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Abstract 
Rice is a major cereal crop providing food and energy to more than half of 
world’s population and drought is a challenging abiotic stress limiting rice 
production. Engineering drought tolerance trait is a major bottle neck be-
cause of multigenic control and complex nature. Two promising candidate 
genes utilized in engineering drought tolerance include DREB2A transcrip-
tion factor (a master regulator of downstream stress inducible genes) and 
APX (an important ROS scavenging enzyme). Overexpression of DREB genes 
has shown encouraging results but with a negative impact on plant morphol-
ogy and production. Moreover, co-expression of DREB2A and APX genes’ 
influence on drought stress has not been studied. Hence, in the present study, 
overexpression of single genes DREB2A or APX and co-expression of these 
genes were studied for enhancement of drought tolerance in indica rice. Both 
genes under control of CaMV 35S promoter were transferred by Agrobacte-
rium transformation into rice variety BPT5204 popular for slender grains in 
South India. Confirmation of T-DNA integration into rice genome was done 
with PCR analysis of transgenes. Homozygous transgenic lines of DREB2A, 
APX and DREB2A-APX generated in T3 generation were evaluated for drought 
tolerance during seed germination, vegetative and reproductive stages. In 
seed germination stage, transgenic lines exhibited higher germination rates 
on 200 mM mannitol MS medium in comparison to WT. In vegetative stage, 
with-holding water for 7 days transgenic lines exhibited higher chlorophyll, 
proline, reducing sugars and enhanced activities of APX, SOD and catalase 
enzymes as well as reduced MDA content. The qRT-PCR analysis revealed 
higher relative transgene expression under drought stress. In reproductive 
stage, before maturity with-holding water for 7 days and restoring normal 
conditions, transgenic lines developed longer panicles and a higher number 
of grains/plant compared to WT. The overall results indicate that co-expression 
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of DREB2A and APX can provide enhanced drought tolerance in rice plants 
to combat climate change conditions. 
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1. Introduction 

Different abiotic environmental stresses have been responsible for limiting the 
conditions for plant exploitation and productivity worldwide. Various stresses 
like salinity, radiation and temperature fluctuations have a great impact on sur-
vival, biomass and yield potential of different food crops [1]. Improvement of 
yield and maintaining the yield stability of food crops under both normal and 
stress conditions becomes the most important factor for the food security of the 
ever increasing population [2]. Drought stress is one of the most adverse factors 
and considered as a severe threat to growth and productivity of sustainable crops 
[3]. The effects of drought are thought to be more severe with increasing water 
deficit conditions and climate changes [4]. 

Plants during drought stress undergo three major interactive alterations lead-
ing to changes in expression of genes [5], biosynthesis of metabolites [6] [7] and 
production of proteins [8] that confer tolerance to stress leading to life susten-
ance. At first, in response to drought stress, plants induce the expression of dif-
ferent functional and regulatory genes [9]. Key genes identified in various path-
ways expressed under drought stress include different transcription factors: viz., 
DRE-binding protein (DREB)/C-repeat-binding factor (CBF), ABA-binding 
factor (ABF), MYC, MYB [10] [11], ABA-responsive element (ABRE) and de-
hydration responsive element [12]. Second, plants respond to drought stress by 
enhancing the production of primary and secondary metabolites that act as os-
molytes, stress signals, antioxidants and osmoprotectants. The increased accu-
mulation of these osmolytes maintains the turgor pressure by allowing the water 
to enter the cells by lowering the osmotic potential. Third, plants scavenge the 
reactive oxygen species (ROS) with antioxidative defense system to protect the 
cells from oxidative injury under drought stress conditions. Various ROS free 
radicals such as hydroxyl radical, hydrogen peroxide, superoxide and singlet 
oxygen are produced and accumulation of ROS during drought stress enhances 
lipid peroxidation and protein oxidation resulting in severe damage to plant cells 
[13] [14].  

The ROS produced under normal conditions are maintained in balance by the 
action of different antioxidants in the cell. Many enzymatic and non-enzymatic 
antioxidant systems are involved in scavenging and reducing the ROS levels and 
maintain the cellular redox balance. Enzymatic system consists of ascorbate pe-
roxidase (APX), superoxide dismutase (SOD), glutathione peroxidase (GPX) and 
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catalase (CAT). In plants, APX is the frontline key enzyme of hydrogen perox-
idase-detoxification system (ascorbate-glutathione cycle), in which ascorbic acid 
is utilized as electron donor in reducing H2O2 to water [15]. APX plays a vital 
role in scavenging the ROS and under stress conditions APX activities enhances 
in cytosolic, chloroplastic and peroxisomal compartments in all the plant species. 
APX is regulated at transcriptional level and more strongly at post-transcriptional 
level, for instance, the cytosolic APX activity is increased in pea during drought 
[16] and in the alx8 (altered expression of APX2) mutants of Arabidopsis im-
proved drought tolerance is revealed [17] [18].  

