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Abstract 

Two contrasting wheat (Triticum aestivum L.) cultivars WH730 (high temperature tolerant) and UP2565 (high temperature 

sensitive) were tested for differential response to combined and individually applied high temperature (HT) and drought (D) 

stress at seedling stage for peptide profile. Initial profile of the stress induced peptides was outlined via SDS electrophoresis 

of leaf extracts. Electrophoretic pattern of proteins revealed expression of new bands as well as disappearance of certain 

others in HT, D and interactive HT+D stress treated and revived samples in both wheat varieties relative to untreated control 

samples. Some of the bands that appeared in stress treated seedlings were also present after revival indicating their protective 

role, while some new peptides synthesized after stress but disappeared after revival period may be designated true stress 

proteins. However, all the plants from heat, drought and their interactive stress treatments continued to grow during recovery 

period. This suggests that these proteins and other newly synthesized proteins may have protective effects at high 

temperature (40°C) and water scarcity and provide plants for healthy growth during the recovery period. Furthermore, 

elucidating the functions of proteins expressed by genes in stress tolerant and susceptible plants may provide important 

information for designing new strategies for crop improvement. 

 

Abbreviations: HSP- heat shock proteins, HT- high temperature, D- drought, SDS-PAGE- SDS polyacrylamide gel 

electrophoresis, MW- molecular weight, LT- lethal temperature, Rf value- relative mobility, kDa- kilodalton, PVP- 

polyvinylpyrrolidone. 

 

Key words: Wheat,.high temperature, drought, peptides, abiotic stress tolerance  

 

Introduction 

The world population grows exponentially; hence 

there is a need to increase both the wheat 

productivity and to expand production areas into 

warmer and dry climates. Both of these goals 

require significant breeding efforts to improve 

temperature and water stress tolerance of wheat and 

other cereals. In most of the studies on heat shock 

induced HSPs (Heat shock proteins) in plants, plant 

cells, tissues, organs and in particular whole plants, 

have been exposed to only one environmental 

stress factor i.e., high temperature. This 

experimental approach however may not reflect the 

conditions that plants may experience in the field. 

Under field conditions plants are often 

simultaneously exposed to soil drying and high 

temperature stress. These two stress factors could 

create water deficit in plant tissues, which, in turn, 

may affect the synthesis of HSPs. The 

accumulation and expression of small heat shock 

proteins during the exposure of plants to drought 

and heat stress suggest a general protective role in 

desiccation tolerance (Lopez et al., 2003; Efeoglu 

and Terzioglu, 2007; Demirevska et al., 2008; 

Jangpromma et al., 2010). Production of plants 

tolerant to high temperature and drought stress is of 

immense significance in the light of global 

warming and climate change. Plant cells respond to 

these stresses by re-programming their genetic 

machinery for survival and reproduction. High 

temperature tolerance in transgenic plants has 

largely been achieved either by over-expressing 

heat shock protein genes or by altering levels of 

heat shock factors that regulate expression of heat 

shock and non-heat shock genes (Grover et al., 

2013). HSPs tend to associate with a wide range of 

“client” proteins, allowing the HSPs to perform a 

dizzying array of jobs. These can include helping 

newly formed amino acid chains to fold into their 

proper protein shapes, dismantling them after they 

have been damaged, escorting proteins to their 

intended mates and keeping them away from 

interlopers (Asha and Bhagyalakshmi, 2011). 

Based on the reports that HSP accumulate in field 

grown, heat and drought stressed plants 

(Lindquist,1986; Parsell and Lindquist,1994; 

Grigorova et al., 2011), determining the role of 

heat shock genes in heritable thermal tolerance and 

the use of HSP as a selection criterion in improving 

plant germplasm for stressed environments is of 

great potential.  

 

In past decade causal involvement of several HSPs 

in acquired thermo-tolerance of plants has been 

demonstrated (Stone, 2001; Maestri et al., 2002; 

Laino et al., 2010). Both germination and early 
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development in higher plants seems to be much 

affected by temperature fluctuations as well as 

water limitation and this causes harmful effects to 

the yield and productivity of plants by affecting all 

the physiological, biochemical and molecular 

processes in the plant cells (Xoconostle-Cazares et 

al., 2010; Essemine et al., 2010; Kaur et al., 2008, 

Kaur and Behl, 2010). In view of the insufficient 

information on combined drought and heat stress 

effect on wheat and about the role of the above-

described proteins in stress response, a specific 

study of the expression of these stress responsive 

peptides was initiated under high temperature (HT), 

drought (D) alone and combined high temperature 

and drought (HT+D) in tolerant and susceptible 

wheat cultivars. 

