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Abstract 

 The effect of gamma irradiation (100, 200, and 300 Gy) and NaCl (60 and 120 mM) on peroxidase 
(POD) and polyphenol oxidase (PPO) activities in Sids-1 and Sakha-93 wheat cultivars were investigated. 
POD and PPO activities increased significantly with increasing NaCl concentrations, and the maximal 
activity increased at 120 mM NaCl, while PPO activity was higher than POD at the same concentration of 
NaCl in both the two cultivars.  POD and PPO isozymes profile revealed a total of six bands, whereas all of 
them are variable and exposed the effect of gamma ray and sodium chloride with different genetic response 
of the two wheat cultivars. The expression level of POD gene in Sakha-93 cultivar was more than in Sids-1. 
While it was more pronounced at 120 mM NaCl combined with gamma irradiation dose 300 Gy. Gamma ray 
can be used as a useful tool for gene expression in plants and salt tolerance could be attributed to the 
constitutive induced antioxidant gene, leading to more efficient enzyme stimulation and protection in wheat. 
 
Introduction   
 Plants grown on environmental stresses implicate salinity, water logging and drought, 
temperature, radiation, mineral deficiency or excess, suffer tremendously qualitatively and 
quantitatively. Although assessment of the effects of all various stresses on plants is significant, in 
view of the running literature, the researchers concentrate their interests on salinity than on other 
stresses. This is sufficient to the fact that vast area of the available land on the globe including a 
large number of countries is affected by salinity (Deinlein et al. 2014). Gamma irradiation is 
considering one of most common physical mutagens worth major effects on biochemical and 
physiological style in plants (Begum and Dasgupta 2011). Gamma rays have been demonstrated 
economical and effective as compared to other ionizing radiations because of its easy availability 
and the power of penetration. This penetration power of gamma irradiation helps in its broad 
application for the advancement of different plant species. Also, gamma radiation can interact with 
atoms and molecules to create oxidative stress with over production of reactive oxygen, which are 
able to modify important components of plant cells (Ali et al. 2016). To avoid oxidative damage, 
plants have evolved various protective mechanisms to counteract the effects of reactive oxygen 
species in cellular compartments (Pandey et al. 2017). Antioxidant defense enzymes such as 
superoxide dismutase (SOD), catalase (CAT), and peroxidase (POD) are the systems designed to 
minimize the concentrations of superoxide and hydrogen peroxide.  
 Previously it was reported that the activity of antioxidant enzymes in plants subjected to salt 
stress increased (Caverzan et al. 2016).  In order to improve the performance of crops growing 
under   salt   stress, it  is  important  to  understand  how plants  cope  under  such  conditions.  Salt  
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tolerance of plants is a complex phenomenon that involves physiological, biochemical, and 
molecular processes as well as morphological. Furthermore, salinity tolerance is unlikely to be 
determined by a single gene or gene product (Cai et al. 2017). There is an extensively applied 
technique in molecular plants can be used for quantification of different enzymes gene expression 
activities (RT-PCR, Real Time PCR) and proved to be a successful tool for evaluation the possible 
resistance genes in wheat (El-Argawy and Adss 2016). The aim of the present study was to 
investigate the effects of gamma irradiation and sodium chloride stress on peroxidase and 
polyphenol oxidase enzyme activities and their isozymes profile. In addition quantification of the 
level of their genes expression using real-time PCR in two Egyptian bread wheat cultivars Sids-1 
and Sakha-93 was conducted. 
 
