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(Triticum aestivum L.) cultivars

TG0 O s 37 3 sl o = ARG Y -1 -
oA S

33 33 (gjlwe g Jole SPL3 sAP2) LT Con (lacss sMIRLT2 s MIR156 (clady; 0ls ys ot b5, AT (S 000 .0 § A 2L 0.0 D88 .y O (G391

FIOXYY V) O pf (105 pole 4 55 (Triticum aestivum L.) ot paS™ o3,

ol 0D gl .01 diliwo) INE £155 Dlho g bo g oo g3 (8 pnir ST (S 3lwosley 33 b 3 (AU Al o 4y 305
AR 0 Ol A4S U510 399 (SR gd .10 AW Ol 38 1) o el g5 GLRNA (OLS 31 (S lws 10 &5
L0390 Ol i ol 28 . 0 Wl 1) Olals 2ol dl> o 49 308 50 wle!l & MIR172 g MIR156 (slaoslgils
Jb 35 (Sliwygl) Al 9 (3b) oilg OB P w8y 95 38 (AP2 SPL3) T bua sy 9 MIR172 MIR156 o) i
2839518 9 98 Doy 8 5 Slaw 458 Hlgz (olow slowd o 20 30 (Silwosle o8 F 515 b3l 0580 1FAT-AY (1))
S St sl y g Al pd) 30 dadd Wl 39T » olel T g Ao wlel g &7 AW Ol .o 5 Jhal 4Rl d> w0
3 PSS pB 1 g (S ilweslar (S Hlouwd o 9 457 OIS OLES il 519 4 0T S pmiomed LIS (618 e Ll (5 5lwe sle
Hlewd o MIR172 o3 4 a8 ylis bootstrapping (sigy 31 soliiow! L LGS Oluy 4w lio 099 J18 o (g &5 g 10w g
Mols™ puss™ o83 98 (8 3L sle slow ©ov 365 MIR156 (33 by s (5318 %0 Oly L™ b g5 o8y 30 daid (& lwoslg
2005 o Ol 518 S0 Al Sl (& 3kwoslar slowd (9 g 318 w0 Fb wd 50 MIR1S6 O3 Ol Olswo il B 099 CIgliio
SPL3 0 Ol (Jlo o3=! L el odlio 8y 90 o 380395 V£ (S3lwosle 10 AP2 05 Oy ST 4z 571 .8 5 sl g by
Al ygmad SIS 5 39 4 g8 B s 0395 95 (SHlwo sl 93 AL (01 9 CulIS (8315 S0 AL sl g b8 55 Lakd
E3o90 cp! (il 3959 axfllan D90 P 135 98 10 LT LBud SO Ol el 9 L MIRNA Ol il 31 oo (S18 x0
Sl LA 3ga Lol § 009 oz P 18 AT Ol (J9Tg0 J7 g5l 457 s 0 O

el

MIiCroRNA g puis™ ( 2T Ol do yw il 8353 2 1 sols” (Saoslg

il o ) 085 5 kit )87 40BOLL 51 g s e WA 0: s g5 WWAY/20/V8 18l 53 sl
Oloni 3 o&ils (6555188 oSl Ayl sl )87 ol (6 sl -

(r_fotovat@znu.ac.ir S s S o) (oS 45180) Olomi; o isls (6555188 00K iils LLtils =Y

Ol ol (65558 oSl (6 S5 (g gmetils Y

Ol 3 o8l (655 5LaS” 0lSliils (5 2575 (g gmetils —F

Yye


mailto:r_fotovat@znu.ac.ir
http://dx.doi.org/10.29252/abj.21.4.315
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.2.8
https://agrobreedjournal.ir/article-1-1076-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1398.21.4.2.8 ]

