[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.171 ]

-~

Gl b e 5 (535l pole oSy
s LS o) anlitngs,

WY WA lie; Y5 oyleis /Wmajlsa Jw /Jcb)‘ oLlS ZMol doliingl

” :.as,},i ‘Ulio"

3 (89 dga0S 5 Coi NAS3 g NAS2 (NAST sy b (59N
(Triticum aestivum L.) ;U ou&

T Sgie I Sl g g Juslows!

dpog)l o8I ¢ anb mbio g (55)5liS 0aSily ¢ alS KB 5 W wdige 0,5 ¢80l (£55)5iSTam M)l (ol IS (ggmeaiily -
(b.abdollahi@urmia.ac.ir : Jggue 6lims) dxeg)l ol&uiild ¢ b mbio g (55yslisS 0.l ¢ BLS 55 g M5 owlige 09,5 Hluatils =¥
WA/ AVA by oyl WAR/-0/VS ey gub
WAL WY s

LXVOCS
o0E 13 (NAS3 9 NAS2 (NASL) w138 sLaodiS WS w13 Judd (35 aw ol 02 (Zn) 59 29w (T 431 anlllae jokindy
ol ) S gud g (900 08 9 il 2l 1S dw by (ol WelS b I 3 )5S ©yp0h SIS Gibojlesl
e ol 9 S (SB PRI 2 &9y 05 ke 0) o Culis (o) 59 3908 LA ol pd )-3(‘;‘55159) 9 b=,
99y b (bl als po) (B 03 Fo g ((oubugy dl yo) il s Jagh c(gmiy Ao o 93 )3 Sy g iy 40 Ly o
0) NAS2 ¢ (J Syl V) NASL (sl y5 (o bt (it 1381 (yl3n0 (ot piuiins o5 315 i gl i (b 3,! Real time PCR
doye )3 o) Grad Sy y2 g lil] Ao y3 geld ()-89, o) Ay )3 T g9 2908 O Bl 2 (52
155595 ) Az )3 (595 3910 baalpad 53 525 (U5 0 V) NAS3 05 ol GRal381 50 (o piuds o 20 Ubia (ol
ORI 08 93 B 5D (59) dgueS Iulpd )3 (ol dlaye 13 (3f (pl Gl 3 Sy 3 bl (Wl Ao ye )3 (gela
g duiy 43 NAS3 9 NAS2 ¢« NASL (sbdcys bt (3l5me (9 908 Laslpwd 43 oS a3 o0 Wi (8o (! 5 Jols gl .cdl
SoASAWS s 1381 G5k 5 Vlaial pol cl &5 Ml o0 il 31 U S 1) U590, o8, 51 i )6- 59, 035 S 2

i Sbloh a5 (S95 JURT g e oy (59, pB,) Sy g a5 )3 sl Sibiage 9 (el 9555 Wle (59

2819 loj 13 31 poals (S0 5 ST ¢ jUiham (ol 305 955 ()L IS (595 39805 oammii ol 155 (sla]ly

S euad Hlww 98 bayedS pl sSB asy YO
SpaoeS polis 5l (S &5 9) (VAA) 815 g9, Ll
) logS dab aSke 5 sle ol cul
bl > sl b 3y90 el wile daJySUges Slo
D9y e ¥ g a4 Cuwl ol 3yglp sl 4 Jle
d9eaS (LS 3 (1) s g9y ' Sttwgyn 09)5 Sy
ASBY lapdle (Sabgw 03 Cunj lalS el )
8) dgde e S 5 Sy (Sup)
SgxeS 4y Capmd Jglitte ol OME Gilien (glawisS
@Uly D=5y clacss) s olis 395l o)
9y Bl jl s caSE )> (g9) JUisl 5 Gl > (oL
LEL=(g5y sloguisy 4 Cums g 5VL 5)Skes 9 510 1,
@i ooy L(A) e i byls ol o
{(CDF)  Cation  diffusion  facilitator.sl
ZRT, IRT like- 4 (NAS) Nicotianamine synthase
3 s o sl g Sl gq, i s (ZIP) proteins
(YY) Wyl By olS
adyy Bub jl gy clo auel S elgls Glals
03‘9315 )I oS HIUS )1}4 LS)“S:’. 41.:.,.»93 odos )9.‘94.3
O I A (SCYR WS
2 Jobre Sygoas |y o gl ke 15 3925 89
WSl ) ady) Gkl gy 2l Slodke 5 03yl
Sl Setirse lFe Bysdy)tewgid (npete 1 (V)
coly MA-ZN LuSkaS LS5 | &5 5, 56 1, (MA)
rosiS B alex 1 (10) 3550 SB gy Wi
Casl Gyl Spalyisel Sy (NA) "ol S0

