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ABSTRACT

The objective of the present research was to utilize biotechnology to improve
agronomical traits such as drought stress tolerance in common bean (Phaseolus vulgaris
L.) as important recalcitrant crop species via a particle gun “Genebooster™” for the
bombardment of plant tissues with DNA. The process involves the high velocity
acceleration of microprojectiles carrying foreign DNA, penetration of the cell wall and
membrane by microprojectiles, and delivery of the DNA into plant cells. The initial phase
of the two common bean varieties “Fénix” and “Maxidor” focused on the development of a
highly regenerable tissue culture procedure amenable to the particle gun physical method.
The results showed that MS medium supplemented with 1 mg/l BA and 0.1 mg/l NAA were
the optimal for shoot induction from meristematic ring of cotyledonary node explants in the
both bean varieties. The author has developed a tissue culture protocol that enables the
“meristematic ring” that develops below axillary shoots on nodal bean explants to produce
shoot buds, and developed an electric-discharge particle acceleration procedure to
produce transgenic plants in the two common bean varieties. The plasmid pFF19K,
harboring the kanamycin resistance gene nptll as a selectable marker and pFF19-mtlD
harboring the mtlD gene which confers mannitol (drought stress) tolerance were used for
adapting transformation in the two common bean varieties. The results indicated that the
successful delivery of plasmids DNA and efficient gene transfer into common bean
meristematic tissues included 20 bar nitrogen pressure, 135 mm shooting distance, 1.1 um
diameter size of microprojectiles, and twice bombarding of the target tissues. Multiple
shoots are then generated and screened to recover transgenic plants at a rate of 7.6% and
8.4% in “Fonix” and “Maxidor” bean varieties, respectively. Transgenic plants were
recovered using both kanamycin (100 mg/l) and mannitol (1.2 M/l) screening to introduce
the neomycin phosphotransferase Il (nptll) and the mannitol-1-phosphate dehydrogenase
(mtlD) genes into the two common bean varieties. The introduced nptll and mtlD genes
have been shown to confer strong resistance and tolerance in transgenic beans to
kanamycin and mannitol stress applications. The transgenic bean plants were healthy and
the method has proven to be applicable to common bean crop. To my knowledge, this is the
first report on the production of common bean transgenic plants with mtlD gene using
biolistic gun-mediated gene transfer system.
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INTRODUCTION
Common bean (Phaseolus vulgaris L.) is the most important food
legume for human nutrition in the developing world, and provides 22% of
the total protein requirement worldwide (Delgado-Sanchez et al/ 2006 and
Kwapata ef al 2012). In addition, P. vulgaris, as a member of Leguminosae



possesses the valuable property of the enriching soil fertility by its capacity
to fix atmospheric nitrogen. Santalla ef al (1998) reported that regeneration
ability from P. vulgaris and P. coccineus explants containing a cotyledon
and embryonic axis varied between species and genotypes. Indirect
regeneration of different genotypes of P. vulgaris was reported also by
Arellano et al (2009). In another study, Kwapata et a/ (2010) reported that
common bean apical shoot meristem primordium culture could produce
multiple shoots. Callus cultures only were developed from various explants
of French bean (Mahamune et al 2011), and common bean (Eissa 2013a). In
another experiments and yet, regeneration from in vitro cultures of common
bean cotyledonary node explants was reported, and its potential applications
were discussed by Eissa et al (2002) and Eissa (2013b). Efficient in vitro
regeneration systems are prerequisite for using recent advances in
biotechnology to improve such important crop plants.

Genetic improvement by conventional breeding cannot add certain
genes that do not exist in the P. vulgaris gene pool. Transformation is one of
the interesting areas of biotechnology because characteristics can be added
with minimal alteration of the target plants genome, and gene transfer
technology need to be utilized in this important crop species (Aragao et al
1992, 1998, 1999 and 2002). Drought stress is a major factor limiting the
crop productivity in the world and genetic transformation has become a tool
for plant improvement. Among the requirements for successful
transformation of plants are target tissues competent for regeneration, an
efficient DNA delivery method, agents to select for transgenic tissues, and a
simple efficient reproducible genotype. The major success in legume
transformation was achieved by methods based on transformation of the
pre-existing meristems on the embryo axes, cotyledonary nodes, and shoot
tips as explants (Hanafy 2002, Hanafy et a/ 2005 and Eissa 2013b). Since a
long time, several types of shooting device have been improved to transform
living plant cells of different plant species with foreign DNA like onion,
wheat, tobacco, soybean, maize and cowpea (Klein ef al 1988, Sautter et al
1991, Sautter 1993, Gray and Finer 1993, McCabe and Christou 1993,
Kikkert 1993, Vain et al 1993, Oard 1993, Gisel et al 1996 and Balazs,
2000). Transformation using the direct gene transfer system successes with
recalcitrant common bean (Allavena and Bernacchia 1991, Aragdo et al
1992, 1993 and 1996, Russell et al 1993, Aragdo and Rech 1997 and Kim
and Minamikawa 1997). Agrobacterium-mediated transformation of P.
vulgaris has been reported on the use of sonication and vacuum infiltration
for transfer of a group of 3 lea genes, and transgenic plants exhibited growth
under drought stress (Liu ef a/ 2005). A recent report (Amugune et al 2011)
on transformation of P. vulgaris revealed the importance of specificity of
Agrobacterium strains. Using biolistic gun, Aragdo et al (2002) developed
transgenic P. vulgaris resistant to herbicide, and only one plant was



genetically engineered (Bonfim ef al 2007), also Rech et al (2008)
published a protocol on an efficient genetic transformation of common bean.
Zhu (2002) reported that drought stress cause plants to lose cellular
turgidity, followed by the aggregation of proteins and yield losses. Tobacco,
a plant that normally does not contain detectable concentrations of mannitol,
was engineered to produce mannitol, by introducing a single gene from E.
coli (Tarczynski et al 1992 and 1993). Plants transformed with the
mannitol-1-phosphate dehydrogenase (mt/D) gene expressed the mannitol-
I-phosphate dehydrogenase enzyme and accumulated mannitol throughout
the plant. For the transformation of P. vulgaris it is essential to define an in
vitro culture system that allows successful plant regeneration. Efforts to
produce transgenic beans have suffered from a lack of efficient DNA
delivery and regeneration systems. A critical step in the development of a
plant transformation procedure is to deliver DNA to tissues that can
regenerate plants, and transgenic plants are then recovered through de novo
shoot formation. The efficiency of genetic engineering of P. vulgaris has
remained a challenge till now.

