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ABSTRACT: 

Agrobacterium-based plasmid vectors allow the transfor-
mation of a wide range of plant species by capitalizing on a 
natural bacterial system to introduce DNA into the nuclear 
genome of plants. A regeneration protocol for muskmelon 
(Cucumis melo cv. Hales Best Jumbo) was established using 
segments of cotyledon as explants, and combined this protocol 
with A. tumefaciens-mediated transformation to produce 
transgenic muskmelon plants. Cotyledon explants excised from 4-
day-old seedlings of muskmelon and cut into four segments after 
removed the edges of the cotyledons, co-cultivated with A. 
tumefaciens strain LBA4404 harboring binary pRGG bar plasmid. 
The plasmid contained phosphinothricin acetyl transferase gene 
(bar) as selectable marker for herbicide resistance (glufosinat 
ammonium, lindán) and β-glucuronidase gene (gusA) as reporter 
for 20 min. Then, transferred to regeneration medium, MS 
medium supplemented with different combinations of plant 
growth regulators (pH 5.0), and incubated in a growth room at 
25°C with a photoperiod of 16h light/8h dark for 3 days. An 
overnight bacterial culture and low pH medium (5.0) used during 
co-cultivation, to improve the transformation efficiency. For shoot 
induction, explants were transferred onto MS medium contained 
different combinations of plant growth regulators with pH 5.8, 
and 500 mg/l claforan (cefotaximum) was added to the medium, 
to prevent the growth of Agrobacterium. The elimination of the 
Agrobacterium was the key of successful regeneration and 
transformation after co-cultivation. After co-cultivation on MS 
medium with a low pH, explants were transferred to selective 
medium, with higher pH 5.8, containing 500 mg/l claforan and 
glufosinat ammonium in concentrations ranged from 0 to10 mg/l 
(0, 1, 2, 3, 4, 5, 8 and 10 mg/l) to know the optimum selective 
concentration during shoot formations. The results indicated that, 
MS medium supplemented with 1.05 mg/l indole-3-acetic acid 
(IAA)+0.6 mg/l 6-benzyladenine (BA)+0.24 mg/l abscisic acid 
(ABA) ranked the best in shoot formations. Shoots formed from 
co-cultivated cotyledons with Agrobacterium died under the 
conditions of high concentration more than 3 mg/l  glufosinat 
ammonium. The medium was changed every two weeks till shoots 
were induced. All shoots rooted on MS medium supplemented 
with 0.3 mg/l indole-3-butyric acid (IBA). The expression of the 
introduced gene construct was confirmed by GUS staining of 
callus and shoot segments. Finally, transgenic muskmelon plants 
were produced efficiently by inoculating pieces of cotyledons as 
explants with A. tumefaciens strain LBA4404 harboring pRGG 
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bar plasmid. The methods have been used to develop a more 
efficient transformation and regeneration procedures by useful 
genes, such as herbicide-resistance, that can be introduced into 
muskmelon by indirect insertion of such genes using the genetic 
engineering approach.      

  
Key words: Muskmelon; Cucumis melo cv. Hales Best Jumbo; transformation; 

regeneration; Agrobacterium-mediated; herbicide; glufosinat 
ammonium resistance; selection; GUS expression. 

  

