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ABSTRACT
OsBAT1 is homologous gene of human leukocyte antigen-B associated transcript 1 (BAT1) isolated from rice. It
is also called as UAP56, which is a DExD/H-box protein involved in messenger RNA (mRNA) splicing. The
function of plant homologue of BAT1, isolated from rice (OsBAT1) especially its involvement in stress tolerance,
has been reported in T

1
 and T

2
 generation. Here, we demonstrate the novel function of OsBAT1 in salinity stress

tolerance in rice (Oryza sativa L. cv. IR64) in T
3
 generation. Rice over expressing OsBAT1 (T

3
 generation)

showed tolerance to high salinity (200 mM NaCl) stress. The T
3
 transgenics exhibited higher levels of biochemical

parameters such as water and chlorophyll contents, net photosynthetic rate, stomatal conductance and
intercellular CO

2
 content as compared to wild type (WT) plants. Agronomic parameters were also higher in

transgenics as compared to WT plants. Our results provide the first direct evidence for a promising function of
OsBAT1 in mediating salinity stress response/tolerance in rice and its stability up to T

3
 generation.
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Rice (Oryza sativa) is an important cereal crop that
provides a staple diet for almost half of the world’s
population and is the major food crop cultivated in Asia.
The quality and yield of rice is greatly affected by
environmental stresses such as salinity, drought, heat
and cold.  It has been estimated that by 2025, the global
population would require about 800 million tonnes (mt)
of rice.  The growth and productivity of crops decreases
due to abiotic stresses. It acts by decreasing
photosynthesis, germination percentage and biomass
as well as increasing the generation of reactive oxygen
species (ROS) (Hadiarto and Tran 2011). Among
different abiotic stresses, salinity is a widespread soil
problem that limits crop productivity worldwide. This
salinity causes severe deterioration of agricultural lands
especially in the tropical countries (Mahajan and Tuteja
2005; Munns and Tester, 2008). Different studies done
by researchers suggest that the introduction of specific
foreign genes into crop plants provides resistance
against biotic and abiotic stresses (Xiong et al., 2006;

Mazzucotelli et al., 2008; Chen et al. 2013). Earlier
studies had revealed that some RNA/DNA helicases
also play an important role in the abiotic stress
management/ resistance (Liu et al., 2002; Vashisht and
Tuteja 2006; Kant et al., 2007; Li et al. 2008). In rice,
the OsBIRH1 encodes a functional DEAD-box RNA
helicase that functions in defence responses against
biotic and abiotic stresses when over expressed (Li et
al., 2008).

The role of RNA helicases have been reported
to perform defined roles during environmental stresses,
and their expression and/ or activity is frequently altered
during cellular response to abiotic stress (Owttrim,
2013). Recently, the over expression of RNA helicases
OsSUV3 and OsBAT1 (T

1
 and T

2
 generation) has been

reported to impart salinity stress tolerance in rice plants
without yield loss (Tuteja et al., 2013, 2015). However,
the role of BAT1 rice homologue (here termed as
OsBAT1) in salinity stress tolerance has been reported
in T

1
 and T

2
 generation. To check the stability and
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function of the gene, we have developed T
3
 generation

transgenic rice plants (Oryza sativa L., cv. IR64) over
expressing OsBAT1 and studied its function under
salinity stress.

MATERIALS AND METHODS

Analysis of T3generation OsBAT1 plant through
PCR, and histochemical assay for â-Glucuronidase
(GUS) activity

The integration of OsBAT1 gene was confirmed through
PCR, using genomic DNA extracted from the healthy
leaves (0.5 g) of T

3 
generation transgenic plants. The

PCR amplification was performed with 0.15-0.20 ìg
of genomic DNA, using promoter specific forward and
gene (OsBAT1) specific reverse primers. GUS activity
was assayed histochemically by a procedure described
by Jefferson et al., (1987) using the indigogenic
substrate X-gluc (5-bromo-4-chloro-3-indolyl b-D-
glucuronide).

RNA Isolation and quantitative real-time PCR
(qRT-PCR)

21 days-old T
3
 OsBAT1 over expressing transgenic and

WT rice seedlings were grown on hydroponic system
and then treated with 200 mM NaCl for 24 h. The total
RNA was isolated using the Trizol reagent (Invitrogen
Life Technologies, USA) as per the manufacturer’s
instructions. cDNA was prepared from total RNA by
using RevertAid H minus first strand cDNA synthesis
kit (Fermentas, Life Sciences). Expression analysis of
OsBAT1 gene was performed by qRT-PCR as
described earlier (Jayaraman et al., 2008).

Leaf disk senescence assay for salinity tolerance

Healthy and fully matured rice leaf squares of 1cm×1cm
dimension were taken from similar age transgenic lines
(L5, L8, L12 and L17) of T

3
 generation along with WT

plants. The leaf disks were floated in 100 and 200 mM
solution of NaCl for 72 hours. Then the total chlorophyll
content was measured as described earlier (Tuteja et
al., 2015).

