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ABSTRACT

OsBAT1 is homol ogous gene of human leukocyte antigen-B associated transcript 1 (BAT1) isolated fromrice. 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 fromrice (OsSBAT1) especially its involvement in stress tolerance,
has been reported in T, and T, generation. Here, we demonstrate the novel function of OsBATL in salinity stress
tolerance in rice (Oryza sativa L. cv. IR64) in T, generation. Rice over expressing OsBAT1 (T, generation)
showed toleranceto high salinity (200 mM NaCl) stress. The T, transgenics exhibited higher levels of biochemical
parameters such as water and chlorophyll contents, net photosynthetic rate, stomatal conductance and
intercellular CO, 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, 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 isthemajor food crop cultivatedinAsia.
The quality and yield of rice is greatly affected by
environmental stresses such as salinity, drought, heat
and cold. It hasbeen estimated that by 2025, the global
popul ation would require about 800 million tonnes (mt)
of rice. Thegrowth and productivity of cropsdecreases
due to abiotic stresses. It acts by decreasing
photosynthesis, germination percentage and biomass
aswell asincreasing 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 severedeterioration of agricultural lands
especialy inthetropical countries(Mahajan and Tutgja
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; VVashisht and
Tutgja 2006; Kant et al., 2007; Li et al. 2008). Inrice,
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).

Therole of RNA helicases have been reported
to perform defined roles during environmental stresses,
andtheir expression and/ or activity isfrequently altered
during cellular response to abiotic stress (Owttrim,
2013). Recently, the over expression of RNA helicases
OsSUV3 and OsBATL1 (T, and T, generation) has been
reported toimpart salinity stresstolerancein rice plants
without yield loss(Tutejaet al., 2013, 2015). However,
the role of BAT1 rice homologue (here termed as
OsBAT1) in salinity stress tolerance has been reported
in T, and T, generation. To check the stability and
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function of the gene, we have developed T, generation
transgenic rice plants (Oryza sativa L., cv. IR64) over
expressing OsBAT1 and studied its function under
salinity stress.

MATERIALS AND METHODS

Analysis of T generation OsBAT1 plant through
PCR, and histochemical assay for &-Glucuronidase
(GUS) activity

Theintegration of OsBAT1 genewas confirmed through
PCR, using genomic DNA extracted from the healthy
leaves (0.5 g) of T, generation transgenic plants. The
PCR amplification was performed with 0.15-0.20 ig
of genomic DNA, using promoter specific forward and
gene (OsBAT1) specific reverse primers. GUS activity
was assayed histochemically by aprocedure 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, OsBAT1 over expressing transgenic and
WT rice seedlings were grown on hydroponic system
and then treated with 200 mM NaCl for 24 h. Thetota
RNA wasisolated using the Trizol reagent (Invitrogen
Life Technologies, USA) as per the manufacturer’s
instructions. cONA was prepared from total RNA by
using RevertAid H minusfirst strand cDNA synthesis
kit (Fermentas, Life Sciences). Expression analysis of
OsBAT1 gene was performed by gRT-PCR as
described earlier (Jayaraman et al., 2008).

Leaf disk senescence assay for salinity tolerance

Healthy and fully matured riceleaf squaresof 1cmx1cm
dimension were taken from similar agetransgenic lines
(L5,L8,L12and L17) of T, generation along with WT
plants. The leaf diskswerefloated in 100 and 200 mM
solution of NaCl for 72 hours. Then thetotal chlorophyll
content was measured as described earlier (Tutgja et
al., 2015).

Measurement of photosynthetic characteristics

Aninfrared gasanalyzer (IRGA, LiCor, Lincoln, NE,
USA) was used on a sunny day between 10:00 and
12:00 hto estimate net photosynthetic rate (Pn), stomatal
conductance (gs) and intercellular CO, concentration
(Ci) on the fourth and fifth fully expanded leaves of
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transgenic lines (L5, L8, L12 and L17) and the WT
plants. The atmospheric conditions during the
measurement were photosynthetically active radiation
(PAR), 1,050 = 7Imol m-2 s-1, relative humidity 66 +
4%, atmospheric temperature 24 + 2°C and
atmospheric CO,, 350 umol mol ™.

Agronomic characteristics of T, OsBAT1 over
expressing transgenic plants

Several agronomic parameterslike 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 3 weeks after initiating the 200 mM NaCl treatment
in T 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, 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 (Tutgja et al. 2015).