In plants, as a result of drought stress, ROS species generated are highly toxic 
and need to be detoxified rapidly. Transgenic improvements of plants through 
detoxification strategy have been achieved for abiotic stress tolerance which in-
clude overexpressing enzymes glutathione peroxidase, glutathione reductases 
[19], superoxide dismutase [20], and ascorbate peroxidases [21] [22] involved in 
oxidative protection. The peroxisomal or cytosolic APX from poplar over ex-
pression increases plant performance under drought in transgenic tobacco [21] 
[22]. Moreover, possibility of enhancing tolerance towards drought stress trans-
formation of plants with stress inducible genes viz. regulatory proteins such as 
DREB transcription factors has emerged. In major cases, constitutive DREB 
overexpression not only led to activate stress responsive genes and accumulation 
of low molecular protectants, but affect plant morphology and production [23]. 
Through the transcription factors, many genes can be regulated simultaneously 
in stress responses [24]. The transgenic approach of the introduced TF gene al-
lows controlling the timing, expression levels and tissue specificity for its optim-
al function. If the action of a given gene or transcription factor is desired in spe-
cific organ at specific time or under specific stress conditions, it is important to 
better integrate gene action and physiology. Hence, in this study co-expression 
of DREB2A and APX genes was carried out in indica rice to develop drought to-
lerance in BPT5204 (Samba Masuri) variety which is sensitive to abiotic stresses.  

2. Materials and Methods 
2.1. Vectors Construction 

The DREB2A, APX, and DREB2A-APX clones were maintained in HB101 cells. 
The DREB2A and APX cassettes were cloned at Hind III and Pst I sites inde-
pendently into pCAMBIA1300. In addition, the DREB2A and APX cassettes 
were ligated and cloned at Hind III and Pst I sites of pCAMBIA1300 and mobi-
lized into Agrobacterium tumefaciens (LBA4404) by freeze thaw method,  

2.2. Agrobacterium Mediated Genetic Transformation in Rice 

Agrobacterium strains harbouring DREB2A, APX and DREB2A-APX cassettes 
were employed for genetic transformation experiments in rice. Embryogenic cal-
li derived from the scutellum of BPT 5204 indica rice cultivar were utilized for 
genetic transformation. Calli were infected with Agrobacterium cultures har-
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bouring DREB2A, APX and DREB2A-APX cassettes independently. Infected 
calli were subjected to two rounds of selection on medium supplemented with 40 
and 50 mg/l hygromycin. Putatively transformed calli were cultured on prolife-
ration medium for one week and then transferred onto regeneration medium 
[25] Regenerated shoots were later transferred to rooting medium and rooted 
plantlets were established in pots and grown to maturity in net house. 

2.3. Molecular Analysis 

Genomic DNA from the putatively transformed DREB2A, APX and DREB2A-APX 
plants along with WT control plants was isolated according to the protocol de-
scribed in Sigma-Aldrich genomic DNA extraction kit. PCR analyses were per-
formed using DREB2A gene specific forward  
5'-CCTCATTGGGTCAGGAAGAA-3' and reverse  
5'-AACCCATCATCTCCCTCTTG-3' primers for DREB2A and DREB2A-APX 
putative transformants. Further, APX gene specific forward  
5'-ATCAGCTTGCTGGAGTGGTT-3' and reverse  
5'-GCCGTTGAACCATCTGATTT-3' primers were employed for the PCR ana-
lyses of APX and DREB2A-APX primary transformants. Plasmid DNAs were 
used as positive controls and DNA from WT control plants was used as a nega-
tive control. The amplified PCR products were analysed on 1% agarose gel. 

Southern blot analysis was carried out for DREB2A, APX and DREB2A-APX 
transgenic plants using 15 µg∙genomic DNA digested with SacI restriction en-
zyme. The digest was resolved on 1% agarose gel and the bands were transferred 
onto nylon membrane. The membrane was then exposed to UV in UV cross-linker 
[26] and probed with hph coding regions after radiolabelling with α-32P radiola-
belled dCTP, in corresponding lines. Following the hybridization, the membrane 
was washed according to the manufacturer’s instructions. 

2.4. Identification of Homozygous Lines 

Homozygous DREB2A, APX and DREB2A-APX lines were generated by germi-
nating the T1 seeds of transgenic plants on MS medium supplemented with 40 
mg/l hygromycin. After 7 days, the germinated seedlings were transferred to 
pots and grown to maturity. The T2 seeds obtained were germinated on MS me-
dium supplemented with 40 mg/l hygromycin to identify the homozygous lines. 

2.5. Drought Stress Treatment at Germination and Seedling Stage 

To assess the drought tolerance of transgenic lines, the seeds were first surface 
sterilized with ethanol and mercuric chloride followed by washing with sterile 
distilled water for 5 times and the seeds were germinated on MS medium con-
taining 200 mM Mannitol. After 7 days, the germination rates of different trans-
genic lines were recorded. Seed germination rate (%) was assessed using the fol-
lowing formula:  

( ) Number of seeds germinatedSeed germination rate % 100
Total number of seeds tested

= ×  
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To assess the drought tolerance at seedling stage, seeds of DREB2A, APX, 
DREB2A-APX and WT were grown in vermiculate for one week. These seedl-
ings were transferred to Hoagland’s solution supplemented with 200 mM man-
nitol. After 7 days of treatment, the seedlings were transferred to fresh Hoagland 
solution for recovery. Data was recorded on survival rate, root length, shoot 
length and biomass of the seedlings after treatments.  

