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Abstract: Late embryogenesis abundant proteins are associated with tolerance to water-
stress resulting from desiccation and cold shock. A LEA protein gene, emv2 from Vigna
radiata was sense expressed into indica rice cultivar IR 64 to produce plants tolerant to
limited water stress situations. Mature seed-derived embryogenic calli were transformed
with Agrobacierium strain LBA 4404 harboring the binary vector pCEMV2 with mungbean
emv2 gene. Active proliferating resistant calli selected in hygromycin and cefotaxime were
regenerated and transferred to half-MS rooting medium. The putative transgenic rice plants
expressing emv2 were analyzed for integration of the transgene through polymerase chain
reaction and tested positive for Aph and emvZ genes.
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INTRODUCTION

Rice (Oryza sativa 1..) is the most important food crop in the developing world with nearly one
third of the population depending on it as the major source of nutrient calories (Tang e# af., 2001). Rice
crop suffers due to various biotic and abiotic stresses. Adaptation levels of plants to stress situations
vary with the genotypes and the associated types of stress. Plants respond to stresses by displaying
complex, quantitative traits that involve the expression of many stress-related genes. Expression of
these genes alters the plant metabolism and the associated biochemical changes leading to accumulation
of various low molecular weight organic compounds, referred to as compatible solutes or osmolytes,
synthesis of late embryogenesis abundant (LEA) proteins. Our earlier work on the occurrence of LEA
proteins in the embryonic axes of Vigna radiata (L.) Wilczek, referred as EMV proteins, the first ever
report in the Fabaceae family (Manickam and Carlier, 1980). ¢cDNA encoding this proteins were
isolated, characterized (Manickam e af., 1996). In silico analysis of the 20-mer motif of this EMV2
categorize this protein to Groupl LEA and hypothesize to function as DNA/RNA binding proteins
in stabilizing membranes/macromolecules at the time of dehydration process (Rajesh and Manickam,
2006; Gilles ef al., 2007). Rice genetic transformation has taken rapid strides since the first transgenic
rice plant produced 15 years ago (Bajaj and Mohanty, 2005). Research on.dgrobacterium tumefaciens
mediated genetic transformation has been successfill and considerable progress has been mads in making
different rice genotypes amenable for regeneration and transformation (Azhakanandam et af., 2000,
Jang et af., 2000; Lin and Zhang, 2004; Rachmawati ez ef., 2004).
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The present study is perhaps the first report on transfer of a LEA protein coding gene isolated
from leguminous plant, Figna radiate (Manickam ef af., 1996) to a recalcitrant monocot indica rice
cultivar IR 64 through 4grobacteriim-mediated transformation with a view of developing transgenic
rice plants that can survive water-limited situations.

MATERIALS AND METHODS

Plant Materials Used

Mature seeds of rice cultivar IR64 (obtained from Paddy Breeding Station, Tamil Nadu
Agricultural University, Coimbatore) were manually dehusked, sterilized with 70% ethanol for 3 min
and then with 0.1% mercuric chloride for 5 min, followed by 3 washes in sterile distilled water.
Sterilized seeds were culhured on callus induction medium (MS salts (Murashige and Skoog, 1962)
containing B3 vitamins, 30 g L™ sucrose, 3.0 mg L™ 2 4-dichlorophenoxyacetic acid [2,4-D],
0.3 mg L™ kinetin, 4.0 g L™ phytagel and 2.0 g L' agar at 25°C in the dark). After 3-4 week, the
proliferating calli were subcultured onto the same medium and cultured for another 3-4 week. Creamy
yellow embryogenic calli of 5-6 mm diameter were subcultured onto the same medium 5 d before
infection with 4 grobecterivm.

Plant Transformation Vector

The plant transformation vector, pPCEMV2 (Fig. 1) is based on the backbone of pPCAMBIA1301
with emv2 as gene of interest at BamH1 and HindIll restriction sites placed under the
transcription control of a constitutive promoter, ubiquitin and ros poly A terminator (a gift from
Dr. 8. Muthukrishnan, Kansas State University, USA). Hygromycin and kanamycin serve as markers
for plant and bacterial selection, respectively.