INTRODUCTION 
 A. tumefaciens is a soil bacterium. It is pathogenic to a range of dicot 
plant species, causing the formation of tumors close to infection sites. Genes 
required to establish a tumors and to bring about opine biosynthesis are 
transferred from Agrobacterium and hence this bacterium has been called 
nature’s genetic engineer (Hellens et al., 2000). The use of herbicides to 
control weeds allows growers to practice more efficient crop management, 
together with improving yields. Several classes of herbicides can be 
effectively used for broad-spectrum weed control, but these are either non-
selective, killing also the crop plants, or they significantly injure some crops 
at the application rates required. The development of herbicide-tolerant 
cultivars is one way in which crops can be protected from herbicide damage. 
Three general methods have been used to generate herbicide-tolerant crops: 
germplasm screening (mutant isolation by conventional breeding), in vitro 
selection (mutant isolation in cell cultures) and direct or indirect insertion of 
herbicide-tolerant genes using the genetic engineering approach (creating 
mutants) (Hinchee et al., 1993). The genetic transformation of melon has 
become a subject of commercial importance, due to the acute need to 
engineer herbicide phosphinothricin resistances into muskmelon which do 
not exist in the current gene pool used for breeding. A cardinal part of the 
genetic engineering process of plants is to place the new genetic information 
into the plant cells that will regenerate, as only linkage of the regeneration 
and transformation processes can produce transformed plants.  
 In melon, plant regeneration via shoot organogenesis and somatic 
embryogenesis from cotyledon, leaf and hypocotyls explants was reported by 
several authors. Regeneration of plants of Cucumis melon has been reported 
from cotyledonary explants (Moreno et al., 1985; Niedz et al., 1989; Fang 
and Grumet, 1990; Vallés and Lasa, 1994; Szalai, 1996; Bordas et al., 
1997; Bársony et al., 1999; Gaba et al., 2000 and Guis et al., 2000), leaf 
explants (Yadav et al., 1996), hypocotyls explants (Kathal et al., 1986), and 
protoplast-derived calli (Debeaujon and Branchard, 1991). Also, Ezura 
and Oosawa (1994) regenerated plantlets in two cultivars of melon via 
somatic embryogenesis.  
 However, the application of Agrobacterium-based transformation 
systems for foreign gene transfer into muskmelon has been demonstrated 
only in a few studies (Fang and Grumet, 1990; Vallés and Lasa, 1994; 
Gaba et al., 2000 and Guis et al., 2000). The gene encoding salt tolerance 
(Bordas et al., 1997) have been expressed in transgenic melon plants. 
Transferring cucumber mosaic virus-white leaf strain coat protein gene into 
Cucumis melo L. (Gonsalves et al., 1994) have been evaluated in transgenic 
plants. However, except for salt tolerance and protection against infections by 
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the virus strain, other potentially useful agronomic traits have not been 
engineered into melon. On the basis of research by Orts et al., (1987) and 
their observations, cultivar specific differences exist in regeneration and 
transformation efficiency in muskmelon. Transformation of melon is still 
regarded as a difficult problem. Our own experience and discussions with 
colleagues around the world have suggested that perhaps only a few cultivars 
may be relatively easy to transform. It is well known that genotype limits the 
range of genetic transformation (Mackay et al., 1989). To date, most of the 
research has been concentrated on the cultivar Hales Best. Therefore this 
cultivar was chosen as experimental material.  

Our objective was to develop a genetic transformation and 
regeneration systems that would permit the introduction of desirable gene(s) 
such as herbicide resistance into muskmelon. We have combined an efficient 
regeneration system with Agrobacterium-mediated gene transfer, and 
recovered transgenic muskmelon plants.  

 