2.6. Drought Stress Treatment at Vegetative Stage 

To analyse the drought stress tolerance ability at vegetative stage, the transgenic 
plants along with WT control plants 65 days old were subjected to drought stress 
by withholding water for 7 days. Data regarding chlorophyll content, reducing 
sugars, proline content, MDA, APX activity, SOD, catalase, photosynthetic rate 
and relative water content were estimated from the leaves of 65 day old plants. 

2.7. Estimation of Chlorophyll Content 

Approximately 25 mg of leaf tissue was collected from transgenic lines and WT 
control plants and immersed in 80% acetone and incubated in dark for 2 days. 
The extracted chlorophyll from the leaf tissues were measured in spectrophoto-
meter at 663 and 647 nm for chl a and chl b, respectively. Total chlorophyll con-
tent was estimated according to the procedure described by Lichtenthaler, et al., 
(1983) [27]. 

2.8. Estimation of Reducing Sugars 

The leaf samples (100 mg) collected from transgenic and WT control plants were 
ground to fine powder in liquid nitrogen. Ethanol (80%) was used in extraction 
of reducing sugars at 95˚C. The extraction was concentrated by incubating the 
solution at 80˚C for 2 hours. Finally, the concentrate was dissolved in distilled 
water (10 ml) and reducing sugars were estimated according to Miller (1959) 
[28]. 

2.9. Estimation of Proline Content 

Proline was estimated according to Edit Abraham, et al., (2010) [29]. Leaf ma-
terial (1 g) of transgenic and WT control plants were ground in 20 ml of 3% sul-
fosalicyclic acid and centrifuged. To 2 ml of supernatant, glacial acetic acid (2 
ml) and ninhydrin (2 ml) were added and boiled at 100˚C for one hour. Later, 
the tubes were cooled to room temperature, added with toluene (4 ml) and vi-
gorously mixed. The chromophore (toluene) was separated from the aqueous 
phase and its absorbance was measured at 520 nm. 

2.10. Estimation of MDA 

The leaf tissue of transgenic and WT control plants were homogenized in 5 ml of 
trichloroacetic acid (0.1%) and centrifuged. To 500 µl of supernatant, 20% TCA 
(4 ml) containing 0.5% thiobarbituric acid was added and incubated at 95˚C for 
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30 min. Later the tubes were quickly cooled on ice and centrifuged. Absorbance 
of the supernatant was read at 532 nm to estimate the MDA content according 
to Hagege, et al., (1995) [30]. 

2.11. Estimation of APX Activity 

APX activity was measured according to the protocol described by Nakano and 
Kozi, (1987) [31]. The leaf tissue (0.5 g) of transgenic and WT control plants 
were powdered in liquid nitrogen and 2.5 ml of 50 mM potassium phosphate 
buffer containing 0.04 M KCl, 1 mM reduced ascorbate (ASC), 1 mM PMSF and 
8% PVPP: (pH 6.0) were added and centrifuged. The supernatant was used for 
estimating different enzyme activities.  

To 25 µl of supernatant, 1 ml of reaction buffer containing 50 mM potassium 
phosphate buffer, (pH 7.0) and 10 mM ascorbic acid were added and mixed 
gently. Non-specific degradation of ascorbate was determined by taking the ab-
sorbance at 290 nm for 3 min at 25˚C. Later, 200 mM H2O2 was added to the 
mixture and absorbance was noted at 290 nm for 3 min at 25˚C to measure the 
decrease in the reaction rate. Specific activity of APX was estimated from the ex-
tinction coefficient of 2.8 mM−1∙cm−1 [32]. 

2.12. Estimation of SOD 

SOD was determined according to Giannopolitis and Ries (1977) [33]. To 100 μl 
of supernatant, 3 ml of reaction mixture containing 50 mM potassium phos-
phate buffer (pH 7.8), 0.1 mM EDTA, 13 mM methionine, 75 μM NBT and 2 
μM riboflavin were added and exposed to 5000 lux light for 15 min. SOD activity 
was estimated by measuring the inhibition of photochemical reduction of ni-
troblue tetrazolium (NBT). The amount of enzyme required to inhibit 50% re-
duction of NBT is termed as one unit SOD. 

2.13. Estimation of Catalase 

Catalase activity was measured in the leaf tissue of transgenic plants as per the 
protocol described by Aebi (1984) [34]. The leaf material of transgenic and WT 
control plants were homogenized in 50 mM phosphate buffer (pH 7.0) and cen-
trifuged. The supernatant was mixed with hydrogen peroxide-phosphate buffer 
(pH 7.0) and the time was recorded for decreasing the OD value from 0.45 to 0.4 
at 240 nm in a spectrophotometer. 

2.14. Measurement of Photosynthetic Rates and  
Water-Use-Efficiency 

Young leaves of transgenic and WT control plants were selected to measure the 
photosynthetic rates and WUE in an automated portable infrared CO2/H2O gas 
analyser. The young leaf was enclosed in a micro-chamber for two minutes, later 
the data on photosynthetic rates and WUE were calculated under normal and 
drought stress conditions. 
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2.15. Relative Water Content 

The RWC was determined according to Gozale and Gonzalez-villar (2001) [35]. 
The initial fresh weight of transgenic and WT control plant leaves were noted 
and the leaves were allowed to dry at room temperature until no further loss of 
weight is observed (desiccated weight). After that, the leaves are further dried by 
incubating at 70˚C for 24 hours and dry weight was noted. The RWC was calcu-
lated using the formula: 

RWC (%) = (desiccation weight − dry weight)/(fresh weight − dry weight) × 100 

2.16. Drought Stress Treatment at Reproductive Stage  

To test the drought stress tolerance at reproductive stage, transgenic lines along 
with WT control plants (85 - 95 days old) were subjected to drought stress by 
withholding water for 7 days. After drought treatment, the plants were allowed 
to grow under normal conditions till maturity and the data on panicle length 
and grain yield were recorded. 

