Vo ol /FY o)las [paoylen Jlo /sly; LS Mol aslings,

" .as)-’ d&"

Gl b lie 5 535l pole oSy
s LS ) anltngs,

Ly s s NAM-B1 9 WRKY1 bZIP56 cmsgigy Jolgs 5155 35 5o s oyl o1
(Triticum aestivum L.) 5U oaiS ,3 g, dgueS

“amy duslow o7 gt oadlaue UL < palioolid sl 516 905 YU

dongyl o813 4535908 038l S St} 5 Mg kit 095 ¢ (BT (3l 5 S AD) i) symils -
dpog)l olRLIS (g5yoliS” 0.Suiily ( BLS S5 g Mg 095 luiily -Y
gl oKl (g5y9liS 0uSiily ( BLS S g Mg 05,5 sl -V
(b.abdollahi@urmia.ac.ir : Jggue X 55) cdung,l oluiild ¢ 55ysliiS 0.l ¢ 2LS K55 ¢ A5 09,5 (65y9liS (659)9iSTgm bl (oaolish )8 (ggomatils —¥F
Ve JAUNY iy Fuy VIOV el oLl
WG Y-F e

b guare 205

CadsS Soutp e b M 3 g b el lon 5 (i Lol Y gams oy ete | (S (Triticum aestivum L) ol paS 1802 g doddle
2lstS )3 (Sl 03,28 USike <Ky (ZN) 53y d9w0S olng 4 )5 51,5 o] 45 (s gllas s 51 sl st o (clbisiiogy g S
else oSS clagy) ol g oy g adlllas jolate & pol Bl Bl pe (Sie M & dly (2lIE @) 4 odes jgbay &S Cuul
3 1l b pasS )3 (5, gseS Laulyd s NAM-BL g WRKYL DZIP56 o sis,

PUke & 5 o i 4 ) 9y ColiS g 35S Ll 53 (LSU=(sg)) dhoyen 5 (LB=(555) igele pA5 08 99 3 ol )3 Ry, g Sge
€855 el ((al3) (B 203 Yo g ((otagy) (Salgn Sl dm oy Vo Ay 93 53 LS 4y 9 Sl s pdiges g cuiS S (p)5kS 3 )
5,90 Real time PCR g, jl oolitwl b ol ol baylyd &) Cand (g9 0908 baslyd > SH 568 gig)y Joloe a8 88" (sloys oms ylo g
)5 )5 b

ady) 3 {JS plp Vo 5l ) WRKYL g (87 1l YY1 i) DZIPSE (clagy) oo ol G331 liee o o8 3 (L ol sLaaidly
4 S (295 JB joka 35 gy Al pe )3 (9l 88) S 3 (05 9 2 Gl Ol e A odalitie (ilj Alape )3 (0gela) LB sy, 085
Loy ShU=s9) w8y Sy (S plp OF 1 i) NAMBL (o gig) Jole 0aiiS 087 (0 (oo 0l Oliee (i -8l G381 salis olals
ey B ok (g 9 (o) J2le 3 cui 4 gele Shm sy 88) S g ad) )3 0F cnl Ole Ol ines B edalie Ll Al pe
el Gl aals (LS 4 cous

o) adyy ) (olaly Abye > dalllas 3550 migiy) Jolse 0ALSAS (5 dw p SlaCuigig) i Gl ORI 4 a2y b IS jolay 16 5 Al
by 0)9> Sl )3 (g9) 39008 baulyd > Ay )5 59y e > B slapy syby cdigiy; Gl 5 il Jlb 5 of 4w e Vel )5 <o,
o3listl 1)S—59) pB)] g5 (sl (U PS5 () il (58 5 A S dgute (Mol sloaslyy )3 ) o) ol Jl e crlple )b S )Lia