MATERIALS AND METHODS 
Plant material, binary vectors and bacterial strain: 
 In these experiments, mature seeds from the Hales Best Jumbo, 
muskmelon cultivar were used. Seeds were obtained from the Vegetable 
Crop Research Institute, Budatétény, Hungary. The seeds coats were 
removed and seeds were sterilized by treating in 15% chlorox (5.25% sodium 
hypochlorite) for 15 min. They were rinsed three times with sterile distilled 
water and dried up with sterile filter paper. The seeds were germinated on 
MS medium (Murashige and Skoog, 1962) without any plant growth 
regulators, solidified with 2 g/l phytagel, and incubated in thermostatic box at 
32°C for two days, then transferred to the tissue cultures growth room at 
25°C under a 16h (light)/8h (dark) regime provided by cool-white fluorescent 
lamps. The pH of the germination medium was adjusted to 5.8 with KOH or 
NaOH before autoclaving. This in vitro culture method was used to provide 
explant sources in the all experiments. Four-day-old green expanded 
cotyledons grown under these conditions were used in the regeneration and 
transformation experiments. Genetic transformation, has been performed 
using the LBA4404 A. tumefaciens strain containing the binary vector pRGG 
bar plasmid. Dr. István Nagy, Agricultural Biotechnology Center, Gödöllő, 
Hungary, provided the bacterial strain. The plasmid harbored two genes, the 
phosphinothricin acetyl transferase gene (bar), as selectable marker for 
herbicide resistance, glufosinat ammonium- lindán (AgrEvo GmbH, Berlin), 
and the β-glucuronidase gene (gusA) as reporter-coded β-glucuronidase. A. 
tumefaciens was grown and maintained on AB medium (Lichtenstein and 
Draper, 1986). 
Co-cultivation, plant regeneration and selection: 
 Excised-4-day old cotyledons were cut on all around the edges with a 
dull scalpel blade (to maximize wounding), and cut into four segments. Then, 
these segments of cotyledon were soaked in fresh overnight suspension 
culture of Agrobacterium for 20 min, blotted dry with sterile filter paper to 
remove the excess of bacteria, and transferred to regeneration MS medium 
supplemented with different combinations of plant growth regulators (IAA, 
BA, ABA and TDZ) and 3% sucrose, (pH 5.0). Co-cultivate explants were 
incubated in growth room at 25°C with photoperiod of 16h light/8h dark for 3 
days. After co-cultivation with Agrobacterium, explants were rinsed in sterile 
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distilled water to remove excess bacteria and then washed in 500 mg/l 
claforan solution for 20 min (to eliminate bacterial carry over), and then put 
into sterile distilled water to remove the rest of excess bacteria on the 
surfaces. Finally, cotyledonary pieces were blotted dry with sterile filter 
paper. In order to induce shoot formations, explants were transferred onto 
MS medium contained the same combinations of plant growth regulators (pH 
5.8), and 500 mg/l claforan added to the medium, to prevent the growth of 
Agrobacterium. To obtain the optimum selective concentration of glufosinat 
ammonium, explants were kept on medium containing 0-10 mg/l glufosinat 
ammonium during shoot formations. Segments of cotyledon without 
Agrobacterium infections were used as control during all the experiments in 
order to confirm the effect of the selective medium and the genetic 
transformation. Well formed leafy shoots were cut and transferred into MS 
medium containing 0.3 mg/l IBA for rooting. 
Assay for β-glucuronidase activity: 
 The expression of the β-glucuronidase gene was assayed 
histologically in the calli and transformed plant tissues regenerated on 
selective medium. GUS assay was performed essentially as described by 
Jefferson et al., (1987). Prior to performing GUS assays, plants were 
transferred to antibiotic-free medium to ensure that the material was 
Agrobacterium free. Under these conditions, without antibiotics, no bacterial 
growth was observed in any of the subsequent culture transfers. Small 
portions of calli or young plant tissues were incubated over-night in a 
staining buffer in a thermostat at 37°C using 5-bromo-4-cloro-3-indolyl 
glucuronide (X-Gluc). The mechanism of GUS-test is based on a colour 
reaction. The gusA gene expression was confirmed by adding X-Gluc to stain 
transformed plant tissues to blue colour.   

 

RESULTS AND DISCUSSION 
Influence of cotyledon development stage on shoot formations: 
 It was observed that the seeds surfaces-disinfected in 15% chlorox for 
15 min exhibited 85% normal seedlings without any infections. In addition, 
seedlings grew better, giving rise to robust cotyledons. In preliminary 
experiments, it was demonstrated that the stage of cotyledons development 
influenced the shoot formations. As shown in Table 1, when cotyledons 
being half-opened and used as source of cotyledon segments, produced a 
higher of shoot numbers than the other stages. Explants from young or full 
opened cotyledons gave few shoots. In general, seeds were kept in 
thermostatic box in the dark at 32°C for 2 days. In this case, obtained 
cotyledons were easy to meet the requirements of regeneration and 
transformation. On the other hand, the results of Szalai (1996) indicated that 
shoot formation and regeneration of muskmelon plants could be obtained by 
using 8 day old cotyledons as explants.  
Table 1.  Influence of cotyledon development as source of explants cultured onto MS 

medium containing (1.0 mg/l IAA+0.6 mg/l BA+0.24 mg/l ABA) on callus and 

shoot formations. 

