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Extended abstract

Introduction

Bread wheat is one of the fundamental sources of food supply in the world. Bread wheat has the biggest share in providing
the human diet calories. Increasing in human population has led to a higher demand for wheat productivity in the world.
Abiotic stresses, including micronutrient deficiencies, are among the most important limitation for wheat production. It is
estimated that more than 50% of yield reduction is cased by direct impacts of such stresses. Although iron is required by
plants in small amounts, it plays an essential role in the structure of chloroplasts and the growth and development of plants.
Iron and zinc, as cofactors for some antioxidant enzymes, increase the activity of these enzymes and plays an important role
in modulating free radicals and their destructive effects in membrane systems and consequently increase plant tolerance
against drought stress. Iron deficiency stress in plants is associated with the creation of various types of reactive oxygen
species (ROS), which in turn induces oxidative stress in the plant. To reduce the destructive effects of free oxygen radicals,
plants develop various mechanisms, including the production of enzymatic and non-enzymatic antioxidant compounds.
Antioxidant enzymes such as catalase, peroxidase, superoxide dismutase and polyphenol oxidase are activated under stress
conditions and scavenge the ROS. An increase in the activity of different antioxidant enzymes as well as up-regulation of
antioxidant encoding genes in response to the micronutrients deficiency have been reported in many studies.

Materials and methods

To evaluate the expression of genes encoding catalase, ascorbate peroxidase and polyphenol oxidase enzymes
under iron deficiency conditions in Fe- efficient (Pishtaz) and -inefficient (Falat) bread wheat cultivars, a factorial
experiment based on a completely randomized design (CRD) was conducted in three replications. Cultivars were
planted at two levels of iron: less than 1.5 (iron deficiency) and 10 (iron sufficiency) mg/kg soil. The expression
levels of the antioxidant encoding genes were measured using Real-time PCR technique in the leaves and roots of
the cultivars under iron deficiency conditions compared to the control conditions.

Results and discussion

The relative expression level of in the reproductive stage of both cultivars was significantly increased in the root
but decreased in the leaves. The highest increase in the expression of catalase coding gene was observed in the
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roots of Fe- efficient cultivar (Pishtaz) in the reproductive stage. Also, the expression level of this gene was
decreased in the root of both cultivars during the vegetative stage, but increased in the leaves of the Fe- efficient
cultivar at the same stage and remained unchanged in the ineffective cultivar. The increase in the relative
expression of the catalase coding gene in the root during the reproductive stage is probably caused by the activity
of the catalase enzyme to remove ROS produced by stress. In the present study, the expression of catalase gene in
the reproductive stage in the roots of both cultivars was significantly increased. The expression level of ascorbate
peroxidase gene in the vegetative stage in the roots and leaves of the Fe- effective variety was significantly
increased, but it was decreased in the Fe- inefficient cultivar. Ascorbate peroxidase is a chloroplast enzyme that
participates in scavenging the chloroplastid hydrogen peroxide. As a result of the decrease in the activity of this
enzyme, the amount of hydrogen peroxide in the chloroplast increases and the amount of chlorophyll and
carotenoids in the plant decreases, leading to a decrease in the amount of photosynthesis. Since Fe is involved in
the biosynthesis of chlorophyll, iron deficiency directly leads to a decrease in the amount of chlorophyll in the
plant. The increased expression of ascorbate peroxidase coding gene in the root during the reproductive stage in
both cultivars and in the leaves and roots of the Fe-efficient cultivar during the vegetative stage can be due to the
role of this enzyme in the detoxification of reactive oxygen species under Fe deficiency stress conditions. The
increase in the expression of ascorbate peroxidase coding gene in the vegetative stage in the roots and leaves of
the Fe-efficient variety compared to the Fe-inefficient cultivar is probably due to the efficiency of the Pishtaz
cultivar in absorbing Fe under Fe deficiency conditions and making this element available to the ascorbate
peroxidase enzyme. According to the results, the expression level of polyphenol oxidase coding gene expression
in the leaf in the vegetative stage under Fe deficiency conditions was increased, whereas the increase in expression
level in the root was not significant at the same stage. Also, the expression of this gene in the reproductive stage
in both leaf and root tissues showed a significant decrease compared to the controls.

Conclusion

The results of this research showed that under iron deficiency conditions, the relative expression of the catalase
gene in the roots of both Fe-efficient (Pishtaz) and -inefficient (Falat) cultivars was significantly increased, and
this increase in the Pishtaz cultivar was more significant than Falat cultivar. The expression level of polyphenol
oxidase gene in the vegetative stage in the leaf increased significantly in both cultivars. At the same stage, the
expression level of polyphenol oxidase gene in the root was also increased. The highest increase in the expression
of ascorbate peroxidase gene was observed under Fe deficiency conditions in the roots of Falat cultivar at the
reproductive stage. The expression level of this gene was increased in the root of Pishtaz cultivar at this stage.
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Table 3. Analysis of variance for relative expression of catalase (CAT), ascorbate peroxidase (ASP) and
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" and **: Non-significant and significant at 1% probability level, respectively.
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Figure 2. Mean comparison for interaction effect of cultivar x tissue x sampling stage on the relative expression
of catalaz (CAT)(A), ascorbate peroxidase (ASC) (B) and mean comparision for interaction effect of tissue x
sampling stage on the relative expression of polyphenol oxidase (PPO)(C) gene in Fe efficient (Pishtaz) and Fe
inefficient (Falat) bread wheat cultivars. Columns (+ standard error) with the similar letters on each graph show
no significant difference by SNK test at 1% probability level.
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