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Abstract

Mature seed-derived embryogenic calli of indica rice (Oryza sativa L. cv. PAU201) were induced on semisolid
Murashige and Skoog medium supplemented with 2.5 mg dm™ 2,4-dichlorophenoxyacetic acid + 0.5 mg dm™ kinetin +
560 mg dm” proline + 30 g dm™ sucrose + 8 g dm™ agar. Using OsglyIl gene, out of 3180 calli bombarded, 32 plants
were regenerated on medium containing hygromycin (30 mg dm™). Histochemical GUS assay of the hygromycin
selected calli revealed GUS expression in 50 % calli. Among the regenerants, 46.87 % were GUS positive. PCR
analysis confirmed the presence of the transgene of 1 kb in 60 % of independent plants. Further, these plants have been
grown to maturity in glasshouse. /n vitro screening for salt tolerance showed increase in fresh mass of Osglyll putative
transgenic calli (185.4 mg) as compared to control calli (84.2 mg) on 90 mM NaCl after 15 d. When exposed to
150 mM NaCl, Osglyll putative transgenic plantlets showed normal growth while the non-transgenic control plantlets
turned yellow and finally did not survive.
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Rice (Oryza sativa L.) is more susceptible to damage
from water deficit as compared to other cereals (Lafitte
and Bennet 2003) and salinity is widespread soil problem
in rice-growing countries. Breeding for salt tolerance in
rice has been difficult task due to the involvement of
several genes and insufficient knowledge about
mechanism(s) controlling this character (Akita and
Cabuslay 1988, Yeo et al. 1990).

For many decades, it is known that the glyoxalase
system occurs in animals, however few studies have been
carried out so far to understand the glyoxalate pathway in
plants. Cloning and characterization of glyoxalase I has
been reported from a few plants (Deswal and Sopory
1991, Espartero ef al. 1995, Veena Reddy et al.1999,
Johansen et al. 2000, Skipsey et al. 2000). Glyoxalate
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pathway has been linked with rapidly dividing plant cells
(Deswal et al. 1993, Paulus et al. 1993) and has been
reported to be involved in stress tolerance (Espartero
et al. 1995, Veena Reddy et al. 1999, Jain et al. 2002).
Abiotic stresses have been shown to have a
quantitative character, and thus they are controlled by
multiple genes (Hasegawa et al. 2000). However, there
are number of instances where single-gene transfers have
led to the development of tolerant plants (for review see
Singh et al. 2008, Gosal et al. 2009). The first report of
transgenic plants produced for abiotic stress tolerance
was in tobacco (Tarczynski et al. 1992) using mtID gene
for mannitol-1-phosphate dehydrogenase from E. coli.
The role of Osgly II gene for imparting tolerance against
salinity has been earlier reported in tobacco (Singla-

Abbreviations: BAP - benzylaminopurine; 2,4-D - 2.,4-dichlorophenoxyacetic acid; GUS - B-glucoronidase; Kin - kinetin;
NAA - napthaleneacetic acid; Osgly II - Oryza sativa glyoxalase II; PDS - particle delivery system; SLG - SD-lactoylglutathione;
x-gluc - 5-bromo-4-chloro-3-indolyl-B-D-glucuronic acid cyclohexylammonium salt.
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Pareekh et al. 2003) and rice (Singla-Pareekh et al. 2008)
but, in both the cases the transformation was
Agrobacterium mediated. Here, we report for the first
time a particle gun mediated introduction of Osgly II gene
into high yielding indica rice.

Seeds of indica rice (Oryza sativa L. cv. PAU 201)
were provided by the Department of Plant Breeding and
Genetics, Punjab Agricultural University, Ludhiana,
India. Manually dehusked seeds were treated with 0.1 %
Bavistin for 3 h followed by washing thrice with distilled
water. These seeds were then surface sterilized in 0.1 %
HgCl, for 8 - 10 min followed by three rinses with
autoclaved distilled water. Sterilized seeds were cultured
on semisolid Murashige and Skoog (1962; MS) medium
supplemented with 2.5 mg dm™ 2,4-dichloropheno-
xyacetic acid (2,4-D) + 0.5 mg dm” kinetin (Kin) +
560 mg dm™ proline + 30 g dm™ sucrose + 8 g dm™ agar.
After two weeks of incubation, the embryogenic scutellar
calli (2 - 3 mm in diameter) were excised from the
germinating seeds and arranged in 1 cm circle (20 to
25 calli) in the center of the target plate (90 x 15 mm)
containing osmoticum (Fig. 1).