The plasmid construct pCEMV?2 isolated from the Agrobacterim transconjugant strain,
LBA4404 was back transformed into freshly prepared competent cells of E. cofi, DH 5« by heat shock
and the presence of constructs was confirmed by restriction digestion (Fig. 2).

Agrobacterium-Mediated Transformation
A super-virulent Agrobacterivm strain LBA 4404 was transformed with pCEM V2 by triparental
mating (Ditta ef al., 1980). Agrobacterizam LBA 4404 (pCEMV2) was grown to an Optical Density
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Fig. 1: Physical map of pCEM V2 harboring emv2, mung bean LEA protein gene
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Fig. 2: Restriction digestion of pPCEMV?2 construct with Bam H1 and Hind 111

(0D} of 1.0 in AB medium {(Chilton ez a/., 1974) contairmng 100 mg L™ kanamycin and 10 mg L™}
rifampicin. The culture was centrifuged at 3220 g for 10 min and the pellet was resuspended in equal
volume of AA-AS medium (AA medium containing 20 g L™ sucrose, 10 g L™ glucose, 1.0 g L™
caesamino acid, 100 pM acetosyringone, pH 5.6; Toriyama and Hinata, 1985). The calli were immersed
in bacterial suspension for 1 min and the excess bacterial suspension was removed by blotting on sterile
tissue paper. Infected calli were transferred onto an MS co-cultivation medium (MS salts, B vitamins,
30 g Lt sucrose, 10 g L™ glucose, 100 pM acetosyringone, 3.0 g L™ phytagel [pH 5.6]) overlaid with
Whatman No. 1 filter paper (Rashid et af., 1996). Before transfer of calli, the Whatman No. 1 filter
paper was wetted with 1 mL of AA-AS medium. Infected calli were incubated at 25°C for 3 day in the
dark.

After 4 day, infected calli were washed 4-5 times with sterile distilled water and finally once with
aqueous solution containing cefotaxime (250 mg L"), blotted on sterile tissue paper and transferred
to MS selection medium (MS callus induction medium containing 50 mg L~! hygromyein, 250 mg L™
cefotaxime. After 12 day in the selection medium, healthy portions of the calli (2-3 mm) were
subcultured onto a fresh selection medium, twice, at 3 to 4 week intervals. After three rounds of
selection, actively growing pieces of calli were transferred to MS regeneration medium (MS
medium containing 300 mg L™ caesamino acid, 3.0 mg L™ 6-benzylaminopurine [BAP], 1.5 mg L™
e-naphthaleneacetic acid [NAA], 30 mg L~" hygromycin, 250 mg L.~ cefotaxime and 4 g L™! phytagel)
and kept in the dark for 2 week. After that, the calli were transferred to fresh regeneration medium and
incubated under a 16 h light (110-130 uE m sec™") and 8 h dark photoperiod. Shoot regeneration was
observed after 2-4 week. The regenerated shoots were transferred to the rooting medium (1/2 MS salt
containing 15 g L.™! sucrose, 40 mg L.~ hygromyein, 250 mg L™ cefotaxime and 4.0 g L™! phytagel).
After 2 week, rooted plants were kept in sterile water in a test tube covered with aluminium foil for
2-3 day and without alurminum foil another 2 day for hardening. The hardened plants were transferred
to plastic pots and placed in the transgenic greenhouse.
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Molecular Analyses of Putative Transgenics

Small leaf bits (2-3 cm) of putative transgenic rice plants were ground in a 1.5 mL microfuge tube
containing 300 uL of extraction buffer (200 mM Tris-HC1 pH 7.5, 200 mM Na(Cl, 25 mM EDTA and
0.5% SDS) and acid-washed sand using a pestle. The homogenate was centrifuged at 12,000 rpm
for 10 min Equal volume of isopropanol was added to the supernatant and incubated at -20 °C for 20-
30 muin. The crude DNA was pelleted by centrifugation at 12000 rpm for 10 min, pellets were air dried
at room temp and dissolved in 30 pL of 0.1X TE buffer {1 mM Tris-HC], pH 8.0 and 0.1 mM EDTA
pH 8.0). For each PCR reaction, 1 pL (50-100 ng) of this DNA preparation was used as template.

