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Cytoplasmic variability in androgenetic doubled
haploid lines of triticale

Gilles CHARMET Fernand VEDEL Michel BERNARD, Sylvie BERNARD Chantal MATHIEU

LN.R.A., Station d’Amelioration des Plantes, F 63039 Clermont-Ferrand
(*J C.N.R.S., Laboratoire de Photosynthese, F 91190 Gif sur-Yvette

SUMMARY The aim of this investigation is to establish if cytoplasmic alterations could be responsible for the reduction of
growth vigour and low grain yield observed in certain doubled haploid lines of hexaploid triticale obtained via
in vitro androgenesis.
Study of a complete 9 x 9 diallel cross involving androgenetic lines and control lines on both Triticum
aestivum and T. timopheevi cytoplasm showed that :
- maternal effects were non significant for 9 out of 16 quantitative characters analysed following the
GRtFFtrrc model ;
- when there were maternal effects, the androgenetic lines did not show any particular behaviour compared
with the control lines, except for the green regeneration rate of androgenetic embryos.
Mitochondrial DNA analysis by electrophoresis of restriction fragments after cleavage with 6 enzymes did
not show any difference between androgenetic lines and control lines on T. aestii,iiii7 cytoplasm.
Cytoplasmic variation cannot therefore be the main explanation for the altered phenotypes observed on some
androgenetic lines of hexaploid triticale.

Additional key words : x Triticosecale, doubled haploids, variants, mitochondrial DNA.

RÉSUMÉ Recherche d’une variabilité cytoplasmique chez des lignées haploides doublées androgénétiques de
triticale.

On a recherché si d’éventuelles modifications cytoplasmiques pouvaient être responsables de la baisse de

vigueur végétative et d’un faible rendement en grain de certaines lignées haploïdes doublées obtenues par
androgenèse in vitro chez le triticale hexaploïde.
L’étude d’un croisement diallèle complet de taille 9 x 9 réalisé entre des lignées androgénétiques et des lignées
témoins sur cytoplasme de Triticum aestivum ou de T. timopheevi montre que :
- Les effets maternels ne sont pas significatifs pour 9 des 16 caractères quantitatifs analysés selon le modèle
de Ga!FFiNC.
- Lorsque des effets maternels existent, on n’observe pas de comportement particulier des lignées
androgénétiques par rapport aux lignées témoins, sauf pour le taux de régénération in vitro.
L’analyse des ADN mitochondriaux par électrophorèse des fragments de restriction obtenus après hydrolyse
par 6 enzymes différents ne montre aucune différence entre les lignées androgénétiques et les lignées témoins
sur cytoplasme de T. aestivum.
L’hypothèse de variations cytoplasmiques ne semble pas devoir être privilégiée pour expliquer les phénotypes
inhabituels observés sur certaines lignées androgénétiques de triticale.

Mots clés additionnels : x Triticosecale, haploides doublés, variants, ADN mitochondrial.

I. INTRODUCTION

Many cases of « somaclonal variation » have been
observed after regeneration from in vitro culture of
somatic tissues, protoplasts or anthers in higher plants
(LARKIN & SCOWCROFT, 1981 ; SUN et al., 1983 ;
LARKIN et al., 1984). Various examples of variation
following in vitro androgenesis have also been
described especially in tobacco (OINUnIA & YOSHIDA,
1974 ; BURK & MATZINGER, 1976 ; DEATON et Cll.,

1982), rice (OONO, 1975 ; SCHAEFFER, 1982) or wheat
(PICARD et al., 1978). Several hypotheses have been
suggested to explain these phenomena (BROWN &

WERNSMAN, 1982) :

1) dispersion of residual heterozygosity which can
remain even in advanced lines ;

2) genomic modifications during in vitro culture

affecting the number and/or the structure of chromo-
somes ;



3) cytoplasmic alterations which could have a direct
effect or influence the regulatory systems for nuclear
gene expression ;

4) modifications of the regulatory systems by dere-
pression of genes, deletion or amplification of highly
repetitive sequences of DNA.

