture extraction from deeper layers than that in B. napus. Increased water use in B. juncea improved plant water status (LWP and RWC) and photosynthetic activity. Root zone depth was positively correlated with the number of primary and secondary branches and number of pods per plant in B. juncea while no such association was found in B. napus. This indicates that maintenance of better plant water status improved yield-attributes and consequently higher biomass and seed yield were recorded in B. juncea than B. napus.

Conclusions

In conclusion, it may be stated that the accessions of B. juncea showed higher osmotic adjustment (as indicated by lower OP), exploited greater soil volume for soil moisture and therefore, able to maintain better plant water status resulting into improved yield-attributes and seed yield than that in B. napus. Thus, the measurements of plant water status at midday hours and root zone depth at siliqua formation stage could be exploited in Brassica species improvement programmes for the screening of relatively large number of germplasm lines for drought tolerance. However, identification and manipulation of significantly decreased by increasing the deficiency by 2.8, 38.3, 37.3, 29.5, 57.6, 14.5, 44.0 and 25.0 % respectively. Therefore, plant height, 1000-seed weight, seed yield /ha and total dry matter characters were more injurious than the other traits. Days to 50% flowering were reduced from 1 to 6 days and the reductions were greater in the late flowering lines. The highest two yielded lines (DhL16 and DHL46) showed the highest values of number of branches / plant and plant height. The weight of 1000-seed were also affected by increasing water stress level and the range was between 2.8 to 3.6 gm. The two homozygous lines DHL16 and DHL146 lines out yielded Fido and serw4 in seed yield kg/ha by 35% and 23 % respectively and they exceed DH1 by 75.0 and 59.5 %. These results were true since they gave the highest values of the studied trait under the level of water stress condition. On the other hand, although DhL52 produced the highest yield under the normal condition, it was not the best under the water stress level.

Oil content revealed difference reductions among the lines, the highest oil content obtained from DHL16,DHL46,Fido and Serw4 although they were not the best under norma condition. Total dry matter is the result of the previous studied characters and it was reduced about 44%. The reduction in these characters caused by water deficiency could be attributed to increasing somatic pressure of the soil solution to a point which restarted or reduced the intake of water resulting in water stress in the plant and decreasing cell division, cell elongation and cell initiation

The data also presented in Tables 1&2 showed significant defrences among genotypes and stress condition in all studied traits, but it was varying from character to another and from line to another.

Stress Tolerance Index (STI):

The value in this study express water deficiency tolerance of any character. In another ward, the highest value is the highest drought tolerance. Data presented in Table (3) showed difference values among lines and among characters. For plant height, the highest values obtained from DHL16and followed by Fido. The data showed that the lowest value obtained form cv Serw4 (48%) while the highest values were obtained from DHL146 and DHL16. Oil content was also affected but less than the other characters, and the highest values obtained from DHL16, DHL46 and Serw4.The STI of 1000-seed weight is not acting similar because the highest seed yielding lines were not recorded the highest values. STI seed yield presented in this study showed that the highest seed yielding lines under stress condition (DHL16and DHL46) recorded the highest STI (53 and 52%).Harvest index did not act the same,while the highest seed yielding genotype did not record the STI of seed yield, the lines Serw 4 and Fido recorded the STI (90 and 88%). The STI of seed yield expressed water deficiency tolerance for all traits, while the highest seed yielding line under the normal condition (HDL52}did not gave the same result under the stress level. In general, the two homozygous diploid lines DHL16 and DHL46 recorded the highest STI of number of branches /pl, Plant height, seed yield kg/ ha. These results proved that there are genetically variation among the lines in agronomic characters and water deficiency tolerance These results were also correspondent with that obtained by Keshta (1998&1999), Thompson (1979), Epstein (1975) and Loof (1975).Table 3: Water deficiency tolerance index of some characters of some rapeseed cultivars and some homozygous diploid lines. 

