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Abstract    
Melon (Cucumis melo L.) is widely considered as a recalcitrant species for genetic 

transformation. In this study, we developed different regeneration and transformation 

protocols and we examined the regeneration process at different steps by histological studies. 

The highest regeneration rate (1.13 ± 0.02 plants per explant) was obtained using cotyledon 

explants of the ‘Védrantais’ genotype on Murashige and Skoog (MS) medium supplemented 

with 0.2 mg/l 6-benzylaminopurine (BAP) and 0.2 mg/l dimethylallylaminopurine (2-iP). 

Agrobacterium tumefaciens-mediated transformations with the uidA reporter gene were 

realized on cotyledon explants cultivated in these conditions: 70-90% of explants expressed a 

transient GUS activity during the early stages of regeneration, however, only few transgenic 

plants were obtained (1.8-4.5% of stable transformation with the GV2260pBI101 strain). 

These results revealed a low capacity of melon GUS-positive cells to regenerate transgenic 

plants. To evaluate the influence of the Agrobacterium infection on plant regeneration, 

histological analyses were conducted on explants 2, 7, 15 and 28 days after co-culture with 

the GV2260pBI101 strain. Genetic transformation occurred in epidermal and sub-epidermal 

cells and reached the meristematic structures expressing a high level of GUS activity during 

14 days of culture; but after this period, most of the meristematic structures showed 

premature cell vacuolization and disorganization. This disruption of the GUS-positive 

meristematic areas could be responsible of the difficulties encountered to regenerate melon 

plants after genetic transformation. 

 
Keywords:  Cucumis melo  L.  .  Agrobacterium tumefaciens  .  Genetic 

transformation .  NptII  and uidA genes 
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Introduction   

 

Cucumis melo L. is one of the main species within the Cucurbitaceae. Other species in the 

family include, i.e., cucumber, watermelon, and squashes. They represent the second group of 

horticultural species after the Solanaceae and they have been the subject of intense breeding 

and research since the seventeenth century. Melon is widespread in the world with a large 

genetic diversity in cultivated and wild genotypes. It is a diploid species, with n = 12 

chromosomes and a relatively small genome, with an estimated size of  450 Mbp. Melon plant 

breeding has been done by traditional hybridization techniques, but development of new 

cultivars with high levels of disease resistance, flavour and sweetness is still required. 

Genomic tools exist for this species and plant biotechnology can be used to introduce genes 

and transfer novel characteristics for breeding or functional validation of candidate genes 

involved in horticultural traits. The two major pre-requisites for genetic transformation 

through Agrobacterium tumefaciens are the availability of a reliable plant regeneration system 

and a suitable method for transformation. Since the first report of successful transformation of 

melon (Fang and Gumet 1990), more than 40 in vitro melon regeneration protocols have been 

described on a wide range of melon cultivars, using organogenesis or somatic embryogenesis 

pathways (Guis et al. 1997, 2000; Ezura et al. 2000; Kintzios et al. 2002; Yalcin-Mendi et al. 

2004; Akasaka-Kennedy et al. 2004; Castelblanque et al. 2008). However, several biological 

and physical factors affect the efficiency rate and melon regeneration remains difficult and 

highly dependent of the genotype (Galperin et al. 2003; reviewed by Pech et al. 2007; Nunez-

Palenius et al. 2008) and the explants source (Guis et al 2000). Morphological abnormalities, 

such as the presence of meristematic protuberances that fail to develop into normal shoots or 

plantlets without apical dominance, are frequently observed (Gaba et al. 1999; Liborio Stipp 

et al. 2001). Explants origin affects the ploidy level of the plants regenerated from melon 

tissue culture and high frequency of tetraploid regenerants is a common phenomenon 

(Adelberg et al. 1994; Nunez-Palenius et al. 2008).  