dodso

O yere Triticum aestivum L. ole pb b oL pusS
Py S 2o Ve b oS cul e (o5 Jgae
Ogelee V¥ 5l G )3 a5 ) WS (e el ) (e
CuiS oy g ol pl )3 D900 CutS Glea (Sl 5l LS
o Glypl 0 paS ol (S adie O/AD Jaazs oy
Wile (ilisee 3jlge )3 9 3950 Jlodey Slpdng S Lol
> ywlyw )3 paiS g5 (V) 2)5 08 el 5 sl 4ds
dl.mui;;.'s' LQJ PIVCS )‘] &S el dq-ly.a uho:.n d[muw L
dy90 SHl lieds & Wiwd (gpolic «BpaneS jolis
DA oS e (e 3929 b (Jg Aiblige 03] S92 90 Sl
98 (YA) S o Wl oS claaiyld I gyl > Sl
=i olS )3 sy g ol e polie ol ) Sy
ol S > ) 3y ) il e
ool cll Coge b gy oy g 2Sles ials
o Sl b odlial g ok plS Jgae (gl
(YY) 29300 sl 3 pais cul 3508 o0

2 89y e Gl 59y p Ao asdS UL (b
WS )18 dag )90 (Mol laadly 3 yieS Glals
OBy Ol e L GRIEl &S (Shee > el
bl Mol 5k 5l o) QS yh )3 paie cpl ke
orels S g 29eS (1Y) sl iyl
Ol by 3 GlalS > olie Blge glunj e lais
P& Sladss b ogd e 0 el sl o a8 ol
Sl e &S Gl ol odmlie W] Jesds e ;oS YO

1- Phytosiderophore

2- Mugineic acid

3- Nicotianamine


mailto:b.abdollahi@urmia.ac.ir
http://dx.doi.org/10.52547/jcb.12.36.171
https://jcb.sanru.ac.ir/article-1-1161-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.171 ]

WY

clle o Cute (Stuen S 329 (pl g oogde )b
Wl 9y lise bt Silizgo S B 5 el IS
b & g9y Janl el ol 5680 Ay &S aad o oyl
0F &5 0,8 ()l (V) 0ylSen g hgerdal (V) 258 0
15 gy dmaS Lulis 3 (NAS odlgils ) NASHOR2
dgeeS 45 W38 dlddn (eimed Sede ol g aSle
P oyl L )d ] &Loyg“f9§> o @l cel «“9)
b el Siipga S & Cul S5 4 pfY 9 o0
ol & dsice alo Gueloisss Sl eyl dulp S
b onlply 8bie NAS (lag)] maiitene Jpaze J o3lo
5 ol 0FsSe e NAS slapj ool & day
P b phe roaiSOWS loicds sl S go
b gl @S onl » QS gy JUil 5 e
5 disy 3 59 oS Lulys 5 NAS3, NAS2NASL
Abyo g3 )0 (b paS LBU-(g5, 5 =iy, pB)l S
B 2oy Ve g ((odng) Al ye) dBlo (05 g (543