Transformation of common beans as an economic important crop can
improve the useful agronomical traits such as drought stress tolerance.
Therefore, the primary objective of this work was to establish a stable
protocol for highly efficient regeneration system of common beans as a base
of genetic transformation. The ultimate goal was to introduce m¢/D gene
encoding drought stress tolerance as a useful agronomic trait in two
commercial varieties of common bean by biolistic gene gun method. The
microprojectiles  carried the selectable marker gene neomycin
phosphotransferase II (nptll) encoding kanamycin resistance as well as mt/D
gene delivering it into the target living tissues. The transfer of m#/D gene as
osmoprotectant to both varieties of common bean and the development of
drought stress tolerance of transgenic shoots and plants were reported.

MATERIALS AND METHODS

Plant materials, seeds sterilization method, and explants preparation

Dry seeds of the commercial common bean varieties “Fonix” and
“Maxidor” were evaluated for their regeneration and transformation
efficiency. Seeds were kindly supplied by the Department of Genetics and
Horticultural Plant Breeding, Faculty of Horticultural Sciences, Corvinus
University, Budapest (formerly: Szent Istvan University), Hungary, to
whom my thanks are due. For surface-sterilization method, dry seeds were
selected based on a healthy and similar size, and rinsed in tap water for 1
min, then rinsed three times with distilled water, soaked in 75% ethanol for
4 min, and again rinsed three times in distilled water. Then, the seeds were
soaked in 20% commercial Clorox for 15 min, and germinated in test tubes
on MS (Murashige and Skoog 1962) medium. Cotyledonary node



meristematic tissues containing a portion of the hypocotyl, epicotyl and
cotyledons cultures were prepared from excised three- to four-days-old
seedlings. Approximately, 3/4 of each cotyledon was removed from the
explant, leaving the meristem of the cotyledon fragments as an intact
attached to the nodal region. For shoot induction, the meristematic
cotyledonary node explants were cultured on MS medium containing 1 mg/1
6-benzyladenine (BA) and 0.1 mg/l a-naphthalene acetic acid (NAA), 30 g/l
sucrose and 7 g/l agar. The pH of the media was adjusted to 5.7 before
autoclaving at 120°C for 20 min. Cultures were maintained in a growth
chamber at 24-25°C with a 16/8 h light/dark cycle at white light. The
cotyledonary node meristematic tissues of the two common bean varieties
“Fonix” and “Maxidor” were chosen as explants for the genetic
transformation experiment because it produces high number of shoot
regeneration (Eissa 2013b).

Plasmids DNA and particle gun

Two plasmids were introduced into the target meristematic living tissues
which are able to regenerate full plants via organogenesis, kindly donated
by the Agricultural Biotechnology Center (ABC), Go6dolld, Hungary.
Plasmids used include pFFI19K harboring the npt/l gene as selectable
marker conferring the kanamycin resistance, and pFF19-mtlD harboring the
mtlD gene isolated from E. coli, which confers mannitol drought stress
tolerance. The two plasmids were used for co-transformation of the two
common bean varieties “Fonix” and “Maxidor”. When the mtID gene is
active in transgenic plant tissues, the mannitol content of the cytoplasm is
higher than non-transgenic, and transgenic plant tissues can better tolerate
dehydration stress. Direct gene transfer via particle bombardment using the
Genebooster™ system produced by ELAK Ltd. Co., Budapest, Hungary
was established in common beans. It consists of a barrel, a vacuum chamber
for bombardment which is a steel box covered by plastic coat and an
electronic control unit includes the vacuum and pressure sensors, electric
valves, the controlling microprocessors and a stainless steel secondary gas
container. A vacuum pump is connected to the device to provide vacuum in
the vacuum chamber. The macroprojectiles are made of plastic “bonomit”,
and between the stopping plate is made of steel and the target tissue there is

usually a stainless steel screen of various mesh size mounted (Fig. 1/A and
1/B).
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Biolistic-mediated transformation and bombardment conditions

Before gene shooting the two plasmids were mixed in 1:1 ratio and used
for the two varieties co-transformation. Cotyledonary node meristematic
tissues from germinated seedlings were prepared and cultured in a circle
into the middle of plates on top of the MS regeneration medium
immediately before the bombardment with the mixed plasmids. The
Genebooster' ™ was used as a particle accelerating device to deliver
plasmids DNA into in vitro cultured node meristematic tissues of both
varieties. The total number of explants in each variety was 500 and the



number of explants was 10 node tissues/plate. In this experiment the
optimization of some physical factors, the appropriate pressure of N, gas for
the bombardment of the tissue, the shooting distance and the size of the
tungsten particles used as microprojectiles effecting the use of this device,
and the production of transgenic was used as reported by Jenes et al (1996
and 1997) and Balazs (2000). The explants were bombarded under high-
pressure of 20 bar N, gas at a distance of 135 mm, and the macrocarriers
made of plastic were accelerated by it. Tungsten particles 1.1 pm diameters
were used as microcarriers to bind the actual DNA molecules on their
surface, and provide the penetration through the hard plant cell wall, then
the nucleic acid molecules are released and can be integrated into the
genome. With the help of this method plant cells and tissues can be
transformed with high efficacy and transgenic plants can be regenerated
from them. The vacuum chamber included the stopping plate and shelves
for the target tissues (Fig. 1/A and 1/B). The two mixed plasmids binding on
the surface of tungsten particles was carried out with the Ca(NO;),
precipitation of DNA. The coated plasmids DNA were bombarded into the
explants using two time of bombardment frequencies. Stable genetic
transformation of both common bean varieties was performed using the
biolistic delivery for bombardment of the mixed plasmids into the node
meristematic tissues. The bombarded tissues were cultured in regeneration
media without the use of any chemical selections for 24 h, to allow
expression of the two genes.

