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Abstract 
WRKY transcription factors group play a significant role in stress signalling pathway. 

In this study, a WRKY member of bread wheat, TaWRKY, was cloned and its function 

in response to water stress conditions was studied. Expression analysis revealed that 

TaWRKY32 mainly expressed when plants were subjected to PEG, NaCl, and cold and 

probably participate in ABA dependent signalling pathways. This study was done to 

elucidate the role in transgenic breeding, TaWRK32 was transferred to rice plants under 

CaMV-35S promoter. Overexpression of TaWRK32 lead to enhanced fresh shoot and 

root weight at seedling stage when compared to wild type (WT). Moreover, transgenic 

rice lines under water stress, showed greater recovery rate when compared to WT. 

Higher values of cell membrane stability and lower Chl a/b ratio of transgenic rice lines 

under water stress conditions markedly indicated the importance of TaWRKY32 under 

water stress conditions. These results suggested that TaWRK32 has multifunctional and 

might be an instrumental tool in breeding for transgenic plants for improved water 

stress tolerance in wheat. 
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Introduction 
 

Plants are effected by multiple environmental stresses 

i.e., salt, drought, and high temperature that lead 

towards yield decline (Nakashima et al., 2009). Crop 

plants have developed distinctive strategies via 

physical adaptation, molecular and cellular changes to 

adapt against multiple abiotic stresses (Knight and 

Knight, 2001). Regulatory mechanisms in plants are 

mainly mediated by transcription factors (TFs) that 

govern the expression of genes when subjected to 

environmental and developmental changes (Buscaill 

and Rivas, 2014). During abiotic stress, the activity 

regulations of TFs lead to alteration in the gene of 

interest. TFs such as AP2/EREBP (Xu et al., 2011), 

MYC/MYB (Abe et al., 1997), HSE binding (Fiorenza 

et al., 1995), NAC (Nakashima et al., 1995), and 

WRKY TFs (Eulgem et al., 2000) generally contribute 
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to plant adaptation to abiotic stresses. Among the TFs, 

WRKY are mainly present in plants e.g. Oryza sativa, 

Arabidopsis thaliana, Setaria italica, Glycine max and 

Triticum aestivum, which confirm the role of WRKY 

TFs in plant response to stress tolerance (Chen et al., 

2017).  

Plant WRKY TFs play important roles against biotic 

stress factors, sugar signalling, senescence, root 

growth and hormone signalling (Bakshi and 

Oelmuller, 2014).  For instance, 61 of the PtrWRKY 

genes are over-expressed by both biotic and abiotic 

stressors in Populus (Jiang et al., 2014). Furthermore, 

TaWRKY1 facilitates stomatal movement through an 

ABA-dependent pathway (Ding et al., 2016), while 

TaWRKY10 has a significant role under cold, drought, 

salinity, and enhance tolerance of transgenic tobacco 

lines to stress conditions (Wang et al., 2013). Among 

abiotic stresses, elevated salt stress highly hinders 

plant growth, while at different plant growth stages the 

higher salinity caused increased reactive oxygen 

species (ROS), metabolic toxicity, reduce nutrient 

acquisition and inhibition of photosynthesis and 

metabolism (Hasegawa et al., 2000).  

Wheat plant is an important crop and has an economic 

significance to the world, while its production is 

reduced due to environmental stresses, such as; water 

stress, salinity and high temperatures (Hu et al., 2012). 

Therefore, the current study was designed to (i) study 

the expression level of TaWRKY32 gene at seedling 

stage in response to different abiotic conditions (ii) 

study the morphological characteristics of 

TaWRKY32-overexpressing rice lines under control 

and water stress conditions. 

