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Transformation of elite rice cultivars ASD16 and IR64 with cry2Ac gene
for resistance to rice lepidopteran pests
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With the view to imparting resistance to major lepidopteran pests of rice, attempts were made to transform elite indica genotype
ASD16 and IR64 with cry2Ac gene. Agrobacterium and particle bombardment-mediated transformation were carried out using the
vector pS2AcP2 harbouring cry2Ac gene, the selectable marker gene, hph and the scorable marker gene, gusA. In Agrobacterium-
mediated transformation experiment with mature seed derived calli, two lines in ASD16 were regenerated with a regeneration
frequency of 1.1 per cent. In particle bombardment-mediated transformation experiments with immature embryos, 15linesin IR64
were regenerated with a regeneration frequency of six per cent. Presence of transgenes in these lines could not be demonstrated
through PCR.
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INTRODUCTION

Rice is one of the most important cereal crops,
providing staplefood for nearly one-haf of theglobal
population (FAO, 2004). Globally riceiscultivated in 154
m.ha with an annual production of around 645 MT and
average productivity of 4.12 tonnes per hectare (USDA,
2007). At least 114 countries grow rice and more than 50
have an annual production of 100,000 tonnes or more.

Savary et al. (2000) reported that 24-41% of rice
yield was lost every year because of rice stemborer and
other insect pests, diseases and weeds. The estimated
biotic stress causesannual riceyield loss upto 40% (Oerke
and Dehne, 2004).

The most destructive insect pests of the rice crop
are yellow stemborer (YSB; Scirpophaga incertulas
Walk.) and rice leaffolder (RLF; Cnaphalocrocus
medinalis). Globally, Y SB alone causes yield losses of
10 MT and accounts for 50% of all insecticides used in
rice field (Huesing and English, 2004). For along time,
the control of these pests has depended chiefly on the
use of large amounts of poisonous chemical insecticides,
mostly as spray's, which cause considerabl e environmental
pollution and represent ahealth hazard to farmersaswell
as significantly increasing the costs of rice production
(Tang et al., 2006).

The different insecticidal gene used for the control
of insect pestsincludesproteaseinhibitors, lectins, amylase
inhibitorsand &endotoxins (Bt gene) produced by the soil
bacterium, Bacillusthuringiensis. Among them, Bt gene
offersagreat scope for controlling insect pests (Shelton
et al., 2000).

Keeping the above points in mind the present
investigation has been envisaged to evolve transgenic
indica rice cultivars expressing Bt toxin to provide
protection against lepidopteran pests with the following
objectives:

- Confirmation of cry2Ac gene construct through
molecular analysis

- Agrobacterium and particle bombardment-
mediated transformation of eliteindicaricecultivars, IR64
and ASD16 using pS,AcP, harbouring cry2Ac gene

MATERIALS AND METHODS

Gene construct :

The binary vector, pS,AcP, (based on
pCAMBIA1301; Fig.1) containing cry2Ac gene (source:
Dr. V. Udayasuryan, Department of Plant Molecular
Biology and Biotechnol ogy, CPMB) driven by CaMV35S
promoter, hph and gusA gene. Agrobacterium- strain
LBA4404 (pS,AcP,) was used for transformation
experiments.

Back-transformation of E. coli DH54 :
Agrobacterium total DNA isolation:

Total DNA wasisolated from Agrobacteriumstrain
LBA4404 harbouring pS,AcP, by following a modified
protocol of Chen and Kuo (1993).

Preparation of DH5a competent cells :

Single colony of DH5a was inoculated in 3 ml of
LB (10 g/l tryptone, 5 g/l yeast extract, 10 mg/l NaCl, pH
7.2) broth and allowed to grow overnight. One millilitre
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Fig. 1: Physical map of pS2AcP2 harbouring cry2Ac gene

from thisovernight grown culture wasinoculated into 30
ml of LB broth and was grown at 37°C with shaking at
200 romuntil 0.4-0.5 0D, growth. The cell suspension
was maintained at 0°C for 20 min by keepingonice. Then,
the cells were harvested by centrifugation at 5000 rpm
for 10 min at 4°C followed by resuspension in 10 ml of
sterileice cold 50 mM CaCl,, and incubated onicefor 20
min. The cellswere again centrifuged at 5000 rpm for 10
min at 4°C. The supernatant wasdiscarded and the pellet
resuspended in 2 ml of sterileice cold 100 mM CaCl, and
used immediately for transformation.

Bacterial transformation :

An aliquot of 100 ng of total DNA purified from
Agrobacterium LBA4404 (pS,AcP,) was added to 100
pl of DH50 competent cell suspension. The mixturewas
incubated on ice for 30 min. It was then subjected to a
heat shock at 42°C for 90 sec and immediately returned
to ice and kept as such for 30 min. This transformed
bacterial cell suspension wasthen grownin1 ml of LB
broth for 1 h at 37°C in arotary shaker set at 200 rpm.
After incubation, 100 pl of cell suspension wasplated on
LB medium with kanamycin (50 mg/l) and the plate
incubated overnight at 37°C for the coloniesto devel op.