Many authors have suggested that the cytoplasm
could be responsible for certain variations found in
plants regenerated through anther or somatic tissue
cultured in vitro : SIBI (1976) for colour and aspect of
lettuce leaves, KOUADIO (1979) for biometric
characters and growth dynamism in rice, SAN NOEUM
& AHIVtADt (1982) for precocity and vigour in barley,
BROWN & WERNSMAN (1982) for plant height in
tobacco. The variants obtained in these cases do show
a maternal effect when crossing on the characters
considered above. More recently MA’rzINGER & BURK

(1984) reported changes in a cytoplasmically con-

trolled character following anther culture in tobacco.
Hereditary modifications of cytoplasmic genetic

information may have two origins : either changes
in chloroplast DNA (ct DNA) or mitochondrial DNA
(mt DNA) sequences by mutation, deletion, insertion
or deletion of a transposable element or else a drift in
mt DNA populations under the effect of a selection
pressure resulting from in vitro culture conditions.
An example of cytoplasmic variation has been

extensively studied in in vitro culture of maize :
GENOENSacH et al., (1981) have pursued the analysis
of mt DNA from plants regenerated by in vitro cul-
ture of scutellum implants of Texas male sterile maize
in the presence of toxine from Drechslera rrtaydis race
T (specific to the Texas cytoplasm). Most of the

plants were both resistant and male fertile, and
showed restriction fragment patterns of mt DNA dif-
ferent from those of the classic cytoplasms N and T.
Similar results were found in fertile and sterile maize

plants derived from tissue culture of maize (T cyto-
plasm) without T toxin (KEMBLE et al., 1982). Specific
mitochondrial gene products are also modified

(DIXON et al., 1982). In another case, CHOUREY &
KEMBLE (1982) have described a specific type of
mt DNA variation which is correlated with friable cal-
lus morphology in maize cultured in vitro : this varia-
tion was restricted to the plasmid like DNA species
S 1 and S 2 and presumably arose from transpositio-
nal events. These observations confirm that cytoplas-

mic modification may occur during in vitro culture,
with or without a specific selection pressure.

It has been shown that the mt DNA of higher
plants is often organized into several discrete size
classes of linear or circular molecules (QUETIER &

VEDEL, 1977 ; LEVtN!s et al., 1979). It can be

suggested that these heterogeneous populations of
mt DNA molecules are subject to drift during in
vitro culture. Moreover, it has recently been proved
that different circular forms of mt DNA molecules
can recombine together across a common repeat
element (LoNSDALE et al., 1983 ; FALCONNET et al.,
1984 ; PALMER & SHIELDS, 1984). The last authors
have put forwards the hypothesis that cytoplasmic
modifications during in vitro culture may result from
secondary recombination processes which normally
occur at very low frequency in native plant tissues but
which are intensified when plant cells are cultured
in vitro.

The aim of this study is to investigate possible
cytoplasmic alterations in five androgenetic lines of

hexaploid triticale (x Triticosecale Wittmack) pre-
viously obtained (BERNARD, 1977, 1980) by biometri-
cal analysis on a diallel cross and electrophoresis of
mt DNA restriction fragments.

II. MATERIAL AND METHODS

A. Genetic analysis

A complete diallel cross was made using the
following lines of hexaploid triticale (their main
agronomic characteristics are summarized in table 1).
- 5 doubled haploid lines, AN1 to AN5, obtained

by in vitro androgenesis from 4 Fl hybrids between
hexaploid triticale lines of diversified origins (AN1
and AN3 are sister lines issued from the same Fl
plant). AN1, AN2 and AN3 have unexpected pheno-
types in relation to the original material : they are fairly
short, with poor growth vigour, reduced fertility, shri-
velled kernels and therefore a low grain yield. AN4 and
AN5, however, show phenotypes which correspond to
those of their parents and have a satisfactory grain
yield ;



- 4 lines, GE6 to GE9, produced by ’classical’

pedigree selection. GE6 is an F7 line from a cross
between a Danish octoploid and a hexaploid triticale ;
in spite of good growth vigour, this line is low

yielding. GE7 is an F6 line from a triticale x bread
wheat cross, of good agricultural value. GE8 is an

isogenic line of an American variety (Fas Gro)
transfered to the cytoplasm of Triticum limopheevi by
Y. CAUDERON. This line which has a cytoplasm very
different from that of the other lines (Triticum aesti-
vum) can thus be used as a control. GE9 is a commer-
cial line, ’Triton’, with a Mexican genetic back-

ground. It is short, early, spring type and cold sen-
sitive.

All the F1’s and parents of the diallel were put on

trial in 1982-83, following a factorial design so that
each of the two locations contained two randomised

replications :
- Clermont-Ferrand : 330 m in altitude, isohumic

deep clay soil, a semi-continental climate with low

rainfall (600 mm/year). Sown 12 November 1982 ;
- Bourg-Lastic : 60 km to the west of Clermont-

Ferrand, altitude 860 m, acid brown sandy soil with
low water retention, mountain climate fairly rainy
1 200 mm/year) with frequent snow. Sown 30 Sep-
tember.