Development stage 

of cotyledon 

Number of 

explants 

Number of callus  Number of shoots 

No-opening 120 112 5 

Half-opening 120 116 23 

Full-opening 120 113 2 
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 Table 2. Influence of  different combinations of plant growth regulators on callus and 

shoot formations from cotyledon pieces cultured on MS medium. 

MS medium with growth 

regulators  

Number of 

Explants 

Number of Explants 

with callus 

Number of Explants 

with shoots 

  0.9 mg/l IAA+0.6 mg/l 

BA+0.24 mg/l ABA 

350 331 0 

 1.0 mg/l IAA+0.6 mg/l 

BA+0.24 mg/l ABA 

350 326 19 

 1.05 mg/l IAA+0.6 mg/l 

BA+0.24 mg/l ABA 

350 329 31 

 1.5 mg/l IAA+1.0 mg/l 

TDZ+0.26 mg/l ABA 

63 58 0 

 2.4 mg/l IAA+0.5 mg/l BA 63 60 0 

   
Influence of different combinations from plant growth regulators on 
shoot formations: 
 It has already been established by Niedz et al., (1989) and Fang and 
Grumet (1990) that melon (Cucumis melo cv. Hales Best Jumbo) 
cotyledonary explants cultured onto MS medium supplemented with 5 µM 
IAA+5 µM 6-benzylaminopurine (BAP) produced shoot buds that can be 
used for regeneration of plants. In the present investigation, cotyledon 
explants were cultured onto MS medium supplemented with different 
combinations of plant growth regulators as shown in Table 2. With the 
exception of MS medium contained (1.0 mg/l IAA+0.6 mg/l BA+0.24 mg/l 
ABA) or (1.05 mg/l IAA+0.6 mg/l BA+0.24 mg/l ABA), callus formed only 
at the cut surfaces of cotyledon segments. There were significant differences 
in regeneration among different combinations of plant growth regulators 
(Table 2). Only a kind of growth regulator combinations (1.05 mg/l IAA+0.6 
mg/l BA+0.24 mg/l ABA) ranked the best in shoot formations induction (Fig. 
1). So, this kind of plant growth regulator combinations was used in the all 
subsequent experiments. There were changes in IAA concentrations (0.90, 
1.00, 1.05, 1.50 and 2.40 mg/l), BA replaced by thidiazuron (TDZ) in the 
regeneration medium, and other medium without ABA, whereas other plant 
growth regulators kept unchanged as in Table 2. The presence of abscisic 
acid significantly increased the number of explants producing shoot buds. In 
MS medium contained 1.0 and 1.05 mg/l IAA, it was demonstrated that, such 
plant growth regulators were used to obtain the best number of cotyledon 
explants with shoot formations as shown in Table 2, the number of 
regenerated shoots per each segment of cotyledons ranged from 1 to 10. 
Previous reports demonstrated that various cytokinins and auxins stimulated 
morphogenesis in C. melo. Moreno et al., (1985) found that a combination of 
(kinetin and IAA) stimulated plant regeneration, while Niedz et al., (1989) 
found that BA was more effective than kinetin in inducing organogenesis and 
TDZ were less effective for shoot differentiation from melon cotyledons than 
BA. The best results of regeneration from melon, Hales Best Jumbo which 
obtained by Yadav et al., (1996) by using 3-4cm diameter leaves excised pot 
grown greenhouse or growth chamber plants and cultured on MS medium 
with (5 µM IAA+5 µM BA+1 µM ABA, 30 µM silver nitrate and 2.6 g/l 
phytagel). On MS medium with combinations of (2.4 mg/l IAA+2.5 mg/l 
BA), high frequency of muskmelon variety hógolyó organogenesis was 
achieved (Bársony et al., 1999). In the present study, there was a change in 
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IAA concentration from 0.90 mg/l to 2.40 mg/l as shown in Table 2. For 
roots induction and plantlet regenerations, when the leafy regenerated shoots 
were well formed, they were excised and cultured directly in root induction 
medium, MS supplemented with 0.3 mg/l IBA. Callus were at first formed on 