2.17. Quantitative Real Time PCR (qRT-PCR) 

For qRT-PCR analysis, total RNA was extracted from the transgenic plants along 
with WT control plants subjected to drought stress for 7 days. First strand cDNA 
was synthesized from the RNA extracted and employed for qRT-PCR analyses 
using SYBR green master mix with Applied Biosystems 7500 real time PCR sys-
tem programmed with 94˚C (45 sec), 59˚C (30 sec) and 72˚C (45 sec) for 35 
cycles. All the reactions were carried in triplicates and the relative expression le-
vels were calculated using 2−ΔΔct method employing actin gene as a reference. The 
primers employed in qRT-PCR are listed in Table 1. 

2.18. Statistical Analysis 

All the experiments were carried in triplicates with 6 plants per batch. All the 
data recorded were tested for statistical significance using Student’s t-test. **P < 
0.01 and *P < 0.05 represent significant differences at 1% and 5% level of signi-
ficance, respectively compared with the WT control. 
 
Table 1. Primers used in qRT-PCR for quantifying relative expression levels of DREB2A 
and APX genes in normal and drought stress exposed plants of WT and DREB2A, APX 
and DREB2A-APX transgenic lines.  

S. No. Primer Name Primers Sequence 

1 ACTIN-F 5'-GAGTATGATGAGTCGGGTCCAG-3' 

2 ACTIN-R 5'-ACACCAACAATCTCAAACAGAG-3' 

3 APX-F 5'-CTTCCTGATGCGAAGAAAGG-3' 

4 APX-R 5'-TTCGCGTAATGATCCACAAA-3' 

5 DREB2A-F 5'-CCGGCCACTATACCTTCTGA-3' 

6 DREB2A-R 5'-AGTCTTCCGCTCCTGACAAA-3' 
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3. Results 
3.1. Generation of Transgenic Lines 

The DREB2A, APX and DREB2A-APX cassettes (Figures 1(A)-(C)) in pCAM-
BIA1300 vectors were mobilized into Agrobacterium (LBA4404) by freeze thaw 
method, independently. Embryogenic calli of BPT 5204 indica rice cultivar induced 
on callus induction medium were infected by Agrobacterium strains harbouring 
DREB2A, APX and DREB2A-APX cassettes in different batches. The putative 
transformed calli of BPT 5204 were selected on hygromycin medium and rege-
nerated (Figure 2(A) & Figure 2(B)). A total of 11, 9 and 13 transformants were  
 

 
Figure 1. T-DNA region showing expression cassettes of (A) DREB2A, (B) APX and (C) 
DREB2A-APX driven by CaMV 35S promoter in pCAMBIA1300 vector used for Agro-
bacterium mediated transformation in the rice variety BPT5204 (Samba Mahsuri). 
 

 
Figure 2. Selection and regeneration of transformants. (A) Selection of DREB2A, APX and DREB2A 
-APX transformed calli on MS medium supplemented with 50 mg/l hygromycin. (B) Regeneration 
of shoots and roots from hygromycin resistant calli.  
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developed from 2684, 2154 and 2986 calli. All the regenerated plantlets were 
hardened and maintained in nethouse till maturity.  

3.2. PCR and Southern Blot Analysis 

PCR analysis showed an amplification band of 404 bp with APX gene specific 
forward 5'-ATCAGCTTGCTGGAGTGGTT-3' and reverse  
5'-GCCGTTGAACCATCTGATTT-3' primers corresponding to APX region in 
APX and DREB2A-APX transformants (Figure 3(A)). Similarly, PCR analysis of 
DREB2A and DREB2A-APX transformants exhibited 773 bp amplicon corres-
ponding to DREB2A region with DREB2A gene specific forward  
5'-CCTCATTGGGTCAGGAAGAA-3' and reverse  
5'-AACCCATCATCTCCCTCTTG-3' primers (Figure 3(B)). Further, Southern 
blot analysis of genomic DNA of DREB2A, APX and DREB2A-APX transfor-
mants, digested with Sac I restriction enzyme and probed with hph coding se-
quence revealed 1.5 kb hybridisable band, whereas WT control failed to show 
such band with the same probe (Figure 4). 

3.3. Seed Germination Rates and Seedling Growth 

To assess the drought tolerance of transgenic lines at germination stage, DREB2A,  
 

 
Figure 3. PCR analysis of WT and transgenic lines. (A) PCR analysis of APX and DRE- 
B2A-APX putative transformants for the presence of APX region, (B) PCR analysis of 
DREB2A and DREB2A-APX putative transformants for the presence of DREB region. 
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Figure 4. Southern blot analysis of hph gene in DREB2A, APX, and DREB2A-APX puta-
tive transformants. 
 