Melon transformation has been successfully obtained with reporter genes (Fang and 

Grumet 1990; Gray et al. 1995; Akasaka-Kennedy et al. 2004) and several plant traits, such as 

virus resistance (Fang and Grumet 1993; Yoshioka et al. 1993; Gonsalvez et al. 1994; Fuchs 

et al. 1997; Huttner et al. 2001; Yalcin-Mendi et al. 2004; Gaba et al. 2004 ; Wu et al 2010), 

salt tolerance (Bordas et al. 1997) and long fruit shelf life (Ayub et al. 1996; Ezura et al. 

1997; Silva et al. 2004; Curuk et al. 2005; Papadopoulou et al. 2005; Nunez-Palenius et al. 

2006) have been incorporated into different melon types or into other Cucurbitaceae (Han et 

al. 2005; Ntui et al. 2010). Transformation capacity varies widely according to the cultivar 
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and the target explants and false positive regenerants are commonly obtained (Guis et al 

1997). Even if some exceptional results were reported with particular genotypes (Galperin et 

al. 2003; Nunez-Palenius et al. 2006), transformation efficiency remains relatively low, and 

generally ranged from 0.7 to 3% (Gaba et al. 1992; Bordas et al. 1997; Guis et al. 2000; 

Akasaka-Kennedy et al. 2004; Yalcin-Mendi et al. 2004; Curuk et al. 2005; Castelblanque et 

al. 2008) and can reach 7% (Fang and Grumet 1990). However, environmental and hormonal 

requirements for melon regeneration continue to be poorly understood and developing simple 

and routine procedures to regenerate and transform all melon genotypes is still challenging. 

Essential steps to be optimized are the regeneration capability of explants, the efficiency of 

cell transformation and the efficiency of plant regeneration from transformed cells. 

 

In the present investigation, we evaluated the regeneration efficiency of different melon 

genotypes on two culture media in order to determine which combination provides the highest 

regeneration rate. We studied the effect of different Agrobacterium strains on the regeneration 

capability of the transformed plants and we observed, by histological analysis the 

development of transgenic cells during organogenesis from early stages after Agrobacterium 

exposure. 

 

Materials and Methods 

 

Plant material  

 
Twelve distinct and unrelated genotypes of C. melo were used in this study: a Charentais type 

line ‘Védrantais’ (Vilmorin release), a hermaphrodite line of an Oriental type ‘Paul’ (Martin 

et al. 2009) and ten other genotypes from different botanical groups (cantalupensis, 

chandalak, reticulatus, inodorus and chate) and geographical origins (France, Bulgaria, 

Brazil, Russia, China, USA, Turquey and Italy). Seeds were sterilized 30 s in 70° alcohol and 

rinsed thrice with sterile water. Seeds were manually peeled to remove the seed coat and 

surface-sterilized in 2.5 % calcium hypochlorite containing 0.1 % tween 20 for 5 min and 

rinsed with sterile water. The sterilized seeds were placed on Murashige and Skoog (MS) 

medium (Murashige and Skoog 1962) at 28°C in the dark for 4 days and then at light under a 

16-h photoperiod provided by cool-white fluorescent lamps (60 µE/m2 per s photon 

irradiance) at 26-28°C. 
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Plant regeneration 

 

Cotyledons and young leaves, from 4 and 13 days-old seedling respectively, were used as 

explants for shoot regeneration. They were cut transversely in four equal pieces and placed on 

two different regeneration media: MS medium with 0.2 mg/l 6-benzylaminopurine (BAP) and 

0.2 mg/l dimethyl-allylaminopurine (2-iP) (Guis et al. 2000) or MS medium with 1.12 mg/l 6-

benzylaminopurine (BAP), 0.88 mg/l indole-3-acetic acid (IAA) and 0.26 mg/l abscisic acid 

(ABA) (Yalcin-Mendi et al. 2004). Explants were sub-cultured every 2 weeks on fresh 

medium. Regenerated shoots were excised, transferred on elongation medium [MS medium 

with 0.2 mg/l BAP and 0.1 mg/l gibberellic acid (GA3)] during 2-3 weeks and placed on MS 

medium free of hormones for rooting. All media were supplemented with 30 g/l sucrose, 7 g/l 

Bacto agar (Difco Laboratories) and the pH was adjusted to 5.7 before autoclaving (120°C, 20 

min). Plant regeneration and development were conducted in a growth chamber under a 16-h 

photoperiod provided by cool-white fluorescent lamps (60 µE/m2 per s photon irradiance) at 

26-28°C.  