2y

Sy o 5 jlyealy sloposs; LTy (U pAE (g9 39808 magigy Joloe 265 (sW2j g

Cusl (paie gl 59y wbpan o8 (1S polie ple
D)5 o 0dliie adg 4y (Sl S > o] 258 oS
(X% .))9])4 )L&b U?ﬁl"‘ Ao S L)’] LS"LP Caxwg
VO 3 S olpl Sl asys 08/ L(Y) cul
TV g 4l odlid LB (55, oSk 5 pS ke
FB g9y p SISy p S ke Nl b S sy
YA) )l oalazul
o 2y @HE lge jlo g Clgw Bpas oS polie
awgs Jbo 53 slayedS ) pogast e g Sy il
).\oL.c ;OBMLAJ .})lA)‘L;a )Ja> LY l) C’°|9> CoMs 9 03
o 2l GalS Sl 3y (y9p8 polie S| Bpas oS
olS gai g Ad) cjliwgid 4 bgype iz glaanld
olS 5 (ool i gdief) b Bpae oS pais Culn
)5 Jol8 (sl ol a3 polie pl 093 g S oo )]
Jpolis ol 85wl oY LS A8y 5 (S5 4
905 2 2 s (S U ele Jlew sl STy
Ol Slgieed 0> paie |y Gpae oS paie S i

doddo
4S5 esge g les slie u,..nb 3D (ke B ole
Sad & ClS Cod Jpaze (peke pAS o 2l
Ol sl)y9iS 5l (Sl A5ke 35 olpl )3 (YY) g,
hopoye dligy i oo (pfere puS jl Jols (b
OB 9 5P omel > ledes i g dmd eSS
Lo W sl Jb 3 olS ol (FY) 3yl o 5l 090
9 S5 2oy ¥ g oad Sl (o)) slaoe;
S paS (V) amd oo Sl 1y Ll olie 0y 1y
Sed 4 ple a8y Jb 5 Cumes sl Hlul ol me
o D1 )l Cumer o> S pll &SI L g0
Slyr g 235 (e 9 ) (lasme sl 5
St dax 51L(VY) B oo Cgume (55y5liS Cladgs
SE > Gpae o5 polie 2508 & Glfoe (Fujns
Sal cbSB,s (ZN) (g5 pais dgseS dgai oyl
Ly 0aS dgaome Jelgs (S« Siidda 9 Sl bl
ol Jb> 4 5 g5 39S S > (V) adbe (lalS
S Sygbods dgd o 0> pdg 4 (Sal Sk 3 as)le



AR

S OA) 28 0 Juate Leucine zipper cajsse 9 DNA
sboi iledld 2 & 6 gy Jelye dlex
odlgls Wyl s LS o g9y JWsl g Ll o Jus
155 Sz 0l Ve s odlgls oyl il e WRKY
(Bl 55 chodlgls Sy aile 5 azil e e lalS
» 5 el ol Wl S ks SIS b
Slod S B () g (Shmjpd SBUET 4 Caoglie
gl 23Sy Jl S8 NAC lapsSyn )b
NAM - i) Jolge ditud  cungig) slayesh
olgls ol glacl C—ZUCZ s ATAF2 ATAF1
S )y sanld ;> NAC clapyj sl o
S O g (S8 g ha) OIS 4 Gl ) eaS]
Slipl paS (Sawwy (b > (V) By core S35 oS
poli 5 dizel (slosgul 5 o 45 SKinlan b &
Ligh o e dawgl Jbs j0 gladily 4 g o5 B juaenS
554) GPC2 5 GPCL (upgis, Jolye olojon Jlo
s o b sl ol 1 b (NAM2 5 NAML
o alpl dgde BraseS polie ilujl > JHS
1 U ey alolis (el o55)) b ilae dlais ggudge
(7)) 5 o pilyd |y oS Wl &y b oS yolic Jla
oS S gla) lacudgiy) s ol GaS ol )2
Lulys > NAM-BL 5 WRKYL bZIP56 ousgis, Jolos
LG9y 5 =9y pB)) Sy ey > ©g) 35005
B s 2y90 (ialy i po) (IS 803 ¥ (L)