the basis of shoots, and then roots were obtained and grew inside medium. 
The forming of roots took about three weeks. Regeneration is a 
comprehensive result caused by multiple factors, among which plant growth 
regulators played the most important role. As known, growth and 
reproduction in plants are regulated by growth regulators inside the plants. 
With the differentiation of the cells, small buds were observed at first under 
the light microscope before shoot formations and gradually developed into 
shoots. 
Transformation: 
 Currently, numerous transformation methods are available. They can 
be divided into two main groups, indirect and direct ones. The indirect 
methods of plant transformation are based on the introduction of a plasmid-
carrying gene construct into the target cell by means of bacteria-A. 
tumefaciens or A. rhizogenes. Direct methods do not use bacteria cells as 
mediators. Agrobacterium-mediated transformation is the main method used 
in the field of biotechnology, where the most often applied direct methods are 
protoplast transformation or microprojectile bombardment. In the case of 
Agrobacterium-mediated transformation, the efficiency for monocots is still 
unsatisfactory. However, in recent years, it has become the method of choice 
for this group of plants (Nadolska-Orczyk et al., 2000). One of the most 
effective means of gene transfer into dicot plants is to utilize the natural 
transformation mechanism of A. tumefaciens. We have developed a 
regeneration protocol, which, when combined with the use of Agrobacterium, 
allows relatively high frequency of transformed plants. The protocol was 
developed using Hales Best Jumbo, a generally used muskmelon variety, 
from which transformed plants have already been obtained, (Fang and 
Grumet, 1990 and Gaba et al., 2000). However few successful 
transformation with this or other methods have been reported. The successful 
transformation, to some extent, is dependent on the fact that during co-
cultivation, plasmid are capable of entering the aimed plant cells with ease. 
The site of the induction of the organogenesis is very important although it 
has not been investigated carefully, as in case of Agrobacterium-mediated 
plant transformation the contact between plant cell and bacteria mostly occur 
on wounded surfaces. To improve the transformation efficiency, an overnight 
bacterial culture and low pH (5.0) medium was used during co-cultivation, 
thus resulting in the fact that a large amount of Agrobacterium enter the 
cotyledon explants as compared to the co-cultivation medium with pH 5.8. 
We observed that there was a few amount Agrobacterium on the interface 
between cotyledon explants and medium. Also, we found that after co-
cultivation, the elimination of the bacterium was the key of successful 
regeneration. Therefore, after several preliminary experiments, 500 mg/l 
claforan was considered as the useful concentration for eliminating the 
bacterium. Currently, 500 mg/l claforan or carbenicillin were used to control 
the growth of Agrobacterium (Vallés and Lasa, 1994 and Guis et al., 2000). 
It was necessary to transfer cotyledon explants to new medium containing 
500 mg/l claforan after three-day co-cultivation. These results are consistent 
with that found by Vallés and Lasa (1994) but different from that used by 
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Fang and Grumet (1990). Even though, we also found  due to the effects of 
light and temperature on claforan, its function period was about two weeks, 
therefore, the explants were transferred to new medium every two weeks, this 
was an effective way to control the  Agrobacterium.  
Regeneration of transgenic shoots (herbicide, glufosinat ammonium 
resistance) under selective conditions: 