PCR was performed with the total DNA isolated from leaf tissues of putative transformants (T )
and a non transgenic control plant to amplify Aph and emv2 gene as described by Sambrook ef al.
(1989). Reactions were performed in a final volume of 20 pL. and the mixture contained 50-100 ng
of genomic DNA, 2.0 pL. of 10X PCR buffer (10 mM Tris-HCl pH 9.0, 50 mM KCl,
1.5 mM MgCl,, 10 mM of each of dNTPs, 70 ng of upstream and downstream primers specific
to Aph (HygF 5° CGTCTGTCGAGAAGTTTC 3" and HygR 5° TACTTCTACACAGCCATC 37)
were used to amplify a 1215 bp-long internal fragment of the Aph gene and emv2
(emv2F-5 AGGGATCCAAACATGGCAAGTCGTC 3 and emv2R-
5’GGGAAGCTTACAATATAACATCTAG 37) and 2 units of Tag DNA polymerase. PCR
amplification was performed with a program of initial denaturation at 95°C for 2 min, 30 cycles of
denaturation at 95°C for 1 min, annealing at 60°C for 1 min, extension at 72°C for 1 min and a final
extension at 72°C for 10 min and holded at 4°C for 30 min and the amplified products were resolved
in 1.5% agarose gel. Hygromycin resistant gene was amplified at the annealing temperature of 55°C
for 1 min.

RESULTS AND DISCUSSION

In vitro Culture of Rice

Genetic transformation depends mainly on the availability of routine and efficient tissue culture
protocols amenable for incorporating the genes of desired traits in crop plants. Further, problems
pertaining to regeneration of plants from target cells used for gene transfer remain limiting factor in the
development of transgenic crops. This can be overcome by optimization of callus induction and
regeneration protocols, which shall be inherently more amenable for genetic manipulation. Generally
indica rice lines are recalcitrant compared to japonica lines (Abe and Futsuhara, 1986) and show low
regeneration potential. Plant regeneration mainly depends on the hormonal level, genotypic variability,
culture media constituents and the choice of explants.

In the present study, mature seed-derived calli of IR64 was used as explants for genetic
transformation. Calli were invariably initiated in the scutellum region and was visible within 7-10 days
of seed inoculation. Globular, healthy, friable, cream-colored calli were obtained in 15-20 days old
cultures (Fig. 3a). Reports on choice of explants include immature embryos (Christou ef al., 1992),
mature seed-derived calli (Hiei ez af., 1994; Kumar et of., 2005), mernistemn discs (Chair ez af., 1996),
embryomnic suspension cultures (Jain er af., 1996) and shoot meristems (Park ef of., 1996). However,
scutellum-derived embryogenic calli remain the most acceptable explants, since high transformation and
regeneration frequencies have been achieved with this material as imitial explants (Hiei ef af., 1994).

The levels of 2,4-D used in this experiment was optirnized at 3.0 mg L™ for IR 64 rice cultivar,
for increased callusing from mature seeds. Because, the concentration of 2,4-D during callus induction
was found to be inhibiting the regeneration potential of the calli and therefore needs a balance between
the 2,4-D concentration used for callus induction and regeneration of calli (Morita ef af., 1999).
However, repeated subculturing of calli may lead to risk of somaclonal variations at a later stage of
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Fig. 3. Agrobacterivm-mediated transformation of indicea rice cultivar IR64. {a) 1-month-old mature
seed-derived calli, (b) proliferating calli at the end of third round of selection on hygromycin
(50 mg L1, (¢) shoot regeneration on media containing hygromycin (30 mg L™ and (d})
putative transgenics maintained in transgenic green house

regeneration. Co-cultivation of rice calli with Agrobacterium was optimized to obtain high
transformation efficiency; however, it may vary with the genotypes and explants used. The
embryogenic calli after infection for 10-15 min was blot-dried and co-cultivated in dark for 4 days on
co-cultivation medium; callus induction medium supplemented with 100 pM acetosyringone, 10 g L™}
glucose and adjusted to pH, 5.8. Addition of acetosyringone in co-cultivation medium has been
reported to induce vir genes, extend host range of Agrobacterium strains and found essential for rice
transformation as a signaling compound (Hiei et al., 1994; Godwin et al., 1991).