S

L 59, 9 3lge

AB > L)ygSh Cogo 4 philejl ol o )
GBS 5 WAV b 3 LS5 aw b sl S o b
o 0,8 Ll g sl deeg )yl olKiily (65,9liS 0aSisl
(Mo ) =59y 9 (0gale) LB=isgy pB)l 5l polate
S 5 oolitel SB ity > cutS oy (FF) b pass
8y dilaio (b gt (g%l 53 02latul 3590
SV ) 2355 s (S9) 05 Db Ol )
Lk D sl s tashie ¥ S L o ) o eolit 3,50
°3‘39*35w)ﬁw)l€95%’1l{¢%@)39é9““?]
dge o 20,8 olde dlas I gile JolS yob 4 b as
3 aSels caz A5 byl SB L olS L 5,90 lis
@ LS win p Ols padgel oo ()i d9eS
Jolore o lilS 5l e 4 Cpizmed 00,8 adlsl ol
A5 48lsl ZnS04.7H20

5 o QL SBp SebSF (g5l sl sl
ol 2 3enST Ol b Gghess 5l ey CutS 3590 pB)1 5k
5 ool b ol sy Juab Job 55 505 S o als
Pyl gds Wb (o)l oy byl s> 3 bl g ]
o Lualyd > (WU-(s9)) ey g (LE=9)) el

w2y Jislowl 5 G900 el Ul paiio 2Lyl ys)5005 N
VE Y i /EY oyl /oyl Jo /el s ool asliing,

oA oilats il (slam il (oS5 3 g9y pate S
5 oSl cale g a)h B (Splie lac L
Ol opomen sl 50 Sl S puddgilio 3 (izren
pedtlio a5l S5UsS sl sloedd 3 jai
calo gl eshed GUjgnd  eS]
{78) 25 <55 C 3,5 i

bl o lagis Jlie » GlalS 3550 GloS
plo > (Sglie 5 (Soigdnsd (Sigledige Ol
a8 odd ol il el Jls 5o .aad o gl 255 slaplul
S glej oy 4yl (Jolite 2Uly 59y > 3 plals
($59) 9205 4 Tl D90 9400 (59) 4 Ay (g i
S Pyl (> g oM il SladisS (<o) (23355
» bewgs jl pan (V) Cul Golite (asuie &S
w5 Jyae Mg g a8 Cudib gy BB s
Gy aoh sS4 polis &S Slacwsss; (YY) Wyl
et S5y @S Spdie odab LlS-(gg, it
9y 39005 Laulyd Cou 3 Slas S g 03 53 olS LUl
.(\O) Caol Golite pAiS Caliseo Plé)l o FLESW) oy yx
P Spas oS 2lie yolis 3908 b dblie sl 5l (S
Gy hlS 45 Casl a3 5y50 oS 1 o)) csl (S
Gh L bl sl wal yole o b odaly 5 oY
e pate ol 4055 55 (lie pate S Bpas GV
95l Cul (oo GlalS pl S o Biboy o)k 9 51,
sl wsh SB o jae Ol oy g )l
4 5 Jasl o o oUls L 4 (Uptake efficiency)
(Utilization efficiency) oLS J3b » yaic (5K
iz HlalS Hble ;o walas LYo 51 SG aisl ausly
g s )3 gl BT 4 by po Cnl (S0 59y 2
O & (V) aBl ady) > 55y U slapisn g5
2 89 B GlagnBgn Clhogad o g olelid Coa
olS 10 (59 295 & Jooio p8)l ! jd Wlgi o LS
S gl 2l Jpaxe (pidpany plgs 4 pas
o Ll & B gy oS bl sl Lwlel Sal,
Jl lyy pogase (b gygeily o Jobo lis
sdlo > (FYF) cul 5l 3)50 pudisiw 4 5,
oblS > b polie Gbaygeily Sl ool 3
JZIP odlgls JZRT THMA Jols 45 load olulis
559, 45 13l o "CDF sdlgls  "NRAMP o3lgils
U (gigy Jelse I (ilize laodlgls: Lawgs by ol
bSO mgig) Jale (V1) dsdiee
Jalse Nl een Obgrge (SKiden laanly
@ oNgd Jate bimess wlul p Vgere (owsiy)
@ Jlal b pumgy) belgs Nsdoe ganail DNA
OB Ly Gl el B bo] ogigesn (Al
Ot ) gl A £ s B e Ol
NAC AP2" 5 slaodlsls & glgie (mgisy Jolse
3 S BZIP odlgls L(3) 5,5 o,Lal BZIP" 5 WRKY
Jo s 2815 o Cunl umgisy Jelss (e
O or 2 0F b S ple S sl g dis