Osglyll gene construct was kindly provided by
Dr. S.K. Sopory (ICGEB, New Delhi India). The details
of the gene construct are given in Singla-Pareekh et al.
2003. Bombardment of embryogenic calli was performed
using /000 He gun system (Bio Rad, Hercules, USA).
Tungsten particles (0.7 um) coated with DNA were
accelerated towards the tissue placed at 9 cm away from
macrocarrier launch assembly with rupture discs
withstanding 1100 psi pressure. After bombardment the
Petri dishes were sealed with parafilm and incubated at
25 £ 2 °C under diffused light. After 16 h the bombarded
calli were transferred onto above mentioned MS medium
for 2 d. The calli were then subcultured on the selection
medium containing hygromycin (30 mg dm™) for two
cycles of 2 weeks each and the resistant calli were
regenerated into plantlets (Fig. 1). Putative transgenic
calli were transferred to shoot regeneration MS medium
supplemented with benzylaminopurine (BAP; 2.0 mg dm™)
+ Kin (0.5 mg dm®) + naphthaleneacetic acid (NAA;
0.5 mg dm®) + hygromycin (30 mg dm®) + sucrose
(30 g dm™) + agar (8 g dm™). After 2 weeks, the surviving
calli were again transferred to fresh shoot regeneration
medium. Regenerated plantlets were rooted on basal MS
medium + hygromycin (30 mg dm™). Putative transgenic
plantlets were hardened by placing them on absorbent
cotton in the test tubes initially for 1 week where the
plantlets resumed their growth. Plantlets were then
directly kept in test tubes in the tap water for another
week where profuse rooting occurred and the plantlets
got ready for transferring to the soil. Hardened plantlets
were finally transferred to the soil in the plastic pots and
were kept in transgenic glasshouse maintained at 30 °C
with 80 % relative humidity (Fig. 1).

In vitro screening of non-transgenic calli was carried
out to check the inherent tolerance of calli for salt stress

TRANSGENIC SALINITY TOLERANT RICE

using NaCl in six concentrations (0, 30, 60, 90, 120 and
150 mM) added to the callus induction medium. Equal
quantities (100 mg) of one month old embryogenic calli
were subcultured on medium containing different
concentrations of NaCl. Bombarded calli after selection
on medium containing hygromycin (30 mg dm™) were
grown on 90 mM NaCl along with control calli for
2 weeks and increase in fresh mass was recorded. After
hardening, the plantlets were transferred to soil. One
week after their transfer, putative transgenic plants were
screened for salt tolerance by keeping them in MS liquid
medium supplemented with 150 mM NaCl for 15 d.
Putative transformants were screened by PCR analysis
using rice genomic DNA from non-transformed and
putative transgenic plants as template and Osglyll
forward (5-ATGCGGATGCTGTCCAAGGCG-3") and
reverse (5-TTAAAAGTTATCCTTCGCTCG-3") primers
as described earlier (Singla-Pareekh et al. 2003). The
PCR was carried out in 0.02 cm’ solution comprising
50 ng of rice genomic DNA, 0.004 cm® of 5% PCR buffer
(Promega, Madison, WI, USA) (pH 8.5), 1.2 cm’ of
25 mM MgCl,, 3.0 cm® of 1.0 mM dNTP mix, 1 U Taq
DNA polymerase and 1 cm® of 20 uM of each primer.
The PCR profile was an initial denaturation at 94 °C for
4 min followed by 40 cycles of denaturation at 94 °C for
1 min, primer annealing at 57 °C for 2 min and enzymatic
extension at 72 °C for 1 min and final extension at 72 °C
for 7 min followed by rapid cooling at 4 °C.

For transformation, a total 10 experiments were
carried out and a total 3180 calli were bombarded with
Osglyll gene. After two cycles of selection, 425 calli
were selected which were capable of growing on
selection medium containing hygromycin (Table 1).
Further, 408 calli were transferred to regeneration
medium in the presence of hygromycin and were
incubated under irradiance of 67.5 pmol m™s™.

Hygromycin has been found to be safe and effective
selecting agent for transgenic tissues in rice (Christou

Table 1. Genetic transformation of rice cv. PAU 201 by
bombarding scutellar-derived calli with OsglyIl gene.

