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Table 1Physical and chemical characteristics of the saadyused in the experiment

Sand Silt Clay Zn Potassium Phosphorus Nitrogen ?Tr]g?tzlrc Lime Acidity Salinity
(%) (%) (%) (ppm)  (ppm) (Ppm) (%) (%) (%) (%) (mmoh/cm)
96 1 3 0.15 9.4 2.5 0.61 0.69 9 7.8 1.19

(Sadeghzadedt al., 2009 ilojl ol o edlitul 5,50 o1& Joloea =Y Jgax
Table 2. The nutrient solution used in this expent{Sadeghzaded al., 2009)

Ingredients Amount(ml.kg?) Concentration (g¥)
K2S04 / KH2PO4 ©) (48.407 /(30.242
NH4NO3 / CaCl2.2H20 1) 93)/ (147.016
MgS04.7H20 1) (20.5
MnS0O4.H20 / Na2Mo04.2H20

/CuS04.5H20 / H3BO3 @ (7.5/(0.083/(1.09/(0.33
ZnS04.7H20 (1.67 (13.19

Real Time PCRgla STy ;o soliiwl 0,50 sla 5581 Slasein -1 Jgam
Table 3. Characteristics of the primers used ial Rme PCR reactions

Gend Accession number Primer sequence (5'— 3") terﬁggreaatlurrlg%j) Ié Lngal;]c(obnp)
Actin3 TC234027 F: gacgeacaacaggtatcgtgtig 60 107
R: cagcgaggtcaagacgaaggatg
oD UB9536 F: atgggtgcatatcaacaggtcca 60 109
R: tgacggacttcatcttctggtgca
PAL AY005474 F.: tgctgagcagccgacgagacaa 63 106
R: taccaggaacctcccgcticacag
bZIP33  Traes 5AS_6F02C9967 - cdctagtigeageaatggatgacg 63 127

R: aggatgccgtcgaagtagctgtcc
1. oD, superoxide dismutasBAL, phenylalanine ammonia-lyad#| P33, transcription factor.
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Figure 1. Melting curve of superoxide dismutaS@D), phenylalanine ammonia-lyaseAL) andbZIP33 genes

(e Syl Sre BgenndanaSTpsw 0 Olo 2
2 S0 ptiges al> po x 08 x CBb aiily dw iiSen
5 (PO.0D o me 5Ll u¥lhsd o5 ol
x 8l g (6,10 paigad dlz o x b dall> g0 S

3¢ (P<0.0D) o e BZIP33 (5 Lo 0 o8,

as ols lis (F Jgaz) besls uib,ly a0 gulis

x Sl g (6 I pdiges Al e x o8, ddlge iSen
g doy o Jlisl zhe jo 60 pdiged Al e
a0 iy Jloiol o o 08, x C8L ailzgo JiiSen

s 5 sty Jo e 5o (U pasS o)1 Sy g 4y ,o DZIP33 o PAL SOD (slagys oo et (mibiyly 42525 -F Jgozr
Table 4. Analysis of variance for relative expreasif SOD, PAL andbZIP33 genes in root and leaf of bread
wheat cultivars in vegetative and reproductive etag

Mean squares

Source of variations df SOD PAL bZIP33
Cultivar (C) 1 15.67 751.18" 93.19"
Tissue (T) 1 0.13" 439.04 18.88
Sampling stage (S) 1 9.75 664.71" 21.93"
CxT 1 17.62 525.51" 65.15"

CxS 1 15.65" 690.39" 0.01"¢

TxS 1 32.57" 618.83" 19.18"
CxTxS 1 0.69™ 537.88" 0.31"
Error 8 0.51 9.73 0.19

CV (%) - 29.67 40.47 12.12

s " and™: Not-significant and significant at 5% and 1% pabllity levels, respectively.

