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SOD For, 5′-CCGGACTACCTGACCAACAT-3′ 
59.48 AF092524 

SOD Rev, 5′-AAGGTCCCGACAGTGGAATA-3′ 

POX  For, 5′-AATCAGACCGTCTCCTGCG-3′ 
60 CAA39486 

POX  Rev, 5′-GGTGGTGTCGTTGTTGAAC-3′ 

GAPDH  For, 5′-TCACCACCGACTACATGACC-3′ 
60 EF 592180 

GAPDH  Rev, 5′-ACAGCAACCTCCTTCTCACC-3′ 
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 Table 2. Analysis of variance of the germination and morphological traits in the studied wheat genotypes 

Source of variations df 

Mean squares 

Germination 

percentage 
Normal seedling 

percentage 

Seedling 

length 

Seedling 

vigor 
Root 

length 
Stem 

length 

Mercury chloride 3 126* 12.1* 82.1** 8.9** 45.5** 142.1** 

Error 1 8 28.6 2.28 2.98 1.13 0.67 0.948 

Genotype 2 85.6** 105** 45.7** 25.6** 25.6** 35.27** 

Mercury chloride  × Genotype 6 29.1* 9.37** 6.77* 7.17** 0.17ns 3.377** 

Error 2 16 7.8 1.145 1.145 0.94 0.44 0.145 

CV% - 6.3 3.9 2.8 4.1 3.4 1.4 

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively. 
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Table 3. Analysis of variance of the biochemical traits in the studied wheat genotypes  

Source of variations  df 

Mean squares  

Polyphenol oxidase Peroxidase 
Superoxide 

dismutase 
Mercury chloride 3 9.85** 6.15* 15.5** 

Error 1 8 1.18 1.10 2.07 

Genotype 2 10.14* 11.7** 25.6** 

Mercury chloride  × Genotype 6 13.7* 5.37* 10.1** 

Error 2 16 2.45 0.945 1.44 

CV% - 2.9 3.1 5.9 

* and **: Significant at 5% and 1% probability levels, respectively. 
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Figure 1. Changes in germination percentage of wheat genotypes at different concentrations of mercury chloride 
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Figure 2. Changes in normal seedling percentage of wheat genotypes at different concentrations of mercury chloride  
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Figure 3. Changes in seedling length of wheat genotypes at different concentrations of mercury chloride 
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Figure 4. Changes in seedling vigor of wheat genotypes at different concentrations of mercury chloride  
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Figure 5.Changes in root length of wheat genotypes at different concentrations of mercury chloride  
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Figure 6. Changes in stem length of wheat genotypes at different concentrations of mercury chloride 
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Figure 7. Changes in superoxide dismutase activity of wheat genotypes at different concentrations of mercury 

chloride  

 

  

  

  
 *$N8- Q 
�+< %�0 >E��� D��+� � ��^� ���  o
�B�6 �� (0"� 4�32� , 0���E _�@`' 4�3   

Figure 8. Changes in peroxidase enzyme activity of wheat genotypes at different concentrations of mercury chloride  
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Figure 9.Changes in polyphenol oxidase activity of wheat genotypes at different concentrations of mercury chloride  
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Figure 10. Relative expression of peroxidase gene at different concentrations of mercury chloride  
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Figure 11. Relative expression of Superoxide dismutase gene at different concentrations of mercury chloride  
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Abstract 

Heavy metal pollution is one of the most important global causes of soil pollution. Metallic 

contaminants, even in low concentrations, are carcinogenic due to their non-degradable nature and their 

physiological effects on living organisms and humans. Seed germination is one of the most important 

stages in the life cycle plants that respons to environmental factors such as biotic and abiotic stresses. 

The objective of this experiment was to assess the germination characteristics, biochemical traits and 

expression of antioxidant genes in bread wheat genotypes at seedling stage under mercury metal stress. 

The experiment was conducted in split plots based on completely randomized design with three 

replications in which mercury stress in four levels (including no-application as control and application 

of 5, 10 and 15 μM mercury chloride) and wheat genotypes in three levels (including Gonbad, Morvarid 

and N9108 genotypes) were considered as main- and sub-factors, respectively. The results showed that 

with increasing mercury chloride stress, germination indices as well as morphological and biochemical 

traits in all three wheat genotypes had a decreasing trend and this decrease in different genotypes was 

significantly different. Line N9108 had better conditions under mercury metal stress in terms of all 

measured traits. The expression of superoxide dismutase and peroxidase genes in line N9108 was also 

higher than the other genotypes, which can indicate the superiority of this line than the other two wheat 

genotypes under mercury chloride stress conditions.  
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