 

Agrobacterium inoculation and plant transformation  

 
Different A. tumefaciens strains were used for the transformation of melon cotyledon 

explants: two C58 strains (AGL-1 and GV2260 containing the binary vector pBI101) and a 

TiAch5 strain (LBA4404 with the binary vector pBI121) harboring the uidA reporter gene 

and the selectable kanamycin resistance NptII gene under control of the CaMV 35S promoter. 

The different Agrobacterium strains were grown overnight in Luria-Bertani (LB) medium 

(pH 7.5) with 50 mg/l kanamycin, 50 mg/l rifampycin (for LBA4404pBI121) and 

supplemented with 50 mg/l ampicillin (for AGL-1pBI101 and GV2260pBI101). After 

centrifugation (10 min at 5,000 rpm at 4°C) the Agrobacterium suspensions were adjusted at 

OD600: 0.3 (106-108 bacteria/ml) with MS medium containing 200 mg/l KH2PO4, 0.9 mg/l 

thiamin and 39 mg/l acetosyringone. Cotyledon explants were immersed in the 

Agrobacterium suspension for 20-30 min with orbital shaking (50 rpm) at 28°C. Explants 

were blotted onto sterile filter paper to remove the excess of bacterial suspension, transferred 

to regeneration medium (MS medium with 0.2 mg/l BAP, 0.2 mg/l 2-iP) containing 100µM 

acetosyringone for a 48-h co-cultivation period at 28°C in the dark. Subsequently, the 

explants were rinsed thrice in sterile water, blotted dry and transferred to selective 

regeneration medium (MS medium with 0.2 mg/l BAP, 0.2 mg/l 2-iP, 225 mg/l timentin and 

100 mg/l kanamycin) and cultured under a 16-h photoperiod at 26-28°C. Explants were sub-
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cultured on fresh medium every 2 weeks and shoots were excised and transferred to 

elongation medium (MS medium with 0.2 mg/l BAP and 0.1 mg/l GA3) supplemented with 

the same antibiotics during 2-3 weeks. Developed plantlets were placed on MS medium free 

of hormones for rooting. GUS-positive plants were transferred into soil and cultivated under a 

confined greenhouse.  

 

Histochemical GUS assay  

 

GUS expression was assessed on explants or on young leaf of the plants regenerated after 

transformation with the different Agrobacterium strains by performing histochemical assays 

as described by Jefferson et al. (1987).  

 

Histological studies 

 

Histological analyses of the organogenesis process were realized at different dates (2, 7, 14 

and 28 days) by cytological observations on 5 GUS-positive explants infected by 

GV2260pBI101 and 5 non-inoculated explants as control. Explants were immersed in a cold 

fixative (formalin-acetic acid-ethanol at 1:1:8 V/V/V) during 48h at 4°C (Aarrouf et al. 

2008), rinsed in distilled water, dehydrated in ethanol series (25-50-70-85 and 100%) and 

embedded in methacrylate resin (Kit Technovit 7100, Wehrheim, Germany). Sections (3 µm 

thickness) were serially cut with a retraction microtome, collected on microscope slides, 

colored with toluidine blue and observed with a light microscope. The photographic images 

were captured using an automatic camera.  