Sensitivity of cotyledonary node explants to kanamycin, and drought
stress mannitol

An effective concentrations of kanamycin, and mannitol for the
selection of transformants were assessed by preliminary tests. Cotyledonary
node meristematic tissues for both bean varieties were cultured on shoot
regeneration MS medium, plus 0, 50, 75, 100, 150 and 200 mg/l kanamycin,
and 0, 0.2, 04, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0 M/l mannitol as
drought stress conditions, in order to determine the concentrations which
inhibited the growth of wild type cotyledonary node tissues. The inhibitory
concentration, thus, determined was used for the selection of transgenic
cotyledonary node tissues resistant to this concentration of kanamycin, and
tolerant to this concentration of mannitol drought stress. Kanamycin at a
concentration of 100 mg/l, and mannitol at a concentration of 1 M/l were
used for the selection of transformed shoots and plants in both common
bean varieties.

Selection and regeneration of transformed tissues
To establish the selection protocol, it was necessary to study kanamycin,
and mannitol sensitivities on the growth of non-transformed common bean



cotyledonary node meristematic tissues. For transformation and
regeneration tests, the bombarded common bean meristematic tissues were
transferred at first to selective MS regeneration medium containing only 50
mg/l kanamycin, or 0.6 M/l mannitol for one week. Cotyledonary node
explants were then transferred to selection medium plus 75 mg/l kanamycin,
or 0.8 M/l mannitol for two weeks. Selective tests were then made by
transferring resistant healthy green meristematic explant tissues into three
selective media containing 100 mg/l kanamycin or 1 M/l mannitol, and 100
mg/l kanamycin and 1 M/l mannitol for transformed buds and shoots
selections for five months, sub-cultured every two weeks. To screen for
transformed buds and shoots regenerated from the explants of both two
varieties, 150 mg/l kanamycin and 1.2 M/l mannitol were added to
regeneration medium as selection agents. The selection of stable transgenic
shoots for both bean varieties was based on the use of 1.2 M/l mannitol
selection for the mt/D drought stress tolerance gene expression, and stable
transgenic green shoots continued on this medium. Subsequently putative
transformed and surviving green shoots were transferred onto kanamycin, or
mannitol and 0.1 mg/l indole-3-butyric acid (IBA) containing MS medium
to verify their ability to root prior transfer to greenhouse.

RESULTS AND DISCUSSION

Establishment of a regeneration system in common beans

The aim was to develop a highly efficient particle bombardment-based
transformation method for P. wvulgaris. Therefore, a procedure for
regeneration of shoots from cotyledonary nodes explants in P. vulgaris
should be of great help to attain genetic transformation of this important
recalcitrant species. Regeneration from cotyledonary nodes as explants in
two common bean varieties “Fonix” and “Maxidor” was studied in the
present investigation. The results showed that MS medium supplemented
with 1 mg/l BA and 0.1 mg/l NAA was the optimal for shoot induction from
meristematic ring of cotyledonary node explants in both bean varieties. A
similar finding was reported by Eissa ef a/ (2002) and Eissa (2013b), who
showed that MS medium containing 1 mg/l BA and 0.1 mg/l NAA was the
optimal for shoot regeneration in the two varieties. This in vitro culture
system carries a high potential for regeneration and transformation of P.
vulgaris to improve this important recalcitrant species. The development of
highly regenerable tissue culture procedure from nodal explants showed
organogenesis and bud formation from the meristematic cells in the nodal
tissues. The present results indicated that the shoots were formed from
actively dividing cells located at the axillaries bud regions, and the method
was designed to optimize rapid and high frequency direct shoot regeneration
of the commercial important common beans. Cotyledonary node explants
exhibited higher regeneration efficiency than other several explants tested.



Kwapata et al (2010) reported that the optimum medium for regeneration of
multiple shoots from the embryonic axis of common bean was MS
containing 2.5 mg/l BA and 0.1 mg/l TAA. Callus cultures only were
initiated from the different explants of French bean on MS medium with 1.5
mg/l BAP, and three levels of IAA (Mahamune et a/ 2011), and common
bean on B5 (Gamborg et al 1968) medium with 1 mg/l kinetin and 2 mg/I
2,4-D (Eissa 2013a). The highly efficient regeneration system is considered
a new addition that will open the door for improving common beans by in
vitro techniques. A well defined, preferably simple, shoot regeneration
protocol is a prerequisite for the production of transgenic plants.
Microprojectile bombardment is the only procedure capable of delivering
DNA into cells in virtually any tissue of any plant and, thus, is widely used
for transformation of any species. Therefore, this method for regeneration
was suitable for direct transformation particle gun protocol and used in
transformation and regeneration experiments in both common bean
varieties. The bean transformation system was based upon the development
of a tissue culture protocol of multiple shoots from cotyledonary node
meristematic tissues.