Conclusions

This study provides, evidence that natural occurring haploid plants could be a rapid source for genetically diversity which could be useful to find genotypes with high drought tolerance in rapeseed. Some homozygous diploid lines tested in this study were similar under the normal irrigation and others were more tolerance to water deficiency and out yielded others under the stress level in yield and yield component. The two homozygous diploid lines (DHL16 and DHL46) characterized with high drought tolerance and early mature, therefore they could be successfully grown better in land affected by water stress. A.O.A.C., (1975). Official Methods of Analysis 10 th ED. Association official Analytical ChemistsWashington Dc., USA, 20044. Epstein, E. (1977) Genetic potentials Genetic potentials for solving problems of soil mineral stress adaptation of crops to Salinity.p. 75-82. Epstein, et al.(1980). Saline culture of crops a genetic approach Science (Washington, DC) 210:258-404. [START_REF] Gomez | Statistical Procedures for Agricultural Research[END_REF].Statistical procedures for agricultural research, 2nd Ed. p. 680.Jhon Wiley and Sons, New York, USA. Keshta, M.M. (1998). Evaluation of some rapeseed genotypes under normal and stress irrigation. treatments. Eigh th Agronomy Conference, Faculty of Agric. Suze Canal Univ.1998 ; Nov., 28-29 Keshta, M.M. and K. Hammad (1999) Evaluation of some rapeseed genotypes in saline soil.Tenth international rapeseed congress, September26- [START_REF] Szot | Method of valuation of rapeseed pod resistance to shatter[END_REF]1999 Canberra, Australia Kingsbury,R. W., and Epstein (1984). Selection for salt-resistant spring wheat. Crop Sci. 24::310-315. Loof, B.(1975), Elitenzuchtung bei Cruciferen -Oipflanzen. Proceeding Fourth International Rapeseed conference. Giessen. West Germany, 1974. pp. 73-77. Norlyn, J.D. andE.Emanuel (1989).Variability in salt tolerance of four triticale lines at germination and emergence. Crop Sci. 24, 109024, -109224, . Tompson, K.F.(1979)): Suprier Performance of two homozygous diploid lines from natural occurring polyhaploids in oilseed rape (Brasica napus). Euphytica 28,[127][128][129][130][131][132][133][134][135]. In these experiments, germination characteristics and growth parameters of three canola varieties were investigated under laboratory and greenhouse conditions respectively. Effects of salinity and priming on germination and growth of canola varieties were also examined. Experiments included three factors: variety (in three levels), salinity (in four levels) and priming (in eleven levels). The statistical design was factorial laid out in completely randomized design and randomized complete block design in laboratory and greenhouse experiments respectively. At first seed of three canola cultivars (SLM046, Okapi and Licord) were primed in five osmotic solutions by polyethylene glycol (PEG) 6000 (-10, -12, -14, -16 and -18 bar) at 12 and 24 hours. Osmotic solutions were made on the basis of Michel and Kaufman (1973) equation. Canola seeds were put on wathman paper in Petri dishes and 5 ml of a specific osmotic solution were added to each Petri dish. Petri dishes were kept in incubator at 25±1oC. Half of seeds were put out from osmotic environment after 12 hours, and the rest after 24 hours. At the end of priming, seeds were washed by distilled water, and were used for germination test in laboratory and for plant vigour test in greenhouse conditions. Then germination tests of control and primed seeds were conducted in four levels of salinity (0, 6, 12 and 18 ds/m). After planting the seeds in the germinator and greenhouse, counting germinated or emergence seeds was done daily for one week in the first experiment and two weeks in the second one and germination percentage, germination index and coefficient of velocity were calculated for first experiment. Other parameters, include length and dry weight of stem and radicle (in first examination) and leaf area, chlorophyll content, plant dry weight, leaf weight ratio, specific leaf area and vigour index (in second examination) were measured.

Result and discussion

Results showed that salinity stress reduced germination percentage (Table 1), germination index, coefficient of velocity and vigour index at early stages of canola growth, at normal and salinity stress in laboratory and greenhouse conditions.

In the first experiment (laboratory condition) salinity stress at the level of 6 ds/m increased stem dry weight, radicle dry weight, seedling dry weight, stem and radicle length, but these parameters were reduced by higher level of salinity, and they became lower than control treatment.

In the second experiment (greenhouse condition), salinity stress decreased plant dry weight, leaf area, chlorophyll content, leaf area ratio, leaf weight ratio and specific leaf area.