 

Detection of the uidA and NptII reporter genes by polymerase chain reaction  

 

Genomic DNA was extracted from young leaf tissue of putative transgenic melon plantlets 

following the method of Fulton et al (1995). The presence of the transgene was checked by 

PCR using specific primers of the uidA gene (forward primer: 5’-

AACTGGACAAGGCACTAGCG-3’ and reverse primer: 5’-

CACCGAAGTTCATGCCAGTC-3’; melting temperature 62°C) and specific primers of the 

NptII gene (forward primer: 5’-CCGGCTACCTGCCCATTC-3’ and reverse primer: 5’-

GCGATAGAAGGCGATGCG-3’; melting temperature 53°C). PCR were performed in 25 

µL reaction volume containing 2 ng DNA, 1 x PCR reaction buffer, 1.5 mM MgCl2, 0.08 mM 

dNTP mixture, 0.4 µM of each primer, 0.5 unit of Taq DNA polymerase (Go Taq Promega) 
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and distilled water. The mixtures were transferred to a thermo cycler for amplification 

adopting the thermal profile: 4 min at 94°C and 30 cycles at 94°C for 30 s, annealing at 

melting temperature for 1 min, and synthesis at 72°C for 45 s, followed by a final extension at 

72°C for 10 min. The amplified PCR products (1,200 pb for the uidA gene and 400 pb for the 

NptII gene) were subjected to electrophoresis in a 1% agarose gel (Tris-acetate-EDTA buffer 

pH 8.0) for 45 min at 100 volts and visualized by ultraviolet light after immersion 20 min in 

ethidium bromide solution.  
 

Ploidy estimation 

 

The ploidy level of regenerated plants was determined by flow cytometry and confirmed by 

phenotypic characteristics. Crude samples of nuclei were prepared from the leaves of 

acclimatized plants chopped in 1 ml of DAPI and filtered according to the method of 

Galbraith et al. (1991). The DNA content of the isolated nuclei was analyzed with a flow 

cytometer (Partec) calibrated from the nuclei of young leaves of diploid plants obtained from 

seed. The noise signals derived from subcellular debris were eliminated by gating. The 

isolated populations of plant nuclei gave characteristic peaks of fluorescence emission, the 

lowest peak corresponding to 2C nuclei, and the other peaks representing 4C and 8C nuclei. 

Ploidy level of the transgenic plants was confirmed by phenotypic observations of plants 

cultured in a confined greenhouse. According to Ezura et al. (1992) and Nugent (1994), the 

phenotype of tetraploid melon plants is characterized by having large male and hermaphrodite 

flowers, protruding stigmas, low fertility, thickened leaves, short internodes and round seeds.  

 

Results 

 

Effect of genotype, explants source and culture medium on plant regeneration 

 

Independent experiments of regeneration were completed to investigate the effect of 

genotype, explants source and culture medium on regeneration efficiency. Leaf and cotyledon 

explants from the two genotypes ‘Védrantais’ and ‘Paul’ were cultivated on two media 

described by Guis et al. (2000) and Yalcin-Mendi et al. (2004) respectively, with 70-220 

explants for each genotype/explants source/medium combination. The percentage of plant 

regeneration was scored after 75-90 days. Very low regeneration rates were obtained with the 

different explants sources of both genotypes placed on MS medium supplemented with 1.12 

mg/l BAP, 0.88 mg/l IAA and 0.26 mg/l ABA (Table 1). The highest regeneration rates were 
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obtained from ‘Védrantais’ cotyledon explants cultured on MS medium supplemented with 

0.2 mg/l BAP and 0.2 mg/l 2-iP. In this condition, 50-80 % of explants gave shoots with a 

final mean rate of 1.13 elongated plantlets regenerated per explant. On the same medium, 

‘Védrantais’ leaf explants regeneration was 10 times lower and ranged around 0.11 plantlets 

per explant, with only 13-15% of explants giving shoots. Low results were also obtained on 

this medium from ‘Paul’ cotyledon explants (0.15 plantlets per explant) or leaf explants (0.06 

plantlets per explant). Melon plants regenerated through plant tissue culture are very 

susceptible to an increase in ploidy level. Therefore, flow cytometry analyses were performed 

to determine the ploidy level of explants and regenerated plants. All the explants providing 

from leaf were diploid, whereas explants from cotyledon were mixoploid (diploid and 

tetraploid cells). It was found that 87.8% of regenerated plants issued from leaf explants were 

diploid, whereas only 47% of plants regenerated from cotyledon explants (shoots could have 

arisen from either diploid or tetraploid cells). 

