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This study aimed to assess the relative expression of transcription factors
bHLH94, bZIP33, and WRKY46 under iron deficiency conditions in two
iron-efficient (Pishtaz) and -inefficient (Falat) bread wheat cultivars at two
levels of iron deficiency and sufficiency (1.4 and 10 mg Fe/kg soil,
respectively). The roots and leaves of the plants were harvested at two stages
of growth (one month after sowing) and reproductive (30% spike
formation). The relative expression of the genes was evaluated using the
Real-time PCR method. The results of the variance analysis of the data
showed that the interaction effect of cultivar X tissue X sampling stage for
all three genes was significant at the 1% probability level. The most
significant increase in the relative expression of the bHLH94 gene in iron
deficiency conditions was noted in the roots of the Pishtaz (iron-efficient)
cultivar in the vegetative phase (more than fourfold), as well as in the roots
of the Pishtaz cultivar and the leaves of the Falat cultivar during the
reproductive phase (over 2-fold). Additionally, the 5ZIP33 gene showed a
notable increase in expression in the roots of the Pishtaz cultivar during the
vegetative stage (more than 27-fold). In contrast, the WRKY46 gene
demonstrated an impressive rise in expression in the roots during the
vegetative phase (more than 50-fold) for the iron-efficient Pishtaz cultivar.
Therefore, the results indicate that the highest relative expression of the
genes bHLHY94, bZIP33, and WRKY46 occurred in the roots of the Pishtaz
cultivar when subjected to iron deficiency conditions. Therefore, it seems
that increased expression of these transcription factors in the roots of zinc-
efficient bread wheat cultivars led to increased zinc uptake from the soil and
its transfer to the grain and other organs.
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Introduction

Cereals are vital in addressing the nutritional needs of the world's population, with bread wheat
(Triticum aestivum L.) being the most significant cultivated crop, extensively grown, produced,
and utilized across a broad area of agricultural land. Plants are adversely impacted by various
biotic and abiotic stresses. A notable abiotic stress that contributes to decreased plant yield is
the deficiency of micronutrients in the soil. Among the micronutrients, iron and zinc
deficiencies are the most significant limiting factors for agricultural production in Iran.
Approximately 40% of soils in Iran contain less than 4.5 mg/kg of iron. Various genes are
involved in the regulation of iron uptake and transport in plants, which are activated by different
transcription factors. Transcription factors are a family of multifunctional proteins that may
simultaneously control multiple pathways during stress in plants, and therefore, the genes
encoding these proteins are important candidates for manipulating the regulatory pathways of
stress response. Given the importance of bHLH94, bZIP33, and WRKY46 transcription factors
in activating the transcription of genes involved in iron uptake and transport in plants under
iron deficiency conditions, this study aimed to investigate the effect of soil iron deficiency on
the expression of genes encoding these transcription factors in leaves and roots of iron-efficient
and iron-inefficient bread wheat cultivars.

Materials and Methods

A factorial experiment was conducted in the form of a completely randomized design with 3
replications in the greenhouse of the Faculty of Agriculture of Urmia University. Fe-efficient
(Pishtaz) and -inefficient (Falat) bread wheat cultivars were planted at two iron levels: 1.4 (iron
deficiency) and 10 milligrams of Fe per kilogram of soil (sufficient iron), and leaves and roots
of the plants were sampled at two stages, one month after germination (vegetation) and 30% of
heading (reproduction). Total RNA was extracted from the roots and leaves of plants using
RNX-Plus™ solution according to the manufacturer's instructions. qRT-PCR reactions were
performed according to the instructions of the Maxima SYBR Green/Fluorescence qPCR
Master Mix (2x) kit /No Rox. The normality of the gene expression data and residuals was
checked by the Kolmogorov—Smirnov test in MINITAB software. Analysis of variance
(ANOVA) and SNK test for comparison of the means were implemented in SAS software
version 9.2.

Results and Discussion

The results of analysis of variance (ANOV A) for the relative expression of the selevted genes
in two bread wheat cultivars under iron deficiency conditions showed that the interaction effect
of cultivar x tissue x sampling stage was significant for all the selected genes. The highest
increase in the relative expression of bHLH94 gene was observed in the root of the iron-efficient
cultivar in the vegetative stage (more than 4-fold). Also, in the reproductive stage, the
expression of this gene increased more than 2-fold in the roots of the same cultivar and the
leaves of an iron-inefficient cultivar. This transcription factor may increase the expression of
genes responsible for absorbing soil iron and transferring it to the aerial organs. The highest
increase in the relative expression of ZIP33 gene (more than 27-fold) was related to the root
of the iron-efficient cultivar in the vegetative stage. The bZIP33 transcription factor probably
plays arole in tolerance to iron deficiency stress by increasing the expression of ZIPs or through
influencing other bZIPs. Based on the results, it seems that one of the reasons for the iron
efficiency of bread wheat cultivars is related to the expression of the genes encoding this
transcription factor in the root, leading to transferring the iron from soil to the plant cells. The
enhanced expression of the gene coding for the transcription factor WRKY46 was observed
under iron deficiency conditions in the root of the iron-efficient cultivar (more than 50 times)
in the vegetative stage. Also, this increase was significantly higher in Pishtaz than that in Falat.
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In the leaves of the Falat cultivar, the expression level of this gene in the Iron-inefficient cultivar
increased significantly more than that in the efficient cultivar in the reproductive stage.

Conclusion

According to the results obtained from the present study, it can be concluded that the maximum
increase in the relative expression of the genes encoding bHLH94, bZIP33, and WRKY46
transcription factors was observed in the roots of Pishtaz cultivar under iron deficiency
conditions. Therefore, it is likely that these transcription factors lead to an increase in the
expression of genes that are responsible for absorbing soil iron and transferring it to aerial
organs, as well as transporting iron from leaves to other organs.
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Table 2. Composition of the nutrient solution used in the study
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Table 3. Characterizations of the primers used in qRT-PCR
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Table 4. Analysis of variance in the relative expression of bHLH94, bZIP33, and WRKY46 genes under iron deficiency
stress in bread wheat cultivars Pishtaz (iron-efficient) and Falat (iron-inefficient).
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Figure 1. Mean comparison for the interaction effect of tissue x cultivar X sampling stage on the relative expression of
the gene encoding the transcription factor bHLH94 under iron deficiency stress in Pishtaz (iron-efficient) and Falat
(iron-inefficient) cultivars of bread wheat (The columns with the same letters do not have a significant difference at the
one percent level based on the SNK test)
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Figure 2. Comparison of the average interaction effect of tissue x variety x sampling stage on the relative
expression of the gene encoding the transcription factor bZIP33 under iron deficiency stress in the Pishtaz (iron-
efficient) and Falat (iron-inefficient) cultivars of bread wheat (The columns with the same letters do not have a
significant difference at the one percent level based on the SNK test)
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Figure 3. Mean comparison for the interaction effect of tissue X cultivar x sampling stage on the relative
expression of the genes encoding the transcription factor WRKY46 under iron deficiency stress in bread wheat

cultivars Pishtaz (iron-efficient) and Falat (iron-inefficient) (The columns with the same letters do not have a
significant difference at the 0.01 probability level based on the SNK test)
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