[ DOI: 10.29252/2hj.21.4.315 |

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

a) e o 00t S Y g b o e 5 0dd VRN
«S'VRNL I ola T .(Knox et al., 2010) 55,5
Ly 3T S aileT s oYU 0L o sl
Silwosle 3l dn Lei a8” G T 2 503 S m
ST s O, b 5l aisl o I i o Ol
2R3 05 0l edisls (YU Ol pelaw 4 VRNL
g5 (Yanetal,, 2003) dslei oo S s |, VRN2
5 5mn Jomds a5 VRNL 05 51dloly ol 5 55 AT
Sl 0313 DL Slalllae gyl .l 3 5 513 allas
Sl aS 3,05 55 s VRNL Ul O3 2l 53 18 oS
(Yanetal., 2004) Liwr (S35 (s $59) S
S Clesls olii Sl il s sl oL
SHlely (ol a0 ki b ate (o i,y Jol 5o
05355 CDS 5 MADS-box o3 ,< i Gies VRNL o35
Ll 5y dab b (K55 bl by 1 osdhe
.(Peng et al., 2016)

VRNL slaiss ) S Slal 3 sla gmy 355 b
c@\ufgjﬂtgf@w,@,;ﬂﬂ)
Ol 53 S 55 Sl g5l s, se 3 asllls
TP PEC S P G N N P T N,
Slweolg 53 Jms 05 oS 0 i 53 S (e
Wl ol 4ty xS LaMRNA i &4y
355401 ¢S ST SLaRNA miRNA sLad 4 5o
S A n 15 A8 514N Sy b Loyt 5
A 5l Sl B e s Caltbes gladnT 3 s
8 3 3 S 4 OLaLS a3 MIRNA
.(Voinnet, 2009, 2012) &wl ol SLIN 4 g
aitn OLALE L 53 0deT Jrasay (sla gy 2 b
A MIRLT2 s MIR156 (slaos| gl 48 ol 0l
MIR156 o3l $lst 5 dsyls ad kS olaj 51, 5L
SIS 50, MIR156a] ol Joe 5 ey 5ol )T
ol i ba —w) .(Wu et al., 2009,) 3 b g
L Gl miR156 > 1 i Ol 45
SN £ i e il S s

A

400

545 4 e s e bl OLALE s JolSS
by 093 S 5malp L aS ol odd olac s g
s b 53 (b Ol 3,08 (6l
LgT S0 s0dd —dulj 4> 05,05
2 el OLLE 55 ial) ads e 358 o oS
ol b st I (e (Sla RS a4t
Jisne 53 (slsn 5 T (LS Glaws S 51 (5L
55 )5 a5l sl Jeeb s S g5 Sl
o) 01 Wl 3 (gla i Sl 6,95 ¢S5 s
el (g5l lg O 5o 4 o AUE (1 olo 5L
& sbwe,le .(Bernier and Périlleux, 2005) sl ol
wlhﬂngjQMﬁsdusjlfjuj\
s Uy it SLALE 2y 3 sl
Ols) S Lol 5 )3 ol b J,uS | b
Ul BU O ge bojun 55 510LE ol ad> 0

.(Fowler et al., 1996)
3ol i) o § s 95 O (4—1§ BE
J—ds am Lo 0T gl aS 5500 5 4o g 4ilis
03 (55 o 5 4 o Sl (Lol 4 LS
5 VRN2 VRNL 5 dw oS ol 0315 Ol (..uf) e
S o G 1y g 5lwe,lg 4 L5 VRN3
5> Ol Lol s (Kumar, Sharma, et al., 2012)
VRNL 5 AT Can by ol 5 o)l glacs 5
S o Sl bl s (il i 4S5
slacs sl s (V1) Il JITo)le slacs o
gl AS e | (VD) O g dre T 650
03 5 Lhw};j‘)c.?tso‘}:ﬁ)J FT 55 ol ol Lol
55 WOT oS oy sba g s golle Soslis
VMl o)lg JT ol lac 55 4S5 ks 23,0
3428 o 0L 15 VRNL G VU - o at gy b
s o (s leesle 4 3L 0ad dy il s O
035 ol L ailiney 5 ol slaci 55 Jlae o

Sl gig) med ) b e VL O ae M


http://dx.doi.org/10.29252/abj.21.4.315
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.2.8
https://agrobreedjournal.ir/article-1-1076-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1398.21.4.2.8 ]

[ DOI: 10.29252/2hj.21.4.315 |

"EAO-FYY PN O, 5 6555 T bl Ol 5 Ol oL, "