In order to develop an efficient selection system for muskmelon, the 
sensitivity of muskmelon cotyledon pieces explant to the herbicide for shoot 
regeneration was investigated. As shown in Table 3, high concentration of 
glufosinat ammonium (more than 3 mg/l) had an effect not only on shoot 
formations, but also killed all the cotyledon explant pieces. Low 
concentration, like 1 mg/l lacked the capability to select transgenic shoots. 
Furthermore, experiments indicated that, explants grew better and produced 
more shoots under the condition of 1 mg/l glufosinat ammonium, and did not 
die yet in 3 mg/l glufosinat ammonium. Similar results were obtained by 
Toldi et al., (2000) who developed a novel procedure to produce rice tolerant 
to the herbicide phosphinothricin by means of in vitro selection. When 
microshoots differentiation were evaluated on the basis of the number of 
plants regenerated on each explant after 1 month of incubation. They found 
that the significant effectiveness of microshoots development on induction 
medium supplemented with 2.0 mg/l phosphinothricin was mostly due to the 
fact that the process of differentiation was prolonged. The plantlet explants 
died after about 1 month of stagnation if concentrations of phosphinothricin 
higher than 3 mg/l were applied. Our results are in agreement also with that 
obtained by Wu et al., (2003) who used 2-4 mg/l phosphinothricin for 
regeneration and selection of wheat. They suggested that the application of 
late phosphinothricin selection during the second round of regeneration 
combined with leaf GUS expression screening proved to be effective in 
identifying transgenic plants. Also, Iser et al., (1999) used 5 mg/l 
phosphinothricin for regeneration and selection of German wheat, shoot 
development was achieved on R1-medium supplemented with 5 mg/l 
phosphinothricin. Little differences were observed between the present 
results and those of Iser et al., (1999) and Wu et al., (2003). This may be 
due to different genotypes used in other plant families. Successful 
transformation also required the optimum concentration of selective agents. 
So, in our experiments, glufosinat ammonium was used as 3 mg/l 
concentration to select transformed tissue with phosphinothricin acetyl 
transferase (bar) gene (Fig. 2). Also, we found that cells at different stages 
possessed different tolerance to glufosinat ammonium. Glufosinat ammonium 
had a detrimental effect on regeneration. Young infected cells were more 
sensitive than others. On the basis of our experiments, the regenerated shoots 
from co-cultivated cotyledons with Agrobacterium died under the condition 
of higher concentration more than 3 mg/l glufosinat ammonium. Therefore, 
we used glufosinat ammonium step by step from low to high concentration, 
that was, from 1 to 3 mg/l. 
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Table 3. Frequency of shoot differentiation on selective MS medium containing (1.05 

mg/l IAA+0.6 mg/l BA+0.24 mg/l ABA), and different concentrations of 

herbicide, glufosinat ammonium (30 days after co-cultivations). 