APX and DREB2A-APX transgenic lines seeds along with WT seeds were ger-
minated on MS media supplemented with 200 mM mannitol. After 7 days of 
drought stress treatment, DREB2A, APX and DREB2A-APX transgenic line ex-
hibited higher (73.15 ± 6.28, 75.97 ± 4.98 and 84.62 ± 5.12) germination rates in 
comparison to WT control (23.59 ± 2.87) plants (Figure 5(A) and Table 2). 

Seedlings of DREB2A, APX and DREB2A-APX transgenic lines subjected to 
drought stresses disclosed higher survival rate, biomass, shoot and root length in 
DREB2A, APX and DREB2A-APX compared to WT plants. Under drought 
stress conditions, DREB2A, APX and DREB2A-APX transgenic lines exhibited 
higher 75.16% ± 5.24%, 81.92% ± 3.59% and 89.68% ± 7.25% survival rates 
compared to WT (30.15% ± 3.24%) plants. Different transgenic and WT plants 
exhibited 100% survival rate under normal conditions (Figure 5(B) and Table 
3). The biomass produced by the transgenic DREB2A, APX and DREB2A-APX 
plants (109.96 ± 6.37, 115.37 ± 1.54 and 135.81 ± 4.91 mg FW) were significantly 
higher than that of WT (62.54 ± 6.83 mg FW) plants at drought stress. In addi-
tion, significantly higher shoot lengths were recorded by DREB2A, APX and 
DREB2A-APX under drought stress (7.91 ± 0.24, 8.11 ± 0.15 and 8.46 ± 0.32 cm) 
compared to WT (3.02 ± 0.42) plants, respectively, under similar stress condi-
tions. Moreover, higher root lengths of 7.15 ± 0.54, 6.02 ± 0.18 and 7.34 ± 0.49 
under drought stress were exhibited by DREB2A, APX and DREB2A-APX 
transgenic lines while WT plants showed 2.85 ± 0.41 under similar stress condi-
tions (Figure 5(B) and Table 3). 

3.4. Effect of Drought Stress on Vegetative Growth  

The transgenic lines DREB2A, APX and DREB2A-APX along with WT control 
plants were subjected to drought stress by withholding water for 7 days. After 
stress treatment, the plants were allowed to grow under normal conditions till 
maturity. The transgenic lines were able to resume growth, whereas WT control 
plants are retarded in growth (Figure 6).  

3.5. Chlorophyll, Reducing Sugars and Proline Content  

Transgenic lines DREB2A, APX and DREB2A-APX exhibited significantly higher  
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(A) 

 
(B) 

Figure 5. Seedlings of 7 day old WT and DREB2A, APX and DREB2A-APX transgenic 
lines after germination on (A) MS medium containing 200 mM mannitol, (B) Vermicu-
lite for one week with 200 mM mannitol supplemented Hoagland’s solution.  
 
Table 2. Germination rates of DREB, APX and DREB-APX transgenic rice line seeds un-
der untreated, and drought stress conditions. Values represent mean ± S.E from three in-
dependent experiments Values were significant at 0.05% level. 

Lines 
Untreated 

(%) 
Drought (200 mM mannitol) 

(%) 

WT 100 23.59 ± 2.87 

DREB 100 73.15 ± 6.28 

APX 100 75.97 ± 4.98 

DREB-APX 100 84.62 ± 5.12 
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Table 3. Survival rate, total biomass, shoot and root lengths of DREB, APX and DREB- 
APX transgenic rice plantsunder well-water and drought stress. Values represent mean ± 
S.E from three independent experiments Values were significant at 0.05% level. 

Lines Survival rate (%) 
Total biomass 

(mg FW) 
Shoot length 

(cm) 
Root length 

(cm) 

Well-water 

WT 100 118.48 ± 3.27 7.18 ± 0.38 6.89 ± 0.22 

DREB 100 131.56 ± 5.21 8.15 ± 0.26 8.01 ± 0.13 

APX 100 133.58 ± 1.28 8.49 ± 0.57 8.15 ± 0.38 

DREB-APX 100 137.16 ± 2.69 8.68 ± 0.41 8.37 ± 0.36 

Drought 

WT 30.15 ± 3.24 62.54 ± 6.83 3.02 ± 0.42 2.85 ± 0.41 

DREB 75.16 ± 5.24 109.96 ± 6.37 7.91 ± 0.24 7.15 ± 0.54 

APX 81.92 ± 3.59 115.37 ± 1.54 8.11 ± 0.15 6.02 ± 0.18 

DREB-APX 89.68 ± 7.25 135.81 ± 4.91 8.46 ± 0.32 7.34 ± 0.49 

 

 
Figure 6. Transgenic DREB2A, APX and DREB2A-APX and WT plants subjected to 
drought stress by withholding water for 7 days and allowed to grow under normal condi-
tions. WT plants are retarded in growth and transgenic lines continue to grow.  
 
(1.37 ± 0.018, 1.42 ± 0.061 and 1.69 ± 0.024 mg∙g−1 FW) chlorophyll content 
compared to WT control (0.81 ± 0.036 mg∙g−1 FW) plants under drought stress 
conditions (Figure 7(A)). However, no significant difference was observed be-
tween transgenic and WT control plants under normal environmental condi-
tions.  