Establishment of a transformation system and production of drought
tolerant plants in common beans

The lack of a transformation system for common bean can be attributed
to the lack of a tissue culture system with many meristems to serve as
transformation targets. The results of this investigation indicate that the
cotyledonary nodes meristematic tissue contains undifferentiated cells, and
might be a good explant for genetic transformation. Therefore, it is the
subepidermal cell layer that needs to be targeted via the biolistic gun for
transformation, and the researcher tried to standardize the biolistic delivery
bombardment to hit these layers. The microprojectile bombardment induced
fine pores in target cells for easy transformation subsequently. The optimal
physical factors affecting the successful delivery of plasmids DNA into the
living cells of common bean meristematic tissues included nitrogen pressure
applying for the biolistic device was 20 bars to achieve the penetration of
the particles into the target cells; the suitable shooting distance was 135 mm
between the gun barrel and target explants to penetrate the cell wall and
membrane of the target tissues, and the optimal size of microprojectiles was
1.1 pm diameter for efficient gene transfer. Bombarding the target tissues
twice, yielded the highest efficiency of regeneration and transformation in
both bean commercial varieties “Fonix” and “Maxidor”. The results of De
Guglielmo-Croquer et al (2010) showed that the transformed coffee
plantlets with the B. thuringiensis (crylac) gene without reporter (gusA)
gene is feasible by biolistic gun. Kanamycin a widely used marker for plant
transformation that can be phytotoxic and inhibit untransformed tissues, and



the nptll gene can be used as a selectable marker in plants. The development
of transgenic plants of two common bean varieties that are able to grow in
the presence of high concentrations of kanamycin and mannitol, and that
express the gene product required, for resistance to the drug and for
tolerance to drought stress without reporter gusA gene were reported. The
selectable marker nptll gene encodes the protein product phosphorrylates
and inactivates kanamycin, and renders the drug non toxic to plant cells as
reported and discussed in details by Eissa (2013a and b).

The development of efficient transformation protocols for common
beans will open up the possibility of transferring useful genes into this crop,
such as gene for mannitol drought stress tolerance. The bombarded
cotyledonary node explants were incubated for 24 hours without kanamycin
selection to allow expression of the resistance gene. To study the suitable
selection conditions for the common bean varieties, the cotyledonary node
tissues were incubated on regeneration medium containing different
concentrations of kanamycin for 3 weeks. Cotyledonary nodes were
cultured on regeneration media with 50 and 75 mg/l kanamycin as selection
agent for regeneration. Stable transformants were then selected by culturing
the explants on medium containing 100 mg/l kanamycin. Results showed
that kanamycin at a concentration of 100 mg/l, totally suppressed the growth
of the cotyledonary node tissues as reported by Eissa (2013b). These results
provide strong confirmation for a kanamycin resistant gene transferred to
common bean plant cells. The availability of simple selection assay
becomes extremely useful such as selection method that may facilitate the
identification of the transgenic plants. Following several transfers on MS
medium containing kanamycin and mannitol, most of the shoots obtained
from biolistic gun bombarded turned yellow, browned and died. The
percentage of co-transformed cotyledonary node tissues by the coated
plasmids DNA bombarded with biolistic gun, cultured on double selective
MS regeneration medium containing 100 mg/l kanamycin and 1.2 M/1
mannitol, and supplemented with 1 mg/l BA and 0.1 mg/l NAA was 7.6%
and 8.4% in “Fonix” and “Maxidor” varieties, respectively (Table 1 and Fig.
2). Selection pressure was applied when excised shoots were rooted on MS
medium containing 50 mg/l kanamycin and 1 M/l mannitol (Fig. 3).
Subsequent selection on media with kanamycin and mannitol resulted in the
recovery of shoots and plants resistant to the kanamycin and tolerant to the
mannitol. Kanamycin-resistant and mannitol-tolerant shoots and plants
appeared 2-3 weeks following planting on solid medium. The presence of
the DNA insert in the bean genome was shown by its resistance to
kanamycin and tolerance to mannitol. Drought and salinity abiotic stresses
are a major factor limiting the crop productivity in all over the world. The
main goal of this study was to improve the drought stress tolerance of
common bean through m¢/D drought stress tolerance gene transformation



based on application of genetic engineering to introduce this important trait
into this important legume. When m¢#/D gene activates in transgenic beans,
the mannitol content of the cytoplasm is higher than in normal cells and
these tissues can better tolerate dehydration stress. Since selection of
explants is one of the major steps of any transformation experiments the
results presented here of transient npt/l and mtID expressions, suggests that
cotyledonary node meristematic tissues can be used as explant for the
development of transgenic varieties of common bean without reporter gusA
gene.

Table 1. Co-transformation efficiency from cotyledonary node tissues of two common
bean varieties bombarded by pFF19K and pFF19-mtID plasmids, selected on
double selective MS regeneration medium containing 1 mg/l BA and 0.1 mg/1

NAA.

Variety Kanamycin (mg/l) | Number of Number of Percentage
and Mannitol cotyledonary kanamycin of co-
N nodes explant resistant and | transformed
double selection mannitol node explants

tolerant nodes
Fonix 100 + 1.2 500 38 7.6
Maxidor 100 + 1.2 500 42 8.4

Percentage of co-transformed explants (explants giving rise to one or more kanamycin
resistant and mannitol tolerant shoot compared to the total number of explants).

Fig. (2): Selection of stable kanamycin
resistant and mannitol stress tolerant
transgenic green shoots of bean Fonix variety
growing on double selective MS regeneration
medium containing 100 mg/l kanamycin and
1.2 M/l mannitol.

Fig. (3): Transgenic green shoots of bean
Fonix variety growing and rooting very well
on double selective MS rooting medium
containing 50 mg/l kanamycin and 1 M/l
mannitol.