Materials and Methods 
 Grains of the two Egyptian bread wheat cultivars; Sids-1 and Sakha-93 used in the present 
study were obtained from Agricultural Research Centre, Ministry of Agriculture, Giza, Egypt. 
Two cultivars were irradiated with gamma rays doses (0.0, 100, 200 and 300 Gy with a dose rate 
of: 1.9 kGy/h). The source of irradiation installed at the National Center for Radiation Research 
and Technology, Atomic Energy Authority, Nasr City, Cairo, Egypt. Irradiated and un-irradiated 
grains were sown (Aly et al. 2018) to get M1 of the grains. To raise M2 generation, random grain 
samples main spikes were taken from bulked Ml generation grains for each irradiation dose. These 
samples were sown in pots for 10 days and after that transferred to hydroponic system and 
irrigated with NaCl at concentrations (0.0, 60 and 120 mM NaCl/l). After 45 days from subjected 
to salt stress, root samples were taken for estimating the following analyses. 
 Enzyme extraction from roots sample (0.5 g) of each treatment was prepared by 
homogenizing in 100 mM pre-chilled sodium phosphate buffer (pH 7.0) containing 0.1 mM 
EDTA and 1% polyvinyl pyrrolidone (PVP) (w/v) at 4ºC. The extraction ratio was 4.0 ml buffer 
for each 1.0 g of roots tissue. The homogenate was centrifuged at 15.000 × g for 15 min at 4ºC. 
Supernatant was used to estimate the activities of peroxidase and polyphenol oxidase. Protein 
content was determined in the enzymes extract according to Bradford (1976).  
 Peroxidase (POD) was assayed by the method described by Hammerschmidt et al. (1982). 
The enzyme activity was expressed as unit/min/mg protein. 
 Polyphenol oxidase (PPO) was assayed using the method of Oktay et al. (1995). The enzyme 
activity was expressed as unit/min/mg protein. 
 Banding pattern profile of peroxidase and polyphenyl oxidase was done by the methods as 
described by Jonathan and Weeden (1990). Estimation of quantitative of peroxidase and 
polyphenol oxidase genes expression were done by using RT-qPCR. 
 RNA isolation was prepared according to the manufacture procedure, total RNA was 
extracted from plant tissue using GStract™ RNA Isolation kit ІІ (Guanidium Thiocynate).  
 Reverse transcription (RT) or first strand reaction was conducted for converting the mRNA to 
complementary DNA (cDNA) in the presence of deoxynucleotide triphosphates (dNTPS) and 
reverse transcriptase. The compositions were combined with DNA primer in a reverse 
transcriptase buffer for 1 hr at 42°C. The exponential amplification via reverse transcription 
polymerase chain reaction supplied a highly sensitive technique, where a very low copy number of 
RNA molecules can be identified. 
 Plant samples were analyzed using the Fermentase kit: Every reaction contained 12.5 μl of 2x 
Quantitech SYBR® Green RT Mix, 1μl of 25 pm/μl forward primer (Table 1), 1 μl of 25 pm/μl 
reverse primer, 1 μl of the cDNA (50 ng), 9.25 μl of RNase free water for a total of 25 μl. The real 
time PCR program was as follows: initial denaturation at 95°C for 10 min.; 40 cycles at 95°C for 
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15 sec.; annealing at 60°C for 30 sec and extension at 72°C for 30 sec. Data acquisition was 
performed during the extensive step. This reaction was performed using Rotor-Gene- 6000-system 
(Qiagen, USA). 
 

Table 1. Sequence of primers used in the real-time PCR. 
 

Primers Primer sequence (5→3̀) Annealing (°C) 
Peroxidase (F) CTCGACCTACAAGGAC 
Peroxidase (R) ATGTAGGCGCTGGTGA 60 

Polyphenol oxidase (F) GCTTTGTCAGGGGTTGTGAT 
Polyphenol oxidase (R) TGCATCTCTAGCAACCAACG 60 

 

F = Forward primer, R = Reverse primer. 
 