Isolation of plasmid :

Alkali lysismethod was used for isolation of plasmid
from back transformed DH5a. cells as was described by
Sambrook et al. (1989). Single colonieswere picked and
grown in 3 ml of LB broth with kanamycin (50 mg/I) for
16 h at 37°C and centrifuged at 10000 rpm for 2 min at
4°C. The supernatant was discarded and the cells were
resuspended in 100 pl TES (25 mM Tris-HCI pH 8.0, 10
mM EDTA pH 8.0, 0.9% sucrose and kept on ice for 5
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min. To theresuspended cells, 200 pl of lysissolution (0.1N
NaOH + 1.0% SDS) was added, mixed well and kept on
icefor 5min. After lysis, 150 pl of neutralization solution
(1.32 M sodium acetate pH 4.8-5.2) was added, mixed
well by gentle inversion and kept onicefor 5 min. The
supernatant was taken by centrifugation at 12000 rpm
for 10 min and 300 pl of cold isopropanol added to
precipitate the plasmid DNA. Centrifugation was done
for 5minat 12000 rpm and the supernatant wasdiscarded.
The pellet was washed with 500 pl of 70% ethanol and
air-dried. It was then dissolved in aminimal quantity of
0.1X TE buffer (10 mM Tris-HCI, 1 mM EDTA pH 8.0)
and stored at -20°C for further use.

Restriction digestion of DNA :

Restriction digestion of plasmid DNA was done as
per the standard procedures (Sambrook et al ., 1989) using
restriction endonuclease Hindlll, Sacl, Pstl, Xhol (MBA,
Fermentas) in an appropriate buffer at 37°C for 1 h. The
digested products were analyzed on a 0.8% agarose gel.

PCR analysis :

PCR was performed with plasmid DNA isolated
from both DH5a. and back-transformed DH5a cellsusing
gusA, hph, cry2Ac specific primers as described by
Sambrook et al. (1989).

hph gene :

PCR analysis was carried out using 1ul (100 ng)
plasmid DNA ina25 pl reaction mixture containing 2.5 pl
of 10X PCR buffer (50 mM Tris-HCI pH 8.8, 50 mM
KCl and 1.5 mM MgCl,), 200 uM of each dNTPs, 1 ul of
each primer (forward and reverse) and 2 units of Taq
DNA polymerase. The primer sequences used for
amplification of hph gene were asfollows,

Forward primer:
H1 (5 GATCTCCAATCTGCGGGATC 3)

Reverse primer:
H3 (5 ACTCACCGCGACGTCTGTCG 3)

The hygromycin sequence in total DNA was
amplified in a PTC-100 minicycler (MJresearch, USA)
with following temperature conditions, pre-incubation at
94°C for 3 min, leading to 35 cycles of denaturation at
94°C for 1 min, annealing at 55°C for 1 min and synthesis
at 72°C for 1 min, followed by extension at 72°C for 5
min. Amplified PCR product (10 pl) was subjected to
electrophoresison a0.8% agarose gel and visualized under
UV light.
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gusA :
A forward primer G1 (5 GGTGGGAAAGCGC-
GTTACAAG 3’) and a reverse primer G2 (5’
GTTTACGCGTTGCTTCCGCCA 3’) were used to
amplify a gusA gene. Temperature profile used for
amplification was asfollows: pre-incubation at 94°C for
5 min leading to 40 cycles of melting at 94°C for 45 s,
annealing at 62°C for 1 min and synthesis at 72°C for 1
min followed by extension at 72°C for 5 min. Ten
microlitres of the amplified product were used for
electrophoretic analysis on 0.8 % agarose gels.

cry2Ac:

A forward primer (5 ATGAACACCGT-
GCTCAACAAC 3’) and a reverse primer
(5’TGGTACTTGAAGAGGGACCAG 3’) were used to
amplify a cry2Ac gene. Temperature profile used for
amplification was asfollows: pre-incubation at 94°C for
2 min leading to 29 cycles of melting at 94°C for 40 s,
annealing at 64°C for 45sand synthesisat 72°C for 1 min
followed by extension at 72°C for 7 min. Ten microlitres
of the amplified product were used for electrophoretic
analysison 0.8 % agarose gels.

Agarose gel electrophoresis :

Required amount of agarose was weighed (0.8%
w/v) and melted in 1x TBE buffer (0.9 M Tris borate,
0.002M EDTA, pH 8.2). Ethidium bromide was added at
afinal concentration of 0.5 pg/ml of gel. After coolingto
50-55°C, the mixture was poured onto a preset template
with an appropriate comb. The comb was removed after
solidification and the gel with template was placed in an
electrophoresischamber containing the running buffer (1x
TBE). DNA to beanayzed was mixed with the gel-loading
dye (6x dye contains 0.25% bromophenol blue, 0.25%
xylene cyanol, 30% glycerol in water) at 5:1 ratio and
loaded into the well. Electrophoresis was carried out at
50V (Sambrook et al., 1989).

