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Extended abstract

Introduction

Biotic and abiotic environmental stresses are the main factors in reducing wheat production and yield. The
deficiency of micronutrients is one of the environmental stresses that are considered a serious threat to agricultural
production. In developing countries, human malnutrition is caused by micronutrient deficiencies in staple foods
such as rice and wheat in Asia and corn and sorghum in Africa. Micronutrients are elements that plants need in
very small amounts to complete their life cycle. Iron, as one of these micronutrients, plays an effective role in the
growth of plant cells, respiration, development of different cells related to photosynthesis, biosynthesis of
hormones, and the processes of plant metabolism. Iron plays a very important role in the production of chlorophyll,
the production of carbohydrates, the chemical reduction of nitrate and sulfate, respiration, and the conversion of
nitrate nitrogen into amino acids. Also, the main reason for the pale color of plants is due to iron deficiency, which
has been observed in most of the soils in Iran. Cultivation of element-efficient cultivars is one of the strategies to
compensate for micronutrient deficiencies as one of the main problems of agriculture. Due to the activity of genes
and proteins involved in iron absorption, the iron-efficient cultivars are highly efficient in absorbing iron from the
soil and transporting it inside the plant. Also, these plants do not show symptoms related to iron deficiency.
Transcription factors are proteins that specifically bind to the activators around the gene and play an important role
in regulating the life processes of a plant. bZIP family are among the most important transcription factors that are
involved in the activation of genes responsible for the absorption and transport of iron in plants.

Materials and methods

To study the expression pattern of genes encoding bZIP4, bZIP79, and bZIP97 transcription factors under iron
deficiency conditions in bread wheat, a factorial experiment was conducted in the form of a completely randomized
design with three replications in the research greenhouse of Urmia University. Pishtaz (iron-efficient) and Falat
(iron-inefficient) cultivars were grown under conditions of iron deficiency and iron sufficiency (less than 1.4 and
10 mg of iron per kilogram of soil, respectively). The leaves and roots of the plants were harvested in two
vegetative (one month after germination) and reproductive (30% spike yield) stages. Then, RNA was extracted
from the root and leaf samples and cDNA was synthesized. The relative expression of the genes encoding the
aforementioned transcription factors was measured under iron deficiency conditions compared to iron sufficiency
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conditions by considering 3 biological and 3 technical replicates using real time PCR. In this process, the actin
gene was used as a reference gene to normalize the data. After performing the real time PCR reaction, the melting
curves were drawn for each gene by increasing the temperature from 45 °C to 95 °C per second at 0.5 °C, and the
accuracy and specificity of the products of each gene were determined using the melting curve analysis and gel
electrophoresis analysis.

Results and discussion

The results of ANOVA of the data showed that the interaction effects of cultivar x tissue x sampling stage on the
expression of all three genes were significant. Based on the results of the comparison of the mean for three-way
interaction by the SNK method, the relative expression of the genes encoding »ZIP79 and bZIP97 was considerably
increased, respectively, in the leaves of the iron-efficient cultivar (Pishtaz) and the iron-inefficient cultivar (Flat)
in the vegetative stage. The highest relative expression of the bZ/P4 transcription factor was observed in the roots
of the Pishtaz cultivar at the vegetative stage. Also, the expression level of the bZIP97 gene in the leaves of the
iron-inefficient cultivar increased in the vegetative stage but decreased in the Pishtaz cultivar.

Conclusion

Considering the enhancement in the relative expression of the 5ZIP4 gene in the roots of the iron-efficient (Pishtaz)
cultivar in the vegetative stage, this gene is probably involved in the activation and induction of the expression of
genes responsible for the absorption of iron from the soil in the roots of bread wheat. Also, the increase in the
relative expression of the bZIP79 gene in the leaves of the iron-efficient cultivar at the vegetative stage indicates
that this gene probably participates in the transcriptional activation of genes involved in the transfer of iron from
leaves to seeds and other iron-consuming tissues under iron deficiency conditions. The expression of the bZIP97
gene in the leaves of the iron-inefficient cultivar (Flat) increased in the vegetative stage but decreased in the Pishtaz
cultivar. Therefore, the iron-efficient cultivar (Pishtaz) may utilize other bZIP transcription factors or other
transcription factor families to increase the transcription of genes in the leaves in the vegetative stage. In general,
this research helps understand the mechanism of plants coping with iron deficiency stress. Also, the identification
of key bZIP transcription factors involved in the activation of genes participating in iron absorption and transport
in bread wheat plants provides the possibility of genetic manipulation of bread wheat cultivars to produce varieties
with a higher amount of iron in the grain.
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Table 2. Composition of the nutrient solution used in the experiment
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Figure 2. Mean comparison (based on SNK test) for cultivar x tissue x sampling stage interaction on the relative

expression of gene bZIP4 in Fe-efficient (Pishtaz) and —inefficient (Falat) bread wheat cultivars under Fe
deficiency conditions (Columns with common letters do not have significant differences).
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Figure 3. Mean comparison (based on SNK test) for cultivar x tissue x sampling stage interaction on the relative

expression of gene bZIP79 in Fe-efficient (Pishtaz) and —inefficient (Falat) bread wheat cultivars under Fe
deficiency conditions (Columns with common letters do not have significant differences
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Figure 4. Mean comparison (based on SNK test) for cultivar x tissue x sampling stage interaction on the relative

expression of bZIP97 in Fe-efficient (Pishtaz) and —inefficient (Falat) bread wheat cultivars under Fe deficiency
conditions (Columns with common letters do not have significant differences).
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