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Effect of Zn deficiency stress on expression pattern of genes encoding
bZIP4, bZIP79 and bZIP97 transcription factors in bread wheat
(Triticum aestivum L.) cultivars

TS e s ¢SOL 5 ) gl L

o

gufﬁru,lﬁbZIPQLbZIP?Q BZIPA 555 6lay 556 oS 30y 5la0s Ole 65 1= (655 358" S2i5 31 ITAN L D900 il 2 9.0 oS sk

FEE-YOr (V) Ol (8155 poke 4 4 (Triticum aestivum L.)

33bZIP97 9 bZIP79 DZIPA w439y Lo 15551 0uis 305 SOOI Ol 2 (ZN) (595 dgus” i J1 wyyp sogtiio 4
331740 JLaw 33 51 55 dw by IO Sols” &y B 33 39356 D yg0 4 aloiT (36 pis H76-595 9 17— 595 pB !
9 LS (59 dgmes Lyl 53 (1HT6-(59) W wd 9 (1HI7-(59,) Dby pis™ P15l .ol 11 4o gyl SIKENS (53 59Lis™ ousiils
Bl Job iy JLET ada 3o 93 10 pB adsy 9 &5 9 10 w1939 393D dw cpf oS 30y SO O § cuds” T colds
& 5031wl (Real time PCR) (819 Sboj 53 3l youls (510 pomi) siS19 (995 b (o 13) Al s96B Mo 33 ¥+ 9 ((S29)) So!
Ay lio .89 31D om0 05 dow 3 Ol 3= (5310 pdignd Al g0 1 PILSN 38 BB ) ot p 45 310 VLS il 519 4 3505 s .o
Sl pd) S5 9 50 (59 dguns” Ll ol 53 (WLd 91570 31 i) DZIPA O3 Ol (i 1391 O30 oy shias 457 318 OLiS By puKileo
T 37 3l G i 5§ 49) DZIPI7 3 BZIPT79 (slanes ol il 531 Ol wo ¢y sy - sl (313 dlo o 33 (1367-(59))
DILE 99y ddo 0 53 A oo lln (1) ddo 0 53 (1HLST—(69) Dl By 4l 5 33 (59 Sames” Tl b 55 (Wall pl g
SLaOS 5o o Ol sl 381 4o d> g5 b .ali oudlin LY Ol Ol Bl 31 1H76-59) 9 HI— (59 PBLI s (SH10 Fx0
S99 A5 Ay oo 31 4 (9 A g ) D (S A 0 33 (595 3946 Tk 93 (9395 B dw B UNS 0
JLd o™ vy 0590 Sleiil 53 (b ps 53 (ZIP sdy3) 95 JES1 9 @i 5o o S B oviis” 305 SO SH10
by Ylaio! iy y 5o DZIPI7 g BZIP79 3 9 <5 » 30 DZIPA O3 510 o Oly ol 31 4 4365 b cpicmod (Nl o0
SLla 56 (5 3Lw b bZIPI7 5 bZIPT79 slagss 9 ols J518 58 59y JGSI 30 s Sl 86 &3l Jud bZIP4 &5 Lot
AL 0 (59 dgaes Tl gl 30 T 31 (895 L 50 S

219 Ol 33 3l youls (Slo wmi) w519 9 O P (595 dgaeS” DZIP (ows 9395 59578 05 Ol (suwls” Svojlg

Al o gl 05 A5 (ki) 1S7 b B S o s i \AAR P R O AN SO A
4w gyl oKl S5kaS eaSiils s el (g gmils -
(b.abdollahi@urmia.ac.ir :esCs S o) (oS 451K0) e 1 oKl (5555128 0utSitils HLtils —Y

Yee


mailto:b.abdollahi@urmia.ac.ir
http://dx.doi.org/10.29252/abj.21.4.344
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.4.0
http://agrobreedjournal.ir/article-1-1078-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-13 ]

[ DOR: 20.1001.1.15625540.1398.21.4.4.0 ]

[ DOI: 10.29252/2hj.21.4.344 |

YA Oliess F o,lets A(,s_ 5 S e (001 2 pole 4"