The reducing sugars estimated in transgenic and WT control plants did not 
show any significant differences under normal conditions (Figure 7(B)). Whe-
reas, in drought stress conditions, DREB2A, APX and DREB2A-APX transgenic 
lines accumulated higher (1.13 ± 0.037, 1.21 ± 0.019 and 1.39 ± 0.041 µg∙g−1 FW)  
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Figure 7. Physiological parameters chlorophyll, reducing sugars and proline content in 
leaves of 65 days old vegetative stage rice plants in well watered conditions and treated to 
drought stress by withholding water for 7 days in WT and transgenic lines DREB2A, APX 
and DREB2A-APX. (A) Chlorophyll content (mg∙g−1 FW), (B) Reducing sugars (μg∙g−1 
FW), (C) Proline content (µg∙g−1 FW).  
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amounts of reducing sugars in comparison to WT control (0.61 ± 0.026 µg∙g−1 
FW) plants. 

Higher accumulation of proline contents (188.54 ± 7.15, 193.18 ± 9.31 and 
199.11 ± 2.17 µg∙g−1 FW) were observed in DREB2A, APX and DREB2A-APX 
transgenic lines than that of WT control (134.27 ± 5.28 µg∙g−1 FW) plants under 
drought stress conditions (Figure 7(C)). In contrast, no significant differences 
were exhibited by transgenic and WT control plants under normal conditions.  

3.6. MDA Content  

MDA content of WT control and transgenic plants were measured both under 
normal and drought stress conditions. Under normal conditions, the MDA con-
tent was merely same in transgenic and WT control plants. Under 7 days of 
drought stress conditions, WT control (27.54 ± 0.15 nmol∙g−1 FW) plants dis-
closed higher accumulation of MDA content, while the transgenic lines DREB2A, 
APX and DREB2A-APX showed increased (15.21 ± 0.75, 13.58 ± 0.84 and 12.69 
± 0.91 nmol∙g−1 FW) MDA content but less than that of WT control plants 
(Figure 8). 

3.7. APX, SOD and Catalase Enzyme Activities  

To assess the H2O2 detoxifying capability in transgenic lines along with WT con-
trols plants APX enzyme acitivity was quantified. The APX activity observed was 
significantly higher in DREB2A, APX and DREB2A-APX transgenic lines (3.694 
± 0.024, 3.896 ± 0.017 and 4.127 ± 0.069 µmol∙min−1∙g−1 FW, respectively) than 
WT control (1.957 ± 0.053 µmol∙min−1∙g−1 FW) plants under drought stress con-
ditions (Figure 9(A)). In contrast, the APX activity under normal conditions 
was almost same in transgenic and WT control plants (Figure 9(A)). 
 

 
Figure 8. MDA content in leaves of 65 days old vegetative stage rice plants well watered 
conditions and treated to drought stress by withholding water for 7 days in WT and 
transgenic DREB2A, APX and DREB2A-APX lines. 
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Figure 9. Antioxidative activities of APX, SOD and catalase enzymes in leaves of 65 days 
old vegetative stage plants treated to well watered conditions and drought stress for 7 
days by withholding water in WT and transgenic DREB2A, APX and DREB2A-APX 
lines. (A) APX activity measured in µmol∙min−1∙g−1 FW, (B) SOD activity in U/mg pro-
tein, (C) Catalase activity measured in U/min mg protein.  
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To evaluate the free radical detoxification ability, SOD activity was assessed in 
transgenic and WT control plants under normal and drought stress conditions. 
After 7 days of drought stress conditions, DREB2A, APX and DREB2A-APX 
transgenic lines showed higher SOD activity (11.94 ± 0.41, 12.04 ± 0.62 and 
12.11 ± 0.26 U/mg protein) than WT control (7.04 ± 0.73 U/mg protein) plants 
(Figure 9(B)). Contrastingly, no significant differences were observed between 
transgenic lines and WT control plants under normal conditions (Figure 9(B)). 

To analyse the H2O2 detoxification ability, transgenic lines along with WT 
control plants were assessed for catalase activity. Much higher catalase activity 
(1.947 ± 0.046, 1.993 ± 0.053 and 2.064 ± 0.059 U/mg protein) was observed in 
DREB2A, APX and DREB2A-APX transgenic lines compared to the activity 
recorded in WT control (0.861 ± 0.028 U/mg protein) plants (Figure 9(C)). In 
contrast, no significant differences in catalase activity were observed between 
transgenic and WT control plants under normal conditions (Figure 9(C)). 

3.8. Photosynthetic Leaf Gas Exchange Physiology  

Randomly selected upper young leaves of transgenic and WT control plants were 
used for acquiring the data on net photosynthetic rates (µmol∙m−2∙s−1) under 
normal and drought stress conditions. The photosynthetic rates recorded in 
DREB2A, APX and DREB2A-APX transgenic lines were much higher (10.57 ± 
0.1, 10.68 ± 0.5 and 11.89 ± 0.4 µmol∙m−2∙s−1) compared to WT control (7.54 ± 
0.3 µmol∙m−2∙s−1) plants under drought stress conditions (Figure 10). Converse-
ly, under normal conditions no significant differences in photosynthetic rates 
were found between transgenic and WT control plants.  
 