 

Material and methods 

Plant materials and growing conditions: Grains of 

two contrasting varieties of wheat viz. WH730 

(high temperature tolerant) and UP2565 (high 

temperature sensitive) were grown in plastic trays 

containing 2 kg sand in control conditions 

(day/night temperatures of 25/21°C, 200 μmol m
−2

 

s
−1

 photosynthetic active radiation, 16h day/8h 

night, 50–60% humidity, 12% gravimetric soil 

moisture) in growth chamber. Soil moisture was 

controlled daily by gravimetric measurements of 

the trays to maintain relative maximal soil moisture 

capacity. Seven day old seedlings (fully developed 

first leaf and expanding second one) were subjected 

to individual high temperature (HT), drought (D) 

and combination of both the stresses (HT+D). For 

high temperature stress, seedlings were subjected to 

gradual temperature pretreatment (with rise of 5
0
C 

h
-1

) to achieve 35±1
0
C. These acclimatized 

seedlings were exposed to lethal temperature (LT50 

40
0
C) on the basis of wilting of the primary leaf for 

2 h. For drought stress, the water supply was 

stopped on 4
th

 day of sowing so as to attain soil 

moisture 3% (gravimetric). The control plants were 

watered optimally during the whole period. For 

combination of both high temperature and drought 

stresses, water supply was withheld as well as 

seedlings were exposed to high temperature. Three 

trays in each treatment and two replicates of leaf 

samples from each tray were used to study the 

electrophoretic pattern of seedlings.  Peptide profile 

of the stressed seedlings was observed after stress 

and overnight revival period under control 

conditions of optimal temperature and watering.  

 

SDS-PAGE: Samples for SDS-PAGE were 

prepared by crushing 300 mg of fresh wheat 

seedlings (frozen in liquid nitrogen prior to 

extraction) in 3 ml chilled Tris-HCl buffer (50 mM, 

pH 7.5) containing 50 mg insoluble 

polyvinylpyrrolidone (PVP). These were then 

centrifuged at 10,000 x g at 4
0
C for 15 min. The 

pellets were discarded and protein in the 

supernatant was quantified according to Bradford 

(1976) with bovine serum albumin as a standard. 

The protein extract was transferred to an equal 

volume of 2 x sample buffer (Laemmli 2 x buffer), 

heated at 100
0
C for 3 min, cooled and used for 

SDS-PAGE. An aliquot containing 20 µg of sample 

protein was used. Molecular weight markers 

(Genei) of medium range containing 6 proteins 

(97.4, 66.0, 43.0, 29.0, 20.1 and 14.3 kDa) were 

used. Leaf soluble proteins were separated by 10 % 

SDS-PAGE, using а dual mini vertical slab gel (8 x 

7 cm) electrophoresis unit (Tarsons), according to 

Laemmli (1970). The three replicates of SDS-

PAGE electrophoreses have produced similar 

profiles. One of them was selected to visualize the 

obtained protein pattern. After gel staining with 

Coomassie brilliant blue (0.1% CBBG-250), 

background destaining (20% methanol + 10% 

acetic acid), the relative mobilities (Rf values) were 

calculated for each of the marker protein and the 

resolved proteins. Rf value of marker proteins were 

plotted against log of molecular weights of the 

marker. Molecular weights of different proteins 

were estimated by matching their Rf values with 

appropriate point on the standard curve.  

 

Results and discussion 
Electrophoretic pattern of proteins resolved in 10% 

SDS-PAGE in two wheat varieties (WH730 and 

UP2565) is presented in Figure 1 and 2. The 

comparative details regarding alteration in number 

and molecular weight (kDa) of peptides resolved in 

stress treated as well as revived seedlings of var. 

UP2565 and var. WH730 are presented in Tables 1-

3. 

 

SDS PAGE seedlings, stress:Results presented in 

Fig. 1A and Table 1 show banding pattern in var. 

UP2565 after HT, D and combined HT+D stress 

treatments. The formation of new polypeptides and 

disappearance of existing proteins was evident as 

alteration in band number in stress treated plants. In 

UP2565 control, total of eight bands were 

observed. After HT treatment, out of total nine 

bands observed, five bands with MW 100, 89, 79, 

40.8 and 24 kDa were newly synthesized while 

four bands with MW 56, 42.7, 35.5 and 19 kDa 

disappeared. After drought, peptides resolved in ten 

bands. Out of these six bands with MW 100, 89, 74, 

52.5, 33 and 21 kDa were newly synthesized and 

four bands with MW 50, 35.5, 22.4 and 19 kDa 

disappeared. Five new bands were formed due to 

combined HT+D stresses, having MW 95.5, 83, 74, 

31.6 and 21 kDa, thus, making total of eleven 

bands that were seen in treated seedlings. In 

WH730 control, total nine bands were observed 

(Fig. 1B and Table 1). After HT treatment, six 

bands (MW 95.5, 79.4, 56, 34.5, 21 and 16.6 kDa) 