Using the best experimental conditions (cotyledon explants on MS medium with BAP 

and 2-iP), the regeneration capacity of 11 melon genotypes was evaluated. The results 

showed that the regeneration response is highly genotype dependent and ranged from 0.05 to 

1.12 plants regenerated per explant (Table 2). The ’Védrantais’ genotype gives the highest 

regeneration rate. 

 

Effect of Agrobacterium infection on regeneration and transformation efficiency   

 
Independent experiments of transformation were realized with three different Agrobacterium 

strains (AGL-1pBI101, GV2260pBI101 and LB4404pBI121) on ‘Vedrantais’ cotyledon 

explants in comparison with control experiments on uninfected explants (Table 3). In vitro 

cultures were followed during 90 days and some explants and all the regenerated plants were 

tested by histochemical GUS assays (Fig. 2a). 70 to 90% of tested explants exhibited a 

transient GUS activity 14 days after Agrobacterium exposure and the presence of blue 

protuberances and shoots was observed at 28 days (Fig. 1). The plant regeneration rates 

obtained from cotyledon explants after exposure to the different Agrobacterium strains were 

significantly reduced (0.075 ± 0.02 with LB4404pBI121 to 0.22 ± 0.5 with AGL-1pBI101) in 

comparison with the uninfected control explants (1.81 ± 0.88). Significant differences of 

transformation efficiencies were observed with the different Agrobacterium strains and higher 

results were obtained with GV2260pBI101 (3.0% ± 1.10) (Table 3). Transgenic plants were 

transferred to soil and cultivated in a confined greenhouse (Fig. 2c). The ploidy level was 

assessed by flow cytometry and confirmed by phenotypic observations: the majority of 
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transgenic plants obtained from cotyledon explants were tetraploid and only 15% of them 

were diploid. Flowers expressed GUS activity both in ovule (Fig. 2d, e) and pollen (Fig. 2f). 

Segregant transgenic plants and homozygous transgenic lines were obtained by self 

pollination of the diploid plants. 

 

Histological analysis of the regeneration process 

 

In order to evaluate the influence of Agrobacterium infection on plant regeneration, 

histological analyses and cytological observations were realized during different phases of in 

vitro culture (at 2, 7, 14 and 28 days) on explants inoculated with the GV2260pBI101 strain  

and on uninfected explants as control. Observations of non-transformed explants showed that 

epidermal cells are the source of organogenesis and many small independent areas are 

involved. These cells formed meristematic structures between 7 and 14 days after transfer on 

the regeneration medium (Fig. 3a) and developed shoots at 28 days (Fig. 3b); plantlets were 

obtained in 5-6 weeks. For Agrobacterium-inoculated explants, genetic transformation 

occurred in epidermal and sub-epidermal cells. The presence of cells with GUS activity was 

observed at 7 days (Fig. 3c) and reached the meristematic structures expressing a high level 

of GUS activity at 14 days (Fig. 3d). However, after 28 days cytological observations showed 

an abnormal development of the meristematic structures with cell vacuolization and 

dislocation (Fig. 3e, f). The disorganization of the transformed meristematic areas may 

explain the important reduction of plant regeneration after Agrobacterium infection. 

 

Discussion 

 

The development of a breeding program associated to biotechnological tools or the functional 

characterization of candidate genes involved in agricultural traits depend upon the 

development of an efficient in vitro plant regeneration and transformation system. Advances 

were made to better understanding the metabolic processes correlated with regeneration, but 

determining the conditions for in vitro plant cultures is still empirical and can be difficult to 

achieve for some plant species or genotypes. Successes on melon organogenesis were 

reported in literature with regeneration rates ranging from 0.3 to 2 plants elongated per 

explant (Guis et al. 2000; Yalcin-Mendi et al. 2004; reviewed by Pech et al. 2007) with a 

percentage of explants developing shoots ranging from 0 to 44% depending on cultivars 

