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

EC CaCo3  Organic P K Zn .

(mmobvem)  P* %) matter %) N ppm) (ppm)  (ppm) Y *) S Sand (%)
1.19 7.8 9.0 0.69 0.61 2.5 94 0.15 3.0 1.0 96.0
(Niazkhani et al., 2018) Lislo;T pljo ooliiuwl 0,90 ol3E Jolowe oS 5 =Y Jgaz
Table 2 Combition of the nutrient solution used in this experiment (Niazkhani ez al., 2018)

Ingredient Concentration (g/L) Amount (ml/kg)
KH2PO4 /K2S04 (48.407) /(30.242) 3)
CaCl2.2H20 /NH4NO3 (93) /(147.016) (9]
MgS04.7H20 (20.5) (9]
MnSO4.H20 / Na2Mo04.2H20 (0.333) / (1.05) / (0.083) 2
/CuS0O4.5H20 / H3BO3 (7.5)
ZnSO4.7H20 (13.14) (1.67)
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Table 3 Sequences of the primers used in Real time PCR reaction

. . Annealing Amplicon

Gene Accession number Primer sequence temperature (°C)  length (bp)
Actin3 TC234027 F. 3 -gacgeacaacagglateglatig 60 107

R: 5’-cagcgaggtcaagacgaaggatg
HMAI AK452343.1 F: 5’-cttacciggtagaggagtigtig 60 106

R: 5’-cagaaccgatagatgccttagce
HMA2 HMO21132.1 F:5’-cglgtggacatcaccigaagg 60 94

R: 5’-catcccttgetgetcaccgta

F: 5’-gcaagcgatcaccacaacag
HMA9 AK458571.1 R: 5’-ccgtggtictiatgtggatc 60 116

094.;‘54 wy.:ﬁ)lf )Q LQQT &o.?u 9 Ca2+ 9 C02+ ‘Cd2+ &A.Zj 9 @L&J
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Table 4. Analysis of variance for relative expression of ZIP genes under soil Zn deficiency conditions in Zn-
efficient and Zn-inefficient bread wheat cultivars

Mean of squares

Source of variations’ df HMAI HMA?2 HMA9
Cul 1 108.27* 74.52" 616.57"
Tis 1 775.02™ 40.40™ 554.33"
Sta 1 355.37" 86.98™ 1062.61°
CulxTis 1 58.19™ 55.85" 0.84"
StaxCul 1 19.49* 5.64™ 67.33"
StaxTis 1 321.06™ 23.49" 1543.33™
CulxTisxSta 1 14.53™ 5.04™ 246.37"
Error 16 0.30 0.09 9.26
CV (%) - 6.92 5.22 24.24

T: Cul, cultivar; Tis, tissue; Sta, sampling stage.

Yo

, “and *": Not-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 interaction effect on the relative expression of

HMAI gene in Zn-efficient (Hamoon) and Zn-inefficient (Hirmand) bread wheat cultivars. Columns followed by
the similar letters are not significantly different by SNK test at 1% probability level.
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Figure 2. Mean comparison of cultivar x tissue x sampling stage interaction effect on the relative expression of

HMA?2 gene in Zn-efficient (Hamoon) and Zn-inefficient (Hirmand) bread wheat cultivars. Columns followed by
the similar letters are not significantly different by SNK test at 1% probability level.
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Figure 3. Mean comparison of cultivar x tissue x sampling stage interaction effect on the relative expression of

HMA9 gene in Zn-efficient (Hamoon) and Zn-inefficient (Hirmand) bread wheat cultivars. Columns followed by
the similar letters are not significantly different by SNK test at 1% probability level.
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Abstract

Heavy metal associated (HMA) proteins are involved in zinc (Zn) uptake from soil and its transport
in plants. To study the expression pattern of HMAI, HMA2 and HMA9 genes in Zn-efficient and
Zn-inefficient bread wheat cultivars under zinc deficiency conditions, a factorial experiment in
completely randomized design (CRD) with three replications was carried out in greenhouse. Two
Zn-efficient (Hamoon) and -inefficient (Hirmand) cultivars were grown under Zn deficient and
sufficient (5 mg Zn per kg soil) conditions and relative expression of the studied genes in root and leaf
at two growth stages, one month after cultivation (vegetative stage) and 30 % flowering (reproductive
stage) were measured by real time PCR technique. The results revealed that the highest increase in the
expression of HMAI (30.9 fold more than check) and HMA?2 (13.65 fold more than check) genes were
observed at reproductive stage in the leaf and root of Hamoon cultivar under Zn deficiency conditions,
respectively. In contrast, the highest increase in the expression of HMA9 gene (48.83 fold more than
check) was found in the root of Hamoon cultivar at vegetative stage. Also, there was not a significant
difference between Zn-efficient and -inefficient cultivars in term of expression of this gene in the root
at reproductive stage. In conclusion, the results of the current study showed that the expression of
HMAI, HMA2 and HMA9 genes are involved in soil Zn deficiency tolerance in Zn-efficient bread
wheat cultivars.
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