 
Figure 10. Photosynthetic rates in leaves of 65 days old vegetative stage rice plants grown 
in well watered conditions and treated to drought stress for 7 days by withholding water 
in WT and transgenic DREB2A, APX and DREB2A-APX lines. 
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3.9. Water Use Efficiency and Relative Water Content 

Randomly selected upper young leaves of transgenic and WT control plants were 
used for acquiring the data on water-use-efficiency (WUEi = A/E; mmol CO2 
mol−1 H2O) under normal and drought stress conditions. The WUE of transgen-
ic lines and WT control plants did not show any significant differences under 
normal conditions (Figure 11(A)). Higher WUE of 2.07 ± 0.08, 2.10 ± 0.07 and 
2.13 ± 0.03 mmol CO2 mol−1 H2O, respectively, were recorded by DREB2A, APX 
and DREB2A-APX transgenic lines than that of WT control (1.09 ± 0.01 mmol 
CO2 mol−1 H2O) plants under stress conditions (Figure 11(A)). 
 

 
Figure 11. Water use efficiency and relative water content in leaves of 65 days old vegeta-
tive stage rice plants grown in normal well watered conditions and treated to drought 
stress for 7 days by withholding water in WT and transgenic DREB2A, APX and 
DREB2A-APX lines. (A) Water use efficiency (WUE (mmol CO2 mol−1 H2O)) and (B) 
Relative water content. 
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To analyse the water status of the plants, the relative water content of trans-
genic and WT control plants were measured after 7 days of drought stress treat-
ment. The transgenic lines DREB2A, APX and DREB2A-APX disclosed higher 
RWC (72.21% ± 2.18%, 76.69% ± 2.59% and 79.86% ± 4.05%) compared to WT 
control (45.18% ± 3.17%) plants under drought stress conditions (Figure 11(B)). 

3.10. Panicle Size and Grain Yield 

At reproductive stage drought stress tolerance was assessed by withholding wa-
ter for 7 days in transgenic lines along with WT control plants (85 - 95 days old). 
After drought treatment, the plants were allowed to grow under normal condi-
tions till maturity and the data on panicle length and grain yield/plant were rec-
orded. At maturity, transgenic lines DREB2A, APX and DREB2A-APX devel-
oped longer panicles (14.25 ± 0.58, 15.09 ± 0.28 and 15.98 ± 0.52 cm) compared 
to WT control plants (7.21 ± 1.21 cm) under drought stress conditions (Table 
4). In addition, DREB2A, APX and DREB2A-APX transgenic lines produced in-
creased (409.47 ± 3.29, 429.31 ± 4.19 and 453.17 ± 5.93 grains) grains/plant than 
that of WT control (238.69 ± 6.31 grains) plants under drought stress conditions 
(Figure 12 and Table 4). 

3.11. qRT-PCR Analysis of DREB2A and APX  

The change in the expression levels of the DREB2A in DREB2A transgenic and 
APX in APX and DREB2A-APX transgenic lines were found to be higher com-
pared to WT control plants under well water and drought stress conditions 
(Figure 13). 
 

 
Figure 12. DREB2A, APX, DREB2A-APX and WT plants subjected to well-water and 
drought stress showing panicle length and grains per plant. 
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Table 4. Panicle length and grains/plant in 85 - 95 day old rice plants treated to drought 
stress before maturity for 7 days and recovered with normal conditions in WT and trans-
genic DREB2A, APX and DREB2A-APX lines. 

Lines Well water Drought 

 Panicle length 

WT 16.15 ± 1.48 7.21 ± 1.21 

DREB2A 16.57 ± 0.57 14.25 ± 0.58 

APX 17.35 ± 0.98 15.09 ± 0.28 

DREB2A-APX 16.98 ± 0.47 15.98 ± 0.52 

 Grains/plant 

WT 449.21 ± 2.69 238.69 ± 6.31 

DREB2A 462.12 ± 4.09 409.47 ± 3.29 

APX 498.95 ± 6.32 429.31 ± 4.19 

DREB2A-APX 512.48 ± 3.28 453.17 ± 5.93 

 

 
Figure 13. qRT-PCR analysis of DREB2A and APX gene expression in WT control and 
DREB2A, APX and DREB2A-APX transgenic lines. 

4. Discussion 

Rice comprises of 27% in total cereal utilization and the production has to be in-
creased rapidly to feed the ever growing population in the future years. The crop 
productivity is adversely affected by frequent global climate changes, in addition, 
various abiotic stresses interfere with different stages of rice crop development 
and yield [36]. Among different stresses, drought is the most common and criti-
cal environmental factor that limits the rice crop productivity. Transgenic ap-
proach technology generated many drought tolerant rice varieties, but a very few 
exhibited improved grain yield under field conditions [37]. Drought tolerance is 
a complex mechanism controlled by many genes in rice genome. Development 
of drought tolerant transgenic plants by introduction of drought resistant 
gene(s) is considered to be the potential effort for improving the rice crop yield. 
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Assessing the drought tolerance at germination stage revealed higher germi-
nation rates in the transgenic lines compared to WT control plants, suggesting 
that APX gene play a vital role in imparting drought tolerance in these lines. Ca-
janus cajan hybrid-proline-rich protein encoding gene (CcHyPRP) when over-
expressed in rice under the control of CaMV 35S promoter exhibited higher seed 
germination rates under drought stress conditions [38]. Transgenic seeds of 
Arabidopsis, overexpressing OsSIZ1, when germinated on MS medium supple-
mented with PEG (0.5M) showed higher germination rates in comparison to 
control plant seeds [39]. 