 A complete randomized blocks design with three replicates was used. Analysis of variance 
(ANOVA) and Duncan’s multiple range method were used to compare the significant differences 
between the different treatments. Values were expressed as means ± standard deviations (Duncan 
1955) to compare the results of the experiments (p ≤ 0.05).  All samples dataset of real-time PCR 
data were analyzed with adequate bioinformatics and statistical program for the estimation of the 
relative expression of genes using real-time PCR and the result normalized to ITS housekeeping 
gene (Reference gene). The data were statistically evaluated, interpreted and analyzed using 
Rotor- Gene-6000 version 1.7 (Rasmussen 2001). 
 
Results and Discussion 
 Plants differed greatly in their tolerance to salinity, as reflected in their different growth 
responses. The effect of different dose levels 100, 200, and 300 Gy as well as different 
concentrations of sodium chloride on peroxidase (POD) and polyphenol oxidase (PPO) activities 
in two Egyptian bread wheat cultivars (Sids-1 and Sakha-93) are presented in Figs. 1 and 2. The 
activities of POD and PPO increased significantly with increasing NaCl concentrations, and the 
maximal levels increased at 120 mM of NaCl concentration, while the activity of PPO was higher  
than POD at  the same  concentration  of  NaCl  in the  both two  cultivars. Same trend was  
  

   
            

Fig. 1. Effect of sodium chloride and gamma irradiation on peroxidase activity in Sids-1 and Sahka-93  
 cultivars. 
observed in irradiated treatments and also when gamma irradiation combined with NaCl different 
concentrations, highest specific activity of peroxidase (2218.62 and 2563.59 unit/min/mg protein) 
was recorded in the treatment 300 Gy+120 mM NaCl for Sids-1 and Sakha-93 cultivars, 
respectively, which were significantly higher than that of the control sample. Induction of SOD 
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and POD by irradiation would be one of the defense systems activated ROS-mediated cellular 
signaling (Vanhoudt et al. 2014). Enhancement in peroxidase activity by radiation has also been 
reported by Ling et al. (2013) in Oryza sativa. According to the present results, correlation effect 
of antioxidant enzyme scavenging mechanisms is vital to overcome salinity stress in wheat. 
 

 
 
Fig. 2. Effect of sodium chloride and gamma irradiation on polyphenol oxidase activity in Sids-1 and Sahka-

93 cultivars. 
 

 After the native polyacrylamide gel electrophoresis (PAGE) analysis, up to six POD distinct 
isozymes in both the two cultivars Sids-1 and Sakha-93 were identified (Figs. 3 and 4) and (Tables 
2 and 3). Also, isozymes analysis for PPO revealed a total of six bands, whereas all of them were 
variable and exposed the effect of gamma ray and salinity with different genetic response of the 
two wheat cultivars (Figs. 5 and 6) and (Tables 4 and 5). The  salt-stressed  roots  were  highly  
capable  of increasing the number and intensity of POD isoforms. 
 

 
 

Fig. 3. Electrophoretic patterns in Sides-1 wheat cultivar for POD isozymes under control and different treatments. Lane 1 
= (control), lane 2 = 60 mM NaCl, lane 3 = 120 mM NaCl, lane 4 = 100 Gy, lane 5 = 100 Gy +60 mM NaCl, lane 6 = 
100 Gy+ 120 mM NaCl, lane 7 = 200 Gy, lane 8 = 200 Gy+60 mM NaCl, lane  9 = 200 Gy+120 mM NaCl, lane 10 = 
300 Gy, lane 11 = 300 Gy+60 mM NaCl and lane 12 = 300 Gy+120 mM NaCl. 
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Fig. 4. Electrophoretic patterns in Sakha-93 wheat cultivar for POD  isozymes under control and different treatments. Lane 
1 = (control), lane 2 = 60 mM NaCl, lane 3 = 120 mM NaCl, lane 4 = 100 Gy, lane 5 = 100 Gy +60 mM NaCl, lane 6 = 
100 Gy+ 120 mM NaCl, lane 7 = 200 Gy, lane 8 = 200 Gy+60 mM NaCl, lane 9 = 200 Gy+120 mM NaCl, lane 10 = 
300 Gy, lane 11 = 300 Gy+60 mM NaCl and lane 12 = 300 Gy+120 mM NaCl. 

