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ABSTRACT. Oriental melon (Cucumis melo L. var. makuwa) is an 
important fruit for human consumption. However, this plant species 
is one of the most recalcitrant to genetic transformation. The lack of 
an efficient in vitro system limits the development of a reproducible 
genetic transformation protocol for Oriental melon. In this study, an 
efficient transgenic production method for Agrobacterium-mediated 
transformation using cotyledon explants of Oriental melon was 
developed. Cotyledon explants were pre-cultivated for two days in 
the dark, and the optimal conditions for transformation of melon were 
determined to be a bacteria concentration of OD600 0.6, inoculation for 
30 min, and two days of co-cultivation. Transgenic melon plants were 
produced from kanamycin-resistant shoots. A total of 11 independent 
transgenic plants were regenerated with a transformation efficiency 
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of 0.8% of the inoculated explants. The transgenic plants were 
phenotypically normal and fully fertile, which might be a consequence 
of the co-cultivation time.
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Transgenic melon

INTRODUCTION

Genetic transformation complements traditional plant breeding in the develop-
ment of transgenic plants. Economically important fruit crops will necessitate desirable 
agronomic traits to develop new cultivars, such as resistance to diseases and pests (Aka-
saka-Kennedy et al, 2004). In the last decade, genetic transformation methods have been 
developed for melon, watermelon, banana, and other plant species. Unfortunately, trans-
formation is difficult in melon species due to the production of “escapes” and the selection 
of transgenic shoots because the cotyledon explants are inherently relatively resistant to 
kanamycin (Huang et al., 2011). Another major limitation in melon transformation is the 
poor formation of roots from transformed shoots due to vitrified shoots. In melon, as in 
many plant species, traditional breeding is the most common approach to develop new 
cultivars. However, the development of new cultivars by traditional breeding is restricted 
by intra- and inter-specific hybridization barriers, which inhibit the transfer of desirable 
agronomic characteristics into the genus. Moreover, the effectiveness of traditional breed-
ing methods is deterred in melon due to the limited number of established cultivars, as 
well as inefficient selection and the time-consuming nature of the process. These factors 
have led to the development of novel strategies to obtain new cultivars, including molecu-
lar biology and genetic engineering (Bordas et al., 1997). 

Transgenic technology has been successfully used to introduce and express vari-
ous genes in many important plant species, including melon. There have been several 
studies on Agrobacterium-mediated transformation and plant regeneration in several 
melon species through cotyledon and leaf explants (Bordas et al., 1997; Galperin et al., 
2003; Akasaka-Kennedy et al., 2004; Nuñez-Palenius et al., 2008; Chovelon et al., 2011; 
Ren et al., 2012). However, increased reproducibility and efficiency of stable transforma-
tion requires a combination of optimized factors, such as genotype, pre-cultivation time, 
inoculation time, co-cultivation period, concentration of selection agent, and culture me-
dium composition. The transformation of melon was first achieved by Fang and Grumet 
(1990), who reported the first transgenic plants regenerated from cotyledon explants by 
Agrobacterium inoculation. Two important factors were used to manipulate the produc-
tion of transgenic plants to obtain healthy shoots that were not vitrified with good rooting 
efficiency. The development of resistant varieties, such as the cucumber mosaic virus, 
watermelon mosaic virus, zucchini yellow mosaic virus (ZYMV) (Fuchs et al., 1998), and 
watermelon silver mottle virus (Huang et al., 2011), has been achieved in this crop through 
gene transfer technology. Other research groups have reported a genetic engineering ap-
proach to develop resistant melon plants through transformation with the ACC oxidase 
antisense gene (Nora et al., 2001; Nuñez-Palenius et al., 2008). However, there are few 
reports on the transformation system for Oriental melon (Cucumis melo L. var. makuwa 
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cv. “Silver Light”) (Choi et al., 2012; Wu et al., 2009). Therefore, this study developed 
such a transformation system by co-culturing cotyledon explants with the Agrobacterium 
strain LBA4404 containing the plasmid pBI121, which carries the AFP-CHI gene.