Effect of priming on measured parameters in the two experiments was significant. In laboratory conditions, priming in 24 hours increased germination percentage, but this parameter was decreased by 12 hours priming. Priming treatment reduced germination index, stem dry weight, radicle dry weight, seedling dry weight, stem length and vigor index and increased coefficient of velocity and radicle length in compare with control. In greenhouse conditions, priming increased, chlorophyll content, leaf area, leaf weight ratio (in 24 hours priming) and specific leaf area (Table 2), and decreased emergence percentage, emergence index, leaf weight ratio (in 12 hours priming) and vigour index

The positive effect of osmoprimint on many traits in cultivars might be attributed to more negative osmotic potential created by PEG osmopriming. [START_REF] Ghazi | Response of wheat and barley during germination to seed osmopriming at different water potential[END_REF], Bradford (1986) and [START_REF] Artola | [END_REF] reported the same result. [START_REF] Bradford | Seed priming influence on germination and emergence of pepper seed lots[END_REF] believed that osmopriming recovered of metabolical deterioration reaction happened during seed storage. As a general rule seed osmopriming reduced effect of salinity stress in germination and emergency phase. The studies showed that seed hydration in || phase during imbibitions, might be increased reprint DNA, RNA, protein synthesis and availability of ATP [START_REF] Guedes | Germination of lettuce seeds at high temperature after seed priming[END_REF]. Moreover it was suggested that seed priming have important role at recovery of damaged parts of seed and consequently increased vigor [START_REF] Ghazi | Response of wheat and barley during germination to seed osmopriming at different water potential[END_REF]. 

Result and Discussion:

It is clear from the result that cultivar effects were responsible for root/shoot length, seedling dry weight and FGP. Irrigation had significant effect on whole plant, root length, root/shoot ratio, seedling dry weight, hard seed and abnormal seedling. The interaction of less irrigation stages with cultivar showed significant effects on root/ shoot ratio only. Analysis of variance 9 traits for different less irrigation stages and canola cultivars under standard germination test condition presented in Table 1.

Whole plant length: Seeds under less irrigation after padding and less irrigation after seed filling produced the maximum and minimum whole plant length, respectively (Fig. 1). The result of [START_REF] Castillo | In fluence of seed auality chracters on field emergence of garden Peas (Pisum sativum L.) under various sowing conditions[END_REF] on Pisum aestivum and [START_REF] Ram | Relationship betwine seed vigour test and field emergence in chickpea[END_REF] on Cicer arientinum confirmed these results. The result of these studies showed that less irrigation in different stages of plant growth had different significant effect on length of whole plants. Root length: Root length in less irrigation after seed filling and normal irrigation (control) was the lowest and highest, respectively (Fig. 1). Cultivars had significant differences, Licord and Okapi had the highest root length among cultivars (Fig. 3). Generally less irrigation after seed filling decreased length of whole plants and roots and may decrease competition ability. Root / shoot ratio: Less irrigation after padding had the minimum Root / shoot ratio but highest Root / shoot ratio were in normal irrigation (Fig. 1). Licord had the highest root / shoot ratio among cultivars (Fig. 3). The result of [START_REF] Abba | Effect of seed storage temperature andrelative humidity on Mais (Zea mays L) seed viability and vigour[END_REF] as the same results showed that less irrigation cause to decrease root and shoot compare to the normal irrigation. Seedling dry weight: Less irrigation after padding and less irrigation after seed filling produced the maximum and minimum seedling dry weight, respectively (Fig. 2). Among cultivars, Zarfam had the highest seedling dry weight (Fig. 4). The seedling dry weight is important factor for determination seeds vigor and germination [START_REF] Hampton | Potential versus actual seed performancecam vigour testing provides answers[END_REF]Tekrony et al. 1991 andTys andJankowski, 2002). These result showed that less irrigation after seed filling decreased seedling dry weight. Hard seed: Less irrigation after seed filling had the maximum hard seeds (Table 2) and less irrigation in this stage cause to less homogenous field emergence. Hard seed coat may due to drought stress or genetics, in this situation seeds had dormancy (Johnston, 2002). Abnormal seedling: Normal irrigation had the maximum abnormal seedling but less irrigation after seed filling produced the minimum abnormal seedlings (Table 2). Wood stock (1969) declared that some parameter in standard germination such as normal or abnormal seedling, length of whole plant and roots could be use for determination seed vigor that this result confirmed the result of this study. Mean Daily Germination (MDG): Less irrigation after flowering had the most MDG (Table 2). MDG is an important scale for speed germination and vigor seed [START_REF] Hunter | The analysis of germnation tests[END_REF][START_REF] Verma | Electrical conductivity and accelerated agieng techniques for evaluating deterioration in Brassica species[END_REF]. These results showed that good seed had low germination time and high vigor and MDG. Daily Germination Speed (DGS): Less irrigation after seed filing had the most DGS (Table 2) but less irrigation in this stage cause to decrease finally germination. Among cultivars, SLMO46 had the most DGS (Table 3). The result of Del Aquilla and Dituri (1996) on wheat (Triticum aestivum L.) and Santipracha et al. (1997) on maize weren't similar to this result; they declared that less irrigation in wheat and maize cause to decrease DGS. Finally Germination Percentage (FGP): Less irrigation after seed filing had the minimum FGP and had significant differences with other stage (Table 2). Opera had the maximum FGP with significant differences (Table 3). DGS (Day Germination Speed) is time to need for germination a seed when ever reduce it, increase germination speed. This index is contrast MDG.

