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Abstract 

The impact of heat stress on the morphological, biochemical and molecular studies was 
examined in four cotton genotypes (Gossypium hirsutum L.) grown at control (30°C) and heat stress 
(40°C). Significant reduction appeared in morphological criteria (shoot length, root length, fresh and 
dry weight of seedlings), photosynthetic pigments, proline and total soluble sugars in two cotton 
genotypes (Giza 80 and Giza 90). On the other hand, the same criteria significantly increased under 
heat stress in the two others cotton genotypes (Giza 85 and Giza 92) when compared with control 
plants. Meanwhile, all treatments caused variations in number, intensity and/or density of SDS 
electrophoretic bands of proteins. In addition, electrophoretic studies of isozymes activities showed 
variation in the intensities and densities under heat stress treatments in four cotton genotypes. The 
variation in DNA profile was detected by RAPD-PCR technique. The results of RAPD analysis using the 
five primers indicated the appearance of DNA polymorphic bands in all cotton genotypes. It is 
concluded that two cotton genotypes are tolerant genotypes (Giza 85 and Giza 92) and can be 
introduced in breeding programs.   
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Abbreviations: DNA - deoxyribonucleic acid; RAPD-PCR - Rapid Polymerase Chain Reaction;  
SDS-dodecylsulphate 
 
Introduction 
 
High temperature is considered one of the most important environmental factors that affect growth and 
development of plant. Heat stress affects the wide spectrum of both biochemical and physiological 
responses within the plant cells [1]. High temperature stress can create a water deficit in plants tissues 
which in turn lead to injury of cell membranes and to reduction in rates of transpiration, protein 
synthesis and ion uptake and transport. Also, high temperature can inhibit photosynthetic enzymes as 
well as loss of permeability of cellular membranes [2]. Plants exposed to heat stress respond to a 
characteristic set of conserved cellular and metabolic processes. The heat stress causes a decrease in 
normal protein synthesis accompanied by an accelerated synthesis of new proteins known as heat 
shock proteins (HSPs). This response of plants is observed when they are exposed to temperatures at 
least 5°C above their optimal growing temperature. Chlorophyll synthesis and accumulation is a good 
indicator of heat stress injury.  
In addition to physiological indicators/markers of heat tolerance, molecular markers are also 
promising to help cotton screening and breeding phenomena aimed at improving its heat tolerance. 
Genetic diversity is a very important factor in breeding crops. Based on random amplification of DNA 
segments with single primers of arbitrary nucleotide sequence random amplified polymorphic DNA 
(RAPD) assay generates DNA profiles of varying complexity. RAPD analysis was used successfully 
in field crops such as Brassica rapa [3] and cotton [4]. 



H. I. MOHAMED AND A. M. E. ABDEL-HAMID 
 

Romanian Biotechnological Letters, Vol. 18, No. 6, 2013  8824 

Cotton (Gossypium hirsutum L.) is a perennial plant and is very sensitive to adverse environmental 
conditions [5]. Although it originated from hot climates, the ideal temperature for its growth and 
biomass accumulation is between 20-30°C. Temperature above the optimum is a major factor limiting 
crop production [6]. The temperatures higher than optimum, i.e., >32°C adversely affect the reproductive 
efficacy of the crop in different ways, e.g., inhibition of photosynthesis, decreased metabolism, crop 
growth rate, pollination, and fertilization [7]. Environmental stress, including extremes of temperature 
affects not only mature plants but also germinating seeds and seedlings as well.  

The aim of this study is to detect biochemical and molecular markers of heat stress in four 
Egyptian genotypes of cotton. 
 