85 )3 oo 590 (il al> 1)

gy 9 29
uhl; b‘,o CwisS

ok SelS’ )b B 3 S ey iule]
oSy Jladss SbdS WAV Jlo o IS0 aw b
Pyl sgds b 12l dgeg)l oKl (rnb> lie 5 (5)5LaS
A5 ks )3 (V) (DSL-cs)) St 5 (L= s9)) ool
P ke B g yho i) ol CuliS g SB(g9) 3908
Sy ) Spgade jly clS(\V) (SB pS5hS 1 &)
(ol dboye )3 p2n Spog (olug) doye 0 Sle
Yooy (iagy) lo ad hob gal>ye 93 > (LS
odlazwl by g €d)3 plowl (o) pdiges ((oais];) (2a5 o)
e ol)S b a3 —As glod b )58 & mle (139555 5l
dalale byl Gibod cpl g0 eolaiwl Dy9e S MG
olistl ST A s (59 o5 sl Hle by st
Lol (o dio ¥V SIL Juse 5l am oV Jgio) o
SO bl Jbgd Ol L s g 25 At (Jgens I L
WSE (595 29008 I liabl pslaiods Coleg )3 .85 el
3 350 olie dlge.cd )3 ploul S im0 g5l Iiome
SB L osd 4w Jobre Cjga cutS (S (V)
Wi 298 Jl spSole b bl baglls
03938 Lo S & JLS aidn 93 & posgel Clpis Jole
S9y paie Bl Sl e 4 (2liE Dlge j 0gMe S
A5 0l bl Ol slyen 4 ZNSO4.7TH20 &)jg0a
dopy K winST Ol ey cuiS 50 pB ek
PIAS ¥ ol (il a5 ) e 9 (Sgaers
3 g3 31 ozl b (gyll s Jgbo 3 05 caiS S1s
5 plsl ohs byl s ) kel

b S 53 g5y 39505 i co NAS3 4 NAS2 (NASL (el ol (5]

e ol gy S b Jlatl il s les o5
S bl dn w,o\u»,iu (YA) 3 3K 9 S
(NAS) hawsy cuelowisss mpl lawgs g 2> 9>
b S-adenosyl methionine :yguelss yos 5 aluwg
Lslgds osle Sy 4Siy) s ogMe ol 3555 (¥) 295 o0
Sty Jio (59) whe SloosiSENS wg anlp )
i SIS L S5 plold Jee Jdda sl sl
Oygody oxmd JE Sl Sl sy S
Sl ol ol s 5 503905 Jae ZN-NA uShoS
(YA) 25L asly [ids olS 550 OT JGsl yeioed g

Jaly 5 5 ey Gob J Sl i ey olals
wpel Sy LS 3 &S gl g5 ,Smly S e eolizl
b reging BB s G 5l oS 0gd e 1>
S answl jials el a5 WS o piiie SB oo 4
sl ) balpd coleg )3 9 Ol juin aepn cMls g 0nd
2 &S py g9 Sl ygle pali o] iz 5 58 Lo
oo (oS Aiwgdy Cunl gl lild 5,8 NS 4l
Swgiy e 4 ol Gl JUS &b ) & oaus s
3 Baas 4 Slge ol (VA +) 395 0 ploul il o Ll
ShioS 3l b 1l o (MA) bl Sitinge o3l
Sl ole Gl cel sl Siainge i
ol K 4l g egMe um]u.uQSu) V) g oo
Jm 89y e L;lma).;;fdﬁ)’lf .\.Jy .\.J)a B L-.w‘ab
LSy @ olghd Jhe Jdoay bl o ] Sitingo
g oum JUl Sy plgisas Slg5 oo c59) Jro (K 1o
2 g 0350 Joe ZN-NA 1SS Ojgods 025G
sl adl i el ey yole ol JWl 5 ol
O OeelssSe s el doje )3 NAS (clagss
() 35,