Experimental Design and Statistical Analyses

All data were subjected to analysis of variance (ANOVA) appropriate to a factorial form on Complete Randomized Design with four replications in 2005. The studied factors were less irrigation at 4 levels (normal irrigation, irrigation until flowering, irrigation until padding and irrigation until seed filing stages) and 6 winter rapeseed cultivars (Orient, Okapi, Licord, SLMO46, Opera and used Zarfam). All experience data were using SAS 9.1 and the treatment means were tested by Duncan Multiple Range (DMR) and drawing picture with Excel 2003.

Result and Discussion:

The analysis variance of data showed that cultivar effects were responsible for FGP (p≤0.01), root/shoot ratio (p≤0.05). Less irrigation had significant effect (p≤0.01) on root length, root/shoot ratio, FGP, hard seed and abnormal seedling (Table 1). The interaction of less irrigation stages×cultivar weren't significant. Analysis of variance 9 traits for different less irrigation stages and canola cultivars under standard germination test condition presented in Table 1.

Root length: Less irrigation after padding and less irrigation after seed filling had the maximum root length (Fig. 1). Among cultivars, SLMO46 and Orient had the longest root (Fig. 4). Result of this study showed that less irrigation cause to increasing root length but length of whole plant decreased. Result of [START_REF] Machado Neto | Evaiuation of naturally and artificially aged seed of phaseolus vulgaris[END_REF] and [START_REF] Bishnoi | Evaluation of seed of three mungbeen cultivars for storability and field performance[END_REF] weren't similar to this study. Root/shoot ratio: Normal irrigation and less irrigation after flowering had the maximum and minimum Root/shoot ratio, respectively (Fig. 2). Among cultivars, Orient and Licord had the most root/shoot ratio (Fig. 5). Less irrigation after flowering increased shoot length and due to decrease root/shoot ratio. Seedling dry weight: Seedling dry weight in less irrigation after flowering was the maximum (Fig. 3). Zarfam, among cultivars produced the most seedling dry weight (Fig. 6). Deceasing dry weight after stress could be related to change contain of nuclear (Verma et al., 1999). [START_REF] Verma | Electrical conductivity and accelerated agieng techniques for evaluating deterioration in Brassica species[END_REF] declared that accelerate aging test cause to decline germination speed, seed vigor and protein content but soluble carbohydrate increased. Mean Time Germination (MTG): Less irrigation after padding and less irrigation after flowering had the highest and lowest MTG, respectively (Table 2). Less irrigation after padding increased MTG of seeds (Johnston et al., 2002). Mean Daily germination (MDG): Less irrigation after flowering had the most MDG (Table 2) and among cultivars, Zarfam had the maximum MDG (Table 3). Daily Germination Speed (DGS): Less irrigation after padding had the most DGS but they had no significant differences (Table 2). Less irrigation after padding caused to increased germination speed may due to test condition. Finally Germination Percentage (FGP): In accelerate aging test, the seeds that produced under less irrigation after flowering had the most FGP (Table 2) and Zarfam, among cultivars had the maximum FGP (Table 3). Abnormal seedling: Less irrigation after flowering in accelerate aging test had the most abnormal seedling (Table 2). This result was the same results of Machado and Takaki (2001). The most abnormal seedling produced by Zarfam cultivar (Table 3). Hard seed: Hard seed in accelerate aging test affected by less irrigation and less irrigation after padding had the maximum hard seed (Table 2). Among cultivars, SLMO46, Okapi and Zarfam had the lowest hard seed (Table 3).

Conclusion

Generally less irrigation caused to decreased root/shoot ratio. Root/shoot ratio is the most important trait for competition among plants. Less irrigation after flowering increased abnormal seedling; less irrigation after padding increased MTG and Hard seed but declined FGP. Among cultivars, Zarfam and Orient were the best in less irrigation under accelerate aging test.
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