 

Material and Methods 
 

Plant material, growth conditions and stress 

treatment 
Drought tolerant wheat genotype “Hanxuan 10” was 

used in this study. Seeds were subjected to tap water 

in a growth chamber (20±1°C and 150 µmol m-2s-1 12 

h light/12 h dark cycle). Wheat seedlings, at two-leaf 

stage, were treated with 250 mM NaCl, PEG-6000 (-

0.5 MPa) solution, 50 µM ABA or cold (4°C) as 

described by Mao et al. (2010). Roots samples were 

collected at 0, 0.5, 1, 1.5, 2, 3, 6, 12, 24, 48, and 72 h 

after exposing wheat seedlings to aforementioned 

abiotic stress factors followed by storage in liquid 

nitrogen and stored at -80°C for RNA extraction.  

Wild type (WT) as well as transgenic rice were grown 

at the Experimental Station of the Institute of Crop 

Sciences, Chinese Academy of Agricultural Sciences, 

Beijing, China in an area confined for transgenic plant 

cultivation in 2017 (39°48′ N, 116°28′ E). Morpho-

physiological assays were done on T3 homozygous 

transgenic rice lines expressing TaWRKY3. For plant 

height (PH), tillers per plant (TPP) and spike length 

(SPL), transgenic rice material was planted following 

general agronomic practices having 25 cm row to row 

distance. Transgenic rice and WT were also planted in 

small plastic container (length × width × height = 28 

× 20 × 9 cm) for 4 weeks following randomized 

complete block design (RCBD) in duplication. Ten 4 

week-old seedlings were selected to measure seedling 

traits such as root fresh weight, shoot fresh weight and 

root/shoot ratio (R/S).  

 

Cloning TaWRKY32 and sequence analysis 

Full-length cDNA sequence of the TaWRKY32 gene 

was got by sequencing a wheat cDNA library. To 

generate transgenic rice, the ORF of TaWRKY32 was 

amplified with primers (F: 

ctggtaccATGGCACAGCCTTCTCC; R: 

ctgtcgacCTATTATTTACATCTGGGGACC) by 

TransStart fast Pfu DNA polymerase, and inserted 

into binary vector pCAM1390 with modification after 

digestion with KpnI and SalI. The construct was then 

transferred into rice by Agrobacterium mediated 

method as followed by Mao et al. (2010). 

 

Expression patterns of TaWRKY32 in wheat  
RNA was extracted with RNAprep pure Plant Kit 

(TIANGEN, Beijing) and cDNA was synthesized 

with a SuperScript® Double-Stranded cDNA 

Synthesis Kit (Invitrogen). Quantitative Real-time 

PCR (qRT-PCR) was done in three replicates with a 

Roche LightCycler 96 Real-Time PCR system 

(Roche, Switzerland) using the SYBR Green PCR 

Master Mix Kit (TaKaRa, Japan). Wheat Actin gene 

and rice Tubulin gene were used as house-keeping 

genes to detect the relative transcript level of 

TaWRKY32 in wheat and rice. PCR conditions were 

pre-incubated at 95°C for 2.5 min, followed by 95°C 

for 10 s, 60°C for 20 s, and 72°C for 20 s for 40 cycles. 

For each gene, the relative transcript level was 

measured using the 2-∆∆CT method as followed by Mao 

et al. (2010). ∆∆CT = (CT, interested - CT, internal control) 

Timex – (CT, interested - CT, internal control) Time0. (CT, cycle 

threshold; CT, interested, CT of the interested 

gene; CT, internal control, CT of the control gene). Timex 

represents the time of sample collection while Time0 

represents the time prior to treatment. TaActin (F- 5’-
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CTCCCTCACAACAACAACCGC-3’; R- 5’-

TACCAGGAACTTCCATACCAAC-3’) was used as 

an internal control gene. To detect transcript level of 

TaWRKY32, The primers (F- 5' - 

ATCCACAGTTATTCGATCACCCAT 3'; R - 5’ 

CATTGTTGAGTTAGCCTCTGAAGC 3') were 

used for TaWRKY32. 

 

Drought tolerance assay 
Drought tolerance assay was done at seedling stage. 