The transgenic DREB2A, APX and DREB2A-APX lines showed increased 
chlorophyll content than WT control plants under drought stress conditions, in-
dicating that the transgenic plants ability to harvest the light energy and stabilize 
the membranes to increase the photosynthetic potential under stress conditions. 
Likewise, overexpression of O. sativa SUMO E3 ligase (OsSIZ1) in Arabidopsis 
lead to accumulation of higher chlorophyll contents and also exhibited improved 
tolerance to drought and salt stresses [39]. In addition, overexpression of CcHyPRP 
in transgenic rice showed higher chlorophyll content under different abiotic stress 
conditions [38]. 

The DREB2A, APX and DREB2A-APX transgenic lines when subjected to 
drought stress condition for 7 days, showed increased proline and reducing su-
gars than WT control plants, indicating that the transgenic plants are more capable 
in osmotic adjustment and maintaining the integrity of cell membranes under 
drought conditions. Overexpression of O. sativa ornithine δ-aminotransferase 
(OsOAT) controlled by maize ubiquitin promoter in rice, disclosed higher pro-
line content, leading to enhance tolerance to drought stress [40]. 

Reduced levels of MDA were identified in DREB2A, APX and DREB2A-APX 
transgenic lines than WT control plants under drought stress conditions, indi-
cating the involvement of transgene in controlling the lipid peroxidation and 
contributing to the enhanced tolerance in transgenic plants. Transgenic Arabi-
dopsis expressing Simmondsia chinensis plasma membrane intrinsic protein 1 
(ScPIP1) showed reduced MDA content and increased the accumulation of osmotic 
substances under drought stress conditions [41]. Moreover, co-overexpression of 
OsGS1; 1/OsGS2 in transgenic rice exhibited higher accumulation of proline and 
low levels of malondialdehyde (MDA) in transgenic plants suggesting its role in 
tolerance against different abiotic stresses [42]. 

Under drought stress condition, higher APX, SOD and catalase activities were 
exhibited by transgenic DREB2A, APX and DREB2A-APX lines than WT con-
trol plants, suggesting the capability of transgenic lines in cell membrane stabili-
ty, lowering the electrolyte leakage and detoxifying ROS generated under stress 
conditions. Conversely, overexpression of ZmNF-YB16 in maize, exhibited 
higher photosynthesis, low electrolyte leakage, membrane stability and higher 
activity of antioxidants under drought stress conditions [43]. 

Higher photosynthetic rates and water-use-efficiency were recorded in DREB2A, 
APX and DREB2A-APX transgenic lines than WT control plants under drought 
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stress conditions, suggesting that the transgenic lines potentiality in gas-exchange 
under drought stress. Likewise, overexpression of small GTP-binding protein 
(OsRab7) in transgenic rice, showed higher gas-exchange resulting in increased 
photosynthetic rates under drought and salinity stresses [44]. Similarly, the an-
tisense RNA silencing lines of AUXIN RESPONSE FACTOR 4 (ARF4) disclosed 
higher chlorophyll content and higher water use efficiency under stress condi-
tions [45]. 

The DREB2A, APX and DREB2A-APX transgenic lines exhibited higher rela-
tive water content compared to WT control plants under drought stress condi-
tions, suggesting the capability of transgenic lines in maintaining the water sta-
tus by balancing the water supply to leaf and water evaporation through trans-
piration. Similarly, overexpression of R2R3-MYB genes (ScMYBAS1-2 and 
ScMYBAS1-3) in transgenic rice disclosed higher relative water content under 
stress conditions [46]. 

The transgenic DREB2A, APX and DREB2A-APX lines along with WT con-
trol plants when subjected to drought stress for 7 days at reproductive stages ex-
hibited increased panicle size and higher grain/plant compared to WT control 
plants, suggesting the involvement of APX in modulating the stress responsive 
genes and increasing the panicle grains/plant under stress conditions. Similarly, 
overexpression of histone binding protein/transcription factor-1b (OsHBP1b), 
in transgenic rice disclosed longer panicles, indicating its role in regulating the 
stress responsive genes for enhanced photosynthesis [47]. Moreover, transgenic 
rice overexpressing OsNAR2.1 showed higher grain yield under drought stress 
conditions, evidencing the vital role of OsNAR2.1 in imparting drought toler-
ance [48]. 

5. Conclusion 

For the development of drought tolerant varieties, it is a prerequisite to under-
stand and manipulate various biochemical pathways and molecular mechanisms 
that determine the plant growth and yield of rice crop under drought stress con-
ditions. In the present investigation, APX gene is co-expressed with DREB2A 
under the control of constitutive promoter CaMV 35S in rice and validated the 
function of APX gene under the drought stress conditions. The results suggest 
that co-expression of APX and DREB2A can be potential candidate genes for 
combined action of genes and physiological activation of anti-oxidative defense 
system to scavenge ROS produced in drought stress and for the development of 
drought tolerant rice variety. 
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