Agrobacterium-mediated transformation :
Rice genotypes:

Two local elite rice cultivars namely IR64 and
ASD16 (obtained from Paddy Breeding Station, Tamil
NaduAgricultural University, Coimbatore) wereusedin
the present investigation.

Callus induction :

Scutellum-derived embryogenic calli were used as
explants (IR64 and ASD16) in the transformation
experiments. Manually dehusked seeds were surface
sterilized with 70% ethanol for 3 min followed by 0.1%
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HgCl, for 5 min and washed thrice with sterile distilled
water. Sterilized seeds were cultured on MS (Murashige
and Skoog, 1962) medium supplemented with 2, 4-D (2.5
mg/l), maltose (30g/1), myoinositol (100mg/l), phytagel (4
g/l) and incubated in dark at 25° for 16 days for callus
induction (Plate 1a). After 2 wk, the proliferating calli
were dissected out and subcultured on to the same
medium, 4 d prior to cocultivation (Plate 1b). Fast growing
nodular, healthy |ooking embryogenic calli were used for
cocultivation.

Cocultivation :

Agrobacterium strain LBA4404 (pS2AcP2) was
streaked onto AB (Chilton et al., 1974) agar plate
supplemented with rifampicin (10 mg/l), kanamycin
(2100mg/1) and tetracycline (5mg/l) and grown at 28°C in
thedark for 2-3d. Three millilitre culture of bacteriawere
grown overnight at 28°C in a rotary shaker set at 200
rpm. From overnight culture, 0.5 ml was transferred to
30 ml of AB broth containing rifampicin (10 mg/l) and
kanamycin (100 mg/l) and tetracycline (5mg/l). The
culturewas grown overnight and bacteriawere collected
by centrifugation at 4000 rpm for 5 min. The supernatant
was removed and the pellet was resuspended in 30 ml of
AAM medium (Hiel et al., 1994) containing 100 uM
acetosyringone. Embryogenic calli wereimmersed inthe
bacterial suspensionfor 5-10 min. After immersion, excess
bacterial suspension was removed by placing calli on
sterile tissue paper and the calli were transferred to an
MS cocultivation medium (MS medium supplemented
with 30 g/l sucrose, 10 g/l glucose, 700 mg/l casein
hydrolysate, 100 uM acetosyringone, 3.5 g/l phytagel, pH
5.6) (Plate 1c) overlaid with Whatman No.1 filter paper
(wetted with 1.0 ml of AAM medium containing 100 uM
acetosyringone) and incubated at 25°C in dark for 3 d
(Rashid et al., 1996).

Selection and regeneration :

After cocultivation, calli werewashed thoroughly in
sterile distilled water followed by two washesin sterile
water containing 500 mg/I cefotaxime (Nicolas-Piramal,
India) and placed on a selection medium (MS callus
induction medium supplemented with 500 mg/l cefotaxime
and 50 mg/l hygromycin B) (Plate 1d). After 3 weeks of
culture, proliferating calli were subcultured onto afresh
selectionmedium. Proliferating calli, that survived 3 rounds
of selection each at 2 week’s interval (Plate 1e) were
transferred to regeneration medium (Plate 1f) (M S basal
medium with 3 mg/l BAP and 1.0 mg/l NAA) and
incubated at 25° C under 16 h photoperiod cycle (Datta
et al., 1992). The emerging shoot buds were transferred
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to half M 'S medium containing hygromycin B (30 mg/l)
for rooting (Plate 1g). Therooted plants weretransferred
to soil and maintained in transgenic greenhouse (Plate
1h).

Particle bombardment mediated transformation :
All bombardment experimentswere conducted using
Biolistic gun, Model PDS-1000/He system (BioRad

b. Subcultured calli kept on MS callus
induction medium 4 d prior to
cocultivation

a. ASD1E sceds inoculated on MS
callus induction medium containing
2.5 mgfl 2,4-0 anrl 0.3 mal kine.in

d. Cocultivated calli during first round
of selection on MS medium
cantaining 50 mgl hygromyein

¢. Cocultivated calli in cocultivation
medium

f. Putative Tansgenic plantlets on M3
regeneration medium containing BAP
(3.0 mig/) and MAA (1.0 mg/

€. Proliferation of calli duning third
round of selection on 50 mgl
hygromysin

h. Roated plants transferred in sail in
transgenic green house

4. Plantlets kept on half-strength M5
basal medium for rooting

Plate 1:Agrobacterium-mediated transformation using

matureseed derived calli of ASD16 with cry2AC gene
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Laboratories, Hercules, USA) (Plate 2c). Vector pS,AcP,
harbouring cry2Ac gene driven by CaMV35S promoter,
hygromycin resistant gene (hph) as plant selectable
marker and gusA gene as reporter gene was used for
coating gold particles.

Coating gold particles with plasmid DNA :

Gold particles of size 0.9 um dia (BioRad, USA)
were used asmicrocarriersto deliver the genes harboured
on the plasmids into target tissues. Ten micrograms of
pS2AcP2 was used for coating 5 mg of gold particles as
per the manufacturer’s instructions.