T3 generation of transgenic rice lines with relatively 

higher expression level were selected for phenotyping 

under drought stress conditions. Transgenic rice seeds 

were germinated by soaking them in water for three 

days. After that, Seedlings were transplanted in plastic 

container (length × width × height = 60 × 42 ×12 cm). 

Transgenic rice lines and WT were grown in container 

following RCBD with duplication. Watering of Two 

weeks old seedlings was stopped at the 3rd week for 

one week followed by re-irrigation. 

 

Cell membrane stability and chlorophyll contents 

assay 
Cell membrane stability (CMS) was measured using a 

conductivity meter (DDS-1, YSI). Leaf sample of 3 

cm2 from each line was taken in two replications. The 

harvested seedlings were rinsed thoroughly and 

immersed in 20 mL ddH2O at room temperature. CMS 

was measured in terms of percentage as CMS% = 

(C2– C1)/C2 × 100, where C1 and C2 are the initial 

and final conductance, respectively as described by 

Rehman et al. (2016) 

Chlorophyll a (Chl a) and chlorophyll b (Chl b) was 

determined by using N, N-di-methyl formamide 

(DMF) as described by Sibley et al. (1996). Leaves 

samples (~1 g) were immersed in DMF for overnight 

at 4°C (in duplication). Chlorophyll contents were 

quantified using spectrophotometer. The extinction 

coefficient of Chl a and Chl b for high extinction 

wavelength were 663 nm and 645 nm, 

respectively. Chl a and Chl b were calculated by using 

formula Chl a = 12.10A663– 2.74A645, Chl b 

= 21.94A645 – 5.06A663 as followed by Rehman et al. 

(2016)     

 

Statistical analysis 

Estimates of variance was calculated using Microsoft 

Excel 2013. Results were considered statistically 

significant at P < 0.05. 

 
 

Results  
 
Expression levels of TaWRKY32 in response to 

different abiotic stress 

The expression pattern of TaWRKY32 was identified 

by qRT-PCR. Analysis exhibited that TaWRKY32 

transcript in roots of wheat seedlings showed different 

response when subjected to different abiotic stress 

conditions of PEG, NaCl, ABA and cold (Fig. 1).  The 

expression pattern and highest expression levels 

varied remarkably for each kind of abiotic stress. In 

response to NaCl stress, TaWRKY32 expression did 

not exhibited any response at early time points of the 

stress but it reached to its peak at 6 h and remained 

highly expressive till 24th h. At early time points, the 

expression levels have no obvious changes in response 

to ABA treatment. ABA treatment led to strong up-

regulation at 72 h. The early strong accumulation of 

TaWRKY32 transcript was noticed during cold 

treatment; the transcript was gradually peaked after 1 

h then by gradual decrease in the later time points. 

When plants were subjected to PEG, an early distinct 

increase in transcription was found, after 0.5 h. Then, 

the transcript remains on peak for 2.5 h and dropped 

after 3 h. The transcript peaked again after 6 h 

followed by decrease to control level after 12 h. These 

results suggested that the expression levels of 

TaWRKY32 were enhanced by ABA, drought, ABA 

and cold treatment. 

 

 
Figure-1. Expression levels of TaWRKY32 in roots 

in response to different environmental stresses 
TaWRKY32 effects on transgenic rice growth 

parameters under control conditions 
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To study the effect of TaWRKY32 in transgenic rice 

lines, the phenotypes of transgenic rice were 

investigated at different stages of plant development 

(Fig. 2-4). After 4 weeks, plant height, fresh shoot 

weight, root length and fresh root weight were 

measured. At heading stage, PH showed significant 

reduction in all transgenic rice lines when we 

compared them to WT. Meanwhile, TPP did not show 

significant difference among transgenic rice lines and 

WT. For SPL, there was significant reduction in L2, 

L3 and L5 when compared to WT (Fig. 2).  
 