Materials and Methods 
 
Cotton seedlings of four genotypes were grown separately in an incubator in plastic pots with five 
seeds per pot. In total 4 genotypes were grown in 24 pots divided into two sets. All Pots were placed at 
30±2°C under dark conditions. After seventh day of germination, the control seedling set (T1) was 
remained into a growth chamber maintained at 30±2°C and kept under continuous light. The second 
set of seedlings was exposed to heat treatment at 40±2°C for 6h and then returned to normal 
temperature.  After four days of treatment, T1 and T2 were transferred to continuous light in growth 
chamber at 30±2°C for 4 days and then the plants were collected to determine morphological 
biochemical and molecular studies. 
 Shoot length, root length, fresh weight and dry weight of seedlings were obtained by drying 
the material in oven at 80°C until constant weight. Chlorophyll was extracted as described previously 
with Vernon and Seely [8]. Cotton leaves (0.5 g) were ground in 10 ml of 80% cold acetone; the 
homogenates were filtered through a Whatman No1 filter paper. The extracts were taken and 
measured at wave lengths 645 and 663 nm with a spectrophotometer. Total soluble sugars were 
determined based on the method of phenol sulfuric acid as described by Dubois et al. [9].  Pure 
glucose was used as standard. Free proline content of fresh seedling tissues was detecting according to 
the method described by Bates et al. [10].  
Polypeptide pattern was analyzed on 12% SDS polyacrylamide gels according to the method of 
Laemmli [11]. Detection of peroxidase was carried out by the method described by Larsen and 
Benson [12], polyphenol oxidase was done by method of Sato and Hasegawa [13], esterase isozymes 
were carried out by the method described by Scandalios [14] and acid phosphatase isozymes was 
detected by the method of Wendel and Weeden [15].  
Seedling tissue of cotton plants (100 mg) was ground under liquid nitrogen to a fine powder to extract 
DNA as described by Dellaporta et al. [16]. RAPD-PCR reaction was conducted using five 10 mer 
arbitrary primers with the sequences shown in Table 1.  
l sulphate. 
 
Table 1. List of the primer names and their nucleotide sequences.  
 
 
 
 
 
 
 
 
 
 
 
The data were subject to analysis of variance with Duncan’s Multiple Range Test using the statistical 
computer package program, MSTAT-C [17]. 
 
 

 Name Sequence 

1 OP- AX16 5´ GTC TGT GCG G3` 

2 OP- D01  5´ ACG GCG TAT G 3` 

3 OP-Q15 5´ TGC GAT GCG A 3` 

4 OP-L12  5` TGG TGG ACC A 3` 

5 OP-M01  5` TGG TGG ACC A 3` 
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Results and Discussion 
 
Changes in morphological criteria 
The results presented in Table (2) showed that all morphological criteria (shoot, root length, fresh and 
dry weight of seedlings) significantly decreased or non significant effect under heat stress (40 °C) in 
the two cotton genotypes (Giza 80 and Giza 90) as compared with control plants (30 °C). On the other 
hand, the same criteria significantly increased under heat stress in the other two cotton genotypes 
(Giza 85 and Giza 92) as compared with control plants. These results are in accordance with 
Amooaghaie and Moghym [18] who reported that heat shock stress caused decrease in root and shoot 
length of soybean seedlings. Heat stress is a major growth limiting factor for most crop plants. 
Prolonged or even a transitory exposure to high temperature leads to altered metabolic functions and 
growth [19]. In addition, high temperature could alter transpiration rate and membrane permeability 
leading to growth reduction [20]. 
 