Drought tolerance is a very complex character involving the structure
and activity of all the plant organs, and there are, however, only few reports
on osmotically stressed cell cultures. The present paper describes the
selection of an osmotically mannitol tolerant cotyledonary nodes
meristematic tissues of two common bean varieties. This system gives the
author the chance of using it to introduce useful genes into common beans.
Tarczynski et al (1993) demonstrated that the mannitol-accumulating,
transformed tobacco exhibited greater salt tolerance than non-transformed,
and mannitol can promote salt tolerance in higher plants. Mannitol, a six
carbon noncyclic sugar alcohol, occurring in bacteria, fungi, algae, and in
vascular plants (Pharr et a/ 1995). Roles for mannitol in these organisms,
including, free radical scavenging and osmoregulation, are important in
stress tolerance, which causes osmostress in plants. The mt/D gene was used
to screen for transgenic shoots and to confer strong tolerance to mannitol
application. A similar finding was reported by Bordas et al (1997), who
stated that a halotolerance (hall) gene isolated from yeast, nptll as marker
gene, and the construct was introduced into melon; transformants were
selected for their ability to grow on media containing kanamycin. Also,
Kwapata et al (2012) reported that common beans were genetically
transformed with the Hordeum vulgare (HVAI) drought tolerance gene via
the biolistic bombardment of the apical shoot meristem primordium, and
transgenes conferred drought tolerance. Results of Lal et al/ (2008) indicated
that the production of the H. vulgare late embryogenesis abundant (HVAI)
proteins encodes by the HVAI gene helps in better performance of
transgenic mulberry by protecting membrane stability of plasma membrane
from injury under drought stress. Effort to engineer maize for improved
abiotic stress (Assem et al 2008 and 2010) immature embryo were
bombarded with the Bax-Inhibiting glutathione S-transferase (BI-GST)
gene, and the HVAI gene, for abiotic stress tolerance, transgenic events
have been tested by the bar gene for herbicide resistance, and suggest that
the stress tolerance may be improved in BI-GST, and HVAI transgenic
plants. Also, Fahmy et al (2012) used immature wheat embryos as explants
for the biolistic mediated transformation, and 0.4 M sorbitol was the best for
GUS assays from wheat calli.

Russell et al (1993) reported that transgenic navy bean plants produced
via particle gun to introduce DNA into seed meristems were recovered at a
rate of only 0.03% using the gus4 and bar genes. Aragado et al (1992 and
1993) developed a simple protocol to introduce the Brazil nut methionine-
rich albumin (2S) and gusA4 gene in common bean mature embryos based on
biolistic method, and reported that the parameters influencing transient
expression of gusA gene in bean embryonic axes, cotyledons, apical
meristems and leaves were evaluated after gene delivery with particle gun.
Also, Aragao et al (1996 and 1999) reported that by exploiting the biolistic
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process to generate transgenic bean plants with gusA4, neo and the 2S genes,
the average frequency of transgenic plants from bombarded embryonic axes
was only 0.9%, and the methionine content was increased 14% over
untransformed. The bombardment/Agrobacterium system appears to be a
promising method to stably transform bean through the regeneration of
plants directly from transformed apical meristems (Brasileiro et al/ 1996).
Aragdo and Rech (1997) obtained transgenic bean plants from a Carioca
cultivar by particle bombardment of the shoot apex. Shoot apices of French
bean seeds were bombarded with gold particles coated with a plasmid
carrying gusA gene; the tissue expression of the gene was observed
histochemically in transgenic tissues (Kim and Minamikawa 1997). Vianna
et al (2004) demonstrated that the transformation of bean plants through
particle gun frequencies were 0.8% and 0.7% for the variety Carioca, and
0.2% and 0.3% for the variety Olathe. Bonfim et al/ (2007) reported that
immediately after bombardment embryonic axes mature seed of common
bean cv. Olathe Pinto were transferred to MS medium containing BA and
the herbicide was used as a selective agent to generate transgenic plants
highly resistant to bean golden mosaic virus. Rech et a/ (2008) reported a
protocol of particle gun in common bean apical meristems and selection of
transgenic plants; the average frequency of producing transgenic bean plants
resistant to the herbicide was 2.7%. This has strongly limited the application
of genetic engineering techniques to improve this important crop. Efficient
genetic transformation was performed with the npt/l and osmosis protector
(mtID) genes in calli of “Fonix” and “Maxidor” bean varieties through
biolistic gun (Eissa 2013a). Gulati and Jaiwal (1993) reported that an
osmotically mannitol tolerant callus line of Vigna radiata has been isolated
from callus cultures grown on medium with mannitol. Oktem et al (1999)
performed a transformation experiment with cotyledonary nodes of lentil for
the expression of gusA gene through particle gun. Particle gun has been used
to transfer the plasmid DNA to the mature embryo axes, cotyledonary nodes
and cotyledons of faba bean (Hanafy 2002). Metry et al (2007)
demonstrated that the transformation frequency of faba bean using
microprojectile bombardment protocol was as high as 2% for one cultivar
using the mature embryo as the explant. The results of the present research
are much better and agree with literature data.

In conclusions, the results show that particle gun can be used for the
introduction of useful mt/D gene into the common bean genome and
indicate the technique useful in the recovery of engineered plants by
transformation of regenerable meristematic tissues. The bombardments were
carried out using Genebooster' ™ driven by compressed nitrogen gas. The
protocol used in the experiments gave promising results for the efficient
regeneration and subsequent genetic transformation of common bean plants
without reporter gusA gene. The transformation events were selected by two
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different approaches, selection for only one marker kanamycin or mannitol,
and double selection using kanamycin and mannitol at the same time.
Tolerant cotyledonary node shoots, and plants showed greater osmotically
tolerance to mannitol osmotic stress in the two commercial varieties tested.
This may be due to the cellular accumulation of metabolic products of
mannitol which contribute to osmotic adjustment. This research describes a
method for high-efficient recovery of transgenic common bean plants, by
combining resistance to the kanamycin as a selectable marker, tolerance to
the mannitol drought stress, multiple shoot induction from cotyledonary
node meristematic tissues and biolistics techniques. Theoretically, the
particle gun can be used to deliver DNA sequences into any kind of tissues
but transgenic plants can be produced only from tissues capable of
regenerating buds and shoots.