MATERIAL AND METHODS

Plant material

C. melo Silver Light seeds were obtained from Known-You Seed Co., Ltd. (Kaoh-
siung, Taiwan) and used as explants for melon transformation. The coats of the melon seeds 
were removed, and the surfaces of the seeds were sterilized with 1% sodium hypochlorite for 
3 min and then washed three times with sterile distilled water. The sterile seeds were allowed 
to germinate on 1.5% water agar (1.5 g agar, 100 mL double-distilled H2O) in the dark at 
room temperature for two days. Cotyledon explants were obtained from two day-old melon 
seedlings germinated in the dark. The surface-sterilized cotyledon explants from the seedlings 
were cut into eight segments and soaked in half MS liquid medium (15 mL ddH2O, 15 mL 
MS, pH 5.8) on a sterile Petri dish. Twenty seeds were placed into one Petri dish for bacte-
rial inoculation. Approximately 30 mL medium was dispensed into disposable Petri dishes, 
after which 50 mL overnight culture of Agrobacterium suspension (OD600 = 0.6) was added; 
the components were then subjected to gentle, rotary shaking for 30 min. All plant hormones 
and antibiotics used in this study were purchased from Sigma. The medium was adjusted to 
pH 5.7-5.8 with either 0.1 N KOH or 0.1 N HCl, and 0.7% agar was added as a gelling agent. 
Then, the medium was autoclaved at 121°C for 20 min. The cultures were kept under a 16 h 
photoperiod with a light intensity of 25-30 mE·m2·s provided by 40 W cool white fluorescent 
lamps. They were maintained at 28°C under a relative humidity of 50-60%.

Preparation of Agrobacterium tumefaciens

The A. tumefaciens strain LBA4404 harboring the plasmid pBI121, which carries AFP-
CHI and nptII genes, was used for the transformation (Bezirganoglu et al., 2013). The AFP-CHI 
gene is driven by the cauliflower mosaic virus (CaMV) 35S promoter and terminator by nopaline 
synthase (NOS) (Figure 1). Agrobacterium was initially grown at 28°C in Luria-Bertani (LB) 
broth solid medium containing 50 mg/L kanamycin and 25 mg/L streptomycin. After 2 days of 
incubation, a single bacterial colony of Agrobacterium was inoculated into freshly prepared LB 
broth containing appropriate antibiotics (50 mg/L kanamycin and 25 mg/L streptomycin). The 
bacteria were grown in the dark at 28°C for 16-20 h in an incubator shaker at 225 rpm. After 
incubation, 20 mL culture was transferred into a 250 mL sterile Erlenmeyer flask containing 100 
mL LB broth with 50 mg/L kanamycin; the culture was incubated until OD600 reached 0.6, 0.8, and 
1.0. Later, 15 mL culture was harvested and centrifuged to pellet the bacteria. The supernatant was 
discarded, and the pellets were re-suspended in 20 mL MS liquid medium. The cotyledon explants 
were then submerged in the bacterial suspension for 30 min, blotted onto autoclaved filter paper 
to remove excess Agrobacterium, and then transferred onto the co-culture medium containing MS 
basal medium, pH 5.8, and 0.7% agar supplemented with 0.2 mg/L benzyl adenine (BA) and 0.2 
mg/L naphthalene acetic acid (NAA) without antibiotics. They were kept there for 2, 3, or 4 days 
at 28°C to assess the effects of co-cultivation time on transformation efficiency.
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Selection, regeneration, and acclimatization

Two days after the Agrobacterium infection, the explants were washed with sterile 
distilled water containing 300 mg/L carbenicillin for 5 min and further rinsed in sterile dis-
tilled water for 5 min to remove the antibiotics; then, they were blot-dried on sterile filter 
paper and transferred onto Petri dishes containing 200 mg/L kanamycin as selection media. 
Non-inoculated explants were cultured in the same way as the explants inoculated with Agro-
bacterium as a routine control experiment. The explants were sub-cultured in fresh medium 
of the same composition 2 weeks after infection. Five weeks after the transformation, shoots 
started to appear from the explants, and these were ready to be handled over the following 
3 weeks. Kanamycin-resistant shoots were transferred to the shoot outgrowth medium (MS 