. T i J—ds 4 @n)
aS Sl o g gy 3,0 ol Ca] u_al.f
LajlsS g5 9l SN) L‘“r-i_)—’T ojj_fui_& e s
(L3 5 clajl ol elasld el sl st clal il 5
3508 Ol 4 dis s .(Coleman, 1998) 5,15 5 o
L ol o b sy &5 5 5 508 S BP-YNtIY
Colodod b p il 5 A el g oy 0T
Eel Las S ol .(Welch and Graham, 1999)
23 Lo sas gl Cdlw 5 (655, Hs Dl

SLr0 505 3

Ssd g uT,;rjduoaljsu,ajo\a\j,s,ouj
WOLalE 5 69, 35S .(Mason and Garcia, 1993)
L5 O 035,55 003 5 a3 28T Jule Ol e 4
LS Eel 5ol g LaeS 0 K
5 JS L (Marschner, 1995 ) 355 oo 5 5, Shas
S s S 5,35 (Sakal et al., 1988) of,Len
S50 45 Ol e il iy S (g5l 4 o
Slsmme 2L s Sle 4oy dals 2t
(‘4—1? oS b s 65y JS e e (S ()
b e 1!
oS LAl oladss gslwdlad o b 5l olals
S e 5 (S35 50 (NS5 g5 Dl s
S o e aes gla 55 Lo slaphl s
S5 st P (e 53 a5
Y gane Lay S5 ol diyls O ol (6ols pid g
§adb DNA a0l o Joate sla e ss bl
23l S ¢ 55 SLau S ool ez 150 e
i il s Olasply oo & Ol e 0 457 ol DZIP
oL 53 5L sl (8l el S T O e 50
(Alves et al., 2013) Cl ol glulid unns 9kl ,T
“-3“5‘:*-“‘6“‘-:’56‘)”6-“{}5}) sla,y g oyl
395 s J—a Leucin zipper Ca5se s DNA
la,sS6 5l Foy, S (Jakoby et al, 2002)
Lyl 5 )53 ZIP b5 Ol W CebLbZIP o g,

a5 g 1 0 dS ey LAl . Lisd b (S5 35S

Ye¢o

oo

on= e (Triticum aestivum L) 0L paS
395 ol e SN o 53 oy J s
NEPIYS B j\&;ﬁw\_’f (Kasirajan et al., 2013)
23545 o el 1) Olgr Cama 5L 5,50 6 IS
Olejln 3350 et & Sl S ol pte 01 )
SIS 5 Ol e ($18) Aot o (65551587 5 L1
3587 ;5 o O koo O0F 1 YAV Jl s (,xf@LP,
5 Oskea WO o L Ol 53 YV Dl s s 8
Sl 03 gas 5158 S8 Olajla .l A 5 pa S
4 V48T 55 05k OOY 1 i 5l Olgr sLolis o
(ol Al 3 YT Sl s 5 O ks VWO
o e gl 5 O Ol i oS el Js o
S Ol s sl ot S s, Shae fal S
(.,uf,\_.p,;v/a Sl 1y Olgr Carex Ao s
(Ahmadi-Niari et al., 2013; AS" s (5 jaa |, Olg

.Bahari et al., 2013)
odins EalS” false op St (s sl AT
e Olgz la 55 (55,5187 Y games 5 Slas
ate> ;I .(Nakabayashi and Saito, 2015) &5
B 8 51,5 a5 35y 055 al S ame Sl A5
(s maneS i) Laggdia sy 35008 31 G20 2
1 M 3l ge Sl 5 Cst s 5 S ol o
S (LT 3 5a8 5 S e oo Oludl 0 3
J=3 e ¥ sgu > sl e b as | oL
Cr g Bl y3 39S Uolas oo sgie Lo 4 dks g
oo o Sler S5 055 el Lol eloils (5551 5
(S50 5 G s m ogde 03,8 Lok 4dis g
sy Jola 1y O mansS polie S| ams 0 28
OLLE 5L 5550 S50 pole S iy cogdln
a5 g ) 5 s 4 b e Sladyl B s o Az
53 2l AU LT 558 5 a8 0 8yl oS
3513 6555158 DY pama CoiS 5 oS falS

S9) «3 r_fj_.pt;; o 03 (Cole et al., 2010)


http://dx.doi.org/10.29252/abj.21.4.344
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.4.0
http://agrobreedjournal.ir/article-1-1078-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-13 ]

[ DOR: 20.1001.1.15625540.1398.21.4.4.0 ]