were seen for the first time while 5 bands (MW 83, 

33, 28, 22.4 and 18 kDa) disappeared. Out of the 
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total ten bands that resolved in drought treated 

plants, 8 bands were newly synthesized. Compared 

to UP2565, where number of bands formed after 

interactive HT+D stresses were 11, total 15 bands 

were seen in WH730. Out of total twelve newly 

synthesized bands, six bands (MW 53.7, 52.5, 24, 

16.6, 14 and 13 kDa) were seen in combined stress 

while remaining were seen either due to HT stress 

(MW 35.5, 56, 21 kDa) or during drought (MW 76, 

30, 20). Stress treatments resulted in synthesis of 

some stress specific proteins in both the varieties 

and the number as well as intensity of these 

proteins determines the stress tolerance potential of 

the concerned variety. More bands were resolved in 

WH730 than UP2565 indicating better thermo-

tolerance of this variety.  

 

SDS-PAGE seedlings, revival:The banding pattern 

in two wheat varieties (UP2565 and WH730) 

indicated that relative to stress (fig. 1; Table 1) the 

number of bands formed were lesser in both 

varieties after revival (fig. 2; Table 2). After HT 

termination, only one band having MW 40 kDa was 

common in both stress and revived seedlings of 

UP2565 indicating its role during recovery 

phenomenon also four bands (MW 100, 89, 79 and 

24 kDa) appeared after stress termination but 

disappeared during revival indicating their role as 

the stress proteins (Table 3). Similar way results 

can be interpreted for D and HT+D from Table 3 

which shows some bands were same in both 

stressed and revived seedling indicating their role 

in both stress and recovery phenomenon while 

some peptides appeared after stress but disappeared 

after revival indicating their role as true stress 

proteins. Total 12 bands resolved in interactive 

HT+D stresses revived seedlings in comparison to 

15 bands formed after interactive stress 

termination. Only one new band of MW 16.6 kDa 

and MW 46 kDa persisted even after revival from 

HT and D stress while 3 new bands (MW 56.0, 52.5 

and 24 kDa) were persistent in combined HT+D 

(Table 3). Some of the newly synthesized proteins 

(MW 40 kDa (HT), MW 100, 89, 52.5 kDa (D) and 

MW 31.6, 21.0 kDa (HT+D) in UP2565 and MW 

16.6 kDa (HT), MW 46.0 kDa (D) and MW 56.0, 

52.5, 24.0 kDa (HT+D) in WH730 were observed 

after both stress termination and revival indicating 

their protective role during both phenomenon 

(Table 3). Disappearance of protein band may be 

interpreted as the turning off of protein synthesis 

machinery in response to stress treatment (Vierling, 

1991 and Bora et al., 1999). It is more likely 

however, that disappearance of proteins as a result 

of stress is due to their denaturation, depressed 

protein synthesis and their increased degradation in 

plants. Combination of drought and heat stress 

provokes cessation of conventional protein 

synthesis, accompanied by increased translation of 

heat shock proteins (HSPs) and other stress related 

proteins. It is believed that this diversification of 

these proteins reflects an adaptation to tolerate the 

heat stress (Ahuja et al., 2010; Al-Whaibi, 2011; 

Amudha and Balasubramani, 2011). Such results 

have been reported by numerous workers (Vierling, 

1991; Waters et al., 1996; Maestri et al., 2002; 

Miroshnichenko et al., 2005). Sun et al. (2002) 

emphasized the importance of proteins which were 

up-regulated in response to stress in relation to 

stress tolerance.  

 