Changes in physiological criteria 
Chlorophyll content significantly decreased when cotton seedlings were exposed to high temperature 
(40 °C) as compared with control plants. This reduction was observed in two sensitive genotypes of 
cotton (Giza 80 and Giza 90), while chlorophyll accumulated in the two tolerant genotypes (Giza 85 
and Giza 92) as compared with control plants (Table 2). These results are in accordance with 
Hassanein et al. [21] who showed an increase in ch. a, ch. b and carotenoid contents in fenugreek 
plants with increasing temperature reaching a peak level at 30ºC and decline at 40ºC but still greatly 
higher than the control value at 20°C. Alterations in various photosynthetic attributes under heat stress 
are good indicators of thermotolerance of the plant as they show correlations with growth. The 
reduction in photosynthetic pigments in hardly cotton plants might be attributed to the inhibition in the 
biosynthesis of pigments, increasing their degradation and/ or due to damage of chloroplast structure. 
The reduction in chlorophyll content concurrently with the increase in proline and protein contents led 
to the suggestion that nitrogen may be shifted to the synthesis of proline and protein instead of 
chlorophyll.  
There was a non significant effect in the level of proline content in the two genotypes of cotton 
seedlings (Giza 80 and Giza 90) subjected to heat stress (40°C) as compared to the control plants. On 
the other hand, proline accumulated in cotton seedlings of the two tolerant genotypes (Giza 85 and 
Giza 92) as compared with seedlings grown in normal temperature (30°C) (Table 2). These results are 
in accordance with Hassanein et al. [21] who found that proline levels in fenugreek seedlings 
increased by increasing the shocked temperature (30 and 40°C) compared with those of the 
corresponding controls. The increase in proline level at high temperature might be one of the earliest 
metabolic responses triggered in the transduction pathway that links the perception physiological 
responses at the cellular level.  
The data in table (2) showed significant increased in total soluble sugars content in the tolerant 
genotypes under heat stress (40 °C) as compared with control plants (30 °C). These results are in 
accordance with Hassanein et al. [21] who found that soluble sugars in fenugreek seedlings were 
increased by increasing the shocked temperature (30 and 40°C) compared with those of the 
corresponding controls. In addition, the increase in soluble sugars may be acting as an adaptive 
mechanism for exerting protective effects under heat stress, as sugar acts as signaling molecule during 
abiotic stress. 
 
Table 2. Effect of heat stress on some morphological and physiological criteria in four genotypes of cotton 
plants. Means ± SD (n=3) of measurements on each ten plants. Different letters indicate a significant difference 
at P≤0.05 according to Duncan’s multiple range tests. 

Genotypes Treatment Shoot length 
(cm) 

Root  
length 
(cm) 

Fresh weight  
 (g) 

Dry  
Weight 
(g) 

Total 
chlorophyll 
(mg g-1  FW) 

Proline 
(µg g-1 FW) 

Total soluble 
sugars 
(mg g-1  DW) 

Giza 85 Control 16.0±0.8DE 6.0±0.2CD 3.50±0.4DE 0.29±0.02BC 7.58±0.7DE 58.4±2.5D 55.1±3.6C 
40 °C 18.3±0.9BC 8.5±0.4A 5.60±0.3BC 0.45±0.04A 12.68±1.2B 108.4±5.3A 77.3±4.5B 

Giza 80 Control 19.4±1.0B 6.7±0.3ABC 4.73±0.5CD 0.32±0.04BC 8.26±0.8CD 71.9±2.8CD 65.9±3.8BC 
40 °C 14.8±0.7EF 4.8±0.1D 3.00±0.2E 0.27±0.02C 6.84±0.6E 75.8±3.7BCD 66.37±3.9BC 

Giza 90 Control 17.3±0.8CD 6.3±0.2CD 6.50±0.5AB 0.45±0.05A 8.78±0.9C 98.5±4.1AB 73.83±4.6B 
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40 °C 13.5±0.5F 6.5±0.3BCD 4.80±0.6CD 0.38±0.04AB 7.10±0.7E 93.7±4.4ABC 68.40±4.0BC 

Giza92 Control 18.3±1.1BC 5.7±0.2CD 5.20±0.5BC 0.34±0.04BC 8.97±0.9C 52.1±2.8D 72.17±4.3B 
40 °C 22.4±1.3A 8.3±0.4AB 7.23±0.7A 0.45±0.05A 14.31±1.5A 106.7±5.0A 90.6±5.0A 

L.S.D at 5% 1.58 1.83 1.564 0.096 1.07 24.3 14.83 
 
Changes in biochemical criteria 
Expression of the peroxidase isozyme was detected in different genotypes of cotton seedlings (Fig 1 
A). The results showed that three bands were exhibited with different densities and intensities in 
cotton genotypes grown under control temperature and under heat stress treatment. Two bands are 
common bands which detected at Rf 0.30 and 0.55. Peroxidase activity in the tolerant genotypes of 
cotton (Giza 85 and Giza 92) increased under heat stress treatment (40 °C). These results are similar to 
Naji and Devaraj [22] who found that peroxidase isozyme activity in horse gram increase under heat 
and salt stresses. Peroxidases are heme-containing oxidoreductases that participate in a number of 
metabolic processes, such as regulation of cell elongation [23], lignification [24], cross linking of cell 
wall structural proteins [25] and phenolic oxidation [26]. 