Figure 1. Schematic drawings of the plasmid vector used for transformation of Cucumis melo L. var. makuwa cv. 
‘Silver light’ with the AFP-CHI gene isolated from papaya. The target genes, AFP and CHI, were restricted into 
pBI121 binary vector in between 35S promoter and Nos terminator. RB = right border; Nos = promoter of Nos 
gene; nptII = neomycin phosphotransferase II; Nos = terminator of Nos gene; 35S = cauliflower mosaic virus 35S 
promoter; AFP = papaya antifungal protein gene; CHI = papaya chitinase gene; LB = left border.
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medium supplemented with 0.01 mg/L NAA, 0.1 mg/L BA, 200 mg/L carbenicillin, 200 mg/L 
kanamycin, and 0.7% agar) and allowed to develop for 2 weeks. Regenerated shoots exhibit-
ing green explants were evaluated as putatively transgenic; shoots showing red explants were 
considered as escapes. Adventitious shoots were micropropagated on the shoot outgrowth 
medium to generate multiple shoots. The healthy, green shoots were transferred to the rooting 
medium [MS medium with 0.5 mg/L indole butyric acid (IBA)].

Polymerase chain reaction (PCR)

T1 transgenic plants were analyzed by PCR for the presence of CHI. The primer pair 
CHI-F (5ꞌ-ATG TCG CCA AAC AAT GCC TTA CTC CTT TCG-3ꞌ) and CHI-R (5ꞌ-TTA GTG 
GTG GTG GTG GTG GTG-3ꞌ) was used in this study. PCR was performed in a 50-mL solu-
tion comprising 200 ng 1 mL melon genomic DNA, 4 mL 2.5 mM dNTPs, 10X 5 mL PCR buf-
fer, 5 unit/mL 0.5 mL BioVan Tag polymerase, 1 mL 10 mM each primer, and 37.5 mL ddH2O. 
The cycling conditions for the PCR reaction were as follows: 95°C for 45 s, 58°C for 45 s, and 
72°C for 1 min, for 30 cycles. The PCR products were visualized with the use of 0.8% (w/v) 
agarose gel electrophoresis.

Southern blot analysis

Total genomic DNA was isolated from T1 transgenic young leaves using a modified 
CTAB method as described by Sambrook et al. (1989). Thirty micrograms DNA were digested 
with HindIII, electrophoresed on 0.8% (w/v) agarose gel, and DNA transferred onto a nylon mem-
brane (Roche Molecular Biochemicals, Mannheim, Germany). The CHI probe was labeled by 
PCR using digoxigenin-11-2ꞌ-deoxyuridine-5ꞌ-triphosphate (DIG-11-dUTP) in accordance with 
manufacturer instructions (Boehringer Mannheim, Pleasanton, CA, USA). The procedures for 
hybridization, washing, and detection were conducted according to manufacturer instructions.

