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Table 1. Characteristics of the soil used in the study

o S cil e Sosllegle ol poly oolial By Sl VISl S S
Clay it sand o 0ie Y EC Fe K P-Olsen ocC CCE

% % % PH (ds/m) (ma/kg) (ma/kg) (ma/kg) % %

9 53 38 ik 9 7.98 0.89 14 160 3.4 0.65 22
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Table 2. Composition of the nutrient solution used in the experiment

s (mg) ,ldo 368 (mgrkg) cbale
Element (mg) Measure Fertilizer Density (mg/kg)
N 30 (Urea) o, 65.22
P 50 i Aol pe 249
(Triple superphosphate)
K 100 (Potassium sulfate) by ©ligw 223
Zn 5 (Zinc sulfate) (¢4, g 22.1
Cu 5 (Copper sulfate) o g 19.6
Fe 10 (Sequestrene Fe) cy ywgSw oyl 182
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Table 3. Characteristics of the primers used in real time PCR reactions

(3 )y o3l Ju oo b S5 J P o5
Product size(Base pair) Tﬁr%%?gﬂﬂe Primers sequence Access Number Gene
(Forward) c.é,: gacgcacaacaggtatcgtgttg
107 58 (Reverse) .S ,: agegaggtcaagacgaaggatg TC234027 Actin3
(Forward) .é,: getcgtcaagaagetccagagte
82 59 (Reverse) cuis ,: cectetgatgtcaacaagcagge HQ389795.1 bZIP56
(Forward) c.é,: gagectegtgttgtggttcagac
114 60 (Reverse) i3 ,: gtagctecttggatttgggtttee EU665424.1 WRKY1
(Forward) . ,: cgatcagcagaggaacacggagty
120 60 (Reverse) c.is ,i: ggtgaagcgtagttgctgecat MF155945.1 NAM-B1
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Figure 1. Melting curve of WRKY1, NAM-B1, Actin and bZIP56 genes in bread wheat
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Figure 2. cDNA amplifications using primers WRKY1, bZIP56, NAM-b1 and Actin3 genes
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Table 4. Analysis of variance for relative expression of bZIP56, WRKY1 and NAM-B1 genes in root and leaf of
Pishtaz (Fe-efficient) and Falat (Fe—inefficient) bread wheat cultivars at vegetative and reproductive stages

under Fe deficiency conditions

Slaye (ke
Mean squared _ Oyt glie
WRKY1 bZIP56 NAM-B1 &dljl asp> Source of variation
Degree of freedom
3.258 % 0.015"™ 24950 1 f"q,)
Cultivar
0.950™ 3.487" 3.920% 1 il
Tissue
32,947 0.718™ 0.220"™ 1 alyo
Stage
9.302™ 8.337™ 1.729 1 )
Cultivar x Tissue
1.030™ 0.008 ™ 12.006™ 1 41?"’ X )
Cultivar x Stage
2.480" 8.985™ 8.008" 1 al>jex cdl,
Tissue x Stage
8.820™ 4.050™ 37.761™ 1 4y x il x o)
Cultivar x Tissue x Stage
0.399 0.136 0.725 16
Error
24922 21.456 33.244 (1) Slysis up0

Coefficient of Variation

*and **: Significant at 5% and 1% probability level, respectivel
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Figure 3. Mean comparison (based on SNK test) for cultivar x tissue x sampling stage interaction on the relative ex-

pression of gene WRKY1 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 ex-

pression of gene bZIP56 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 5. Mean comparison (based on SNK test) for cultivar x tissue x sampling stage interaction on the relative ex-

pression of NAM-B1 in Fe-efficient (Pishtaz) and —inefficient (Falat) bread wheat cultivars under Fe deficiency con-
ditions (Columns with common letters do not have significant differences)
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Extended Abstract

Introduction and Objective: Bread wheat is one of the most important nutritional products
throughout the world. Wheat, like other crops, faces many environmental constraints during the
growing season, such as iron deficiency in the soil. Iron is one of the essential micronutrients in
plants that act as a catalytic cofactor in several key processes including photosynthesis and res-
piration.

Material and Methods: to investigate the expression pattern of genes encoding transcription
factors WRKY1, bZIP56 and NAM-B1 under soil Fe deficiancy, a factorial experiment was
conducted in a completely randomized design (CRD) with three replications. Pishtaz (Fe-
efficient) and Falat (Fe—inefficient) bread wheat cultivars were planted under Fe deficiency (less
than 1.5) and adequacy (5 mg Fe / kg soil) conditions and the relative expression of genes was
measured in roots and leaves of the plants at vegetative (one month after germination) and re-
productive (30% of heading) stages using real time PCR technique.

Results: the results revealed the considerable enhanced expression of WRKY1 in the roots of
Fe-efficient (Pishtaz) and -inefficient (Falat) cultivars at vegetative stage. The highest increased
expression of bZIP56 and NAM-B1 genes was observed in the leaves and roots of Fe-efficient
cultivar (Pishtaz) at vegetative and reproductive stage, respectively. The bZIP56 expression was
also considerably enhanced in the leaves of Fe-inefficient cultivar in both stages.

Conclusion: Due to the increased relative expression of WRKY1 gene in leaves and roots of
both cultivars at vegetative stage, this gene is likely involved in activating and inducing the ex-
pression of genes participating in iron uptake and transport in the early stages of plant growth.
Also, the increased relative expression of bZIP56 gene in the roots of both cultivars in the re-
productive stage indicates that this gene might be participated in activating the transcription of
genes involved in iron absorption from the soil at the end of plant growth stages.

Keywords: Bread wheat, Iron deficiency, Real time PCR, Transcription factors



