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Heavy metals are major environmental concern when they present in high concentration in soil. Heavy metals in agricultural 
land and products are of great attention throughout the world as they are toxic to both plants and human health. The present 

study aimed to elucidate the photosynthetic performance, antioxidant enzymatic activities, anthocyanin contents, anthocyanin 
biosynthetic genes expression and vanadium uptake in two mustard genotypes purple and green differing in photosynthetic 
capacity under vanadium stress. The results indicated that vanadium significantly reduced photosynthetic activity and protein 
contents in both genotypes. The activities of antioxidant enzymes were increased significantly in response to vanadium stress; 
however, the purple mustard genotypes had significantly higher antioxidant enzymatic activities. The anthocyanin contents 
were also significantly reduced under vanadium stress. The anthocyanin biosynthetic genes were highly expressed in the purple 
genotype, especially the genes TT8, F3H, and MYBL2 under vanadium. The expression of all biosynthesis genes were higher in 
vanadium-treated purple mustard genotype than green mustard, however with the increase in vanadium concentrations these 
expression level decreases consecutively. These results indicate that induction of TT8, F3H, and MYBL2 genes was associated 
with upregulation of biosynthetic genes for higher anthocyanin biosynthesis in purple mustard as compare to green mustard. 
The vanadium uptake by the roots was always higher than the shoots in the both mustard genotypes. The results showed that 
the purple had higher vanadium tolerance than the green genotype. Future work should be directed to unveil the mechanistic 
explanations of genes expression and inter-relationship of vanadium and plants that are currently being unravelled.
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