(Nunez-Palenius et al. 2008). These rates are relatively low compared to other plants, such as 

tomato or potato for instance, for which regeneration frequencies from 40 to 98 % with 3-12 
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shoots per explant were reported (Yee et al. 2001; Abu-El-Heba et al. 2008). The in vitro 

responses of plant tissues are affected by different factors. The origin of the explants, the 

hormonal balance, the environmental conditions and the genotype were shown to be critical 

for the melon regeneration process. In this experiment, we compared two protocols on two 

explants sources (leaf and cotyledon) of two genetically distant melon accessions. We then 

compared the regeneration rate of 11 accessions representative of the worldwide melon 

diversity using the most successful protocol. The MS medium added with BAP and 2-iP was 

shown to be well adapted to the regeneration from cotyledon explants of the charentais melon 

‘Védrantais’ (1.13±0.02 plants regenerated per explant). In contrast, very low regeneration 

rates were obtained from the oriental melon ‘Paul’. Using ‘Védrantais’ a higher regeneration 

frequency of de novo shoots was obtained from cotyledon explants (50-84% of explants 

developing shoots) than from leaf explants (14-15%). 87.8% of the plants regenerated from 

leaf explants and 47 % of the plants obtained from cotyledon explants were diploid. Explants 

providing from cotyledon were mixoploid and shoots could have arisen from either diploid or 

tetraploid cells (Gonsalvez et al. 1994). These results confirm the importance of the explants 

source to affect the regeneration rate and induce somaclonal variations in plants issued from 

melon tissue cultures (Adelberg et al. 1994; Guis et al. 2000). Melon varieties (reticulatus, 

cantalupensis, inodorus, chate etc.) and commercial cultivars exhibit differences in their 

regeneration ability under the same in vitro conditions. The great variability in melon is the 

most important factor determining regeneration potential and the results obtained with the 

different accessions tested confirm the need to adapt the regeneration protocol to each melon 

genotype.  

 

Melon genetic transformation mediated by A. tumefaciens remains difficult and the efficiency 

rates obtained generally range from 0.7 to 3% (Dong et al. 1991; Bordas et al. 1997; Guis et 

al. 2000; Yalcin-Mendi et al. 2004; Castelblanque et al. 2008) and exceptionally reach 7% 

(Fang and Grumet 1990) or 12% (Nunez-Palenius et al. 2006). In many cases most of the 

recovered transgenic plants had somaclonal variation especially ploidy changes or 

morphogenetic altered characteristics (Gonsalvez et al. 1994). Genetic transformation is the 

result of a combination of factors such as Agrobacterium strain, binary vector structure, 

selectable marker and gene construct, which could be modified to provide optimal conditions 

and improved transformation efficiencies. Strains of Agrobacterium used for plant 

transformation are defined by their chromosomal background and resident Ti-plasmid 

(Hellens et al. 2000). The C58 chromosomal background is often used for plant 

transformation and we showed its advantage for melon transformation. In our experiments 
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higher transformation efficiencies were obtained with the two C58 strains GV2260pBI101 

and AGL-1pBI101 than with the LBA4404pBI121 strain. However, these transformation rates 

(ranged between 1.8 and 4.5% for GV2260pBI101) were still relatively low although the 

transient transformation of cotyledon explants was highly efficient with 70-90% of explants 

exhibiting a GUS activity 14 days after Agrobacterium exposure. These results showed a 

lower regeneration ability of the transformed cells suggesting an incapacity for melon cells to 

be competitive both for transformation and regeneration. As reported previously on 

watermelon and pepper (Yalcin-Mendi et al. 2003; Wolf et al. 2001), we showed by 

cytological observations that epidermal and sub-epidermal cells are the source of melon 

organogenesis.  The histological analysis of explants 10 days after the infection by 