REFERENCES

Allavena, A. and G. Bernacchia (1991). Attempting genetic transformation of bean by
high velocity microprojectiles. Ann. Rep. Bean Impr. Coop. 34: 137-138.

Amugune, N.O., B. Anyango and T.K. Mukiama (2011). Agrobacterium-mediated
transformation of common bean. Afri. Crop Sci. J. 19(3): 137-147.

Aragio, F.J.L., M.-F. Grossi de Sa, E.R. Almeida, E.S. Gander and E.L. Rech (1992).
Particle bombardment-mediated transient expression of a Brazil nut methionine-rich
albumin in bean (Phaseolus vulgaris L.). Plant Mol. Bio. 20: 357-359.

Aragio, F.J.L., M.-F. Grossi de Sa, M.R. Davey, A.C.M. Brasileiro, J.C. Faria and
E.L. Rech (1993). Factors influencing transient gene expression in bean (Phaseolus
vulgaris L.) using an electrical particle acceleration device. Plant Cell Rep. 12: 483-
490.

Aragio, F.J.L., L.M.G. Barros, A.C.M. Brasileiro, S.G. Ribeiro, F.D. Smith, J.C.
Sanford, J.C. Faria and E.L. Rech (1996). Inheritance of foreign genes in
transgenic bean (Phaseolus vulgaris L.) co-transformed via particle bombardment.
Theor. Appl. Gen. 93(1-2): 142-150.

Aragao, F.J.L. and E.L. Rech (1997). Morphological factors influencing recovery of
transgenic bean plants (Phaseolus vulgaris L.) of a Carioca cultivar. Int. J. Plant Sci.
158(2): 157-163.

Aragio, F.J.L., S.G. Ribeiro, M.G. Barros, A.C.M. Brasileiro, D.P. Maxwell, E.L.
Rech and J.C. Faria (1998). Transgenic beans (Phaseolus vulgaris L.) engineered
to express viral antisence RNAs show delayed and attenuated symptoms to bean
golden mosaic geminivirus. Mol. Breed. 4(6): 491-499.

Aragio, F.J.L., LLM.G. Barros, M.V. de Sousa, M.F. Grossi de Sa, E.R.P. Almeida,
E.S. Gander and E.L. Rech (1999). Expression of a methionine-rich storage
albumin from the Brazil nut (Bertholletia excelsa H.B.K., Lecythidaceae) in
transgenic bean plants (Phaseolus vulgaris L., Fabaceae). Gen. Mol. Bio. 22(3):
445-449.

Aragao, F.J.L., G.R. Vianna, M.M.C. Albino and E.L. Rech (2002). Transgenic dry
bean tolerant to the herbicide glufosinate ammonium. Crop Sci. 42(4): 1298-1302.

Arellano, J., S.I. Fuentes, P. Castillo-Espaiia and G. Hernandez (2009). Regeneration of
different cultivars of common bean (Phaseolus vulgaris L.) via indirect
organogenesis. Plant Cell Tiss. Org. Cul. 96(1): 11-18.

V'Y



Assem, S.K., E.H.A. Hussein and T.A. El-Akkad (2008). Genetic transformation of
Egyptian maize lines using the late embryogenesis abundant protein gene, HVAI,
from barley. Arab J. Biotech. 11(1): 59-70.

Assem, S.K., E.H.A. Hussein, H.A. Hussein and S.B. Awaly (2010). Transformation of
the salt-tolerance gene B/-GST into Egyptian maize inbred lines. Arab J. Biotech.
13(1): 99-114.

Balazs, E. (2000). Agricultural Biotechnology Center for Improved Agriculture. Hung.
Agri. Res. 2: 14-17.

Bordas, M., C. Montesinos, M. Dabauza, A. Salvador, L.A. Roig, R. Serrano and V.
Moreno (1997). Transfer of the yeast salt tolerance gene HALI to Cucumis melo L.
cultivars and in vitro evaluation of salt tolerance. Trans. Res. 6: 41-50.

Bonfim, K., J.C. Faria, E.O.P.L. Nogueira, E.A. Mendes and F.J.L. Aragio (2007).
RNAi-mediated resistance to bean golden mosaic virus in genetically engineered
common bean (Phaseolus vulgaris). Mol. Plant-Mic. Int. 20(6): 717-726.

Brasileiro, A.C.M., F.J.L. Aragio, S. Rossi, D.M.A. Dusi, L.M.G. Barros and E.L.
Rech (1996). Susceptibility of common and tepary beans to Agrobacterium spp.
strains and improvement of Agrobacterium-mediated transformation using
microprojectile bombardment. J. Amer. Soc. Hor. Sci. 121(5): 810-815.

De Guglielmo-Croquer, Z., 1. Altosaar, M. Zaidi and A. Menéndez-Yuffa (2010).
Transformation of coffee (Coffea arabica L. cv. Catimor) with the crylac gene by
biolistic, without the use of markers. Braz. J. Bio. Bio. 70(2): 387-393.

Delgado-Sanchez, P., M. Saucedo-Ruiz, S.H. Guzman-Maldonado, E. Villordo-Pineda,
M. Gonzalez-Chavira, S. Fraire-VelAzquez, J.A. Acosta-Gallegos and A. Mora-
Avilés (2006). An organogenic plant regeneration system for common bean
(Phaseolus vulgaris L.). Plant Sci. 170(4): 822-827.

