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Table 1. Physical and chemical properties of soil used in the experiment
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o S ) 2y =t Ad 05558 STesle Sos
Sand Silt Clay Zn K P N Organic matter ~ CaCO3  w..l Ec
(%) (%) (%)  (mgkg") (mgkg") (mgkgh) (%) (%) (%) pH (mmohs.cm™)
96 1 3 0.15 9.4 25 0.61 0.69 9 7.8 1.19
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Table 2. Composition of the nutrient solution used in the experiment
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Ingredients Amount (ml.kg?) Concentration (g.1"%)
K2S04 / KH2PO4 3 48.407 1 30.242
NHsNO3z / CaCl2.2H20 1 93,147.016
MgSO4.7H20 1 20.5
MnS04.H20 / Na2M004.2H20 /CuS04.5H20 / H3BO3 2 7.5/0.083,1.05,0.33
ZnS04.7H20 1.67 13.14
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Table 3. Characteristics of the primers used in Real time PCR reactions

o5l s s oyl
Gene Accession number

ST Jis Jlasl gles Usamn Jsb
Primer sequence

Annealing temperature (°C)  Amplicon length (bp)

F: agaacgtcgatttggtttctgg

bzip97  TRIAE_CS42 5BS_TGACV1_423566_AA1379610

R: cgatagttctcatctgcattcctg

F: ctgcttcaacaatggcaactc

bzipdA  TRIAE_CS42_1AL_TGACv1 001373 _AA0029470

R: tcatcgaacctgtaatccgcag

F: gaggagaatctagcttgttggcac

bzip79 TRIAE_CS42_3B_TGACv1_221777_AA0749730

R: tacacgctaggaactcatcgaage

F: gacgcacaacaggtatcgtgttg

Actin3 KX533928

60 126
60 129
60 87
60 107

R: agcgaggtcaagacgaaggatg
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Fig. 1. Mean comparison for tissue x cultivar x sampling stage on the expression of bZIP4, bZIP79 and bZIP97

genes in Bayat (Zn-efficient) and Hirmand (Zb-inefficient) bread wheat cultivars under Zn deficiency conditions.
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Effect of Zn deficiency stress on expression pattern of genes encoding bZI1P4, bZIP79
and bZIP97 transcription factors in bread wheat (Triticum aestivum L.) cultivars

Ekhtiyari, M.* and B. Abdollahi Mandoulakani?

ABSTRACT

Ekhtiyari, M. and B. Abdollahi Mandoulakani. 2020. Effect of Zn deficiency stress on expression pattern of genes
encoding bZIP4, bZIP79 and bZIP97 transcription factors in bread wheat (Triticum aestivum L.) cultivars. lIranian Journal
of Crop Sciences. 21(4): 344-353. (In Persian).

A factorial experiment (based on completely randomized design) with three replications was conducted in
faculty of agriculture of Urmia University, Iran in 2016 to investigate the effect of soil Zn deficiency on the
expression of genes encoding bZIP4, bZIP79 and bZIP97 transcription factors in Zn-efficient and Zn-inefficient
bread wheat cultivars. Cv. Bayat (Zn-efficient) and cv. Hirmand (Zn-inefficient) were grown under soil Zn
deficient and Zn sufficent conditions. The expression levels of three above-mentioned transcription factors were
measured using Real time PCR technique in leaf and root of the cultivars at two growth stages; beginning of
stem elongation (vegetative) and 30% of heading (reproductive). Analysis of variance showed that the
interaction effect of cultivar x tissue x sampling time was significant on the expression of three studied genes.
The mean comparison revealed that the highest expression level of bZIP4 (more than 65 fold change) in the leaf
of Zn-efficient cultivar (Bayat) at vegetative stage under Zn deficiency conditions. The highest expression of
bZIP79 and bZIP97 genes (more than 31 and 60 fold change, respectively) observed in the root of Bayat cultivar
at vegetative stage under Zn deficiency conditions. No significant difference was found between Zn-efficient and
Zn-inefficient cultivars for the expression level of three studied genes at the vegetative stage. Considering the
significant increase in expression of all studied genes at vegetative stages, it may be concluded that the mRNA
transcription of the transporter genes involved in Zn uptake and translocation (ZIP genes), are activated at the
heading stage of the two bread wheat cultivars. Moreover, according to the increased expression of bZIP4 in
leaf, and bZIP79 and bZIP97 in root, the possible role of bZIP4 and bZIP79, and bZIP97 might be the
transcriptional activation of ZIP genes involved in Zn translocation within the plant and Zn uptake from soil,

respectively, under soil Zn deficiency conditions.

Key words: Bread wheat, bZIP transcription factor, Gene expression, Real time PCR and Zn deficiency.
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