Evaluation of electrophoresis gels in this study 

revealed several proteins to be differentially 

expressed as a result of individual and combined 

HT and D stress response. The thermotolerant 

variety WH730 exhibited the stronger proteases 

induction under combined stress and during the 

recovery period. Table 3 showed more specific 

changes in the abundance of some individual 

proteins in wheat leaves under treatment and 

revival conditions. Immediately after exposure to 

high temperature and drought, changes occur at 

molecular level altering the expression of genes 

and accumulation of transcripts, thereby acting as a 

stress tolerance strategy. According to Vierling 

(1991), temperature of 32-33°С is super optimal for 

normal wheat growth and development. In the 

present work, heat stress was imposed on plants for 

2 h at 40°C in individual heat stress experiments 

and in a combined drought/heat stress. The more 

number of protective peptides and true stress 

peptides were observed in plants submitted to 

combined stress (HT+D). The responses of the two 

cultivars were quite similar although tolerant 

genotype WH730 had accumulated more peptides 

compared to susceptible one (UP2565) that were 

present after stress but disappeared after revival 

indicating their nature as true stress proteins 

indicating better thermo-tolerance (Table 3). The 

identified basic functions of stress induced peptides 

mentioned in the introduction present a reasonable 

explanation of the observed results. As obvious 

from the SDS-PAGE (Fig. 1), peptides with low 

Mw reached the highest contents in HT, D and 

HT+D samples, which supports their chaperoning 

activity (Mansfield et al., 1987, Waters et al., 1996, 

Smykal et al., 2000).  Our results regarding 

changes in protein profiles in response to high 

temperature (HT), drought (D) and dual stress 

(HT+D) vis-à-vis adaptation at seedling stage are in 

agreement with effect of these stresses on yield 

potential of these wheat varieties reported earlier 

by Chakraborty et al., 2008; Kaur and Behl, 2010; 

Farooq et al., 2011. This comparative study on 

drought and heat stress (applied separately and in 

combination) confirmed their influence on protein 

alterations in correspondence with previous results 

(Jiang et al., 2002; Mittler, 2006; Demirevska et 

al., 2008). Furthermore, elucidating the functions 

of proteins expressed by genes in stress tolerant 
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and susceptible plants will not only advance our 

understanding of plant adaptation and tolerance to 

environmental stresses, but also may provide 

important information for designing new strategies 

for crop improvement. In conclusion, the highest 

peptide expression was established under the 

combined drought and heat stress in wheat plants. 

The results differed strongly under individually 

applied heat shock or drought and combined stress. 

Therefore, a simple extrapolation of the results 

obtained after application of one of the stresses 

(heat or drought) separately will not produce a 

reliable basis to predict the effects of their 

combination. Such opinion was expressed earlier 

concerning Arabidopsis and tobacco by Ron 

Mittler (2006), who claimed that simultaneous 

exposure to different abiotic stresses would result 

in co-activation of the various stress response 

pathways with synergistic or antagonistic effect 

and that their combination should be regarded as a 

new state of abiotic stress in plants.  
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Table 1. Alteration in number and molecular weight (kDa) of peptides resolved under high temperature (HT), drought 

(D), applied individually and combined (HT+D) in susceptible (UP2565) and tolerant (WH730) wheat 

cultivars in comparison to control (C). 

Peptides 

resolved→ Total number of peptides 

resolved 

Newly Synthesized 

peptides 

Disappeared 

peptides 

Common 

appearance in 

control and 

stress 
Treatments   

↓ 

U
P

2
5

6
5
 

C 8 

(70.8, 56, 50, 42.7, 35.5, 28.0, 

22.4, 19) 

- - - 

HT 9 

(100, 89, 79, 70.8, 50, 40.8, 

28, 24, 22.4) 

5 

(100, 89, 79, 40.8, 24) 

4 

(56, 42.7, 35.5, 

19) 

4 

(70.8, 50, 28, 

22.4) 

D 10 

(100, 89, 74, 70.8, 56, 52.5, 

42.7, 33, 28, 21) 

6 

(100, 89, 74, 52.5, 33,   

21) 

4 

(50, 35.5, 22.4, 

19) 

4 

(70.8, 56, 42.7, 

28.0) 

HT+D 11 

(95.5, 83, 74, 70.8, 56, 50, 

42.7, 35.5, 31.6, 21, 19) 

5 

(95.5, 83, 74, 31.6, 

21) 

2 

(28, 22.4) 

6 

(70.8, 56, 50, 

42.7, 35.5, 19) 

W
H

7
3

0
 

C  9 

(83, 66, 54, 41.7, 33, 28, 22.4, 

18, 15.8) 

- - - 

HT  10 

(95.5, 79.4, 66, 56, 54, 41.7, 

34.5, 21, 16.6, 15.8) 

6 

(95.5, 79.4, 56, 34.5, 

21, 16.6) 

5 

(83, 33, 28, 22.4, 

18) 

4 

(66, 54, 41.7, 

15.8) 

D 10 

(76, 56, 52.5, 35.5, 30, 20, 

41.7, 33, 23.4, 21) 

8 

(76, 56, 52.5, 35.5, 30 

23.4, 21) 

7 

(83, 66, 54, 28, 

22.4, 18 ,15.8) 

2 

(41.7, 33) 

HT+D 

 