Preparation of explants :

Immature seeds of IR64 and ASD16 were collected
12-14 d after pollination. After the removal of glumes,
immature seeds were surface-sterilized with 70% ethanol
for one minute and 0.1% HQCI, for 5 min followed by
three washes with sterile distilled water. Embryos were
excised aseptically under a microscope (Leica,
Switzerland) and incubated with their scutellar region
facing up for 2 d in dark at 25+2°C on CC callus
proliferation (CC medium containing 2 mg/l 2,4-D)
medium (Plate 2a) (Potrykus et al., 1979)

Bombardment :

Four hours prior to bombardment, precultured
immature embryos were transferred to CC osmoticum
medium supplemented with mannitol and sorbitol, each at
36.4g/l. Theembryoswerearranged inalOcmdiacircle
at the centre of the Petriplate in such a way that their
scutellar region was facing up (Plate 2b). About 16 pl of
gold suspension (suspended in 99.9% v/v ethyl a cohol)
was placed at the centre of the macrocarrier and allowed
to dry for 2-3 min. Then, the explants were bombarded
twice using rupture discs with 1100 pounds per square
inch (psi) specification at 25 inch of Hg vaccum at an
interval of 4 h. Four hoursafter the second bombardment,
immature embryos were transferred to CC proliferation
medium and incubated in dark at 25+2°C for 2 d (Plate
2d).

Transient GUS expression :

Transient GUS assay was carried with a few
randomly selected embryos 48 h after second
bombardment. The embryoswereincubated overnightin
X-Gluc staining solution at 37°C.

Selection on hygromycin B :
Two days after bombardment, immature embryos
were transferred to selection medium (CC proliferation
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medium containing 50 mg/I hygromycin B) and incubated
indark at 25+ 2°C. The germinating shoots of bombarded
embryos were removed after 2-3 d of culturing in the
selection plate (Plate 2€). After 2wk, thecalli on selection
medium were subcultured onto afresh selection medium
containing 30 mg/l hygromycin B. Surviving embryogenic
calli weresubcultured thrice on 30 mg/l hygromycin B at
2 wk intervals (Plate 2f).

a. IR34 immature embryos precultured

an CC medium cantaining 24-D (2.0 m/)  b. Immature embiyos kept on GC
osmaoticum medium containing (36.4 ¢/
mannital and 36.4 ¢/l sorkital} 4 h grior
to bombardment

¢. PDS5-1000/He Bioistic particle delivery

system d. Immature embryos on CC preculture

medium 4 h after second bombardment

e. Calli during first round of selaction on

hyromycin B (30 mg/l) f. Proliferation of calli during third raund

af selection an hygromycin B {30 mg/)

g. Putative ransgenic plantlets on CC
medium without 2,4-0 and hygromyein

B (30 mg/l)

h. Pantlet kept on half-strength MS basal
medium containing hygromycin B
{30 mgdl for rooting

Plate 2 : Biolistic mediated transformation using immature

zygotic embryos of |R64 with cry2AC gene
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Regeneration of putative transgenic plants :

Established embryogenic calli derived fromimmature
embryos after 3 rounds of selection were transferred to
CC basal medium with 30 mg/l hygromycin B and
incubated at 25+2°C with a photoperiod of 16 h for the
regeneration of shoots (3-4 wk) (Plate 2g). Theemerging
shoot buds weretransferred to half strength MS medium
containing hygromycin B (30 mg/l) for rooting (Plate 2h).
Therooted plantsweretransferred to soil and maintained
in transgenic greenhouse.

ReEsuLTS AND DisScussION

The results obtained from the present investigation
aswell asrelevant discussion have been presented under
following heads:

Back-transformation of E.coli DH5a :

The plasmid isolated from the back transformed
DH53, on digestion with the enzyme Hindl 11, produced a
single band (linearised plasmid). Digestion with Sacl
resulted in therelease of aband (2.5 kbp) corresponding
to the CaMV35S promoter and cry2Ac coding sequence.
Digestion with Pstl resulted in a 2.6 kbp fragment
corresponding to the gene expression cassette of cry2Ac.
Thedigestion with Xhol resulted inrelease of three bands
(1.5, 1.1 and 0.7 kbp) as expected (Plate 3 ).

20 kbs
2.0 khp
150
10 kkp
&0 kp

i

Plate 3 : Restriction digestion analysis of plasmid DNA

(pPS2AcP2) isolated from back transformed E. coli

PCR analysis
hph gene

Theandysisshowed an amplification of a955bplong
internal sequence of hph geneinthe plasmid isolated from
back-transformed DH5a. cells and pS,AcP, (Plate 4).
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Plate 4 : PCR analysis of hph gene sequence in plasmid DNA
(pS2AcP2) isolated from back transformed E. coli

gusA gene :

The analysis showed an amplification of a 639 bp-
long internal sequence of gusA genein the plasmidisolated
from back-transformed DH5q. cellsand pS2AcP2 (Plate
5).