1- Zn-efficient 2- Heavy metal ATPases
5- Natural resistance associated macrophage protein
8- Basic leucine zipper domain

3- Zinc regulated transporter
6- Cation diffusion factor

4- Zrt/Irt-like proteins
7- Apetala2



g Jeelowl g (SSgaia (@i b pado2ld sl 5905 M

VoA 693 39S Ll o NAM-BL s WRKYL DZIP56 s gis, Jolse 018 35 slags ol (565

& ol oo jl oolawl b g 8,5 pbl (g)b pdiged
A e o) (il 42> A glad b )8

P 89y PSSk 0 g o cuipay) o oS 5 SB )
So gl yo 93 53 kS Sy g Ay jl g cutS (p,59kS

(eoly) (25 2opd Yo g ((ng)) (Siale> I dm ol

L)wln)‘ Lfl P odlaw! .))90 Sk L;JLM» 9 L&S\’)‘B Slasuin —) J9J>
Table 1. Physical and chemical characteristics of the sandy soil used in the experiment
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Table 2. Characteristics of the primers used in real time PCR reactions
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Figure 1. cDNA amplifications using primers WRKY1, bZIP56, NAM-b1 and Actin3 genes, with negative control
reactions of -RT (cDNA synthesis without reverse transcrlptase) and NTC DNA synthesis without extracted RNA)
and positive control reaction (GAPDH)
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Table 3. Analysis of variance for relative expression of bZIP56, WRKY1 and NAM B1 genes in root and leaf of Zn-
efficient (Hamoun) and —inefficient (Hirmand) bread wheat cultivars at vegetative and reproductive stages
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letters show no significant difference based on SNK test at %1 probability level).
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Extended Abstract

Introduction and Obijective: Bread wheat (Triticum aestivum L.) is one of the most important
nutritional products in the world. Despite efforts to improve the quality of wheat, its
micronutrient level is still below the optimal level for human nutrition. Zinc (Zn) deficiency in
particular is a widespread problem of human nutrition in countries that rely heavily on cereal-
based diets. Hence, the current investigation was performed to investigate the expression pattern
of genes encoding transcription factors bZIP56, WRKY1 and NAM-B1 under Zn deficiency
conditions in bread wheat.

Material and Methods: In this investigation, two Zn-efficient (Hamoon) and —inefficient
(Hirmand) bread wheat cultivars were planted under Zn deficiency (0) and adequacy (5 mg Zn /
kg soil) conditions and the relative expression of the above-mentioned genes was measured in
root and leaf of the cultivars in Zn deficiency conditions at two growth stages: one month after
germination (vegetative stage) and 30% of heading (reproductive stage) using real time PCR
technique.

Results: The results reveled the highest expression of bZIP56 (more than 77-fold) and WRKY1
(more than 20-fold) in roots of Zn-efficient (Hamoon) cultivar at vegetative stage. Also, the
expression of these genes in the leaves of Hamoon at vegetative stage was considerably
increased compared to control plants. The highest expression of NAM-B1 (more than 54-fold)
was observed in the leaves of Zn-inefficient (Hirmand) cultivar at reproductive stage. The
expression of this gene in the roots and leaves of Zn-efficient (Hamoon) cultivar was also
enhanced remarkably at both reproductive and vegetative stages, compared to control plants.
Conclusion: In conclusion, regarding the enhanced expression of the three studied genes at
vegetative stage in the roots of Zn-efficient cultivar, they are probably involved in the activation
of the transcription of the genes involved in Zn uptake in the roots under Zn deficiency
conditions. Therefore, these genes could be used in the seed quality improvement and
biofortification breeding programs of bread wheat for producing Zn-efficient cultivars.
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