Agrobacterium brought to light a disorganization of the transformed meristematic areas, 

which may explain the difficulties encountered to regenerate melon plants after genetic 

transformation and the important fall in the regeneration rate observed between infected and 

uninfected explants (more than 10 times less). This phenomenon could be related to different 

hypotheses. Agrobacterium tumefaciens is a soil-borne phytopathogen and, even if the strains 

used for gene transfer were “disarmed” (lacking oncogenes), their nature and their virulence 

power are important factors influencing the frequency of transformation and the regeneration 

of recalcitrant species (Veena Jiang et al. 2003). The infection of plant tissues by 

Agrobacterium induces the expression of host genes involved in mediating transformation, 

suppresses plant defence responses, and hijacks the plant metabolic machinery towards the T-

DNA integration into the plant genome (Veena Jiang et al. 2003; Gelvin 2003; Anand et al. 

2007). Variation in response of plant tissues following Agrobacterium exposure has been 

reported and attributed to different causes as the ability of the bacterium to attach plant cells 

(Lippincott et al. 1977) or the efficiency of the T-DNA transfer machinery (Nam et al. 1997; 

Gelvin 2003). Presence of nuclear DNA fragmentation and apoptotic cell death were reported 

on recalcitrant species like maize and banana (Hansen 2000; Khanna et al. 2007). It has also 

been demonstrated that ethylene, which regulates many aspects of plant development and 

stress response, inhibits Agrobacterium-mediated gene transfer (Davis et al. 1992; Ezura et al. 

2000). Genetic transformation of “Egusi” melon (Colocynthis citrullus L.) was enhanced by 

co-introduction of the ACC deaminase gene reducing ethylene production of explants after 

Agrobacterium infection (Ntui et al. 2010). For recalcitrant species like melon, the 

disorganization of meristematic structures following the exposure of explants to 

Agrobacterium remains the major obstacle to develop efficient transformation technology. 

Further investigations should be realized to find other Agrobacterium strains (with different 

Ti-plasmid or binary vector) allowing good cell transformation but less damage on melon 
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plant regeneration and to limit the ethylene production of explants in response to the bacterial 

infection. Alternative transformation methods such as biolistic (Gonsalvez et al. 1994; Gray et 

al. 1995; Schulze et al. 1995) or pollen-tube pathway (Zhou et al. 1983; Wen-Shaw Chen et 

al. 1998; Yang et al. 2009; Hao et al. 2010) yet applied on melon, could also been developed 

for melon genetic transformation.  
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Table 1  Effect of culture medium, genotype and explants source on melon regeneration  
 

Culture media Genotype Explant 
source 

Number of 
explants in 
culture 

Number of 
explants 
with shoots 

Number of 
regenerated 
plants 

% of 
diploid 
plants 

Regeneration 
ratea 

Regeneration 
medium 
(Yalcin-Mendi 
et al 2004)b 

Védrantais cotyledon 70 
100 

3 
2 

5 
2 

Not tested 0.041± 0.04 

leaf 70 0 0 - 0 
Paul cotyledon 70 

100 
2 
4 

0 
3 

Not tested 0.018± 0.02 

leaf 70 0 0 - 0 
Regeneration 
medium 
(Guis et al. 
2000)c 

Védrantais cotyledon 200 
150 

106 
126 

223 
171 

47 1.13 ± 0.02 

leaf 70 
220 

11 
30 

8 
25 

87.8 0.11± 0.001 

Paul cotyledon 70 
70 

14 
12 

10 
11 

Not tested 0.15 ± 0.01 

leaf 70 
70 

10 
12 

3 
5 

Not tested 0.06± 0.02 

 

aRegeneration rate: number of regenerated plants/number of explants in culture; ± standard error 
bMS medium with 1.12 mg/l BAP, 0.88 mg/l IAA, 0.26 mg/l ABA  
cMS medium with 0.2 mg/l  BAP and 0.2 mg/l 2-iP  
 
 
 