Measurement of photosynthetic characteristics

An infra-red gas analyzer (IRGA, LiCor, Lincoln, NE,
USA) was used on a sunny day between 10:00 and
12:00 h to estimate net photosynthetic rate (Pn), stomatal
conductance (gs) and intercellular CO

2
 concentration

(Ci) on the fourth and fifth fully expanded leaves of

transgenic lines (L5, L8, L12 and L17) and the WT
plants. The atmospheric conditions during the
measurement were photosynthetically active radiation
(PAR), 1,050 ± 7lmol m-2 s-1, relative humidity 66 ±
4%, atmospheric temperature 24 ± 20C and
atmospheric CO

2
, 350 μmol mol-1.

Agronomic characteristics of T3 OsBAT1 over
expressing transgenic plants

Several agronomic parameters like plant height, number
of tillers/plant, number of panicles/plant, number of filled
grains/panicle, number of chaffy grains/panicle, straw
dry weight, 100 grain weight, root length, root dry
weight, leaf area and plant dry weight were measured
at 3rd weeks after initiating the 200 mM NaCl treatment
in T

1
 transgenic, and water grown WT plants. Growth

and yield performance of the transgenic lines survived
after salinity stress was compared with WT plant as
described earlier (Tuteja et al. 2015).

Estimation of endogenous ion content

Endogenous ion content like nitrogen, phosphorus,
potassium and sodium were estimated from leaves of
T

3
 transgenic plants grown on 200 mM NaCl grown

and WT plants grown on water. All the experiments
were conducted according to the methods described
earlier (Tuteja et al. 2015).

Statistical analyses

Data were obtained from at least three independent
experiments.  The mean values obtained are presented
as means standard errors of the mean, with a minimum
of three replicates. Analysis of one-way variance
(ANOVA) was performed on the data using SPSS (12.0
Inc., USA) to determine the least significant difference
(LSD) for the significant data to identify the differences
in the mean among the treatments. The means were
separated by Duncan’s multiple range tests (DMRT).

RESULTS AND DISCUSSION

Molecular analysis of the OsBAT1 over
expressing T3transgenic plants

The construct pCAMBIA1301-OsBAT1 was used for
development of transgenic IR64 rice plants (Figure 1a).
Phenotypically there were no significant differences
between the transgenic lines (L5, L8, L12 and L17) as
compared to the WT plants (Figure 1b).  The
amplification of transgene (OsBAT1) was confirmed
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by PCR using promoter (CaMV35S) specific forward
and gene specific reverse primers and the fragment of
expected size (~1.4 kb) was obtained (Figure 1c). The
quantitative real-time PCR (qRT-PCR) showed ~9 fold
induction in the transcript level of sense transgenic lines
(L5, L8, L12 and L17) as compared to WT plants under
normal (unstressed) condition (Figure 1d).  The Gus
activity was visualized (blue colour) in leaf tissues of
all the transgenic lines (L5, L8, L12 and L17) and no
blue colour was observed in WT plants (Figure
1eHHH).

OsBAT1 over expressing transgenic plants show
tolerance to salinity

To test the salinity tolerance, leaf pieces (~1cm×1cm)
from T

1
 sense transgenic lines (L5, L8, L12 and L17)

and WT plants were floated separately on 100 and 200
mM NaCl for 72h. The loss of chlorophyll was lesser
in transgenic lines as compared to WT plants (Figure
1f).  More chlorophyll content also found in leaf of
transgenic lines compared to WT (Figure 1g). It is
evident that transgenic plants have more tolerance to
salinity stress.

Agronomic attributes and photosynthetic
characteristics of OsBAT1 T3 transgenic plants

OsBAT1 over expressing transgenic rice plants showed
better performance in growth parameters like plant
height, number of tillers/plant, number of panicle/plant,
number of filled grain/panicle, number of chaffy grains/
panicle, straw dry weight, 100 grain weight, root length,
root dry weight, leaf area, root and shoot lengths as
compared to WT plants under salinity stress (200 mM
NaCl) (Table 1). The photosynthetic characteristic like
net photosynthesis rate (Pn), stomatal conductance (gs),
and intercellular CO

2
 concentration (Ci) were higher

in transgenic plants as compared to the WT plants under
salinity stress (200 mM NaCl). Overall, WT plants
showed more damage as compared to transgenic plants
(Table 1).

Endogenous ion and chlorophyll content in
transgenic plants

Under salinity stress (200 mM NaCl) more
accumulation of nitrogen, phosphorus, potassium ions
and less accumulation of sodium was found in transgenic
lines as compared to the WT plants (Table 1). More
chlorophyll content was found in transgenic lines as

compared with WT plants under salinity stress
(Table 1).  Several yield attributes such as days required
for flowering, number of tillers/plant, panicles/plant, filled
grain/panicle, chaffy grain/panicle, 100 grain weight at
200 mM NaCl were recorded in transgenic lines and
found to be almost similar to the WT plants grown in
water (0 mM NaCl) (Table 2). However, the WT plants
did not survive till flowering stage at 200 mM NaCl
stress (Table 2).