&

1.0 kbp

0k CEEEE T 630 b
500 b

300 by
200 b

100 bp

Plate 5: PCR analysis of gusA gene sequencein plasmid DNA
(pS2AcP2) isolated from back transformed E. coli

cry2Ac gene :

PCR analysis showed an amplification of 800 bp-
long internal sequence of cry2Ac gene in the plasmid
DNA isolated from back-transformed DH5a cells and
pS2AcP2 (Plate 6).The results of the PCR analysiswith
plasmid DNA isolated from back-transformed DH5a
using hph, gusA and cry2Ac gene-specific primers
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showed amplification of expected gene sequences.
However, no amplification was observed in control plasmid
used as negative control.

— e e —

Plate 6 : PCR analysis of cry2Ac gene sequence in plasmid
DNA (pS2AcP2) isolated from back transformed
E. coli

Agrobacterium-mediated transformation :

Transformed embryogenic calli grew well on
sel ecti on medium containing 50 mg/l hygromycin while,
untransformed calli turned black and eventually dried.
After three rounds of selection, each at 2 wk intervals,
proliferating and healthy embryogenic calli were
transferred to regeneration medium for shoot induction.
At the end of three rounds of hygromycin selection, 14
calli linesin ASD16 and 22 in IR64 were obtained. Two
of the ASD16 calli lines regenerated on regeneration
medium with a regeneration efficiency of 1.1% (Table
1). None of the IR64 calli regenerated into plants.

Particle bombardment mediated transformation :
Particle bombardment mediated transformation using
immature embryos :

After 48 h of bombardment, a few embryos were
incubatedin X-Gluc solutionfor transient GUS expression
(Plate 7). The embryos exhibited transient GUS

ASD16 IR64
Plate 7 : Transient GUS expression in immature zygotic

embryos 2 days after second bombar dment
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Table 1: Agrobacterium-mediated transformation using matur e seed derived calli of ASD16 and | R64 with cry2Ac gene

No. of No. of lines
explants survived after third

cocultivated selection

Experiment

Variety no

Regeneration
efficiency lines
(%) hph GOl

No. of positive Transformation

efficiency (%)

No. of lines
regenerated

ASD16 120 -
57 -
57

150
65
44 -
65 -
41 -

150 -
64 -
53 -
68 -

154 22

o O

IR64

gpsp®wNhNPE oOoNOMODNPR

0.6 - - -
1.6 - - -

N

Variety Experiment  No. of explants Sl',\llr(\)/.i \7;1“;?; No. of lines Rgggnerai on No. (JIErE):Sstlve Tra_ngformation

no. bombarded third selection regenerated efficiency (%) hph GO efficiency (%)
IR64 1. 84 11 6 7.14 - - -

2. 82 31 4 4.87 - - -

3. 80 38 5 6.25 - - -

4, 67 16 - - - - -

5. 70 12 - - - - ,
ASD16 1. 78 - - - - - -

2. 104 - - - - - -

3. 107 - - - - - -

4, 110 - - - - - -

5. 85 - - - - - -

6. 180 35 - - - - -

7. 60 16 - - - - ,

expression on an overnight incubation at 37°C.
Hygromycin resistant embryogenic calli on selection
media grew well, whereas untransformed calli turned
necrotic and later dried. At the end of three rounds of
hygromycin selection, 108 calli linesin IR64 and 51 in

ASD16 were obtained (Table 2). Some of thesecalli
showed greening on regeneration medium. A total of
fifteen putative transgenic lines were recovered in IR64
with a regeneration frequency of 6%. A few batches of
bombarded calli are in regeneration stage at the time
writing thisreport.

This crop is a major target in crop improvement
programmes. Biotic and abiotic stresses are the major
constraints for rice production. Among insect pests,
lepidopteronsarethe major onesinrice producing regions,
for which about 50% of insecticidal sprays are targeted
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in Asian countries (Heong et al., 1994).

As the cryptic habits of stemborers protect them
from insecticidal sprays, making careful timing of
systemic insecticide applications at high rates necessary
for effective control. Resi stance devel opment to themaj or
classes of insecticides in rice stemborers further
decreased their efficacy inricefields (Jiang et al., 2005;
Li et al., 2001; Chi et al., 2005; Peng et al., 2001). Use
of toxic chemicalsnot only increasesthe rice production
cost but also causes health hazards to rice farmers as
well as deteriorates the rice field environment (Pingali
and Roger, 1995). Biological control of insectsis more
popular as it has several advantages over the chemical
pesticides. Among various biocontrol agents, B.
thuringiensis (Bt) offers greater scope for controlling
insect pests. The development of transgenic crops that
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produce Bt cry proteins has been amajor break through
in the substitution of chemical insecticides by
environmental friendly alternatives. In transgenic plants
thecry toxinisproduced continuoudly, protecting thetoxin
from degradation and making it reachableto chewing and
boringinsects.