[ DOI: 10.29252/2hj.21.4.344 |

"PPEYOF A (S e e 5 ol a0l Ol S 555 3 maS Si 1

u‘i)ﬁgﬂ)-’ w)})))):f\_éud\a.u{}w
Jo e 53 0L p 8 LS L—(5,5 5 1LLS =55,
Wl (S5 35S Ll 5o Al Caliises

by 5959 3Mg0

MalS” = b LB 5o fo) 5886 Doy s @ G

Sliiss S 5380 Jle s ST 4w b Solas
Pl 3y o ol e g5l o8> (655518 oSl
(LLSTB-(g5,) e o 5 (LS -(55,) Sl (4—{
> (Baghban-Tabiat and Rasouli-Sadaghiani, 2012)
(655 CaliS) 0 5 (G55 2500S) Sao S5, gl 52
Ju.xuw5u¢ﬁ;§,>w,cf&
i e adlaie 53 fd fes ESG Sl el g
55 SSIIL UL 51 (S0 lsme 2 S 1)1s)
L oL S0 e 5 (Jmene ST L o 66 o e
S (05, Ol U s s b )Lgs O
o SialesT oS 1 S i s o Sas d o 1S
Puouﬁb\oT‘_;,);}_.J;\umCl?a\afu
(Y Jgd) 5L 3550 o148 3l g0 u (Y Jgd) 555
S L OIS eSS a3 s bghsus ST L
S o 8 S Sler rassle P plis)l 51 b o
23 (o Ve JSIL) o Ggieds 5ady 5 4
5 oo STl 4 oldE Slgs 0 sMe Ll aslS 0T
S e Slo o SAS 530 8 Jn oy OIS
S35 DM s e 5l (55 e ST Had)
sabate 4 Jouzd J g 43 .0 035531 (ZNSO4.TH0)
Sl e 5L 93 ST 5lessy ST 51 6,8 ol
s oslitul ely) b b A s LaplalE (o LT

LS 515 53 0T Jlisl 5 glaioy slad s
b Zn® b g b bl b 55 )l S
5 Jmaze Ly g6 ol ot i ) (S
Cble alS e 4 dijle e Jle L 0, T
&u)ffb)‘ l_AQ}_i u—i‘ ch,l_».la.*_».a);anJ'
G‘Ahdué\}_‘;ﬂalﬁ)‘}sbw‘)o“‘bw}:))
390 Sl Joais ZIP (Slal) 55 (55, 4 okind
O 5 il (Maser etal., 2001) & 52 o LT
a6 IFss, S al (Evens et al., 2017)
é_:.E}JO_i‘).B.u\_;J;WJﬁOUCKO\:fJ)d))
bZIPF4- bZIPF4-7DL bZIPF1-7TDL O jlg= Ol
S Lad ! . di asllles bZIPF3b-7BL 5 7AL
oS olsn Slaphsl 5 ads ) 55 G55 2508 Ll
35 Sgldne LT Ol Ol Loal el s 0Ly

bZIPF4- 4 bZIPF4-7TAL bZIPF3b-7BL lad;

(L 5 atyy 53) 15 Ol 658 55 ki o 28 TDL
DZIPFL- &5 Ll ceinls OLE 65 3 gmaS Lusl 3 5
wl.@il:&;ﬁdgdj)sﬂfqé‘»li):7DL
0l S ey sLals 48 s e Olis syl §
33890 35S T 53 DZIP e 555 sla, ST
A 05 b 50l (Sla 5 e diles 35 OLS
Loy S BF 05,8 ol e 5 Ly Sl (il
Lol Ols 65N 058G 4ty bZIP s 55,
bZIP79 bZIPA s gy 555 a0l =S 5,
uwd,)ghskil,;,;gur,uf,;bzm?}