Agrobacterium-Mediated Transformation of Rice

The ability of Agrobacterium to transform monocots has been the subject of debate for sometime,
since these plants are not natural hosts of this bacterium. However the controversy has been resolved
with the clear demonstration of stable integration of foreign DNA in rice chromosomes in a process
mediated by 4. fumefaciens by Chan ef af. (1993). Furthermore the evidence of Hiel e of. (1994) made
clear the success strategy of exploiting Agrobacterium for genstic transformation of rice.

Embryogenic calli derived from the mature rice seeds of IR 64 were used as target tissue for
incorporating em2, a LEA protein gene through 4grebacterium mediated transformation. Mature
seed-derived calli has been reported as excellent starting material for transformation of rice by
Agrobacteriumn (Hiel et al., 1994). A binary vector systerm, pCAMBIA 1301was modified to construct
pCEMV2, which harbors the emv2 gene expression cassette driven under the control of ubiquitin
promoter and nos terminator. The construct was mobilized into Agrobacterium strain LBAA04
by triparental mating. Choice of vector and strains are important for transformation of recalcitrant
genotypes. pCAMBIA 1301 series were successfully employed for transformation of monocot
species and LBAA404 strain of Agrobacterium was proven to be efficient in genetic engineering of
rice (Hoekema ef al., 1983; Hiei ef af., 1994) compared to the super virulent EHAI01 strain
(Hood ef af., 1986).

Embryogenic Calli were Co-Cultivated with dgrobacterivm tumefaciens LBA4404 (pCEMYV 2)
and the duration of co-cultivation was optimized to 4 days and was used for subsequent experiments.
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The presence of acetosyringone was found to be an essential factor for transformation. However,
layering of liquid AAM medium over co-cultivation medium was not essential as reported by
Rashid ef af. (1996). Subculturing of calli 4 davs prior to co-cultivation as reported by Hiei ez of. (1994)
was found to be very useful for the selection of fast growing calli for transformation.

Efficient plant selection during transformation requires a substantial level of expression of the
selectable marker gene (Wang er /., 1997). In the present study, calli co-cultivated with LBA4404
(pCEMV2) were allowed to grow and subjected to three rounds of selection in the medium containing
50 mg L~ hygromycin and 500 mg L™ cefotaxime. Hygromycin allowed clear distinction between
transformed and non-transformed calli. Only few calli proliferated in the selection medium while others
turned dark and eventually dried off (Fig. 3b). This was attributed to the expression of Aph gene in the
transformed calli. The /ph gene has been used as an efficient marker for selection of transformed tissues
(Hiei et al., 1994; Rashid et af., 1996, Dong ef af., 1996). Thus antibiotic selection provides a
continuous advantage to the transformed cells, which may otherwise be overgrown by the far greater
mumber of proliferating non-transformed calli. In addition, Aph gene/hygromycin selection system
has besn reported to be more efficient for indica rice transformation than the bar/bialophos system
(Lietal, 1997).

Hygromyvcin-resistant calli that survived three rounds of sclection was transferred to
shoot regeneration medium (Fig. 3c), MS medium s upplemented with kinetin 3.0 mg L' and
NAA 1.5 mg L7" Out of 430 calli co-cultivated in three different experiments, 108 hygromycin-
resistant calli were obtained. The low regeneration frequency was attributed to stringent selection in
the hygromycin for three rounds compared to two rounds of selection of co-cultivated calli by
Mohanty ez al. (1999).