 
Table 2. Presence or absence of POD in Sids-1 wheat cultivar under control and different treatments. 
 

Sids-1 wheat cultivar under different treatments POD 
groups 

Relative 
mobility 1 2 3 4 5 6 7 8 9 10 11 12 

POD1 0.1 1- 1+ 1- 1- 1+ 1+ 1- 1++ 1- 1- 1+ 1++ 

POD2 0.2 1- 1+ 1- 1- 1+ 1- 1+ 1+ 1+ 1+ 1+ 1+ 

POD3 0.4 1+ 1- 1- 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 1+ 

POD4 0.5 1+ 1- 1- 1+ 1+ 1+ 1- 1- 1- 1- 1- 1+ 

POD5 0.6 1- 1- 1- 1+ 1+ 1+ 1- 1+ 1+ 1+ 1- 1+ 

POD6 0.8 1- 1+  1+ 1+ 1+ 1+ 1- 1- 1- 1+ 1+ 

 

          1 Present band       0 Absent band     ++ High density     + Moderate density    - Low density 
Lane 1 = (control), lane 2 = 60 mM NaCl, lane 3 = 120 mM NaCl, lane 4 = 100 Gy, lane 5 = 100 Gy +60 mM NaCl, lane 6 
= 100 Gy+ 120 mM NaCl, lane 7 = 200 Gy, lane 8 = 200 Gy+60 mM NaCl, lane 9 = 200 Gy+120 mM NaCl, lane 10 = 300 
Gy, lane 11 = 300 Gy+60 mM NaCl and lane 12 = 300 Gy+120 mM NaCl. 
 
Table 3. Presence or absence of POD groups in Sakha-93 under control and different treatments.  
 

Sakha-93 wheat cultivar under different treatments POD  
groups 

Relative 
mobility 1 2 3 4 5 6 7 8 9 10 11 12 

POD1 0.1 1- 1- 1+ 1- 1- 1+ 1- 1++ 1- 1- 1- 1++ 

POD2 0.2 1- 1- 1+ 1- 1- 1+ 1- 1- 1+ 1- 1+ 1- 

POD3 0.4 1+ 1+ 1- 1+ 1+ 1- 1+ 1+ 1- 1+ 1+ 1+ 

POD4 0.5 1+ 1+ 1- 1+ 1+ 1- 1+ 1+ 1- 1- 1- 1+ 

POD5 0.6 1- 1- 1- 1+ 1+ 1- 1+ 1+ 1- 1+ 1- 1+ 

POD6 0.8 1- 1+ 1- 1+ 1+ 1+ 1+ 1- 1- 1- 1+ 1+ 

 

         1 Present band       0 Absent band     ++ High density     + Moderate density    - Low densit 
Lane 1 = (control), lane 2 = 60 mM NaCl, lane 3 = 120 mM NaCl, lane 4 =100 Gy, lane 5 = 100 Gy +60 mM 
NaCl, lane 6 = 100 Gy+ 120 mM NaCl, lane 7 = 200 Gy, lane 8 = 200 Gy+60 mM NaCl, lane 9 = 200 
Gy+120 mM NaCl, lane 10 = 300 Gy, lane 11 = 300 Gy+60 mM NaCl and lane 12 = 300 Gy+120 mM NaCl. 
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Fig. 5. Electrophoretic patterns in Sids-1 wheat cultivar for PPO isozymes under control and different 

treatments. Lane 1 = (control), lane 2 = 60 mM NaCl, lane 3 = 120 mM NaCl, lane 4 =100 Gy, lane 5 = 
100 Gy +60 mM NaCl, lane 6 = 100 Gy + 120 mM NaCl, lane 7 = 200 Gy, lane 8 = 200 Gy + 60 mM 
NaCl, lane 9 = 200 Gy + 120 mM NaCl, lane 10 = 300 Gy, lane 11 = 300 Gy + 60 mM NaCl and lane 12 
= 300 Gy+120 mM NaCl. 