 
 
Figure-2. Growth parameters of TaWRKY32 - 

overexpressing rice lines cultured in normal 

conditions at heading stage. Plant height (PH), 

Tillers per Plant (TPP), Spike Length (SPL). * = P 

values less than 0.05. 
 

 
Figure-3. TaWRKY32 - overexpressing rice lines 

after four weeks from culturing in normal 

condition. 
 

 
Figure-4. Growth parameters of TaWRKY32 - 

overexpressing rice lines cultured in normal 

conditions after four weeks. Plant height (PH), Root 

Length (RL), Fresh Shoot Weight (FSW), Fresh 

Root Weight (FRW). * = P values less than 0.05 

 

In regards to 4 week old plants, L1 and L2 showed 

significant increment in plant height (PH) and root 

length (RL) in comparison to WT. All transgenic rice 

lines showed significant increment in fresh weight of 

shoot and root in comparison to WT (Fig. 3 and 4). 
 
Drought resistance indexes in the transgenic rice 

We applied drought stress treatment on 2-week-old 

plants of T3 generation of transgenic rice lines showing 

relatively higher expression level of TaWRKY32. After 

withholding irrigation for one week, WT as well as all 

transgenic rice lines becomes wilted. The plants were 

re-watered for one week. After recovery from drought, 

some transgenic rice lines showed more recovery with 

green leaves in comparison to WT (Fig. 5). To 

discover the physiological alterations in TaWRKY32 

transgenic rice, we applied physiological assays for 

both WT and transgenic rice. CMS and Chl a/b were 

determined (Fig. 6). The results showed that all 

transgenic rice lines except L5 showed slight increase 

in CMS when compared to WT. Also Chl a/b is used 

as a valuable marker to assess drought stress tolerance. 

Our experiment showed that Chl a/b ratio was less in 

transgenic rice lines than that found in WT. L1 and L3 

showed Chl a/b of 70% and 28% reduction, 

respectively. 
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Figure-5. Recovery of TaWRKY32 - overexpressing 

rice lines after drought stress. Four-weeks old 

seedlings were subjected to stop watering for one 

week followed by re-irrigation for one week. 
 

 
Figure-6. Cell Membrane Stability (CMS) and    

chlorophyll a / chlorophyll b (Chl a/b) ratio of two 

week-old seedlings of WT vs TaWRKY32 - 

overexpressing rice lines after drought stress 

recovery. *, ** = P value less than 0.05 and 0.01, 

respectively 
 

Discussion 
 
TFs in plants are considered important player against 

abiotic stress. Multiple studies showed that 

overexpression of TFs lead to increase tolerance of 

plants against environmental stresses. WRKY family is 

among the most key transcription factors in plants and 

their role in environmental stress tolerance has been 

demonstrated in many studies. They form significant 

parts of signalling pathways governing different plant 

metabolic processes (Rushton, et al., 2010). 

In our study we found that TaWRKY32 expression 

were induced by different abiotic stresses, for 

example, NaCl, PEG, cold and ABA. The trend and 

the timing of response varied from stress to another. 

TaWRKY32 transcripts in roots were rapidly 

accumulated under PEG and cold within 0 to 0.5 h 

after treatment. Meanwhile, transcript of this gene 

reach its peak late after 6 h and 24 h when plants were 

treated with NaCl. The early time points did not show 

clear induction of TaWRKY32. The same trend was 

found when plants were treated with ABA. The 

expression was strongly induced after 48 h and 72 h. 

The expression in the early time points has no changes 

compared to control, with slightly increase after 3 h. 

These results explain how variable the response of 

TaWRKY32 under different abiotic stress conditions. 

Qin et al. (2015) analysed transcription of 

TaWRKY39, and reported that the transcripts of 

TaWRKY39 quickly upregulated by NaCl and ABA 

after 0.5 h from the treatment.  