Polyphenol oxidase electrophoretic patterns are illustrated in Figure 1 B. five bands with 
different intensities and densities were observed among the profiles of all treatments. Three bands 
were present in all treatments (monomorphic bands) at Rf 0.12, 0.40 and 0.65. In addition, two unique 
bands were detected in Giza 90 genotype under heat stress treatment at Rf 0.16 and 0.22 and one 
unique band was detected in Giza 92 genotype under control conditions at Rf 0.49. The intensity of 
polyphenol oxidase isozymes were increased in the sensitive genotypes of cotton seedlings (Giza 80 
and Giza 90) under heat stress treatment but decreased in the tolerant genotypes of cotton. These 
results are similar to Mohamed [27] who found that polyphenol oxidase isozyme activity in cowpea 
plants were increased with increasing the concentrations of lead acetate and gamma ray doses. 
 Esterase electrophoretic patterns are illustrated in Figure 1 C. Five bands were observed 
among the profile of all treatments. Four bands were present in some treatments and absent in the 
others (polymorphic) with substantial differences in their intensities and densities. One band which has 
Rf 0.02 was present in all treatments (monomorphic bands). In addition, two unique bands were 
detected in the tolerant genotype (Giza 92) under heat stress treatment at Rf 0.55 and 0.61. Also, two 
isozymes bands were induced in two cotton genotypes under heat stress treatments (Giza 90 and Giza 
92) at Rf 0.09 and 0.19. The intensity of esterase isozyme increased only in Giza 92 genotypes under 
heat stress treatment (40 °C). These results are in accordance with Liu et al. [28] who found that the 
isoezyme of esterase under the chilling temperature showed some increase in activity and in the 
number of component bands in three subtropical crops i.e., rice, cucumber and Agave.  
Acid phosphatase electrophoretic patterns are illustrated in Figure 1D. Two bands with different 
intensities and densities were observed among the profiles of all treatments. Two bands were present 
in all treatments (monomorphic bands) at Rf 0.13 and 0.47. These results are in accordance with Naji 
and Devaraj [22] who found that horse gram stressed with both temperature and salt showed 
increased acid phosphatase isozyme activities. In addition, the elevated level of acid phosphatase in 
horse gram is suggestive of a common sensor mechanism for heat, drought, and salt stress endurance. 
Probably, temperature and salt-induced loss of water (change in osmolarity) might have elicited the 
signal for elevated expression of acid phosphatase. 

Three types of modifications are observed in the protein patterns of cotton seedlings, some 
protein bands disappeared, other proteins selectively increased and synthesis of new set of proteins 
was induced. Some of these responses were observed under heat stress treatments (Table 3 and Figure 
1). 26 protein bands of molecular weight ranged between 149 and 9.0 KDa were observed in different 
genotypes of cotton seedlings under normal temperature (30 °C) and heat stress treatment (40 °C). The 
protein patterns of cotton seedlings under treatments comprise seven major bands (common bands) 
having molecular weights of (67, 58, 49, 41, 37, 34 and 28 KDa). Eight protein bands of molecular 
weights (149, 131, 104, 54, 46, 30, 24 and 18 kDa) were de novo synthesized in different cotton 
genotypes under heat stress treatment (40 °C). 