RESULTS AND DISCUSSION

Improved transformation frequency

The establishment of an efficient transformation system, especially for a recalcitrant 
crop such as melon, is a crucial step for the generation of transgenic plants. As shown in 
previous studies, the use of suitable explants is a critical factor in genetic transformation. In 
the transformation of melon species, cotyledon explants are often preferable to other explant 
sources because of their easy availability. In this report, we used cotyledon explants, with 
some modifications to optimize gene transformation and regeneration parameters, such as 
Agrobacterium density, antibiotic concentration, and the effects of inoculation times and co-
cultivation times during the transformation process. Many other melon transformation studies 
have shown optimum inoculation times of 20 to 30 min (Ayub et al., 1996; Guis et al., 2000) 
depending on the Agrobacterium strain used, the concentration of the bacterial suspension, 
plant species, and explants size. We tested 10, 20, and 30 min inoculation times. The explants 
inoculated for 30 min gave the highest transformation frequency, while shorter inoculation 
times led to a reduction in transformation frequency (data not shown). Therefore, an inocu-
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lation time of 30 min for cotyledon explants obtained from 20 seeds on agar medium was 
used throughout the transformation process (Figures 2a and b). In Agrobacterium transfor-
mation, gene delivery occurs mainly during co-cultivation. Optimal co-cultivation with an 
effective Agrobacterium concentration in an appropriate medium for an adequate time under 
suitable environmental conditions is critical for efficient gene delivery. Numerous factors can 
improve transformation frequency, including temperature, lighting conditions, co-cultivation 
period, and bacterial population density during the co-cultivation treatments. Among the pa-
rameters studied, the time of the co-culture was the most important factor for enhancing the 
frequency of melon transformation. A co-culture period of 2-6 days for explants of melon 
plants is generally considered suitable for Agrobacterium-mediated genetic transformation 
and is recognized as effective for transformation. With an extended co-culture period, bac-
terial overgrowth caused explant death and reduced the number of regenerated shoots. The 
influence of co-cultivation time on Agrobacterium-mediated genetic transformation has been 
reported in many plant species, such as Citrullus lanatus, Cucumis melo L., and Musa sp. In 
the present study, a co-culture period of two days was identified to be optimal (Figure 2c). This 
phenomenon is consistent with findings of previous research (Nishibayashi et al., 1996). One 
commonly observed problem with Agrobacterium-mediated gene transfer is the overgrowth 
of tissue cultures with Agrobacterium. This problem was overcame by using a liquid culture 
system in the initial co-culture medium. This procedure also allows high throughput in the 
inoculation and removal of excess Agrobacteria. Inoculated explants were washed with steril-
ized distilled water containing 300 mg/L carbenicillin and then blot-dried on sterile Whatman 
No. 1 filter paper to remove excess bacteria. This is an effective way to inhibit the overgrowth 
of Agrobacterium from the inoculated explants. In the present study, 300 mg/L carbenicillin 
was suitable and effective in suppressing the overgrowth of the Agrobacterium. After the ex-
plants that had been inoculated with Agrobacterium underwent two days of co-culture, those 
that swelled and turned green were placed in the selection medium.

Figure 2. Overview of the steps in the Agrobacterium-mediated transformation of melon plants. a. Place seeds 
onto germination medium and incubation in dark at room temperature for two days. b. Agrobacterium inoculation 
culture (O.D. = 0.06) for 30 min. (c) Place explants onto co-culture medium and incubation in light at 28°C for two 
days. d. Place explants onto selection medium and incubation in light at 28°C for two weeks. e. Place small shoots 
onto shoot outgrowth medium and incubation in light at 28°C for two weeks. f. Place large shoots outgrowth onto 
medium and incubation in light at 28°C for two weeks. g. Place plantlets onto shoots outgrowth onto medium in 
light at 28°C for one week. h. Place plantlets onto root initiation medium in light at 28°C for one week.
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Various forms of antibiotics, and at different concentrations, have either positive or 
negative effects on shoot regeneration and genetic transformation. Therefore, evaluating the 
effects of antibiotics on shoot regeneration is a prerequisite for any plant transformation effort. 
The use of the proper concentration of antibiotics in the selection medium is one of the most 
critical steps in genetic transformation. Most melon transformation studies, such as that of 
Galperin et al. (2003), have used kanamycin as the selectable marker. In the present study, the 
optimal concentrations of kanamycin for the selection and regeneration of transgenic shoots 
were determined by testing the explants on selection medium supplemented with different 
kanamycin concentrations (100, 200, and 300 mg/L). Among the different concentrations of 
kanamycin tested, 200 mg/L was chosen as the most suitable concentration for the selection 
of Oriental melon transformants (Figure 2d). Several research groups have reported that “es-
capes” are particularly common in melon. The high frequency of “escapes” in melon transfor-
mation may depend on the genotype and the concentration of kanamycin used as the selection 
agent. This phenomenon has also been reported in other studies (Akasaka-Kennedy et al., 
2004; Ntui et al., 2010). To reduce the negative impact of “escapes” on the regeneration of 
transgenic shoots, and to inhibit the formation of false transformants, it is important to apply 
200 mg/L kanamycin to allow the proliferation of transgenic shoots. The secondary shoots 
produced from the primary shoots were subjected to three successive propagation cycles with 
the same level of selection medium (200 mg/L kanamycin). After three sub-cultures, false 
transgenic shoots and escapes-type shoots turned red and gradually perished, while the trans-
genic shoots continued to survive and grow normally (Figure 2e, f, and g). We found it highly 
effective to carry out selection at a high kanamycin concentration because cotyledon explants 
are inherently moderately resistant to kanamycin. A kanamycin concentration of 200 mg/L 
was initially used to select resistant explants, and this concentration was found to be suitable to 
obtain transgenic shoots. This result is in agreement with previous reports (Dong et al., 1991; 
Vallés and Lasa, 1994). There was no escape observed since a high concentration of kanamy-
cin was used as the selection medium. All of the potential escapes were discarded during the 
early stage of the culturing period in this study.