Lguoj ‘:’L:‘:f Lg—""‘)f JJ_AL{ L;'.TE’J d‘ GC,\..N‘ oo

SialT ys eslizal 5y 50 aSl Sland 5 (SO 50 Slaseiio -V i

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

o e o 33 =t b O35 STebe ST Sos
Sand Silt Clay Zn K P N Organic matter ~ CaCO3  w..l Ec
(%) (%) (%)  (mgkg") (mgkg") (mgkgh) (%) (%) (%) pH (mmohs.cm™)
96 1 3 0.15 9.4 25 0.61 0.69 9 7.8 1.19
yen
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Table 2. Composition of the nutrient solution used in the experiment

oS 5 i chle
Ingredients Amount (ml.kg?) Concentration (g.1"%)
K2S04 / KH2PO4 3 48.407 1 30.242
NHsNO3z / CaCl2.2H20 1 93,147.016
MgSO4.7H20 1 20.5
MnS04.H20 / Na2M004.2H20 /CuS04.5H20 / H3BOs3 2 7.5,0.083,1.05,0.33
ZnS04.7H20 1.67 13.14
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Table 3. Characteristics of the primers used in Real time PCR reactions

o5l s s oyl
Gene Accession number

ST Jis Jlail gles Usamn Jsb
Primer sequence

Annealing temperature (°C)  Amplicon length (bp)

F: agaacgtcgatttggtttctgg

bzip97  TRIAE_CS42 5BS_TGACV1_423566_AA1379610

R: cgatagttctcatctgcattcctg

F: ctgcttcaacaatggcaactc

bzipdA  TRIAE_CS42_1AL_TGACv1 001373 _AA0029470

R: tcatcgaacctgtaatccgcag

F: gaggagaatctagcttgttggcac

bzip79 TRIAE_CS42_3B_TGACv1_221777_AA0749730

R: tacacgctaggaactcatcgaage

60 126
60 129
60 87
60 107

F: gacgcacaacaggtatcgtgttg

Actin3 KX533928

R: agcgaggtcaagacgaaggatg
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Fig. 1. Mean comparison for tissue x cultivar x sampling stage on the expression of bZIP4, bZIP79 and bZIP97

genes in Bayat (Zn-efficient) and Hirmand (Zb-inefficient) bread wheat cultivars under Zn deficiency conditions.
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1% probability level, using SNK multiple range test
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Effect of Zn deficiency stress on expression pattern of genes encoding bZI1P4, bZIP79
and bZIP97 transcription factors in bread wheat (Triticum aestivum L.) cultivars

Ekhtiyari, M.* and B. Abdollahi Mandoulakani?

ABSTRACT

Ekhtiyari, M. and B. Abdollahi Mandoulakani. 2020. Effect of Zn deficiency stress on expression pattern of genes
encoding bZIP4, bZIP79 and bZIP97 transcription factors in bread wheat (Triticum aestivum L.) cultivars. lIranian Journal
of Crop Sciences. 21(4): 344-353. (In Persian).

A factorial experiment (based on completely randomized design) with three replications was conducted in
faculty of agriculture of Urmia University, Iran in 2016 to investigate the effect of soil Zn deficiency on the
expression of genes encoding bZIP4, bZIP79 and bZIP97 transcription factors in Zn-efficient and Zn-inefficient
bread wheat cultivars. Cv. Bayat (Zn-efficient) and cv. Hirmand (Zn-inefficient) were grown under soil Zn
deficient and Zn sufficent conditions. The expression levels of three above-mentioned transcription factors were
measured using Real time PCR technique in leaf and root of the cultivars at two growth stages; beginning of
stem elongation (vegetative) and 30% of heading (reproductive). Analysis of variance showed that the
interaction effect of cultivar x tissue x sampling time was significant on the expression of three studied genes.
The mean comparison revealed that the highest expression level of bZIP4 (more than 65 fold change) in the leaf
of Zn-efficient cultivar (Bayat) at vegetative stage under Zn deficiency conditions. The highest expression of
bZIP79 and bZIP97 genes (more than 31 and 60 fold change, respectively) observed in the root of Bayat cultivar
at vegetative stage under Zn deficiency conditions. No significant difference was found between Zn-efficient and
Zn-inefficient cultivars for the expression level of three studied genes at the vegetative stage. Considering the
significant increase in expression of all studied genes at vegetative stages, it may be concluded that the mRNA
transcription of the transporter genes involved in Zn uptake and translocation (ZIP genes), are activated at the
heading stage of the two bread wheat cultivars. Moreover, according to the increased expression of bZIP4 in
leaf, and bZIP79 and bZIP97 in root, the possible role of bZIP4 and bZIP79, and bZIP97 might be the
transcriptional activation of ZIP genes involved in Zn translocation within the plant and Zn uptake from soil,

respectively, under soil Zn deficiency conditions.
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