 
 
Fig. 6. Electrophoretic patterns in Sakha-93 wheat cultivar for PPO isozymes under control and different 

treatments. Lane 1 = (control), lane 2 = 60 mM NaCl, lane 3 = 120 mM NaCl, lane 4 =100 Gy, lane 5 = 
100 Gy + 60 mM NaCl, lane 6 = 100 Gy + 120 mM NaCl, lane 7 = 200 Gy, lane 8 = 200 Gy + 60 mM 
NaCl, lane 9 = 200 Gy + 120 mM NaCl, lane 10 = 300 Gy, lane 11 = 300 Gy + 60 mM NaCl and lane 12 
= 300 Gy +120 mM NaCl. 
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Table 4. Presence or absence of PPO groups in Sids-1 under control and different treatments. 
 

Sids-1 wheat cultivar under  different treatments PPO  
groups 

Relative                                 
cobility 1 2 3 4 5 6 7 8 9 10 11 12 

PPO1 0.1 1- 1++ 1+ 1+ 1+ 1++ 1+ 1+ 1+ 1- 1+ 1+ 

PPO2 0.3 1+ 1+ 1- 1- 1- 1+ 1+ 1- 1- 1+ 1- 1- 

PPO3 0.4 1- 1+ 1- 1- 1+ 1- 1+ 1- 1- 1+ 1- 1- 

PPO4 0.5 1- 1- 1- 1- 1- 1- 1+ 1- 1- 1+ 1- 1- 

PPO5 0.6 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 

PPO6 0.8 1- 1- 1- 1+ 1+ 1+ 1- 1- 1- 1- 1- 1- 

 

      1 Present band       0 absent band     ++ High density     + Moderate density    - Low density 
Lane 1 = (control), lane 2 = 60 mM NaCl, lane 3 = 120 mM NaCl, lane 4 = 100 Gy, lane 5 = 100 Gy +60 mM 
NaCl, lane 6 = 100 Gy + 120 mM NaCl, lane 7 = 200 Gy, lane 8= 200 Gy + 60 mM NaCl, lane 9 = 200 Gy + 
120 mM NaCl, lane 10 = 300 Gy, lane 11 = 300 Gy + 60 mM NaCl and lane 12 = 300 Gy + 120 mM NaCl. 
 
Table 5. Presence or absence of PPO groups in Saka-93 under control and different treatments. 
 

Sakha-93 wheat cultivar under different treatments PPO 
groups 

Relative 
mobility 1 2 3 4 5 6 7 8 9 10 11 12 

PPO1 0.1 1- 1+ 1+ 1- 1- 1- 1+ 1- 1+ 1- 1+ 1- 

PPO2 0.3 1- 1+ 1+ 1- 1- 1- 1+ 1- 1+ 1- 1+ 1- 

PPO3 0.4 1+ 1+ 1- 1- 1+ 1- 1+ 1+ 1- 1+ 1- 1+ 

PPO4 0.5 1+ 1+ 1- 1+ 1+ 1- 1+ 1- 1- 1- 1- 1+ 

PPO5 0.6 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 1- 

PPO6 0.8 1- 1+ 1- 1+ 1+ 1+ 1+ 1- 1+ 1- 1+ 1+ 
 
 

         1 Present band       0 Absent band     ++ High density     + Moderate density    - Low density 
Lane 1 = (control), lane 2 = 60 mM NaCl, lane 3 = 120 mM NaCl, lane 4 = 100 Gy, lane 5 = 100 Gy + 60 
mM NaCl, lane 6 = 100 Gy + 120 mM NaCl, lane 7 = 200 Gy, lane 8 = 200 Gy + 60 mM NaCl, lane 9 = 200 
Gy + 120 mM NaCl, lane 10 = 300 Gy, lane 11 = 300 Gy + 60 mM NaCl and lane 12 = 300 Gy + 120 mM 
NaCl. 
 