Overcoming vitrification and improved rooting

In the cultivation of transgenic shoots in vitro, vitrification is one of the problems 
found in melon transformation studies. Vitrification is observed in swollen translucent leaves 
and brittle stems. Thus, in some transgenic shoots developed in vitro, the formed leaves have 
abnormal tissue and are water-soaked, translucent, and glassy (Huang et al., 2011). Vitrified 
transgenic shoots are difficult to root and lead to losses in plantlets after their transfer to the 
greenhouse. Several causes of vitrification have been suggested, such as high cytokinin levels, 
high light, low temperature, the type of culture vessels, and the concentration of agarose. The 
vitrification of plants in vitro is mostly explained by a low concentration of agar and a high 
relative humidity in culture vessels, the latter seeming to be the most serious problem in in vi-
tro culture. Vitrification can be prevented more effectively by using a higher concentration of 
agarose, bottom cooling of culture vessels, and with the use of growth retardants (Ziv, 1991). 
We were able to reduce vitrification by increasing the agarose concentration from 0.7 to 0.8 
g/L. Using a high agarose concentration (0.8%), increasing the volume of selection medium in 
the Petri dish, and sealing the Petri dishes with Urgo pore tape instead of parafilm, the vitrifica-



3225

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (2): 3218-3227 (2014)

Genetic transformation for transgenic melon production

tion was eliminated in the present study. Poor in vitro roots formation were also eliminated by 
obtaining transgenic shoots without vitrification. In our study, we used half-strength MS me-
dium containing IBA and a lower concentration of sucrose, which produced 100% success in 
rooting experiments. Root formation was faster on rooting medium, with roots being induced 
less than 6 days following transfer to the rooting medium (Figure 2h). 

PCR and Southern blot analyses of T1 plants 

As soon as a shoot was confirmed as transgenic via PCR detection, the shoot was trans-
ferred to rooting medium lacking antibiotics for further analysis. To comparison confirmed that the 
transgenes were transmitted to the next generation. To plants were grown to maturity, self-pollinat-
ed to produce T1 seeds, and the progeny were grown to produce T1 transgenic plants (Figure 3). 
PCR experiments again detected the presence of the CHI gene in T1 plants. Plants of the T1 gen-
eration were found to be PCR positive for CHI (Figure 4). Southern blot analysis confirmed that 
the CHI gene was stably transmitted to T1 plants (Figure 5). These molecular analyses confirmed 
that transgenic To melon plants produced transgenic T1 melon progeny that displayed classic in-
heritance patterns. A total of 11 transgenic To melon lines that were generated with pBI121-AFP-
CHI were obtained. Of the 1442 cotyledon explants that were inoculated with the Agrobacterium 
overnight culture, 109 proliferated on the shoot outgrowth medium containing 200 mg/L kanamy-
cin. The transformation efficiency, calculated based on PCR-positive plants, was 0.8% (Table 1), 
which is similar to results previously reported (Han et al., 2005). Although the overall transforma-
tion efficiency of our method is very low, our study showed that transgenic melon plants could be 
produced successfully through Agrobacterium-mediated genetic transformation.

Figure 3. Production of transgenic melon plants via Agrobacterium-mediated transformation. a. Place plantlets 
onto vermiculite medium in light at 28°C for one week. b. Transgenic melon plant in the greenhouse. c. A flower on 
a transgenic melon plant in the greenhouse. d. Fruit on a transgenic melon plant in the greenhouse.

Figure 4. PCR analysis of transgenic T1 melon plants with CHI. Lanes M = molecular marker (Gen-KB DNA 
Ladder); ck = non-transformant melon; w = water; d1 = transgenic melon plant; m1 = transgenic melon plant.
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