In plants more than 160 WRKY TFs have been 

classified according to their sequence alignment, 

motif type and phylogenetic relationship analysis as 

reported by Okay et al., (2014) which can help to 

study the stress-responsive genes in wheat (Ning et al., 

2017). Many investigations showed that the 

expression of WRKY genes fluctuated by hormonal 

treatment and environmental stresses. TaWRKY genes 

have several cis-acting elements linked to 

environmental stresses, elucidating the roles of WRKY 

genes participating against environmental stresses in 

wheat (Ning et al., 2017). In general, our results 

showed that TaWRKY32 is involved in different 

abiotic stress responses in agreement with previous 

studies (Jiang et al., 2014).  

Abrupt increase in the transcript levels of TaWRKY32 

under PEG and cold stress imply its importance at the 

first stages of stress response, which was in agreement 

with Zhou et al., 2019 who found that the peak of 

TaWRKY13 transcript was after 1 h of treatments. The 

late response of TaWRKY32 when subjected to NaCl 

treatment may indicate that such transcription factor is 

a key player in different environmental stress 

conditions, and its expression is regulated according 

to the stress condition. This late response of TaWRK32 

transcript, 6 h after NaCl treatment found in our study 

was consistent with the response of other TaWRKY 

genes which shows delay in their response to NaCl 

(Zhou et al., 2019). This implies that there is 

difference in how fast these TaWRKY genes respond 

to different stresses which may explained by the 

different roles of such genes in abiotic stress.  

When a cell is affected by drought stress, plasma 

membranes are one of the first components that 

undergoes changes and are affected, and membrane 

integrity under such stressed conditions is one of the 

central indicator of water stress tolerance in plants 

(Blum and Ebercon, 1981). Chlorophyll contents and 

CMS are counted as valuable biochemical parameters 

for water stress tolerance (Blum et al., 2001). In our 
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results, transgenic rice lines, except L2, showed 

higher CMS in comparison to WT. 

In plants, Changes in chlorophyll contents occurred 

when they encountered drought stress and that may be 

correlated with accelerated degradation of the 

chlorophyll or with biosynthesis defect. The 

photosynthetic activity in plants under stressful 

conditions may be reduced. This reduction of 

photosynthetic activity may arise from the reduction 

of chlorophyll content. However, in our experiments, 

the ratio of Chl a/b was less in transgenic lines of rice 

plants than found in wild type, suggesting that the 

transgenic rice lines may be able to tolerate water 

stress. The membrane stability was found to be 

decreased when plants were subjected to water stress 

in wheat cultivars (Simova-Stoilova et al., 2008). So, 

plants have a lower Chl a/b ratio show a greater 

tolerance level and adaptability to environmental 

stress conditions. In wheat plants, cultivars with 

higher CMS percentages and chlorophyll contents 

showed higher yield (Blum et al., 2001; Khakwani et 

al., 2012). In regard to CMS in our experiment, L4 

transgenic line recorded 33% increase followed by L5, 

L3 and L1 which recorded 30%, 26%, and 26% over 

WT, respectively. These results may indicate the 

transgenic rice lines with more CMS and less Chl a/b 

ratio has a potential for drought tolerance and high 

yield. These results agree with work from Rehman et 

al. (2016) who investigated the CMS and chlorophyll 

content in 50 wheat cultivars and found differences 

among them. CMS and Chl a/b ratio are valuable 

physiological parameters to be considered as they are 

positively correlated with plant yield.  

These results showed preliminary importance of 

TaWRKY32 in drought tolerance. For better 

understanding the role of TaWRKY 32 in plants, more 

research should be done. 

 
Conclusion 
 
The study highlighted the importance of the 

TaWRKY32 TF, in transgenic rice lines in response to 

water stress. TaWRKY32 expression was found to 

fluctuate with time when plants were subjected to 

multiple environmental stresses. T3 homozygous 

transgenic rice lines were evaluated under drought 

stress, which showed tolerance to water stress as 

reflected by their potential to recover after withholding 

water. Beside this, more CMS and less Chl a/b ratio 

were found as, key indicators for drought tolerance. 
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