The total number of protein bands and the intensity was increased in the tolerant genotypes 
(Giza 85 and Giza 92) from 20 and 21 bands respectively under normal temperature (30 °C) to 23 and 
26 bands under heat stress treatment (40 °C). On the other hand, the total number of bands in the 
sensitive genotypes (Giza 80 and Giza 90) decreased from 23 and 22 bands to 16 and 14 bands 
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respectively under heat stress treatment. These results are in accordance with Kumar et al. [29] who 
found that there was gradual increase in the number of new protein bands in wheat cultivars with the 
increase in heat shock temperature. These new protein bands may be the HSPs or the enzyme of the 
antioxidant systems which plays very important role in providing tolerance against oxidative burst 
which is in conformity with the observation made by Yamaguchih et al. [30]. Also, Kumar et al. [29] 
who observed that the expression of many new protein bands in case of tolerant compared to 
susceptible one in wheat cultivars under heat stress treatment which was also observed by Amako et 
al. [31]. In addition, a heat shock protein (HSP) was induced in the tolerant genotypes of cotton 
seedlings under heat stress (40 °C) with a molecular weight (149, 131, 104 KDa) and low molecular 
weight HSP was also induced with molecular weight 30 KDa. These results are in accordance with 
Kaur et al. [32] who found that heat acclimatized of Brassica seedlings showed de novo synthesis of 
some of the low molecular proteins and simultaneously disappearance of some of existing proteins. 
Moreover, the most representative class of proteins induced by heat stress is considered to be the low 
molecular weight or small HS proteins (sHSP). Many members of the large HSP subfamily, with 
molecular weights of 16 to 42 kD belong to this group of proteins, their synthesis was demonstrated to 
be related to the acquisition of thermotolerance [33]. The accumulation of HSPs which are 
undetectable at normal temperatures was demonstrated in several crop plants such as Pea [34]. Also, 
Hassanein et al. [21] indicated that many low molecular weight HSPs (such as 50.70 and 26.30 kDa) 
were induced in fenugreek under heat tolerant.  
 
Table 3. Molecular weight and intensities (%) of protein banding patterns extracted from the seedlings of four of 
cotton genotypes under heat stress. 

 Mw (KDa) Giza 85 Giza 92 Giza 80 Giza 90 Giza 85 Giza 92 Giza 80 Giza 90
control 40 °C

149    3.7 4.2 4.2   
131    6.4 3.4 3.6   
113  3.2 3.3 3.1 2.4   
104    5.7 3.6 2.1   
97 3.8 2.3 3.7 4.4 2.9   
88 3.2 3.9 3.9 4.5 3.4 3.4   
81 3.7 3.0 3.0 3.0 3.1 3.0  4.5 
67 5.1 6.3 3.1 6.5 4.5 4.9 4.0 5.1 
63  2.7 3.3 3.8   
61 3.2 2.7 3.6 3.5 4.2  
58 3.9 3.7 4.0 4.0 5.1 4.2 3.6 7.6 
54 5.0  1.9 3.9 5.1 4.5 5.2 
52 1.8 3.8 5.1 3.2 5.0 1.5 2.0  
49 3.0 2.2 2.1 2.5 4.6 3.0 2.8 5.5 
46 5.4  1.5 1.4 2.8   
45  5.0 3.6 4.7 2.6 3.3 7.8 5.4 
41 5.7 5.0 4.7 4.7 2.4 4.2 3.9 4.1 
37 4.6 4.3 3.5 4.0 4.5 4.4 3.6 5.2 
34 3.7 4.5 4.8 4.3 4.4 5.8 6.1 4.6 
31 6.0 5.0 5.2 0.5   
30    5.7 5.4 2.9 4.4  
28 5.4 4.1 4.8 4.5 7.1 4.7 4.3 4.0 
26 3.6 4.8 4.5 3.9 4.6 4.6 4.5 
24  5.4  1.5   
22 5.4  5.4 6.1 5.4 4.7 4.0 4.9 
20 5.0 5.9 5.8 5.4 5.8   
18 3.9 4.2  5.8 5.5 5.8 
14   5.1 5.2 4.8 4.4 4.0 4.6 
9 5.3 3.8 2.8 2.7 2.4 2.9   
sum 30.88 86.68 85.83 88.56 98.53 92.14 94.61 69.24
Total 20 21 23 22 23 26 16 14 

 
 
 



H. I. MOHAMED AND A. M. E. ABDEL-HAMID 
 

Romanian Biotechnological Letters, Vol. 18, No. 6, 2013  8828 

Changes in molecular studies 
RAPD- PCR was used for detection of DNA profile changes in four genotypes of cotton seedlings 
under heat stress treatment. RAPD analysis indicated that all five primers used resulted in the 
appearance of PCR products with a variable number of bands. The data show that 42 DNA bands were 
detected among all genotypes of cotton seedlings, of which 24 bands were polymorphic (55.1%) 
(Table 4 and Figure 2). 
The highest number of RAPD bands was detected for primer OP- M01 (11bands), while the lowest 
was scored for OP-D01 (5 bands). Two primers gave four molecular markers associated with heat 
stress. OP- M01 primer showed one positive molecular marker detected at molecular size 682 bp in 
the tolerant genotypes (Giza 85 and Giza 92) and one negative marker detected at molecular size 412 
bp in the tolerant genotypes. 