Each plot consisted of three 1 meter long, 0.2 m
spaced rows with 8 seeds per row (sowing density of
40 grains/m2), and a space of ^0.4 m between the

plots. Fourteen quantitative characters were measured
in the field or after harvest (August 1983), mostly for
the two places (CF-BL) but some only at Clermont-
Ferrand (CF), others only at Bourg-Lastic (BL) :

(1) Winter hardiness (BL) : in o70 of plants winter
surviving.

(2) Heading date (CF) : number of days after that
of ’Triton’, the earliest variety.

(3) Susceptibility to brown rust (Puccinia recondita)
(CF-BL) : visual score from 1 = no attack, to 9.

(4) Susceptibility to glume blotch (Septoria nodo-
rum) on leaves (CF-BL) : score 1-9.

(5) Susceptibility to glume blotch on ears : 070 of
spikelets infected.

(6) Plant height in cm (CF-BL) measured in the
plot.

(7) Number of spikelets per main ear (CF-BL) :
10 counts per plot.

(8) Flag leaf area in cm2 (CF) calculated by
S = 0.79 L x I where L and I are the length and
maximum width respectively, according to SIMPSON
(1968) : 5 measurements per plot.

(9) Tillering (CF-BL) : number of fertile tillers per
plot.

(10) Grain yield (CF-BL) : in g of dry grain per
plot.

(11) 1 000 grain weight (CF-BL) in g, measured on
250 grains.

(12) Mean grain number per ear (CF-BL) :
(12) = (10)/(11) x (9).

(13) Test weight (CF-BL) in kg/hi, measured on
100 ml of grain.

(14) Protein content (CF) = content of N (Kjel-
dahl) x 6.25.
We have also added the results from the study of

two characters concerning in vitro androgenesis
responsiveness carried out on a sub-diallel 7 x 7 of
the previous diallel cross (parents : AN1, AN2, AN3,
AN5, GE6, GE7 and GE8) during spring 1983 :
the experimental design consisted of 3 greenhouse
replications and two culture media, one solidified with
agar, the other liquid (CHARMET & BERNARD, 1984) :

(15) Embryogenesis : number of embryos per 100
anthers cultivated.

(16) Regeneration : number of green plantlets
per 100 embryos transferred to the regeneration
medium.

The original data for characters 1, 5, 15 and 16

were transformed by the Arcsin Jk function in order
to normalize the distributions. The set of data was
then treated with GRIFFING’S Model 1 (fixed effects)
Method 1 (complete diallel) analysis (GtttFFiNC, 1956).
The computer programme consists of an analysis of

variance on the factorial trial (or ’block’ trial for
some characters) followed by the breakdown of the
genotypic variance into variances related to :
- General Combining Ability (GCA).
- Specific Combining Ability (SCA).
- Reciprocal effects.

with a FISHER F test of their significance.
The effects linked to the parents (GCA and general

reciprocal effects or ’maternal’ effects) and to the
combinations (SCA and specific reciprocal effects)
were then calculated from the original data and tested
for their significance.

B. Analysis of mitochondrial DNA (mt DNA)

The isolation of mitochondria (from about 100 g of
fresh etiolated seedlings), the extraction and purifi-
cation of mt DNA, their hydrolysis by restriction

endonucleases, then the electrophoresis on agarose
gels of the fragments obtained were carried out

following the protocol already described by VEDEL &

QUETIER (1978). The gels were photographed under
U.V. light after ethidium bromide staining.
The analysis concerned 5 androgenetic lines : AN1 1

to AN5 as well as line GE6 (of poor agricultural
value) and the bread cv ’Capitole’. We have not

repeated the analysis of the mt DNA of T. timo-

pheevi, already known to have restriction diagrams
very different from those of T. aestivum (VEDEL et
al., 1981).
The 6 following restriction endonucleases were

used : Eco RI, Bgl I, Sal I, Kpn I, Pst I and Sma I.
The fragments resulting from the digestion of X phage
DNA by Eco RI have been added as molecular

weight markers. The extraction for the line AN4 was
not good, so the diagrams for Eco RI and Bgl I were
not carried out and are only faintly discernible for
the other enzymes. Only AN2, AN3, AN5 and

’Capitole’ were analyzed with Sma I.

III. RESULTS

A. Biometrical study

Table 2 presents the results of the variance analysis
carried out on the factorial design or on a block trial.



Genotypic effects were always significant, although
for some characters the coefficients of variation indi-
cate a fairly bad precision of the trials.