RO &S ol Gl Bgennd anSTpgw 5 ole
P SB g9y 098 Ll o 45 ol Gl il oliee
3005 ol ole bl ssalive Oly 61559, 08, S
Ol gl e Dol 1)L-(s9, 9 1,559, pl8)] ada,
(C-Y ) ol
SnST g JIG0l) foos 3B gennns ST 500 0351
L Josse SO) oigyoed wnSTy a2 5l Jols
0590 dunSTy 8l sage p ) () e cools
L g SYLE lgemg oS g M}JT Lug ool oo
g s ST g gT;‘ O s laasty Qb)jin
3 Bgomd denSTpour 0 3T 0aiiS oS (5 oyl Gl

AR

U gomd dnS Ty g (45 Lo
SIS paiged al o x 08, (iSan (el anglie
Luls jo a8 ol plas jhgenss weuSTngew o5 Ole
5 g e 50 03 ol Ol Gl G165, S90S
S0 (Bl -9, 08 50 5,0 sre jsbay (il
Oeimen (@Y JSL) o9 (diepe) LUy, oS,
2 &)l paiged al o x 8l (iiSem n (xSilee dunlis
205 ol Ol GRlB Oliee a5 0l LS 5 cnl ol

Sl Foie Sy )0 sy al> e 10 69, 09eS Lyl

Sgr Syl St ado) (0 lj dl> e o Jg ads,

2y x il GiaSen Sk anglie (DAY Ss)



VAN e /sl oylet g 0,90 [ liions

Syt edlae g gpmle (o500

Ul pass o (Pandeyet al., 2012 ol o 2als
ST slom sl colld dge cel 5, v
S35 8 &S ysbay il blawd sl 5 bgenns
1B s STy g0 elad (s, AFIA ial33l g
Bharti) i ;blaws awwl o531 collad gows,0 YOIVE 4

(etal., 2014

mBayat mHirmand

b

P E

SOD expression

OFRP NWhMOUO N
1

Vegetative Reproductive

(a)

SOD expression
o [l N w A~ (6] (e}

Leaf

ol axlllas 0 LIS-5q, o8, ;0 89, dgmeS lali
Gl pae BT pals o o i bla Y|
Silos S35 39S G55l (B weSTpsn SIS0,
aS 0 )5 e oS 4o (Combaet al., 2010
O ot Ugemnd ST pgw mpl cdlad e
LSTcs9, pB1 50 9 Gal8 =59, pB)1 10 (59, 39005

6 .
a mlLeaf mRoot
c 5 -
i)
[%)]
¢ 4 :
Q 34
> 5 bc
A i
8 1 c
0
Vegetative Reproductive
(b)
m Bayat ®m Hirmand
b b
Root
(©)

05 Ol 2 (©) Sl x 58, 5 (B) (55 paigad Al o x 3L @) (515 ptiges alyo x o3 23Sy (eSlos deslio ¥ JS
A5l oy G Jles| mhans 40 SNK 5051
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Figure 4. Mean comparisons of tissumHtivar (a) and tissuex sampling stage (b) orrétative expression of

bZIP33 gene in bread wheat cultivars. Columns with tinailar letters on each graph show no significant
difference by SNK test at 1% probability level.
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Abstract

A factorial experiment (based on completely randmmi design) with three replications was
conducted in greenhouse to investigate the effesmibZn deficiency on the expression levels afige
encoding superoxide dismutase (SOD) and phenylaaminmonia-lyase (PAL) antioxidant enzymes
and bzIP33 transcription factor in Zn-efficient and -ineffigit bread wheat cultivar8ayat (Zn-
efficient) and Hirmand (Zn-inefficient) cultivarsere grown under soil Zn deficiency and normal
conditions.The expression levels of three above-mentionedggeree measured using Real time PCR
technique in leaf and root of the cultivars at tywowth stages, one month after germination (veiyefat
and 30% of heading (reproductive). The resultsnaflysis of variance and mean comparisons of the
treatments showed that the increased expressi8dfgene in vegetative and reproductive stages in
Zn-efficient (Bayat) cultivar is more than that @h-inefficient (Hirmand) cultivar.The highest
expression oPAL (50.56 fold) was observed in root of Zn-effici¢Bayat) cultivar at vegetative stage,
but no significant difference was observed fBAL gene expression between Zn-efficient and -
inefficient cultivars in both leaf and root tissud$ie expression level dZIP33 in the leaf of Zn-
efficient cultivar (Bayat) under Zn deficiency catimhs was more than that of Zn-inefficient cultiva
while no significant difference was found for thgeession of this gene between Zn-efficient and in-
efficient cultivars in root. Therefore, the resuwftghis study demonstrated tH8®D, PAL andbZIP33
genes (probably through activation of Zn transpogenes) are involved in tolerance to soil Zn
deficiency stress in Zn-efficient bread wheat walti
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