 Herbicide 

con./l 

Number of 

explants 

Number of 

explants with 

callus formations  

Number of explants 

with shoot 

formations  

Number of 

dead explants 

0 mg/l 45 34 20 2 

1 mg/l 45 32 14 5 

2 mg/l 45 18 9 16 

3 mg/l 45 7 6 32 

4 mg/l 45 0 0 45 

5 mg/l 45 0 0 45 

8 mg/l 45 0 0 45 

10 mg/l 45 0 0 45 

 
Confirmation of transformation (GUS assay): 
 GUS expression was examined by histochemical assays of calli or 
young leave tissues. About 16h after incubation in 5-bromo-4-chloro-3-
indolyl glucuronide (X-Gluc), strongly blue staining was obtained in the 
tissues (Fig. 3). Reporter gene β-glucuronidase (gusA) as GUS expression 
have been confirmed by staining of the transformed tissues. Similar finding 
reported by Vallés and Lasa (1994) in Cucumis melo L. 
 In conclusion, the present work offer a highly efficient regeneration 
system for muskmelon using cotyledon pieces as explant was described. An 
efficient method has been developed to regenerate muskmelon, the cultivar 
Hales Best Jumbo from in vitro culture. Regeneration from cotyledon pieces 
of the Hales Best Jumbo was the best by placing 4-day-old explants on an 
MS medium supplemented with (1.05 mg/l IAA+0.6 mg/l BA+0.24 mg/l 
ABA). An efficient system for regeneration from cotyledon explants can be 
useful in genetic transformation studies. We have established a 
transformation system for Hales Best Jumbo by combining the best method 
of regeneration with A. tumefaciens as a vector. More than 3 mg/l 
concentration of glufosinat ammonium for selection medium had an effect on 
shoot formations and killed all the cotyledon explants. Although this cultivar 
was the only cultivar tested, as the regeneration and transformation systems, 
the results are considered to be significant steps in the development of 
commercial transgenic muskmelon cultivars.       
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القاوون  من تخليق وإكثار نباتاتوإعادة يلة لإحداث التحول الوراثى استخدام بكتيريا الاجروبكتيريم كوس
 الشبكى )الكنتلوب( فى الأنبوب

 

 عيسى احمد عيسى
 مصر -جامعة الفيوم -كلية الزراعة -قسم الوراثة

 

حد المحاصيل الهامة التابعة للعائلةة القرييةة  أيعتبر القاوون والشمام محصولاً واحداً وهما يشكلان  
)هةولز بسةت  من القاوون الشبكى  اً ييالم تخليق وإكثار صنف منزرع إيادة  التجارب لدراسة إمكانيةأجريت 
الاجروبكتيريم كوسيط لإحداث التحول الةوراثى  فى الأنبوب بإستخدام أجزاء من الفلقتين وتم استخدام جامبو( 

و BA و  IAA ) ةـةـو النباتيـالنمة مةن منممةاتمنة.  تةم اسةتخدام أربعةة أنةواع  وإنتاج نباتات مهندسةة وراثيةا 
ABA  و TDZلتحفيةةز إيةةادة تولةةد وتكةةون نمةةوات خزةةرية مةةن أجةةزاء مةةن  توليفةةات مختلفةةة(  بتركيةةزات و
وتةم أيزةا اسةتخدام   IBAا منمم النمومزاف إليه MSيلي بيئة وإنتاج  نباتات كاملة منها بزرايتها  الفلقتين
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كناقةل  الاجروبكتيةريممقاومةة لأحةد مبيةدات الحشةائس باسةتخدام هذه الطريقة فى إنتةاج نباتةات معدلةة وراثيةا و
 لتأكيد نجاح التحول الوراثى     ( (gusAللجين المسئول ين المقاومة بالإزافة إلى جين 

 
 ي:وكانت أهم النتائج المتحصل عليها ما يلـ 
ها الخارجية يلي بيئة المفصولة من بادرات يمرها أربعة أيام بعد إزالة حواف أدت زراية أجزاء الفلقتين  1

MS المزاف إليها توليفات مختلفة من منممات النمو النباتية إلةى إيةادة تخليةق و تكةون نمةوات  المغذية

 خزرية منها 
 MSبيئة  استخدامكانت أفزل النتائج المتحصل يليها من تخليق و تكون النموات الخزرية يند   2

 لكل لتر من البيئة  ABA) مل جم 24 .و  BA مل جم  6 .و   IAA مل جم 5. 1) المحتوية يلى

 المحتويةةة يلةةى البلازميةةد الثنةةائى   LBA4404أدت معاملةةة أجةةزاء الفلقتةةين بسةةلالة الأجروبكتيةةريم   3

pRGG المتزةةمن جةةين  بةةارbar))   كواسةةم انتخةةابي لمقاومةةة مبيةةد الحشةةائس جلوفوسةةينيت الامونيةةوم
فةى النمةوات  الوراثي إلي حدوث التحول الةوراثي( كمخبر بهدف إحداث التحول (gusA)اللندان( وجين 

  الخزرية المتكونة يليها
  MSزراية أجزاء الفلقتين يلي بيئة تمت  لتحسين قدرة الاجروبكتيريم يلى إحداث التحول الوراثى  4

