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Table 1 Physical and chemical properties of the sandyusatl in the current investigation

Sand Silt Clay Zn K P N  Organic matter CaCo3 pH Ec
(%) (%) (%) (ppm) (ppm) (ppm) (%) (%0) (%0) (mmoh/cm)
96 1 3 0.15 9.4 25 061 0.69 9 7.8 1.19
halejl o ool 350 136 sboma oS 5 =Y Jpir
Table 2 Composition of the nutrient solution used in tkperiment
Amount(ml/kg) Concentration (gr/L) Ingredients
(3) (48.407)/(30.242) K2SQu / KH2PO
(1) (147.016)93) NHsNOs/CaCbk.2H0
(1) (20.5) MgSQs.7H0
) (0.333)(1.05)(0.083)(7.5) MnSQ:.H20/NaMoOs.2H0/CuSQ.5H,0/HsBOs
(1.67) (13.14) ZnSQ.7H0
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Table 3. Characteristics of the primers used featirwheaZIP genes in Real time PCR reactions

Gene Accessiomumber Primer sequence Annealingtemperature’C) Ampliconlength (bp)
Z1P1 DQ490133 F: 5- atgacggtgctctactcgctgg 60.3 7
R: 5- tcgatggcgattccgatgccca 62.3
Z1P3 DQ490131 F: 5- ggtgtgtcattaggagcatctgtg 57.4 114
R: 5- agcctgtacaatgcaaccacccaa 60.7
71P6 AK333945 F: 5- cccaatccccaccaccaagaa 59.3 89
R: 5- ggtcactctcgtccaggaaagc 59.3
Acting KX533928 F: 5- gacgcacaacaggtatcgtgttg 58.2 107
R: 5- agcgaggtcaagacgaaggatg 59.3
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Table 4. Zn efficiency (ZE index) percentage ofdarevheat cultivars studied in this research

Cultivar Root Shoot Grain Whole aerial tissues Aager (%)
Bayat 0.98 0.89 0.93 1.07 96.75
Niknejad 0.94 0.84 0.87 0.97 90.50
Hirmand 0.79 0.80 0.74 0.77 77.50
Karaj 1 0.93 0.88 0.89 0.87 89.25
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Figure 1. Mean comparisons of tissue x cultivaamgling stage (a), Zn x cultivar x sampling stdgje Zn x
tissue x sampling stage (c) and Zn x cultivar suis(d) on the relative expressiorZt®1 gene in bread wheat
cultivars. The columns followed by the similar &t are not significantly different based on Dursanultiple

range test at %1 probability level.
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Table 5. Analysis of variance for relative expres®f ZIP genes in root and leaf of the studied bread wheat

cultivars in vegetative and reproductive stages

Source of variatiorls df

Mean of square

ZIP1 ZIP3 ZIP6
Zn 1 2763.69 1991.87 182.38
Cl 3 489.06 294.3% 81.49
Ts 1 1135.88 143.63 31.86"
Ti 1 22.94 1656.17 83.67"
Zn x Cl 3 489.06 294.33 81.49"
ZnxTs 1 1135.88 143.63 31.86"
Zn x Ti 1 22.94 1656.17 83.67
ClxTs 3 154.69 160.15 85.25"
Clx Ti 3 20.09 201.79 17.66"
Ts x Ti 1 13.79 149.28 0.008°
Znx ClIxTs 3 154.69 160.15 85.25"
Zn x Ts x Ti 1 13.79 149.28 0.008s
Znx Cl x Ti 3 20.09 605.38 17.66"
ClxTs xTi 3 69.29 430.07 17.55
Zn x CIx Ts x Ti 3 69.29 430.07 17.55
Error 64 1.39 1.80 0.33
CV (%) 15.55 20.41 21.41

"t and™: Not-significant and significant at 1% probabiligvel, respectively.
T Zn, Zinc level; Cl, cultivar; Ts, tissue; Ti, splimg stage.
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Figure 2. Mean comparisons of tissue x cultivaamgling stage (a), Zn x cultivar x sampling stdgje Zn x

tissue x sampling stage (c) and Zn x cultivar suts(d) on the relative expressiornZé®3 gene in bread wheat

cultivars. The columns followed by the similar &t are not significantly different based on Dursanultiple
range test at %1 probability level.
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Figure 3. Mean comparisons of tissue x cultivaamgling stage (a), Zn x cultivar x sampling stdgeafhd Zn

x cultivar x tissue (c) on the relative expressid@IP6 gene in bread wheat cultivars. The columns followed
the similar letters are not significantly differdsdised on Duncan’s multiple range test at %1 pritityalevel.

O sy, LN dgeS bl i Cod a5 ol caslie
ORIBl nl s anbiee SRl o)l 5 asy ) ;5 ZIPG
Chenet al., 2008;) coul o lusls 5l 5 i ada, ,o
olidss 5l golaws o adl (Kavitha et al., 2015
ZIP6 5 a5 cawl ool (5,155 2 olS 50 ons ploxl
Jsl o OsZIP7 4 OsIRT2 OsIRTL sla 5 asilen
Bughioet al., ) o,ls cdso ZNn Jlas! 51 5 s ool
2002; Ishimaruet al., 2006; Kavithaet al.,