Molecular Analysis of Rice Transgenics Expressing LEA Gene

Transgenic plants allow the expression of drought-related genes i vivo and are, therefore an
excellent system to assess the function and tolerance conferred by the encoded proteins. LEA proteins
are among the best-known of water stress-induced proteins. For transformation systems that generate
substantial mumber of non-chimeric primary transformants, genes conferring resistance to a selective
chemical agent (Wilmink and Dons, 1993), genes conferring a phenotype allowing visual or physical
screening (Bower er ad., 1996) or even PCR screeming to identify the plants containing transferred genes
(Christou et al., 1992) can all be used for the recovery of transformants.

In the present study, molecular analysis of the T, plants (Fig. 3d) provided evidence of the
incorporation of T-DNA into rice chromosomes. The expression cassettes of emvZ and /ph gene were
presumed to be incorporated in the rice chromosome of putative transformants. Hence, PCR
amplification was performed with the genomic DNA isolated from the putative transgenic and non
transformed control plants of TR 64 using gene specific primers to amplify emv2 and hph genes. PCR
analysis for emvZ2 gene showed a product size of 625 bp in the positive plants equal to the size of the
positive control and there was no amplification in the non transformed control (Fig. 4).

The analysis revealed three out of five plants in IR 64 to be positives for emv2 gene. PCR
analysis of the selectable marker gene, Aph using gene specific primers gave a product of size 1215 bp
in three out of five plants in IR 64 putative transformants (Fig. 5).

The absence of gene of interest (emv2) plants tested positive for ph gene shows chimerism in
the transformants for the transfer of genes that lie between the border regions of T-DNA. This may
be due to excision of emv2 expression cassette from the construct before transfer to cells of those two
lines or mere integration of the /p/ expression cassette as the case may be. Chimerism of this type is
reported in the transgenic plants of tobacco produced through Agrobacterivim gene transfer method
(Schmulling and Schell, 1993). However, this has not been a limiting factor in the application of
Agrobacterivm technique for rice transformation.
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The first report of transgenic rice plants expressing HVAI, a group 3 late embryogenic
abundant protein from Hordewsmn vidgare was shown to tolerate water deficit and salt stress situations
(Xu et af., 1996). The plants showed enhanced accumulation of the HVAT protein that delayed stress-
related damage symptoms and improved recovery from the removal of stress conditions. Similarly,
constitutive expression of the HVAIL in transgenic wheat plants resulted in improved growth
characteristics under water deficit conditions (Sivamani ef af., 2000). The precise mode of action of
HV A1 under drought conditions is unclear.

Xu et al. (1996) produced transgenic rice plants expressing the barley HVAL gene, driven by a
constitutive promoter from the rice actinl gene. In the present study, mungbean emv2 gene was placed
under the control of ubiquitinl, a constitutive promoter from maize. However high level of expression
of stress-related genes can be achieved by use of stress inducible promoters like 1d29a {or) ABRC
promoter as supported by Rohila ef @f.( 2002) for enhanced stress tolerance.

A significant finding regarding the finction Cor gene, a LEA-related gene, has been reported.
Constitutive expression of Corl5a in transgenic Arabidopsis enhances the freezing tolerance of both
chloroplast and protoplasts indicating that the constitutive expressions of Cerl35a affects the
cryostability of the plasma membrane, possibly through the interaction of Corl5am polypeptide with
lipid bilayers . Similarly screening of T, transgenic rice over-expressing OsLEA3-S and OsLEA3-H
constructs at anthesis stage revealed significantly higher relative yield under drought conditions
(Steponkus et af., 1998; Xiao et af., 2007).

The study reported here is perhaps the first on transfer of a LEA protein coding gene from a
leguminous plant, Vigna radiaia to a recalcitrant indica rice plant that can survive under limited water
situations. Our earlier studies on the mungbean LEA protein structures using bioinformatics tools
showed consistent spatial arrangements and clearly demonstrated its possibility to have a functional
role in dehydration tolerance (Rajesh and Manickam, 2006). The transgenic approaches for water-
stress tolerance described were on the basis of insights gained from the physiological and biochemical
studies in different crop plants. Interestingly, any results gained from transgenic studies, will help us
to better understand the physiological functions of different stress-related genes.
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