Eissa, A.E., Gy. Bisztray and L. Velich (2002). Plant regeneration from seedling explants
of common bean (Phaseolus vulgaris L.). Acta Bio. Szeged. 46(3-4): 27-28.

Eissa, A.E. (2013a). Genetic transformation of common beans (Phaseolus vulgaris L.) calli
by biolistic gun and via Agrobacterium tumefaciens. Egyp. J. Gen. Cytol. 42(1): 1-
20.

Eissa, A.E. (2013b). Genetic transformation and regeneration of common bean (Phaseolus
vulgaris L.) using Agrobacterium system. Egyp. J. Gen. Cytol. 42(1): 127-150.
Fahmy, A.H., J. Li, W. Abou El-Wafa and S.E. El-Khodary (2012). Optimization of
biolistic-mediated transformation conditions in immature embryos of two

commercial wheat cultivars. Arab J. Biotech. 15(2): 267-276.

Gamborg, O.L., R.A. Miller and K. Ojima (1968). Nutrient requirements of suspension
cultures of soybean root cells. J. Exp. Res. 50: 151-158.

Gisel, A., V.A. Iglesias and C. Sautter (1996). Ballistic microtargeting of DNA and
biologically active substances to plant tissue. Plant Tiss. Cul. Bio. 2(1): 33-41.
Gray, D.J. and J.J. Finer (1993). Development and operation of five particle guns for

introduction of DNA into plant cells. Plant Cell Tiss. Org. Cul. 33: 219.

Gulati, A. and P.K. Jaiwal (1993). Selection and characterization of mannitol-tolerant
callus lines of Vigna radiata (L.) Wilczek. Plant Cell Tiss. Org. Cul. 34: 35-41.

Hanafy, M.S. (2002). Development of an efficient transformation system to field bean
(Vicia faba), manipulation of the sulphur-rich protein content via genetic
engineering. PhD. Diss. p. 46-51. (Von dem Fachbereich Biologie Der Universitit
Hannover zur Erlangung des Grades eines).

Hanafy, M., T. Pickardt, H. Kiesecker and J. Jacobsen (2005). Agrobacterium-mediated
transformation of faba bean (Vicia faba L.) using embryo axes. Euphytica 142: 227-
236.

V¢



Jenes, B., P. Bittencourt, A. Csanyi, J. Pauk, I. Nagy, O. Toldi, and E. Balazs (1996).
The GENEBOOSTER-a new microparticle bombardment device—for genetic
transformation of plants. Plant Tiss. Cul. Bio. 2(1): 42-51.

Jenes, B., O. Toldi, P. Bittencourt, I. Nagy, A. Csanyi and E. Balazs (1997). The
GENEBOOSTER™-designed and developed by the Agricultural Biotechnology
Center, G6doll6. Hung. Agri. Res. 3: 14-17.

Kikkert, J.R. (1993). The Biolistic® PDS-1000/He device. Plant Cell Tiss. Org. Cul. 33:
221-226.

Kim, J.W. and T. Minamikawa (1997). Stable delivery of a canavalin promoter-/-
glucuronidase gene fusion into French bean by particle bombardment. Plant Cell
Physio. 38(1): 70-75.

Klein, T.M., M. Fromm, A. Weissinger, D. Tomes, S. Schaaf, M. Sletten and J.C.
Sanford (1988). Transfer of foreign genes into intact maize cells with high-velocity
microprojectiles. Proc. Nat. Acad. Sci. USA 85: 4305-4309.

Kwapata, K., R. Sabzikar, M.B. Sticklen and J.D. Kelly (2010). /n vitro regeneration
and morphogenesis studies in common bean. Plant Cell Tiss. Org. Cul. 100: 97-105.

Kwapata, K., T. Nguyen and M. Sticklen (2012). Genetic transformation of common
bean (Phaseolus vulgaris L.) with the Gus color marker, the Bar herbicide
resistance, and the barley (Hordeum vulgare) HVAI drought tolerance genes. Int. J.
Agri. 2012: 1-8.

Lal, S., V. Gulyani and P. Khurana (2008). Overexpression of HVAIl gene from barley
generates tolerance to salinity and water stress in transgenic mulberry (Morus
indica). Trans. Res. 17(4): 651-663.

Liu, Z.C., B.-J. Park, A. Kanno and T. Kameya (2005). The novel use of a combination
of sonication and vacuum infiltration in Agrobacterium-mediated transformation of
kidney bean (Phaseolus vulgaris L.) with lea gene. Mol. Breed. 16(3): 189-197.

Mahamune, S.E., R.P. Bansode, S.M. Sangle, V.A. Waghmare, N.B. Pandhure and
V.S. Kothekar (2011). Callus induction from various explants of French bean
(Phaseolus vulgaris L.). J. Exp. Sci. 2(4): 15-16.

McCabe, D. and P. Christou (1993). Direct DNA transfer using electric discharge particle
acceleration (ACCELL™ technology). Plant Cell Tiss. Org. Cul. 33: 227-236.
Metry, E.A., R.M. Ismail, G.M. Hussien, T.M. Nasr EI-Din and H.A. El-Itriby (2007).
Regeneration and microprojectile—mediated transformation in Vicia faba L.. Arab J.

Biotech. 10(1): 23-36.

Murashige, T. and F. Skoog (1962). A revised medium for rapid growth and bioassays
with tobacco tissue cultures. Physio. Plant. 15: 473-497.

Oard, J. (1993). Development of an airgun device for particle bombardment. Plant Cell
Tiss. Org. Cul. 33: 247-250.

Uktem, H.A., M. Mahmoudian, F. Eyidooan and M. Yiicel (1999). GUS gene delivery
and expression in lentil cotyledonary nodes using particle bombardment. Lens News.
26(1 and 2): 3-6.