 This could be considered as a response to salt induced oxidative damage, suggesting the 
enzymatic removal of H2O2 by POD. The present study gave base information and a method vital 
to perform further studies related to the biochemical and genetic basis to detect the salt tolerance 
of wheat. These results are in agreement with the results reported  by El-Beltagi et al. (2013) who 
approved that when gamma irradiation combined with salt stress, increased the activity of POD 
and PPO enzymes and in the same time increased the detected number of isozyme bands. In the 
same concern, Shen et al. (2010) demonstrated that γ-irradiation  
can influence the activity and isozymatic composition of peroxidases in soybean seedling. 
Besides, peroxidase plays an important role in plant defense against oxidative stress by scavenging 
H2O2 in cytosol, peroxisome, mitochondria, and chloroplast of plant cells (Das and Roychoudhury 
2014). Also, Zhang et al. (2013) indicated that NaCl stress can either stimulate or inhibit the 
expression of the isoforms of several antioxidant enzymes and the induction of stress-related 
isozymes is probably related to the level of ROS, which cause oxidative damage to the plant cells. 
 To conserve plant cells from oxidative damage induced by abiotic stresses such as salt stress, 
several genes encoding antioxidant enzymes are up organized. Therefore, analyses of the transcript 
levels of antioxidant defense genes can consider the achievement of their yield to the salt stress 
response in plants. The level expression of POD gene in wheat roots was high gene expression at 
120 Mm NaCl followed by 100 Gy/120 mM and 100 Gy/60 mM in Sids-1 wheat cultivar. While 
Sakha-93 was high gene expression at 300 Gy/60 mM followed by 200 Gy/60 mM (Fig. 7). Data 
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illustrated in Fig. 8 proved the highest values of gene expression for PPO which were higher in 
Sids-1 cultivar than in Sakha-93 cultivar. However, the treatments 200 Gy/0.0 mM NaCl and 
100Gy/0.0 mM NaCl, showed the highest values. Zhang et al. (2014) reported that there was 
increase in antioxidant enzyme activity and in the transcript levels of genes encoding these 
enzymes under salt stress Limonium sinense Kuntze seedlings. The utilization of natural genetic 
variations and the generation of transgenic plants, introducing novel genes or altering expression 
levels of the existing genes are being used to improve salt tolerance (Arzani and Ashraf 2016). 
The high expression of certain stress response genes in plants able to achieve in a certain stress 
environment elicit as a probably popular adaptive mechanism.  
 

 
 
Fig. 7. Quantitative real-time RT-PCR analysis of transcript levels of peroxidase biosynthetic gene at 

different concentrations of sodium and under gamma irradiation stress.  Relative expression for POD 
gene in Sids-1 and Sakha-93 wheat cultivar as affected by gamma irradiation and sodium chloride 
stress. 

 

 
 
Fig. 8. Quantitative real-time RT-PCR analysis of transcript levels of polyphenol oxidase biosynthetic gene 

at different concentrations of sodium chloride and under gamma irradiation stress. Relative expression 
for PPO gene in Sids-1 and Sakha-93 wheat cultivars as affected by gamma irradiation and sodium 
chloride stress. 

 

 POD and PPO enzyme activities and gene expressions can be used as biochemical and 
molecular markers to detect the resistance or susceptibility nature of wheat cultivars against 
salinity in integration with gamma irradiation. The expression of many antioxidant enzymes is 
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positively correlated with higher tolerance levels against abiotic stresses. The activation of some 
enzymes leads to plant protection against oxidative damage. Such studies demonstrate the 
importance of the relationship between the development of salt tolerance and antioxidant activity. 
This attitude may be suitable to its capability to tolerate salt stress or because of salt stress which 
may cause some shift in gene expression.  
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