Application of genetic engineeringto transformrice
plants with agronomically useful genes has become an
important component of riceimprovement programmes.
Genetic manipulation has several advantages over
conventional plant breeding methods. It overcomes the
incompatibility barriers among different crop species, a
major limiting factor in any breeding programme.
Considerable studiesand field trail s of Bt rice have been
reported since 1993 (Fujimoto et al., 1993; Wunn et al .,
1996; Ghareyazie et al., 1997; Nayak et al., 1997; Wu et
al., 1997; Chenget al ., 1998; Dattaet al., 1998; Magbool
etal., 1998; Alamet al., 1999, Tu et al., 2000, Magbool
et al., 2001, Ye et al., 2001, Khanna and Raina 2002;
Bashir et al., 2004; Ramesh et al., 2004; Chen et al.,
2005; Tang et al., 2006). Overall, crylAb, crylAc,
crylAb/c (fusion gene), crylC and cry2A have been
transformed and evaluated in transgenicrice. Bt ricewas
releasedin lranin 2005 for commercial cultivation (James,
2005).

Extensive greenhouse and field studies documented
that most of the Bt ricelines could effectively control the
target | epidopteran pests and reduce chemical insecticide
application both in Chinaand some other countries, with
important benefitsto environmental quality and the health
of rice growers and consumers. Ecological risk
assessments of insect-resistant transgenic rice confirmed
that transgenic Bt rice has no markedly negative or
unintended impact on non-target organisms, compared
with non-transgenic rice, and is safer than chemical
insecticides (Chen et al., 2006). Since 1996 when the
first insect resistant crop was released, the farmers
planting GM crops have reduced pesticideinputsintheir
fieldsby 6.3 per cent or over 172.5 million kg which led
to an overall reduction in the environmental effects of
pesticides by 14% (Brookes and Barfoot, 2005).

Theintroduction of cloned genes governing traits of
interest into plant cells could be achieved either by direct
DNA transfer (particle bombardment) or Agrobacterium-
mediated gene transfer methods. In the present study,
cry2Ac gene was used to transform two local elite
cultivars, IR64 and ASD16 by both Agrobacterium and
particle bombardment mediated methods with aview to
imparting resi stance against maj or | epidopteron pests such
as yellow stemborer and leaffolder.

Agrobacterium-mediated transformation of target
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genotypes IR64 and ASD16 mature seed derived calli
with the construct harbouring cry2Ac under the control
of CaMV35S promoter resulted in the generation of 14
calluslinesinASD16 and 22 in IR64 were obtained after
three round selections. Two putative transgenic ASD16
lines were recovered.

In yet another study, immature embryos of ASD16
and IR64 weretransformed with pS2AcP2 construct using
particle bombardment. Thetransient GUS expression in
the calli 48 h after bombardment has demonstrated the
efficiency of the systemin delivering gene constructsinto
cells. Inthis experiment, 108 independent calluslinesin
IR64, 51 calluslines of ASD16 were obtained after three
rounds of selection on hygromycin. These callus lines
when transferred to regeneration medium, 15 lineswere
recovered in IR64 and nonein ASD16.

Though several methods of genetic transformation
of rice have been developed, particle bombardment and
Agrobacterium mediated methods are widely used
methods for transformation of rice. There is, however,
an undercurrent of feeling that indica riceisrecalcitrant
to high efficiency transformation and some genotypes
could not be tamed by empl oying common protocols. This
entails search for better transformation protocols
particularly for indica rice (Baja and Mohanty, 2005).
Thereare severa reportson transformation of recal citrant
indicarice cultivars, for example. 1R64 and IR72 through
Agrobacterium (Datta et al., 2001; Khanna and Raina,
2002; Tuetal., 1998; Aldemitaand Hodges, 1996) witha
relatively low frequency of transformation. Thisproblem
could be overcome by developing genotype specific
protocols to obtain high transformation frequency.
Alternatively, by increasing the number of target tissues,
more number of transgenic plants could be generated.

REFERENCES

Alam, M .F, Datta, K.,Abrigo, E., Oliva, N., Tu, J.and Virmani,
S.S. (1999). Transgenicinsect resistant maintainer line
(IR68899B) for improvement of hybridrice. Plant Cell
Rep., 18: 572- 575.

Aldemita, P.R. and Hodges, T.K. (1996). Agrobacterium
tumefaciens-mediated transformation of japonica and
indicaricevarieties. Planta, 199: 612-617.

Bajaj, S. and Mohanty, A.(2005). Recent advances in rice
biotechnology-towards genetically superior
transgenicrice. Plant Biotechnol. J., 3: 275-307.

Bashir,K.,Husnain, T., Fatima, T., Latif, Z., Mehdi, SA.and
Riazuddin, S.(2004). Field evaluation and risk
assessment of transgenic indica basmati rice. Mal.
Breed., 13: 301- 312.

® HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE ®



TRANSFORMATION OF ELITE RICE CULTIVARS ASD16 AND IR64 WITH CRY2AC GENE FOR RESISTANCE TO RICE LEPIDOPTERAN PESTS 27

Brookes, G. and Barfoot, P. (2005). GM Crops: The Global
Economic and Environmental Impact - TheFirst Nine
Years 1996-2004. AgBioForum, 8: 198-196.

Chen,H., Tang, W., Xu,C.G, Li,X.H.,Lin,Y.J.and Zhang, Q.F.
(2005). Transgenic indica rice plants harboring a
synthetic cry2A gene of Bacillusthuringiensis exhibit
enhanced resistance against |epidopteran rice pests.
Theor. Appl. Genet., 111:1330-1337.