Table 3 shows the breakdown of the genotypic
variance, according to GRIFFING’S model, into variance
related to the GCA, variance related to the SCA and
variance related to Reciprocal Effects (R.E.). Their

significance was tested in relation to the residual
variance.

Account has also been taken of the GCA/SCA
mean squares ratio, a high value of which indicates a
preponderance of additive effects in the genetic
control of the character considered.

We were particularly interested by the part of the
genotype variance which could be explained by reci-

procal effects, i.e. general reciprocal effects or mater-
nal effects (MAT) and specific reciprocal effects.

In 9 out of 16 cases, reciprocal effects were not signi-
ficant. It could therefore be concluded that there was
no cytoplasmic influence on the genetic control of
character n°s 2, 3, 4, 5, 7, 8, 11, 13 and 14. For the
7 characters exhibiting significant reciprocal effects,
table 4 shows the values of the GCA and the
General Reciprocal effect or ’maternal effect’ (MAT)
of each of the 9 parents (7 for the traits concerning
in vitro androgenesis). The maternal effect values were
often greatly inferior to the GCA values, which

represent the part of additive gene action in deter-

mining the character considered. Examining character
by character the MAT values and their distribution



among androgenetic lines and pedigree lines, it can be
seen that :

- for winter hardiness, line GE7 only, obtained by
pedigree selection, showed a significant, positive mater-
nal effect ;
- for plant height, two androgenetic lines showed

significant maternal effects. AN5 had a positive effect
and AN3 a negative one, but their values were low
compared to the GCA value of AN3 ;
- for fertile tillering and grain yield (these two

variables are positively correlated), two doubled

haploid lines, AN1 and AN5 showed a positive mater-
nal effect, whereas lines GE6 (on T. aestivum cyto-
plasm) and GE8 (on T. timopheevi cytoplasm) had a
negative maternal effect, as did also GE9 on tillering ;
- for ear fertility, only line AN5 had a significant,

negative maternal effect, which was related to the posi-
tive maternal effect on tillering ;
- for in vitro embryogenesis, only GE8, on T.

timopheevi cytoplasm showed a significant, positive
maternal effect ;

- for green plant regeneration, AN1 had a negative
maternal effect and AN3 a positive, highly significant
one.

Table 5 recapitulates, for each character, the

number of combinations involving each parent that
showed significant specific reciprocal differences. The
distribution of these specific reciprocal effects seemed
random, except for the combinations involving GE8
as female parent that were superior to their reciprocal
on in vitro embryogenesis. The 5 androgenetic lines did
not present a particular behaviour which could be
attributed to nucleocytoplasmic interactions : none of
them were involved more frequently than pedigree
lines in combinations showing reciprocal effect, nor did
they systematically present positive or negative signs.

B. Analysis of mitochondrial DNA

The electrophoretic diagrams on agarose gels of mt
DNA restriction fragments obtained with the Sal I,
Kpn I, Pst I, Eco RI, Bgl I and Sma I enzymes from



the 5 androgenetic lines and two controls (GE6 and
the bread wheat ’Capitole’) are presented in figures I
and 2.

The 5 androgenetic doubled haploid lines showed
restriction patterns exactly the same as those of the
controls for each of the 6 endonucleases tested. The



same bands were present on each diagram and,
moreover, there was no evidence for change in the

stoichiometry of any restriction fragment.

IV. DISCUSSION AND CONCLUSION

Cytoplasmic modifications in androgenetic lines of
triticale were investigated through diallel analysis
because cytoplasmic effects could lead to differences
between reciprocal hybrids for quantitative characters.
The alien cytoplasm of T. timopheevi has a general
reciprocal effect on two groups of characters :
- fertile tillering and grain yield, for which the

effect of alien cytoplasm is negative. It is to be noted
that another line, GE6, on T. aestivum cytoplasm,
also shows a significant maternal effect ;
- in vitro embryogenesis, with a positive effect,

already observed by PICARD et al. (1978) in

alloplasmic lines of bread wheat.

For these same characters, the maternal effects of
the androgenetic lines are either non-significant
(embryogenesis) or positive, as in the case of AN and
AN5 for tillering and grain yield. The improved
androgenetic behaviour observed for the same androge-
netic lines created during a previous cycle of anther cul-
ture (PtcARD et al., 1978) was not found in our

study. It is also difficult to explain the deficiency of
androgenetic lines AN1, AN2 and AN3 by cytoplas-
mic alterations, since on the contrary, the general
reciprocity effects (maternal effects) shown, when

significant, were positive. The maternal effects found
on plant height for AN3 and AN5 were low compared
to the GCA values and only significant at the 5 070
level.

