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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
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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



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

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

[ 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

o o 3 055 55 b S SSe g lie
aS 5l Ol asllas 3550 OS5 OLs 5 (5,15 44 5o
05 Ol SRl 331 Olime o i S 90 35008 il 5 5o
55 &5 55 (Wals 4y S 1 PO 51 2) DZIPA
oAb edalin il ad= e 53 (LS —(65,) Ol
(LLSG=(53,) ozt 03585 53 5 08 (mt i
bl b s il ade e 35 05 o) Ol Ol e
Rl Al ol Y Sl e 6 3 S
03 Obe 21531 Ol it () JS0) <3
Lyl 5 s (Uals ¥ I i) bZIP79
ado e 53 (L= 55) Do od) 4l )3 (535 25
,Uv_sjwefﬂﬁugt.uam_;ﬂu_;w
wprj_g(l)ljls—t;,))uﬁg,@,
s sl g MY VY0 5 5 4 05 ol Ol Ol e
O s o i (0=) JSC8) by 580 dals o
03 (als ol 5l Bm) BZIPIT 05 0Ly il 3!
22 (LLS=655) Dby od) 4l 53 S35 23S Ll 5
2305 o=l Ols Ol e adl s ol 2ol d> 5
—650) A 0 S s iy 5o il e e
() JS8) Sl il g BB sk 55 (1SS
(‘\—;)‘g}:—f‘ﬁ)"’u—:”c‘ﬁ\—‘su—‘i‘iﬁJu’fJ’
@la0s Oly Ol Blod 4 L -(g9, 5 1,5 -(55,)
i odaline anllas 5 50

5855 Ga e an S bl b s OlalS s
S el Sl e (b 0955 DI ei jadeds
Eh S S R R g (il
Ol LeT 5180 5o p 58 s oliond s
SRS e Gl el Sl el s oS
oS 305 O F Lol Ny sl
s3b el b5 gl 4l s 6T 0L s8I
05903 58 5L 53 LT 5, e 51 (6, S 55 U
L;u,&h\),;,_.:d_.;uuumt\}_;lgoug?
GRS 4 Jeod 31 g 0L Mol s (s 5
(Khavarinejad and Babajanov 2011) 5 3% oLl

YEA

o&_s s (Fermentas, Germany) Maser Mix
(Rotor-Gene 6000, Qiagene, USA) Rotor-Gene Q
ud:{\,);@fgjol};pgg;,::f\oj,'\.mr\ea\
a5 L el S Gl slaas o s eolis
ot (6,550 J pmmms 031001 5 La ST Iy
Oodon s a3 40 gles s v.ijT T gsledles
J=le Jolsas o B e 5 gl 4 53 aids Ve
Sode 4o :ljfdﬁl.w a3 40 (b > (g3l iy
o5 Jlasl (slales ;3 ba ST s Juaze 5 456 10
23 s ade e 5 B Y Sl s (Y Jsdr) O 2
pLaST 1y ok plonil a5 o ke 4 )3 VY sl
w;r_w)uojj\rlfﬁgp@,m%;fb
e 3l okl Ly 05 b b o J eammn 2S5
iy ey (g CeS B A 05 Olas 3
Jlaas| ammss 55 Sy gl o5 2l 531 (g -8 051!
OLY I ey s s Rotor-Gene Q L1531 o 5 L &3,
58 s 6l S 4 sl do ldie s 2ST
)'\Aa{.xfdeﬁdiw)'lé)ﬂ)@)jlévngu
s Ol e 1530 5 ) L T o dloes
A S ol Slag OLaLS s s e LalsS
a5 4wl AACT oo Meslawl L sl
e lasT Slaladl g baesls 05 Jle 5 gy 2 5 st
Sle 52 o5 eI 8 IS 2y, 5
S il ls as 2 gl ,— 5 (V4 4i) MINITAB
g ls S 03lat ol (3/) 45 i) SAS 153l
Jlal o 53 SNK gy 51 eslizal L La oL
NEFIF EWSHIGY

S 45 515 0L Laesls il s au s
o Ol uls s gl a0 53 085 5 Sl
I3 —2ebZIP97 5 BZIP79 ¢ bZIP4(S 4w ,—a
Pl 258 1 ol S0 slin ol 03 5
s 5


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

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

[ 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"

SLa05 SBZIP s 555 Sla) 556 I Fos S Coanl
w,ﬂoucv\_f,swﬁj_,‘.sg'cwg);\)2||=>
bZIPFL-7DL 03 ,lgr 0l LT _islesT s kis S
33— bZIPF3b-7BL 5bZIPF4-7AL bZIPF4-7DL
23 635358 Lol b 53 05 ) .38 15 andlles
Ol Ol Ll (it Oy gl 50 (slaplll 5
bZIPF4- bZIPF3b-7BL (slad .> s & glize LG.?T
0Ly 55 )5 i oy i DZIPF4-7DL 4 7AL