Chen,M., Zhao, J., Ye, G, Fu,Q and Shdton,A.M. (2006). Impact
of insect-resi stant transgenic rice on target insect pests
and non-target arthropods in China. Insect Sci., 13:
409- 420.

Chen, W.and Kuo, T. (1993). A simple and rapid method for the
preparation of Gram-negative bacterial genomic DNA.
Nucl. Acid. Res., 21: 2260.

Cheng, X.Y., Sardana, R.,Kaplan, H. and Altosaar, | . (1998).
Agrobacterium-transformed rice plants expressing
synthetic cryl Ab and cryl Ac genes are highly toxic to
striped stemborer and yellow stemborer. Proc. Natl.
Acad. i. USA,, 95: 2767-2772.

Chi,SY.,Peng,Y.,Wang, Y.C.,Han, Z.J.and Chen, C K. (2005).
Advance in the research of insecticide resistance of
Chilo suppressalis. Plant Protect., 31: 3-6.

Chilton, M .D., Currier, T.C., Ferrand, SK., Bendlih, A.J.,
Gordon, M .P. and Wester, E.W. (1974). Agrobacterium
tumefaciens DNA and PS8 bacteriophage DNA not
detected in crown gall tumours. Proc. Natl. Acad. Sci.
USA,, 71: 3672-3676.

Datta, K., Tu,J.,Oliva,N.,Ona, |., Velazhahan,R.,Mew, T.W.,
Muthukrishnan, S. and Datta, SK. (2001). Enhanced
resistance to sheath blight by constitutive expression
of infection-related rice chitinase in transgenic elite
indicaricecultivars. Plant i, 60 : 405-414.

Datta,K.,Vasquez,A., Tu, J., Torrizo, L.,Alam,M.F,, Oliva, N.,
Abrigo, E., Khush, G.S. and Datta, SK. (1998).
Constitutive and tissue specific differential expression
of thecrylAb geneintransgenicrice plantsconferring
resistance to rice insect pest. Theor. Appl. Genet., 97:
20-30.

Datta, SK., Datta, K., Soltanifar, N., Donn, G.and Potrykus, I.
(1992). Herbicide-resistant indica rice plants from
IRRI breeding line IR72 after PEG-mediatcd
transformation of protoplasts. Plant Mal. Bial., 20 :
619-629.

Food and AgricultureOr ganization of theUnited Nations(FAO)
(2004). The state of food security intheworld, 30-31.

Fujimoto, H., Itoh, K., Yamamoto, M., Kyozuka, J. and
Shimamoto, K. (1993). Insect resistant rice generated
by introduction of a modified gene of Bacillus
thuringiensis. Biotechnol., 11: 1151-1155.

[Asian J. Bio Sci., 5 (1) April, 2010]

Ghareyazie, B.,Alinia, F., Menguito, C.A.,Rubia, L.G, Paima,
J.M . Liwanag, E.A., Cohen, M .B.,Khush, G.S. and
Bennett, J. (1997). Enhanced resistance to two
stemborers in an aromatic rice containing a synthetic
crylAb gene. Mol. Breed., 3: 401-414.

Heong, K.L ., Escalada, M.M and M ai, V. (1994). An analysis of
insecticide usein rice: case studies in the Philippines
and Vietnam. Internat. J. Pest Manag., 40: 173-178.

Hiel,Y.,Ohta, S, Komari, T and Kumashiro, T. (1994). Efficient
transformation of rice (Oryza sativa L.) mediated by
Agrobacterium and sequence analysis of the
boundaries of the T-DNA. Plant J., 6: 271-282.

Huesing, J and English, L. (2004). Theimpact of Bt cropson
the developing world. AgBioForum, 7: 84-95.

James, C. (2005). Executive summary: Global Status of
Commercidized BiotecGM Crops. 2005. | SAAA Brriefs,
No. 34, ISAAA: Ithaca, NY.

Jiang, W.H.,Han, Z.J.and Hao, M .L.. (2005). Primary study on
resistance of rice stemborer (Chilo suppressalis) to
fipronil. ChineseJ. Rice ., 19: 577-579.

Khanna, H.K. and Raina, S.K. (2002). Elite Indicatransgenic
rice plants expressing modified Cry1Ac endotoxins of
Bacillus thuringiensis show enhanced resistance to
yellow stemborer (Scirpophaga incertulas).
Transgenic Res,, 11: 411-423.

Li,X.F,Han,Z.J.,Chen,C.K., Li,GQ.and Wang, Y.C. (2001).
Monitoring for resistance of rice stem borer (Chilo
suppressalis Walker) to 4 conventional insecticides.
J. Nanjing agric. Univ., 24: 43-46.

Magbool, S.B., Husnain, T., Riazuddin, S., Masson, L . and
Christou, P. (1998). Effective control of yellow
stemborer and riceleaffolder in transgenic riceindica
varieties Basmati 370 and M7 using the novel delta
endotoxin cry2A Bacillus thuringiensis gene. Mal.
Breed., 4:501-507.

