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Table 1. Physical and chemical properties of the sandy soil used in this experiment

- EC CaCod( Fe Mn Cu Zn
P ds/my €O moskey  mg/ke) mgkg) mekg mgky  mgke)
78 023 5% 28 3.4 0.78 32 0.03 0.15

(Moradi and Abdollahi Mandoulakani, 2020) L;.il.ej ol 5o eoliinl 0550 2lde Joloee oS 5 =Y Jgao
Table 2. Copmosion of the nutrient solution used in the study (Moradi and Abdollahi Mandoulakani, 2020)

Ingredient Concentration (g/L) Amount (ml/kg)
K2S04 / KH2PO4 48.407/30.242 3
NH4NO3 / CaCI2.2H20 93/147.16 1
MgS04.7H20 20.5 1
MnSO4.H20 / Na2Mo04.2H20 /CuS04.5H20 / 7570083 /151 /0333 ’
H3BO3

ZnS04.7H20 13.14 1.67
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Table 3. Characteristics of the primers used for amplification of the studied genes in Real time PCR reactions

. Annealing Amplicon
Accession .
Gene Primer sequence temperature length
number o
(&(®) (bp)

. F: GACGCACAACAGGTATCGTGTTG
Actin3 — TC234027  p. CAGCGAGGTCAAGACGAAGGATG 60 107

F: TGATGGGAGTCTTGTGCTTGTG
CAN L36959.1 R TGCTCCACATCGGGGCGTTGAA 62 107

F: TGAGTCATGGAGCGAATGCTGGTC
PRX— ABSI886T.1 o 1 GCTGTAGCACTCGCCAACTGGAA 64 116

F: CGATCTACGCCAACAGGTCGTC
GST  AFO022ILL . A CTGGAGTCAAGGTCGGTCAGCA 64 20

CAN: Carbonic anhydrase, PRX: Peroxidase and GST: Glutathione S-transferase.

Sl Slogme doys S ezl mhaw 0 (55l pdises Sy g g Lo
Ao Sy (sl xSk annlie (plpls (F Jso2) adllas 5590 Slags) oo Gl Wbly w58 s
28,5 bl SNK. 5051 bl s asl> Ao x Bl x o8 adly aw (iiSesp aS ol las
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Ob paS -9, 5 1,55,
Table 4. Analysis of variance for relative expression of carbonic anhydrase (CAN), peroxidase (PRX) and

glutathione S-transferase (GST) genes under soil Zn deficiency conditions in Zn-efficient and -inefficient bread
wheat cultivars

Mean of squares

Source of variations df CAN PRX GST
Cultivar (C) 1 17338.00%* 3893.69% 632.22™
Tissue (T) 1 6522.72% 4824.74%* 21362.20**
Sampling stage (S) 1 49318.48** 14165.96** 28197.66%*
CxT 1 6068.82% 12998.32%* 6785.28%*
CxS 1 3748.36* 5202.96%* 3960.95%
TxS 1 93.53" 3850.58* 12341.91#*
CxTxS 1 22001.29% 15017.31%* 13766.22%*
Error 16 438.31 260.64 153.02
CV (%) - 28.55 49.64 23.83

", * and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Figure 1- Mean comparison of cultivar x tissue x sampling stage on the relative expression of carbonic

anhydrase (CAN) gene in Hamoon (Zn-efficient) and Hirmand (Zn-inefficient) bread wheat cultivars (Columns
with the common letters on the graph show no significant difference based on SNK test at %1 probability level
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Figure 2- Mean comparison of cultivar x tissue x sampling stage on the relative expression of peroxidase (PRX)

gene in Hamoon (Zn-efficient) and Hirmand (Zn-inefficient) bread wheat cultivars (Columns with the common
letters on the graph show no significant difference based on SNK test at %1 probability level
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Figure 3- Mean comparison of cultivar x tissue x sampling stage on the relative expression of glutathione S-

transferase (GST) gene in Hamoon (Zn-efficient) and Hirmand (Zn-inefficient) bread wheat cultivars (Columns
with the common letters on the graph show no significant difference based on SNK test at %1 probability level
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Abstract

One of the plant strategies against stresses, especially micronutrient deficiencies, is the use of
enzymatic antioxidant defense system. To investigate the effect of Zn deficiency on the genes
expression of carbonic anhydrase (CAN), peroxidase (PRX) and glutathione S-transferase (GST)
enzymes in Zn-efficient (Hamun) and -inefficient (Hirmand) bread wheat cultivars, a factorial
experiment was carried out in completely randomized design (CRD) with three replications in
greenhouse. The cultivars were grown in Zn deficient (zero) and adequacy (5 mg Zinc per kg soil)
conditions and relative expression of the studied genes was measured using real time PCR technique
in root and leaf of the cultivars at two growth stages, one month after germination (vegetative stage)
and 30 % of flowering (reproductive stage). The results revealed the highest increase in CAN (211
fold) expression in the root of Zn-efficient (Hamoon) cultivar in the reproductive stage. A realtively
high expression of this gene was observed in the leaf of both cultivars in the reproductive stage. The
highest increase in PRX (187 fold) and GST (230 fold) expression was observed in the leaf of Zn-
inefficient (Hirmand) cultivar at the reproductive stage. Generally, the expression of all three studied
genes in the root of Zn-efficient (Hamoon) cultivar in the reproductive stage was higher than those of
Zn-inefficient (Hirmand) cultivar. Also, the CAN expression in the leaf of Zn-efficient cultivar was
significantly higher than that of Zn-inefficient cultivar. In conclusion, the results of the current study
show that in the reproductive stage, Zn-efficient cultivars can effectively face against stress-induced
damages through increasing the expression of the above-mentioned genes in the roots under Zn
deficiency conditions.
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