Exp. No. Number. Number of Number of calli Number of
of calli  calli on regeneration regenerated
bomb. selected medium plantlets

1 300 40 38 4
2 320 38 36 2
3 360 56 55 4
4 400 54 52 4
5 300 44 43 4
6 320 40 38 2
7 300 36 34 2
8 240 30 29 1
9 300 42 40 5

10 340 45 43 4

Total 3180 425 408 32
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et al. 1991, Magbool et al. 1998, Oszvald et al. 2008,
Singla-Pareek et al. 2008). Different rice cultivars
possess different sensitivity to hygromycin. Generally,
concentrations ranging from 25 mg dm” to 50 mg dm”
have been found to inhibit the growth of non-transformed
tissues. After 3 weeks of incubation, some of the calli
exhibited the development of green spots and shoot
primordia along with the regeneration of shoots.
Complete plantlets were developed after 5 weeks of
incubation. A total 32 independent putative transgenic
plantlets were regenerated (Fig. 1L). The transformation
efficiency through particle bombardment is low as
compared to Agrobacterium-mediated transformation.
Among various factors responsible, one observed in our
laboratory was poor entry of tungsten particles into the
target tissue. When analyzing the bombarded tissue under
electron microscope, we observed that most of the DNA
coated tungsten particles did not enter the tissue. Later,

this problem was overcome by adjusting the distance
between the target plate and macrocarrier launch
assembly. In some instances, the subcultured calli turned
necrotic (brown). Browning of subcultured calli of rice
has been the recurring problem (Mitsuoka ef al. 1994,
Hoque and Mansfield 2004). Randomly selected calli
portions were GUS assayed and GUS expression (blue
spots) was shown in 50 % calli (Fig. 1C) whereas the
non-transformed (control) did not develop any blue
colour even after incubation in the x-gluc solution. A
total of 32 independently regenerated plantlets were
tested, of which 15 (46.87 %) were found to be GUS
positive. These 15 T, plants were hardened and transferred
to soil in the earthen pots and grown in glasshouse. They
exhibited normal growth and flowering (Fig. 10). PCR
analysis confirmed the presence of transgene of 1 kb in
9 out of 15 (60 %) independent plants when total
genomic DNA from various independent putative

Fig. 1. Scuteller-derived embryogenic callus with seed (4). Target plate used for bombardment (B). Stereoscopic view of bombarded
calli 48 h after bombardment (C). Selection of bombarded calli: non-transformed calli on medium without hygromycin (/eff), non-
transformed calli on medium containing hygromycin (middle) and transformed calli on medium containing hygromycin (right) (D).
Transient GUS expression after 1 week of selection (E). Osglyll transgenic calli showing increased fresh mass on medium containing
90 mM NaCl (F). Control calli showing necrosis and decrease in fresh mass on medium containing 90 mM NaCl (G). Shoot
differentiation from bombarded calli (H). Rooting of putative transgenic plantlets (/). Stereoscopic view of T, rice leaf cutting
showing GUS expression and control leaf (J). Stereoscopic view of T rice root cuttings showing GUS expression and control root
cuttings (K). Population of Osgly II putative transgenic plants in glasshouse (L). Osglyll transgenic and control plantlets after a shock
of 150 mM NacCl for 15 d in MS liquid medium (M). PCR amplification of OsglylI in transgenic rice plants (N). Putative transgenic

plants grown in the earthen pots showing normal flowering (O).
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transgenic plants was used as the template and end
sequences of Osglyll as the primers in the PCR analysis
(Fig. 1N). Singla-Pareekh et al. (2008) reported PCR
analysis of transgenic rice plants expressing Osglyll gene
and all the 30 independent lines were found PCR
positive.

In vitro screening of salt tolerance was carried out at
calli and plantlet level using NaCl as stress agent. Seeds
of Salicornia persica and S. europaea were germinated
under NaCl (0, 100, 200, 300, 400, 500, and 600 mM) on
MS medium for 45 d (Aghaleh et al. 2009). Similarly,
NaCl (0, 250 and 500 mM) were used to create salinity
effect on 10-d-old seedlings of wheat (Mutlu ez al. 2009).
Two wheat cultivars, Mahon Demias and Hidhab
exhibited appreciable callus induction but differed
significantly in the capacity of calli proliferation and
regeneration under salinity stress (Benderradji et al.
2007). In vitro studies on salt tolerance were also carried
out with two indica rice cultivars, CSR27 (salt tolerant)
and HBC19 (salt sensitive). Calli were transferred to MS
medium containing 0 (control), 0.5, 1.0, 1.5 and 2.0 %
NaCl (m/v) for four weeks. Seedlings (14-d-old) were
also exposed to salt treatment in half-strength MS salts
solution with 0 (control), 0.25, 0.50, 0.75, 1.0 and 1.50 %
NaCl for one week. High salt concentration decreased the
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