Satistical analyses

Data were obtained from at least three independent
experiments. The mean values obtained are presented
as means standard errors of the mean, with aminimum
of three replicates. Analysis of one-way variance
(ANOVA) was performed on the datausing SPSS (12.0
Inc., USA) to determinetheleast significant difference
(LSD) for thesignificant datato 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 OsSBAT1 over
expressing T transgenic plants

The construct pPCAMBIA1301-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 (CaMV 35S) specific forward
and gene specific reverse primers and the fragment of
expected size (~1.4 kb) was obtained (Figure 1c). The
quantitativereal-time PCR (QRT-PCR) showed ~9 fold
inductioninthetranscript level of sensetransgeniclines
(L5,L8,L12and L17) ascompared to WT plantsunder
normal (unstressed) condition (Figure 1d). The Gus
activity was visualized (blue colour) in leaf tissues of
al the transgenic lines (L5, L8, L12 and L17) and no
blue colour was observed in WT plants (Figure
1leHHH).

OsBAT1 over expressingtransgenic plants show
tolerance to salinity

To test the salinity tolerance, leaf pieces (~1cmx1cm)
from T, 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 T, 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 graing/
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 photosynthesisrate (Pn), stomatal conductance (gs),
and intercellular CO, concentration (Ci) were higher
intransgenic plants as compared to the WT plantsunder
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 lessaccumulation of sodiumwasfoundin transgenic
lines as compared to the WT plants (Table 1). More
chlorophyll content was found in transgenic lines as
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compared with WT plants under salinity stress
(Tablel). Severd yidd attributes such asdaysrequired
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 ailmost 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, generation. Among multiple abiotic
stresses, salinity severely affects the whole plant
machinery and productivity. The new emerging role of
helicasesin plant abiotic stresstol erance such assalinity
and drought has been reported in earlier studies (Sanan-
Mishraet 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 areimportant stepsfor tolerance
against salinity stress (Munns and Tester, 2008).

OsBATL1 over expressing transgenic lines of
T, generation wereraised 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 stressin transgenic
lines was observed by leaf disk senescence assay. The
transgenic lines exhibited normal growth asWT plants
under control conditions and much better growth than
WT plantsin salinity stressconditionsindicating positive
influence of the transgene on the plant. Thetransgenic
lines also maintained higher endogenous nutrient
contentsascompared to WT plantsunder salinity stress,
which revealed the salinity tolerance potential of the
transgenic lines. Similar findingswere reported earlier
in different varieties of rice (Amin et al., 2012; Sahoo
et al., 2012; Tutgja 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-Mishraet al., 2005; Dang et al., 2011,
Singh et al., 2012). Higher concentration of potassium
and lower concentration of sodium werefoundinleaves
of OsBATL over expressing transgenic lines than WT
plants under salinity stress. It indicates that the over

O 240 O



Oryza Vol. 52 No.4, 2015 (238-244)