 
 Peroxidase  (A) 

 
Polyphenol oxidase  (B) 

 

 
β esterase   (C) 

 

 
Acid phosphatase  (D) 

 

Figure 1. Effect of heat stress treatment on different isozymes profile and protein banding pattern in the 
seedlings of four cotton genotypes. 
1- Giza 85 control   2- Giza 80 control    3- Giza 90 control    4- Giza 92 control 
5- Giza 85 under stress  6- Giza 80 under stress 7- Giza 90 under stress 8- Giza 92 under stress 

OP-D01 showed one positive marker detected at molecular size 536 bp in the tolerant genotypes and 
one negative marker detected at molecular size 572 bp in the tolerant genotypes. The results of RAPD 
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analysis using the five primers indicated the appearance and disappearance of DNA polymorphic 
bands in all genotypes of cotton seedlings. In Egyptian cotton, different levels of RAPD 
polymorphism were detected by a number of researchers using different primers and different 
genotypes. In this instance, Zahid et al. [35] measured the genetic distance among 20 different species 
of Gossypium using 63 random 10- mer primers and they observed that 310 out of a total of 370 
RAPD bands (83.8%) were perceived polymorphic. In addition,  the disappearance of normal bands 
may be related to the events such as DNA damage (e.g. single and double strand breaks, modified 
bases, abasic sites, oxidized bases, bulky adducts, DNA protein cross links), point mutations and/or 
complex chromosomal rearrangements induced by genotoxins [36]. 
 
Conclusion 
 
It can be concluded that, the exposure of four Egyptian cotton genotypes to heat stress induce 
reprogramming of gene expression in a coordinated fashion by changing the metabolism, protein and 
DNA profiles. These findings may suggest that two cotton genotypes are tolerant genotypes (Giza 85 
and Giza 92) and can be introduced in breeding programs . 
 
Table 4. DNA polymorphism in the seedlings of four cotton genotypes using RAPD- PCR.  

No M. Size 
(bp) 

Treatment 

No 
M. 
Size 
(bp) 

 Treatment 
OP- AX16  OP-M01 

Giza 85 Giza 80 Giza 90 Giza 92  Giza 85 Giza 
80 Giza 90 Giza 

92 
1 1012 + + + + 1 1073   + + + 
2 854 +    2 974  +    
3 776 + + + + 3 756   + + + 
4 614 + + + + 4 682  +   + 
5 489 + + + + 5 609  + + + + 
6 434  + + + 6 557  + + +  
7 412 +    7 510   +   
8 288  + + + 8 463  + + + + 
9 253 +    9 412   + +  
Total number 7 6 6 6 10 360  + + + + 
OP-D01 11 318    + + 

1 572  + +  Total 
number 

 6 8 8 7 

2 536 +   +  OP-E06 
3 467 + + + + 1 1020  + + + + 
4 350 + +   2 855  + + +  
5 326    + 3 780     + 
Total number 3 3 2 3 4 686  + + + + 
OP-L12 5 577  + + +  
1 1037 + + + + 6 546     + 
2 901 + + + + 7 504  + + + + 
3 793 + + + + 8 403  + +  + 
4 590 + + + + 9 365  + + + + 
5 530 + + + + Total 

number 
 7 7 6 7 

6 364 +           
7 325 + + + +        
8 277 + +  +        
9 162 + + + +        
Total number 9 8 7 8        
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1- Giza 85 control 
2- Giza 80 control 
3- Giza 90 control 
4- Giza 92 control 
 

Figure 2. DNA polymorphism in the seedlings of four cotton genotypes using RAPD- PCR 
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