(2015

Yof

» s (Tiong et al., 2019 ), Ko 5 Sgs

Wols plxil g2 10 ZIP oolgils slagys g9, a5 slasillas
o)l 5l e a0 ZIPB ()5 a5 wis S 158
SgweS Ll cod (lo e jobar Gl Ol g 08 Gle
aS 0l o35 asdllas ol jo cpen 8L )38l ZN
ol 3l B G5 cnl ol 8 elS e I L
YL (e 9,90 )0 ol asdllas I Jol> mls 5,155
al> o 30 Gl Gl 5 9 S a Comd a0 5 0

TR g S ol ) (s, Al e a4y Cond il



WWAY 5ol fage o )lot /piinn 0,90 fM lidions

89y d9maS byl i o b paiE 0 ZIP la iy Lo asdllae

Ol ol s ple 4 igdoe wls ZN lyie
Vool o cing, alo o ,0 Sy 0 ZIP colgls slagys
0 ZN 0aiS G s sl & 5 5, 512N Jlisl ey
Sl sble 5 CSgw 152N Sran Gl e
J>e 5o ails 4y JUl coz of (s3lwe i35 pas g oS
ZN Glgze o aS 0l cdaline B,k 5l ogd o g0
WAP6 5 s o e s ZN 5500 Layl 1 4o &ls
Sl 9 Cote (Shaen (oly al>pe )3 Sy
05 ol Gl L Vsl nl b ols 525 (P<0.05)
als ZN glgize @ils o al> e 0 S 0 ZIP6
5 s ol S ol o 5
A y0 g dils & S 2dl 51 ZNn Jlasl s ZIP6 (5

Asb il ZN !l

9 a0 ZIP lay§ (oo ol o (Smnon
&l ZNn Glgimo g puS S
Om &S 30 las (7 Jguz) (Ken il o mlis
s Ol Ol 9 59y SolaS Lyl o ails ZN (gl
gy A 0 Sy 0 ZIP6 5 ZIP1 slagys
a2l 099 (P<0.05) 5)ls sire e (Siwoor
S5 69, BB ke 02y lul i 0 s ol
gy doye 5 S 0 ZIP6 5 ZIPL oo ol
Ologine et (JP VU (e (Soon iz 2L oS
A saslice vy, dl> e 10 Sy 0 55 ZIP3 5 6l
sloos ol gRlPl &S 05 olo e Olgies lnle
5lS g sdugy A 0 S y0 ZIP eolgils

@y @lizes Jolpe 5o b pass
Table 6. Correlation coefficients among Zn effic@gindex and grain Zn content withP1, ZIP3 andZIP6

relative expression in root and leaf of bread wiaalifferent growth stages
TraitJr KZE KCO KC5 LVl RVl LF1 RF1 LV3 RV3 LF3 RF3 LV6 RV6

LF6 RF6

KZE 1 0.02 -0.77 059 0.06 -0.65 0.37 0.52 0.18 -0.63 0.38 0.58 0.16 0.06 0.18
KCO 0.02 1 -063 0.79 0.44 0.26 044 0.79 -0.63 0.68 0.31 0.73 -0.59 0.92 -0.57
KC5 -0.77 -063 1 -0.97 -045 0.23 -0.68 -0.93 0.15 0.01 -0.61 -0.95 0.13 -0.67 0.09

" and™: Significant at the 5% probability level.

T. KZE, Grain Zn efficiency index; KCO, Grain Zn dent under Zinc deficiency conditions; KC5, GrZimconten
under Zinc sufficient conditions; LVEIP1 expression in leaf at vegetative stage; RXIP1 expression in root
vegetative stage; LFZIP1 expression in leaf at reproductive stage; REP]1 expression in root at reproducti
stage; LV3,ZIP3 expression in leaf at vegetative stage; R¥I®3 expression in root at vegetative stage; LF3,
ZIP3 expression in leaf at reproductive stage; RAB3 expression in root at reproductive stage; LYE6
expression in leaf at vegetative stage; RX¥I®6 expression in root at vegetative stage; LA®6 expression it
leaf at reproductive stage; RFBP6 expression in root at reproductive stage.
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Abstract

Zn deficiency in the soil reduces plant yield angliig Zn content. The regulation of ZIP (ZRT/IRT-
like protein) family genes is one of the main matsas of plant to confront to Zn deficiency stress.
To investigate the expression 4fP1, ZIP3 andZIP6 genes in roots and leaves of Zn-efficient and
-inefficient wheat cultivars under Zn deficiencynditions, a factorial experiment based on compjetel
randomized design (CRD) with three replications wasducted in greenhouse. Bayat and Niknejad
(zZn-efficient) and Hirmand and Karaj 1 (Zn-inefcit) cultivars were grown under Zn deficiency and
adequacy conditions and the relative expressiomefgenes were measured in root and leaf at two
growth stages, 28 days after germination (vegetptnd 30% of flowering (reproductive). The results
revealed a significant €0.01) increase in expression of all three studiedeg in Zn-efficient than
-inefficient cultivars under Zn deficiency condit& The expression of thélP1l in root was
significantly more than that of leaf in both vedeta and reproductive stages, whid&P3 and ZIP6
genes were expressed in both root and leaf. Afgigni (P<0.05) and positive correlation was observed
betweerZIP6 expression in leaves and seed grain Zn contegepabductive stage. In conclusion, with
regard to the increased expressioZl#t1 in root andZIP3 andZIP6 in both root and leaf, it may be
resulted thaZlP1 have a major role in Zn uptake from the roots |@&iP3 andZIP6 probably involved
in Zn uptake and translocation.
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