3 85l By el 5595 s 5 a5 NAS cla s
S 09)5 9> 4 ol (i bl ©)d ol
W g5y 5 onl a8 Lulid cov gl 098 wigd o
S Bodion Ol (Grpe ) pgd 095 S Jb ) g
P NAS ol yi olo aslllas (YVYY) Bl o yiwd ) (g9,
TmNAS2, (slay; 45 5 lis T. monococcum olS
Sgdse bt 85y S90S bulyd ,> TMNASL 5 TMNAS3
A5 45 gy olS I OSNAS2 5 Jlasl tslejl 5 (V)
(YY) ab puS a2 (ggy olise s pze Lil58l el
Ole 9> 53 59y d9eS Lulyd )3 a5 HUNASL (5 (prioran
i SZise S50 w3l sl 90 Wy el wd
Ol OE9 Fwgn e 53 &S b ald jlag 4 G
x4 o NAS2 o5 JUsl s (1) 2)s sals i
B ok Gl Oypar 55y ke oS b )l
O (Ste (Nhrad &5 A odalie Grinen (Bl il
g @p W )3 59y cdale g o)lusls 3 NASZ 5 (e


http://dx.doi.org/10.52547/jcb.12.36.171
https://jcb.sanru.ac.ir/article-1-1161-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-07-03 ]

[ DOI: 10.52547/jch.12.36.171 ]

Wy

WA lie; Y5 oyleis /Wmajlsa Jw /Jcb)‘ oLlS ZMol doliingl

L)wln)‘ Lfl P ool .))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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Figure 1. Amplified fragments of cDNAs using NAS1, NAS2, NAS3 and Actin38rimers along with negative control

reactions of -RT (cDNA amplification without reverse transcriptase) and NTC (cDNA amplification without
extracted RNA) and positive control reaction (GAPDH gene).
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Table 3. Analysis of variance for relative expression of NAS1, NAS2 and NAS3 genes in root and leaf of Zn-efficient
(Hamoun) and —inefficient (Hirmand) bread wheat cultivars at vegetative and reproductive stages
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Figure 2. Mean comparison for cultivar x tissue x sampling stage interaction on the relative expression of NAS1 gene

in Zn-efficient (Hamoun) and —inefficient (Hirmand) bread wheat cultivars (Columns with the common letters show
no significant difference based on SNK test at %1 probability level).
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Figure 3. Mean comparison for cultivar x tissue x sampling stage interaction on the relative expression of NAS2 gene

in Zn-efficient (Hamoun) and —inefficient (Hirmand) bread wheat cultivars (Columns with the common letters show
no significant difference based on SNK test at %1 probability level).
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Figure 4. Mean comparison for cultivar x tissue x sampling stage interaction on the relative expression of NAS3 gene

in Zn-efficient (Hamoun) and —inefficient (Hirmand) bread wheat cultivars (Columns with the common letters show
no significant difference based on SNK test at %1 probability level).
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Abstract

A greenhouse factorial experiment was conducted in completely randomized design (CRD)
with three replications to investigate the effect of soil Zn deficiency stress on the expression of
three genes involved in the synthesis of metal chelating agents (NAS1, NAS2 and NAS3) in bread
wheat. Hamoun and Hirmand (Zn-efficient and inefficient cultivars, respectively) cultivars were
planted under Zn deficiency (0 mg Zn / kg soil) and adequacy (5 mg Zn / kg soil) conditions and
relative expression of the genes was measured in root and leaf of the cultivars at two growth
stages: stem elongation (vegetative stage) and 30% of flowering (reproductive stage) using Real
time PCR technique. The results revealed the highest expression of NAS1 (7-fold) and NAS2 (5-
fold) in Zn deficiency conditions in the root of Zn-efficient cultivar (Hamoun) at reproductive
stage and in the leaf of the same cultivar at vegetative stage, respectively. The highest
expression of NAS3 (7-fold) was observed in the root of Hamoun cultivar at reproductive stage.
The expression of this gene was also enhanced in the leaf of both cultivars at reproductive stage
under Zn deficiency conditions. In conclusion, the results of the present study demonstrated that
the expression of NAS1, NAS2 and NAS3 genes in Zn-efficient cultivar under Zn deficiency
stress was enhanced more than Zn-inefficient cultivar which probably facilitate Zn uptake and
translocation in Zn-efficient cultivars through increasing the synthesis of Zn-chelating agents
such as nicotianamine and mugineic acid in the root and leaf of the plants.

Keywords: Bread wheat, Nicotianamine Synthase, Real time PCR, Relative gene expression,
Zn deficiency
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