It has been verified that possible cytoplasmic
variation affecting androgenetic lines could be

expressed as a specific interaction with a given nuclear
genotype, leading to the appearance of a specific
reciprocal effect. It is thus clear that the cytoplasm of



androgenetic lines is not modified uniformly by in
vitro anther culture. If some variations exist, they do
not confer to these lines unfavourable maternal
effects on vigour or improved responsiveness to

anther culture. The « variant » characters (short
height, shrivelled grains and reduced yield) observed
in some androgenetic lines cannot therefore be
attributed in our study to cytoplasmic variations.
A particular mention must be made of green

plantlet regeneration from androgenetic embryos : the
AN3 line showed a positive maternal effect, signifi-
cant at 1 %, and AN1 had a negative maternal effect
significant at the 5 070 level. If these maternal effects
are to be effectively ascribed to a cytoplasmic
influence, it should be concluded that ANI and AN3
show differences in the genetic constitution of their
cytoplasm. Since they originate from the same Fl

plant, this implies an effect of in vitro culture on

cytoplasm : the possible cytoplasmic alteration could
involve the mitochondria or more likely the chloro-
plasts. Indeed most of the androgenetic plantlets of
triticale are albinos, and the green/albino plantlets
ratio explains most of the variation between geno-
types in level of green regeneration.

Studies on rice have shown that the albinism of

androgenetic plants could be caused by chloroplast
DNA alterations (SUN et al., 1979).
Except for this case, which needs to be confirmed

by more analyses (those reported here are not very
precise because of the non-gaussian distribution and
the high value of the coefficient of variation for green
plant regeneration), the androgenetic lines did not

show a particular behaviour in diallel cross as regards
general and specific reciprocal effects.
The analysis of mitochondrial DNA by restriction

fragment electrophoresis confirmed the biometric

analysis and the cytoplasmic stability of androgenetic
lines. It is however necessary to state that mt DNA

analysis by the restriction enzymes method only per-
mits the discovery of fairly large alterations, which
considerably change the molecular weight of a frag-
ment. This method also enables the visualisation
of point mutations taking place inside a restriction
site. But, from this point of view, the coverage of the
mitochondrial genome is not at all correct : if we
consider an average of 50 restriction sites per enzyme,
with an average length of 6 base pairs, about 300 base
pairs are ’covered’ per enzyme, i.e. less than 2 000 bp
with the 6 endonucleases used, only about 0.3 %

of the total length of the mitochondrial genome of T.
aestivum estimated at 588 000 base pairs (DELORME,
1983).
The similarity of two restriction patterns, even with

several enzymes, does not allow one to affirm that the
totality of mt DNA sequences are identical : the

possibility of point mutations occurring on mt DNA
outside the restriction sites cannot be excluded. It is
however unlikely that major modifications of mt
DNA like insertion or loss of a transposable element
occur frequently during in vitro anther culture of
triticale.
On the other hand, perturbations in the frequency

of recombination between specific sites during in vitro
culture could lead to changes in the steady-state level
of particular alternative forms of mt DNA molecules,
which might then be reflected in a quantitative change
in the stoichiometry of certain restriction fragments
(BORCK & WALBOT, 1982 ; Mc NAY et al., 1984). But
we did not find such modifications in any electro-

phoretic diagram. The mt DNA of the doubled
haploid lines of triticale is thus apparently stable.

Chloroplast DNA of both green and albino andro-
genetic plants will be analysed in further studies.

No cytoplasmic factors have been found which can
satisfactorily explain reduced vigour and low

productivity of certain doubled haploid lines of
triticale obtained from in vitro androgenesis. There is
no evidence of a particular behaviour of these lines in a
complete diallel cross as regards the reciprocal effects
on quantitative characters. Restriction fragment
analysis of mt DNA confirms this cytoplasmic sta-

bility. Although these results obtained from only 5

androgenetic lines cannot be generalized, cytoplasmic
variations presumably resulting from in vitro anther
culture do not seem to occur frequently in triticale.

It would therefore seem necessary to consider other

hypotheses than that of cytoplasmic variation to explain
the phenomena of loss of vigour and productivity
sometimes observed in androgenetic doubled-haploid
lines : chromosome rearrangements (Mc Coy et al.,
1982), nuclear mutations, modifications of nuclear

gene redundancy, mainly in highly repetitive sequences
such as those coding for ribosomal RNA (DE PAEPE et

al., 1982, DHILLON et al., 1983).

Reçu le 28 août 1984.
Accepte le 30 mars 1985.
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