S35 35S Lyl i 55 (olsn el 5 aly ) 50) 1)
$9) 3 5meS d ?»L“ 25 bZIPF1-7DL O bl cdzils
deas e Ol SIS ol ocils g 5asS Ol
3 bZIP s 85, Sla,ysS1 0diS 5oy slal) &S
o i sl i rle dilen DL 55 (55 3908 25
- 1P I | BTN U E W U - W Y
S9) 39S Ll 5 ;5bZIPI7 5bZIPA sl OLs
A IDZIPIT 51 s (LS 65)) Sl o3 )
590 Sl S B &S e B 4 ol ol (8L
Ll 3 53 ZIP clad; ol Wl s bZIP97 5 bZIP4
1535 255 3l i 0L ot 55 (555 358
Oy (M8 a4 5 Ly o Dl i 5 50 DZIPT9
590 255 acw 12 0l ey sLaDS lo xe
ST 03 (g ad o 4 S (1) Al e )
SLalS (6ol mibisig, 45 Ay e B4 Sl
@y JLisl s ol s s sl Bl el S 5
iy o3 slgsl 55O (.\_'f 33 ZIP elas)
Sl e b (msdiw o 0 53) oLS
L tas e U ails 4 e Sl e 1) 3 50 695
565 1 )3DZIPA 355 ls ae Ols il jol as a5
VUl ks, 53 bZIP97 sbZIPT9 cl__aisj
59 S)lwdL 2 bZIP4 05 Lol aab
Loy 5 olS s 55 sy Ul 5o s sla Jib
s sla 86 s 555 (s 5Ledlad BZIPO7 5 bZIPT79
G305 Ll 3 S Sl gy oda 5o

Al e

Y4

Lo, S 6 os, 8 oy Sege 51 S DZIP o5l Sls
3L 3ldm (g3 1 Sl gy 53 45 A w0 595
o ls Cls L i as el G.,ul{ claos
59 s, gS b 5IF 05 5 (Hwang et al., 2014)
BB sla 59 s oS 50y O Oy W1 s BZIP
oy s a by Lo Sl g9y ol s s
LS s 53 0T Jlisl 5 glaiy sladsbw
03 Ay e & (ZIP gla Sy )
S e b 55 85 O 45l
et e 5 (284U 4 207 glal s ol
2590 5 J—as e 55, J—sl e ]
Z0 e Al e & S e (5,E sl LT
535 L, 86 5 La0 s ol ed o Loes o
sla Jls e dbwail Ly Loy () 5 o s
el ZIP Ln0) 53 Sy 4 odb—as ey
Lpb o S35 dm 4 53 5 LT w5,
o)l (Durmaz et al., 2011; Maser etal., 2001)
558 Lyl h s ol bl 53 bZIP o Ol
SlaysS6 Ol e 4 LT 2 s 4 Yl s
Gtos 53 el ZIP (sl Oy Wl js sws sig)
0SS0y LA Ol g 3T olS 55 gl
Ll b 55 AhZIP23 5 AOZIPLY s 55, sla, 556
Sl 3 s ol 55 als 4 o (S35 3 9aS
=l Fos 8 slael 51 K S ADZIP24 05 0L
S Ll 5 en Lo (o S0) SLa) 5STB
OLHLSKer 5 (5 a5 (Assuncio et al., 2010) cilk
23 5 (655 &S —islaT 55 (Nazri et al., 2017)
.,\_b;ui)\)f .,\js\srlqdldflﬁ-&j)axafhi\fi
sk 4 HVDZIPS8 4 HVBZIP10 (HVBZIPL slasy o8
Ol gl Slapldl 5 Laaiy s )5 g 5 =t
O aioy 3 i HVDZIPS7 0 aSl 53 (s s oo
GLals Ol )3 Cpoman 3 5-b e Ol (oS Jlie
G i S5 35S L) 4 53 HVBZIP62 5 HVDZIP56
(Evens et al., 2017) O1,LKer 5 s gl i otalice


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

[ Downloaded from agrobreedjournal.ir on 2026-01-30 ]

[ DOR: 20.1001.1.15625540.1398.21.4.4.0 ]

[ DOI: 10.29252/2hj.21.4.344 |

UFPEYDF YA G s gl 5 il nsla0 Ol ¢Sy 655 35mS 25 1"

- a 35 a
o ey £ & T (a) 'y - I
S o 4 8 30 ol (b)
g Leaf  Root ) o Leaf  Root
3% 50 2% 51
2 g 1 =
L& o] 3 2
n “
<X T Y ¥ 15
38 b b 2 8 :
& S 20 z g, ¥ 10 b
< 2 NS &
4 o £ b
E 10 4 c S °1 b b b il b
(7} c C y
§ | MC < = & ol M= = |
ol Lagr s e o Lo pa ol Layh
Bayat Himand Bayat Himand Bayat Hirmand Bayat Himmand
T o=l L b
Vegetative Reproductive Vegetative Reproductive
70 1
a
> . - ©
2 60 =4 R 1
3 Leaf  Root
3% w0 0
g
lj g 40 4 1
nNo b
"7 »’ ‘9-_ 30 A
S #
&g 207
o E ¢
& 10 4 c 2
v
Mool S : £
g divya s b e
Bayat Himmand Bayat Himand
Vegetative Reproductive

5 (D) DZIP79 (@) bZIPA (Slad5 Oy 2 (5)1 i gad al o X 055X 2L, A ke awlie ) S
L;l)lz4561\.&()}:.“.‘5‘,)5}7‘5.1@_\})5(\)\515—‘5}))..L'..aj:mj(\)K—ng))QL..{()U(-J.:?CB)\)é(C)bZIP97
.u,\.uwu@&ﬁg,w.\.,aﬁ&idu;,lcb,;sw6\@1;.\;%0,,,7&@1}‘@5}@_33?

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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