Pharr, D.M., J.M.H. Stoop, J.D. Williamson, M.E. Studer Feusi, M.O. Massel and
ML.A. Conkling (1995). The dual role of mannitol as osmoprotectant and
photoassimilate in celery. HortSci. 30(6): 1182-1188.

Rech, E.L., G.R. Vianna and F.J.L. Aragio (2008). High-efficiency transformation by
biolistics of soybean, common bean and cotton transgenic plants. Nat. Prot. 3(3):
410-418.

Russell, D.R., K.M. Wallace, J.H. Bathe, B.J. Martinell and D.E. McCabe (1993).
Stable transformation of Phaseolus vulgaris via electric-discharge mediated particle
acceleration. Plant Cell Rep. 12: 165-169.

Yo



Santalla, M., J.B. Power and M.R. Davey (1998). Efficient in vitro shoot regeneration
responses of Phaseolus vulgaris and P. coccineus. Euphytica 102(2): 195-202.
Sautter, C., H. Waldner, G. Neuhaus-Url, A. Galli, G. Neuhaus and 1. Potrykus
(1991). Micro-targeting: high efficiency gene transfer using a novel approach for the

acceleration of micro-projectiles. Bio/Tech. 9: 1080-1085.

Sautter, C. (1993). Development of a microtargeting device for particle bombardment of
plant meristems. Plant Cell Tiss. Org. Cul. 33: 251-257.

Tarczynski, M.C., R.G. Jensen and H.J. Bohnert (1992). Expression of a bacterial m¢/D
gene in transgenic tobacco leads to production and accumulation of mannitol. Proc.
Nat. Acad. Sci. USA 89: 2600-2604.

Tarczynski, M.C., R.G. Jensen and H.J. Bohnert (1993). Stress protection of transgenic
tobacco by production of the osmolyte mannitol. Sci. 259: 508-510.

Vain, P., N. Keen, J. Murillo, C. Rathus, C. Nemes and J.J. Finer (1993). Development
of the particle inflow gun. Plant Cell Tiss. Org. Cul. 33: 237-246.

Vianna, G.R., M.M.C. Albino, B.B.A. Dias, L.D.M. Silva, E.L. Rech and F.J.L. Aragio
(2004). Fragment DNA as vector for genetic transformation of bean (Phaseolus
vulgaris L.). Sci. Hor. 99(3-4): 371-378.

Zhu, J.K. (2002). Salt and drought stress signal transduction in plants. Ann. Rev. Plant
Bio. 53: 247-273.

O Ciiaal LAWY g ciliad) (GUaY bl adall Slga aladduly A1) gl Jad)
Ll gl

(S daal s
s — sl gl dnela el RIS E )

i ) Ciliall Jand Ada a4 ) ) Aigl) 5 daanl) Ao ) i€ aladial g Al all (e Cingd)
O Jlaaly el 5 SDaa s ) ol Jall asiusal) W pualall J sane dalil 8 dalgll Lplaiiy) cliiall (g
pp (S (meID) a5 )i Sl b ) -Jsinle (a5 (S (oS (mpt]) 11 33 ) 5 s 8 (ppasila 5
Sy e 5ol i) 8 (i i) lisall 3UY bl ghall lea dand 5 Cilaad) Jaail galal
Ay  Sille da3 48 DNA J) dead 8 jpa Gl ja pladiul e Jaidy cliCall a5 4y pad <l sad Eilasial
Ctnall (& S sl J el i (Sl Al WA Jaby () dean s (e 53 L) g 5 51800 Hlaad) (e
4y yhay 23D daa sill (e Aglay Y (S ) 5a0uSla” 5 LS 87 Lot 9 4 paiill 028 (8 Ll gaaldl) (g (ppeaiinaal)
Ciliaall MS dpdaall Ll o iliall cuiy 285 p8all aall Slead dnlio 0585 Al s AW Aol ) Gk 0
O iy pad ) gl (555 5 22D s Alie S NAA L3/l saale 0.1 Liagl s BA 53/l ke ) )
O DS 8 il (ya s s o) dal e s sl 5550l (e g sdaiall Ll ¢ el 8 dpadia yall Aalaial)
il Y DY o)l a3 38 Al all Jae Geitaall (e DS 8 clial) Jaig ) gl Jsal) plasY 5 il
Latin yall Aail) 8 DNA JI Ja) zlas of (e gl cads a8y Ciliad) slga) Juand (aa L) 5 4 sae
snptll SR Gl o (6 giag (Al pFF19K 2w 30l aladindy ciliald) Jail paliad) adall jlea Jleatindy
DL Y e Jara i (S 38 - D Wb GLe) cpall (e (5 58 53 pFF19-mtlD 2 3300
U a5 5 e B (3L 5 A ) 1) Balall JalaS ) ) La el Gleati Gl Ja s slaale YTO (§0U) Adlna
il el &5 5 sl e ) saSla” 5 “uSa 8 (pdiall (8 00A € 5%,V daeas Ll 5 A e il
Al B (S50 1. Y) Jsirlall s (Gl aale Ve o) GpensallSl) o SIS (g Alle Dl 58 5 A8l L) 5 4 gl
O S J s (e KU Sl 5 (5 S0 L85 A el pae il Lelea Y ) <l 3 1) (e e Aglaiy)
a8 liadl o3 Jsan of S U ualdll (e (persiioa) Guiiall (e S o g & mitlD G s nptl] O
Ciladl) Aplamy) il 8 cpdiall LS 5 A gl bl & calle Jaat g da gl jelal 38 cpiiall (4e O
mtlD <iliall Jaail) caa J81 50 oo Gaall 138 iiay Calgal) Cilaglae 2a ey Jsiilall 5 cpanadlSY L)
oilaal) adall Slea aladinly AnSlaall Al a5yl Jaad e 3 a8 il 5 &y pad <l gad a3 5 Wl gualdll
a3y

Y1