e100°0FEY0°0 «TO0'0FP0'0 «TO00FSYO'0 eT00'0F.0°0 eT000FSY0'0 eT00°0FSY0'0  «TO00FOVO'0 TOO0FZYO'0 =TOO'0FTSO0 «TO0'0FEYO'0 (%) wnipos
©G00°0FOYT'0 «TOO'0FTST' O «S00'0FOPT 0 eT00'0FZOT'0 00 0FCET'0 C00'0FIGTO «C000FIET 0 00 0FSPT O -200°0F2800 «€00°0FZET 0 (%) wnsselod
0TO'0FIYZ'0 «TTO'0F2ZSZ'0 TTO'0FISZ0 «TT0°0F2/20 TTO0FZrZ0 ITO0FTLZ0 «0T0'0FEEZ'0 0T0'0FZVZ0 +2000FIZT0 (TTO0F2H20 (%) snioydsoud
eCTO'0FT820 TTOOFTITE'0 eTTO'0F98C0 «TO0FL0E0 =ITO0+C8C'0 ITOOF/TIED CTO0FEBC'O eCTO0FC0E0 V00'0+C0T'0 ¢TTO'0+282°0 (%) usbonIN
¢ 0T+90¢ «7’'0T+8¢C L' 0T+S0C ' TT+22C L' 0T+T0C «9'0T+9¢¢ ¢ 0T+.0C ¢’ 0T+2cC € V+T'TO0T 22 TTF0ZZ  (-low jow 1 ‘1))
‘00 fejn|pIenu|
(3S;-w jow w ‘sB)
290URONPUOD
eL'0T+90¢ S TTFTSC ¢’ 0T+CTC ¢ 0T+T¥C «3'0T+60¢ 6 0T+F917¢ S TTFT0C 6°'0T+3EC o' SFEVOT ' TTFTEC [erewols
(:S.W ‘00
jow 1 "yq) ol
211vYuAsoloyd
S0F9'8 £ 0F/00T SGO0FVT'6  «'0FS0°0T £0FVE6  T'0FCS 0T 9'0F2'8  9'0F2E0T s€C°0F209 «G'0F92'6 A m\%_/w
m J 66w
e€8'0F¥9LT GS0F6'T e88'0FLT G8°0FC6'T ®G8'0F8LT  «I6'0FL6'T ®/80¥I8'T e88°0F¢6'T FEOFI0 oSS OFLLT Ewuoam_Mo._v.
m J 6/6w
5'0F/0'8 ' 0F/T'6 e€'0F20'6 €006 £'0¥T0'6 G'0¥SC'6 e’ 0F¥70'6 S'0F2'6 B00FTZ «Z20F06 [lIAydosojyo felolL
(3ued/;wo)
a7’ T+98 S T+.6 S T+8 9’ T+96 «G'T+G8 0 T+.6 9 T+E8 0’ T+96 0 CFCL VY l?'¢+16 €edle Jea
(6) Wb M
ST '0¥EC eT'0FL°C 9T 0¥C'¢C ¢'0¥8°¢C «GT'0FL¢C e¢T'0¥0°E €T 0FT¢C VT 0¥6°C 200F7'T AN LA Kip 1004
0 T+EC £ T+3¢C 0’ T+9¢C el T+.C g7 T+VC 7' T+8¢C 0’ T+EC 0’ T+62 «€0'0F9'TT *8'0¥82  (Wwo) yibue| 1004
el'EFTL eC'CFLL el EFEL «0'EF6.L eC'EFCL el €FIL S EFTL el €FIL €' T+9°¢CE 2’ €¥2.  (Wohybey uveld

00c 0 00c 0 00¢ 0 00c 0 00¢ 0 (Nw) 2u0d [JeN

LT8aul c¢raul gaulT gaulf

sjue|d owebsuel) T1vaso £1

swed adA1 plim

|JBN INW 00Z 10 0 Jopun umolB (794 | Ad *JeAlres
©zA10) 011 JO (LT 8U1T pUe ZT8u1T ‘gaulT ‘gaulT) saul| dluefsue) Bussaidxa oo T1vasO Jo uoieeush © 1 pue (1) adAl pjim josainguie a1dAlousud "Ta|qeL

0241 O



T3 generation of OSBAT1 under salinity stress

Relative gers E
BAETABRICT

L1z L7

WT LE LB

LEGENDSTOFIGURES

Ranjan Kumar Sahoo et al

Fig. 1. Analysisof OsBAT1 overexpressing T, transgenic IR64 rice plants. (a) Schematic diagram of pPCAMBIA 1301 containing
OsBAT1 gene (1.3kb) in Hindl Il restriction enzymessite. (b) Overexpressing OsBAT1 T transgenic lineswith WT plantswere
used for analysis. (c) Confirmation of transgenic (T,) linesthrough PCR analysis of the OsBAT1 gene by the use of CaMV 35S
promoter specific forward and OsBAT1gene specific reverse primers showing the required amplification of 1.4 kbin 4 transgenic
lines (L5, L8, L12 and L17). (d) Relative expression of OsBAT1 genein 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 threereplicates+ SE. Meanswere compared using ANOVA. Datafollowed by the same | etters are not
significantly different at P<0.05 as determined by least significant difference (LSD) test. 2°¢indicate significant differencesat
P<0.05 level asdetermined by Duncan’s multiple rangetest (DMRT).

expression of OsBAT1 may restrict the entry of sodium
ionsintheleavesof transgenic linesthereby contributing
towards protection of photosynthetic machinery from
salinity stress.

The OsBAT1 over expressing transgenic lines
retained more chlorophyll than WT under salinity stress,
which isin agreement with the earlier reports (Sanan-
Mishraet 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,
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
stressmay be dueto retention of chlorophyll contentin
thesetransgenic 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; Tutgja
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o Table2. Comparison of variousyield parametersof WT and T, generation of OsBAT1 over expressing transgeniclines(Line5, Line8, Line12and Line 17) of rice
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(Oryzasativa L. cv. IR64) grown under O or 200 mM NaCl.

< 8 et al., 2013).
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