Magbool, S.B., Riazuddin, S., Loc, N.T., Gatehouse, A.M .R.,
Gatehouse, J.A. and Christou, P. (2001). Expression
of multiple insecticidal genes confers broad
resistance against arange of different rice pests. Mol.
Breed., 7: 85-93

M urashige, T. and Skoog, F. (1962). A revised mediumfor rapid
growth and bioassays with tobacco tissue culture.
Physiol. Plant., 15: 475-497.

Nayak, P, Basu,D.,Das S, Basu,A., Ghosh, D., Ramakrishnan,
N.A., Ghosh, M. and Sen, SK. (1997). Transgenic dlite
indica plants expressing cryAc ?-endotoxin of
Bacillus thuringiensis are resistant against yellow
stemborer (Scirpophagaincertulas). Proc. Natl. Acad.
i, USA, 94:2111-2116.

® HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE ®



28 R. SIVACHANDRAN anp M.K. KALARANI

Oerke, E.C. and Dehne, H.W. (2004). Safeguard production-
losses in mgjor crops and the role of crop protection.
Crop Protect., 23 : 275-285.

Peng, Y., Chen, C.K., Han, Z.J. and Wang, Y.C. (2001).
Resistance measurement of Chilo suppressalis from
Jiangsu province and its resistance mechanism to
methamidophos. Acta Phytophylacica Snica, 28 : 173-
177.

Pingali, P.L. and Roger, P.A. (1995). Impact of pesticides on
farmer health and therice environment. IRRI, Manila
Philippines.

Potrykus, |.,Harms, C. T and Lorz, H. (1979). Calusformation

from cell culture protoplasts of corn (Zea mays L.).
Theor. Appl. Genet., 54 : 209-214.

Ramesh, S, Nagadhara, D., Pasalu, |.C., Kumari,A. P, Sarma,
N. P.,Reddy, V. D and Rao, K .V. (2004). Devel opment
of stemborer resistant transgenic parental lines
involved in the production of hybrid rice. J.
Biotechnol., 111:131-141.

Rashid, H., Yokoi, S., Toriyama, K and Hinata, K. (1996).
Transgenic plant production mediated by
Agrobacterium in indica rice. Plant Cell Rep., 15:
727-730.

Sambr ook, J., Fritsch, E. Fand M aniatis, T. (1989). Molecular
cloning. Alaboratory manual. Il edition. Cold Spring
Harbor Laboratory Press, Cold Spring Harbor, New
York,USA.

Savary, S., Willocquet, L ., Elazegui, F.S., Castilla, N.P. and
Teng, P.S. (2000). Rice pest congtraintsin tropical Asia:
quantification of yield losses due to rice pestsin a
range of production situations. Plant Dis., 84 : 357-
369.

[Asian J. Bio Sci., 5 (1) April, 2010]

Shelton,A.M ., Tang, J.D., Roush, R.T.,Metz, T.D. and Earle,
E.D. (2000). Field tests on managing resistanceto Bt-
engineered plants. Nat. Biotechnol., 18: 339-342.

Tang, W., Chen,H., Xu,C.G, Li,X.H.,Lin,Y.J.and Zhang, Q.F.
(2006). Development of insect-resistant transgenic
indica rice with a synthetic crylC gene. Mol. Breed.,
18:1-10.

Tu,J.,0Ona, ., Zhang, Q., Mew, T.W., Khush, G.S. and Datta,
S.K.(1998). Transgenicricevariety IR72 with Xa21is
resistant to bacteria blight. Theor. Appl. Genet., 97:
31-36.

Tu, J.,Zhang, G,, Datta, K., Xu, C.,He, Y., Zhang, G., Khush,
G.S. and Datta, SK. (2000). Field performance of
transgenic elite commercial hybrid line expressing
Bacillus thuringiensis d-endotoxin. Nat. Biotechnol.,
18:1101-1105.

USDA. (2007). Rough rice production, by country and
geographical region-USDA 1961-2007.

Wu, G.T., Shu, Q.Y and Xia, Y.W. (1997). Thebiological effects
of Pingyangmycin on rice. J. Zhgjiang Agric. Univ.,
23:65-69.

Wunn, J.,Kloati,A., Burkhardt, P. K., Bisvas, G.C.G, Launis,
K., lglesias, K. and Potrykus, |. (1996). Transgenic
indica rice breeding line IR58 expressing a synthetic
crylAb gene from Bacillus thuringiensis provides
effectiveinsect pest control. Biotechnol., 14: 171-176.

Ye G.Y.,Shu,Q.Y., Yao,H.W., Cui,H.R.,Cheng, X.Y.,Hu, C,,
Xia,Y.W.,Gao,M.W.and Altosaar, |. (2001). Field
evaluation of resistance of transgenic rice containing
a synthetic crylAb gene from Bacillus thuringiensis
Berliner to two stemborers. J. Econ.Entomol ., 94 : 271-
276. —_

® HIND AGRICULTURAL RESEARCH AND TRAINING INSTITUTE ®