  مل جم 24 .و  BA مل جم  6 .و   IAA مل جم 5. 1)المحتوية يلى  5ذات الرقم الهيدروجينى 
(ABA أيام 3لمدة   البيئة لكل لتر من  

سةالفة  منممات النمو التركيزات  من المغذية المزاف إليها نفس MSتم نقل أجزاء الفلقتين يلي بيئة ثم   5
مةةل جمتلتةةر مةن البيئةةة مةةن المزةةاد  ..5والمحتويةة يلةةى ( 5 5أيلةةى ) هيةةدروجينى و ذات رقةةم الةذكر 

 لحصول يلى أيلى معدل مةن تخليةق وتكةونبكتيريا الاجروبكتيريم واللتخلص من  الحيوى سيفوتاكسيمم
 نموات خزرية معدلة وراثيا 

ساسةةى أشةةرط كةةان ى الةةتخلص مةةن بكتيريةةا الاجروبكتيةةريم باسةةتخدام نفةةس التركيةةز مةةن المزةةاد الحيةةو  6
 وإيادة تخليق وتكون نباتات مهندسة وراثيا ى لإحداث التحول الوراث

ذات الةةرقم   MSيلةةي بيئةةة  و الاجروبكتيةةريملأجةةزاء الفلقتةةين  بعةةد أجةةراء يمليةةة التحزةةين المشةةتر   7

مزةاف إليهةا (  و5 5) الهيدروجينى المنخفض تةم نقلهةا يلةى بيئةة انتخابيةة ذات رقةم هيةدروجينى أيلةى
و  3و  2و  1و  .المسةتخدم ) مختلفة من مبيةد الحشةائس  تى  وتركيزانفس التركيز من المزاد الحيو

 يئة لكل لتر من الب ( مل جم .1و   5و   5و  4

أمهرت النتائج أن النموات الخزرية المتكونة يلي أجةزاء الفلقتةين قةد ماتةت ينةد اسةتخدام تركيةز أيلةى   5
مل جمتلتر من البيئة من مبيد الحشائس وتةم اسةتخدام هةذا التركيةز أو الأقةل منة. مباشةرة لانتخةاب  3من 

 النموات الخزرية المعدلة وراثيا 

الناميةة يلةى البيئةة الانتخابيةة التةى  )ذات الأوراق( ت الخزةريةتم استحداث تكوين الجةذور يلةى النمةوا  9
 3 .المزةاف إليهةا  MSمل جمتلتر من البيئة من مبيد الحشائس يند زرايتها يلي بيئة  3تحتوى يلى 

 لكل لتر من البيئة    IBAمل جم

تعبيةر جةين تم تأكيةد حةدوث التحةول الةوراثى فةى القةاوون الشةبكى بالاختبةار المسةتخدم فةى الكشةف يةن   .1
gusA))   باستخدامX-Gluc   وقد أدى ذل  إلى تلون الأنسجة المحولة وراثيا باللون الأزرق 

مسئولة الجينات ال الذى  يعتبر من  أدى استخدام هذه الطريقة إلى نجاح نقل جين المقاومة لمبيد الحشائس  11
فى استخدام هةذه الطريقةة لنقةل يمكن التوسع مستقبلا من ثم  و إلى القاوون كبيرة  ين صفات ذات أهمية

   إلي.  أخرى هامة جينات
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Fig. 1: From left to right, regeneration steps 

from Cucumis melo cv. Hales Best Jumbo 

cotyledon pieces on MS medium  containing 

(1.05 mg/l IAA+0.6 mg/l BA+0.24 mg/l 

ABA), shoot formation on the edge of the 

pieces.  
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Fig. 2: Transgenic muskmelon shoots growing on clean 

selective MS regeneration medium contained 3 mg/l 

glufosinat ammonium as selective agent.    

    

Fig. 3: Stable expression of gusA gene and GUS-assay 

showing β-glucuronidase activity in the muskmelon tissues that 

stained blue with X-Gluc assay, while control not showed a 

positive reaction. 