Table 2  Regeneration of different melon genotypes  
 
Genotype 
 

Origin Botanical group Number of 
explantsa 

Number of  
regenerated plants 

Regeneration 
rateb 

Védrantais France Cantalupensis 75 84 1.12 

Gynadou France Cantalupensis 72 15 0.21 

Vidrinski Koravci  Bulgaria Cantalupensis 82 43 0.52 

Gaucho 1 Brasil Cantalupensis 82 23 0.28 

Chandaljak  Russia Chandalak 78 44 0.56 

China  51  China Reticulatus 72 24 0.33 

Smith perfect  USA Reticulatus 108 5 0.05 

Casaba Golden B. USA Inodorus 118 22 0.19 

Kirkagac 637 Turquey Iinodorus 65  5 0.08 

Carosello Italy Cchate 118 11 0.09 

URS 187 Russia Unknown 82 10 0.12 
 

aCotyledon explants on MS medium with 0.2 mg/l BAP and 0.2 mg/l 2-iP 
bRegeneration rate: number of regenerated plants/number of explants in culture 
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Table 3 Transformation of ‘Vedrantais’ cotyledon explants using three different 
Agrobacterium strains 
 
Agrobacterium 
straina 

Experiment Number 
of 
explants 

Number of 
regenerated 
plants 

Regeneration 
rateb 

Number of 
transgenic 
plantsc 

Transformation 
efficiency d(%) 

Uninfected 
cotyledons 
(control) 

1 
2 
3 

150 
150 
150 

422 
171 
223 

2.81 
1.14 
1.49 

- 
- 
- 

- 
- 
- 

Mean - - 1.81 ± 0.88 - - 
LBA4404pBI121 1 

2 
300 
250 

19 
23 

0.06 
0.09 

1 
1 

0.3 
0.4 

Mean - - 0.075 ± 0.02 - 0.35 ± 0.07 
AGL-1pBI101 

 

1 
2 

155 
170 

29 
45 

0.19 
0.26 

1 
4 

0.6 
2.0 

Mean - - 0.22 ± 0.5 - 1.3 ±  0.99 
GV2260pBI101 

 

1 
2 
3 
4 
5 

200 
270 
270 
270 
250 

30 
55 
53 
39 
49 

0.15 
0.20 
0.20 
0.14 
0.2 

9 
5 
6 
10 
7 

4.5 
1.8 
2.2 
3.7 
2.8 

Mean - - 0.19  ±  0.04 - 3.0 ± 1.10 
 

a Cotyledon explants inoculated with different Agrobacterium strains containing the uidA and NptII genes 
b Regeneration rate: number of regenerated plants/number of explants ; ± standard error   
c Number of transgenic plants obtained (tested by GUS assay and PCR for GUS-uidA and NptII genes) 
d Transformation efficiency: number of transgenic plants regenerated from 100 inoculated explants  
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Fig. 1 GUS histochemical analysis on melon cotyledon explants 14 and 28 days after 
Agrobacterium exposure (GV2260pBI101) and culture on the regeneration medium. The 
presence of blue protuberances (Pr) and shoots (Sh) expressing GUS activity was observed. 
Bar 0.5 cm 
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Fig. 2  Characterization of melon transgenic plants. a GUS histochemical analysis on leaf of 
in vitro plantlets. b Detection of NptII gene by PCR (amplified fragment 400 pb): (1 and 2) 
positive controls from Agrobacterium GV2260pBI101 and AGL-1pBI101 strains; (3) 
negative control from melon plant seedling; (4-14) melon plantlets obtained after 
transformation with GV2260pBI101. c Transgenic plants cultivated in greenhouse. d,e GUS 
activity in ovule and f pollen. Bar 30 µm 
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Fig. 3  Histological and morphological structures of melon cotyledon explants cultivated on 
regeneration medium.  
Non-transformed explants: a development of the meristematic zone (Mz) from epidermis (Ep) 
at 14 days of culture and b shoots development (Sh) after 28 days.  
Transformed explants: c,d GUS activity in meristematic structure 7 and 14 days after 
transformation with GV2260pBI101. e,f meristematic structure with cell vacuolization (Cv) 
and cell dislocation (Cd) 28 days after transformation. Bar 100 µm 
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