15 

(76, 56, 53.7, 52.5, 41.7, 35.5, 

33, 30, 24, 21, 20, 16.6, 14, 

13) 

12 

(76, 56, 53.7, 52.5, 

35.5, 30, 24, 21 ,20, 

16.6, 14, 13) 

6 

(83, 54, 28, 22.4, 

18, 15.8) 

3 

(66, 41.7, 33) 

   (Values outside parenthesis show number and values inside parenthesis show molecular weight (kDa) of the peptides 

resolved by 10% SDS-PAGE) 
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Table 2. Alteration in number and molecular weight (kDa) of peptides resolved after revival from high temperature 

(HT), drought (D), applied individually and combined (HT+D) in susceptible (UP2565) and tolerant 

(WH730) wheat cultivars in comparison to control (C). 

 

Peptides 

resolved→ Total number of peptides 

resolved 

Newly Synthesized 

peptides 

Disappeared 

peptides 

Common 

appearance in 

control and 

revival 
Treatments   ↓ 

U
P

2
5

6
5

 

C 8 

(70.8, 56, 50, 42.7, 35.5, 28, 

22.4, 19) 

- - - 

HT 9 

(76, 60, 50, 40, 33, 28, 22.4, 

21, 14) 

6 

(76, 60, 40, 33, 21, 

14) 

5 

(70.8, 56, 42.7, 

35.5, 19) 

3 

(50, 28, 22.4) 

D 8 

(100, 89, 70.8, 60, 52.5, 48, 

38, 24.5) 

7 

(100, 89, 60, 52.5, 

48, 38, 24.5) 

7 

(56, 50, 42.7, 

35.5, 28, 22.4, 

19) 

1 

(70.8) 

HT+D 9 

(102.3, 76, 60, 41.7, 40, 31.6, 

24.5, 21, 16.6) 

9 

(102.3, 76, 60, 41.7, 

40, 31.6, 24.5, 21, 

16.6) 

8 

(70.8, 56, 50, 

42.7, 35.5, 28, 

22.4, 19) 

- 

W
H

7
3

0
 

C 9 

(83, 66, 54, 41.7, 33, 28, 22.4, 

18, 15) 

- - - 

HT 9 

(76, 66, 59, 52.5, 44.7, 41.7, 

33, 19, 16.6) 

6 

(76, 59, 52.5, 44.7, 

19, 16.6) 

6 

(83, 54, 28, 22.4, 

18, 15) 

3 

(66, 41.7, 33) 

D 8 

(70.8, 59, 52.5, 46, 41.7, 24, 

22.4, 18) 

5 

(70.8, 59, 52.5, 46, 

24) 

6 

(83, 66, 54, 33, 

28, 15) 

3 

(41.7, 22.4, 18) 

HT+D 

 

12 

(97.7, 83, 66, 61.7, 56, 52.5, 

44.7, 41.7, 33,  24, 22.4, 18) 

6 

(97.7, 61.7, 56, 52.5, 

44.7, 24 ) 

3 

(54, 28, 15) 

6 

(83, 66, 41.7, 

33, 22.4, 18) 

   (Values outside parenthesis show number and values inside parenthesis show molecular weight (kDa) of the peptides 

resolved by 10% SDS-PAGE) 
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Table 3. Peptides resolved under high temperature (HT), drought (D), applied individually and combined (HT+D) in 

susceptible (UP2565) and tolerant (WH730) wheat cultivars in comparison to revival suggesting differential 

roles of stress induced peptides. 

Peptides 

resolved→ 

Treatments   

↓ 

UP2565 WH730 

Newly synthesized 

peptides present after 

stress as well as revival 

(Protective 

phenomenon) 

Peptides present 

after stress but 

disappeared after 

revival 

(True stress 

proteins) 

Newly synthesized 

peptides present after 

stress as well as revival 

(Protective 

phenomenon) 

Peptides present 

after stress but 

disappeared after 

revival 

(True stress 

proteins) 

HT 1 

(40) 

4 

(100, 89, 79, 24) 

1 

(16.6) 

5 

(95.5, 79.4, 56, 

35.5, 21) 

D 3 

(100, 89, 52.5) 

3  

(74, 33, 21) 

1 

(46) 

7 

(76, 56, 38, 30, 

23.4, 21, 20) 

HT+D 2 

(31.6, 21) 

3 

(95.5, 83, 74) 

3 

(56, 52.5, 24) 

9 

(76, 53.7, 35.5, 30, 

21, 20, 16.6, 14, 13) 

(Values outside parenthesis show number and values inside parenthesis show molecular weight (kDa) of 

 the peptides resolved by 10% SDS-PAGE) 

 