The present study was conducted in order to
study the stability and salinity tolerance property of
OsBAT1 in T

3
 generation. Among multiple abiotic

stresses, salinity severely affects the whole plant
machinery and productivity. The new emerging role of
helicases in plant abiotic stress tolerance such as salinity
and drought has been reported in earlier studies (Sanan-
Mishra et al., 2005; Owttrim, 2006, 2013; Vashisht and
Tuteja, 2006; Umate et al., 2010; Sahoo et al., 2012,
Gill et al., 2013; Tuteja et al., 2013, 2015).  The
understanding of mechanism, ion homeostasis and
detoxification of ROS are important steps for tolerance
against salinity stress (Munns and Tester, 2008).

OsBAT1 over expressing transgenic lines of
T

3
 generation were raised and four transgenic lines (L5,

L8, L12 and L17) were carried forward for study its
function under stress.  The expression of transgene
and the visualization of GUS activity confirm the
integration of transgene in the overexpressing lines.
Significant tolerance against salinity stress in transgenic
lines was observed by leaf disk senescence assay. The
transgenic lines exhibited normal growth as WT plants
under control conditions and much better growth than
WT plants in salinity stress conditions indicating positive
influence of the transgene on the plant.  The transgenic
lines also maintained higher endogenous nutrient
contents as compared to WT plants under salinity stress,
which revealed the salinity tolerance potential of the
transgenic lines.  Similar findings were reported earlier
in different varieties of rice (Amin et al., 2012; Sahoo
et al., 2012; Tuteja et al., 2013) and tobacco by over
expression of different genes for e.g. glyoxalase,
PDH45, PsMCM6 and OsCBSX4 (Singla-Pareek et
al., 2003; Sanan-Mishra et al., 2005; Dang et al., 2011;
Singh et al., 2012). Higher concentration of potassium
and lower concentration of sodium were found in leaves
of OsBAT1 over expressing transgenic lines than WT
plants under salinity stress. It indicates that the over

T3 generation of OsBAT1 under salinity stress Ranjan Kumar Sahoo et al
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LEGENDS TO FIGURES

Fig. 1.  Analysis of OsBAT1 overexpressing T
3
 transgenic IR64 rice plants. (a) Schematic diagram of pCAMBIA1301 containing

OsBAT1 gene (1.3 kb) in HindIII restriction enzyme site. (b) Overexpressing OsBAT1 T
3 
transgenic lines with WT plants were

used for analysis. (c) Confirmation of transgenic (T
3
) lines through PCR analysis of the OsBAT1 gene by the use of CaMV35S

promoter specific forward and OsBAT1gene specific reverse primers showing the required amplification of 1.4 kb in 4 transgenic
lines (L5, L8, L12 and L17). (d) Relative expression of OsBAT1 gene in WT and transgenic lines under control (unstressed)
condition. (e) Visualization of GUS activity in the leaf tissue of transgenic lines. (f) Leaf disk senescence assay for salt
tolerance in transgenic rice lines. (g) Chlorophyll content (mg/g f wt) in transgenic lines under 100 and 200 mM NaCl. Each
value represents mean of three replicates ± SE. Means were compared using ANOVA. Data followed by the same letters are not
significantly different at P<0.05 as determined by least significant difference (LSD) test. a,b,c indicate significant differences at
P<0.05 level as determined by Duncan’s multiple range test (DMRT).

expression of OsBAT1 may restrict the entry of sodium
ions in the leaves of transgenic lines thereby contributing
towards protection of photosynthetic machinery from
salinity stress.

The OsBAT1 over expressing transgenic lines
retained more chlorophyll than WT under salinity stress,
which is in agreement with the earlier reports (Sanan-
Mishra et al., 2005; Moradi and Ismail, 2007; Dang et
al., 2011; Singh et al., 2012; Sahoo et al., 2012). The
photosynthetic activities like net photosynthesis rate

(Pn), stomatal conductance (gs), and intercellular CO
2

concentration (Ci) were decreased by salinity stress
but a lesser reduction was observed in OsBAT1
transgenic lines as compared to WT plants.  The better
control over photosynthesis apparatus under salinity
stress may be due to retention of chlorophyll content in
these transgenic lines.  It has been reported earlier also
that tolerance in PDH45 and SUV3 over expressing
rice plants in stress results due to maintenance of the
photosynthetic apparatus (Gill and Tuteja, 2010; Tuteja
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et al., 2013).

The exact mechanism of salinity stress
tolerance in plants is still not well known. This study
offers unique function of OsBAT1 in providing salinity
stress tolerance in transgenic plants without affecting
yield. This can also provide a good example of the
exploitation of components of nucleic acid metabolism
pathways including splicing factor for enhanced
agricultural production that withstand the extreme
climatic conditions and ensure food security.
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