4 Glate L3 e MIRL72 Coua 45T AP2 (3 (i g o0
o=l sl s AP2 o3l gls ;5 s AP2/ERF o3l sls
sl 528 V0 Jols o 30l T olS 53 031l 5
e Gl 55 05 pl Sl ols Olas Oladllas mb
S5 5 U5 sl e o 8 5T cplast o310 ¢ S
) shiles (Wang et al., 2009) 5,15 &S & I gl
O30S ey sl JIg 5 oolstle Sl ws S5
48 el OT Ol Ol a5 oS 3515 3 32 5 VML
oslg Sl Sl OLaLS (355 )3 il (o m
a0 oo o o anlllas Coeal § 9 g0 (pl 555 o0
Aas e Ol |y gileo,lg > S s
el Dlalllas codaT Joms e o ol
5o LT i 5,50 5 i C’“f SLMIRNA s ol
S50 93 SR g5 905 g by Al (S o A RS
Wl 0t o] C““f &5l o,lg > MIRNA 25
GLa03 Ol 5o Sl b5l ST ol 51 ol
9AP2 als OT Coua (sla0ys s MiR156 5 MiR172
Gl 5 0)lg i 55 53 lwe,lg (b 3SPL3

Sl 0>y QLv (av\.f

by 09y 9 3lg0
35 i ol g3 eslinul sy aLS 51y
5 (395 5 sl by o5 L) 5L S 555
) o Losbasil g Lo 4y Joota o) Sl 5
35 G FY —5lwe,lg 4 Dde 1o 5L 5 alie

Y Jou>)

LSS el as 0L ii 4 S 5y b e yd g
{(Zhang et al., 2011) Ceul 2l ;5 0T ol Lai>
(s 535 J—sle MIR156 o3l L5 (sl 0

(SQUAMOSA PROMOTER BINDING-LIKE)

oLl Lo 5 45 MIR1T72 o5l silst 5 il _SPL
S b g 4 04 o 518 3o, MIR172a-6
S~ MiR156 L 0T [2:Sles o 5 45138 56 miR156
ol oy S a0 Calizes OLalE sl 0l
—lsl (L miR172 JIs5 . (Wu et al., 2009)
APETALA2 s 55, 555 Ls 4z 5 L smRNA
»>MiR156 oLy .(Chen, 2004) .S s o o5 |, (AP2)
L5 ens 5L sl (S50l Ao 0 5 g A e
23 b oa AL s 3T 53 0 21530
sLae, L smiRIT2 4 S Sy o

(Wu et al., 2009) 3 i oo il eias S clawl
BE) miR156 QL;; &\JJ‘ 45 Sl 0303 QL&«J LQLSWJJ»
Lt (s SLa (S 505 03 5 g 3t ST
33l s L a1y A IS 5 esls ol b
Ol sl 3l asS” JULs ;5 (Wu and Poethig, 2006)
v\_&ou‘_so S ‘) u.&w\.lf MJA:.!\)T BE) miR172
J—le .(Aukerman and Sakai, 2003, Chen, 2004,)
obﬁSBp odd bl 92 6‘5\:- SPL w}j}
o fely (3L e Aile ey 851 (gl 53 oS
2l Gladl 5 & o5 5 0 by 03 Sla AT
ol dlon 5 Ay B w55y Lo,y sSTB
J,x8 LamiRNA Lw g 0Ll w55, Joslye

Aale3T 5550 a8 051 alS Sl s -) Uk

Table 1. Plant characteristics of wheat cultivars

r.r.ﬁu)l i e dl als > Shee S5 3o S Sekiy s,
Wheat cultivars Origin Introduction year Grain yield (kg.ha™) Plant height (cm) Maturity Growth type
Baj sy India  obesas 1985 4500 95 Early ;555 S
Norstar 2.,y Canada Istis 1977 3700 52.9 Late  ..» w

1. Mousavi et al., 2012 2. Berg et al., 2006
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Table 2. Details of miRNA and target genes primers used for Real-time PCR analysis

05 el e s oled ol s Jlasl sles
Gene symbol Accession number Primer sequence Tm (°C)
) e Fw 5’ACTTGTATCTCGGCACTTTCAC-3' 60.3
Target gene: AP2 transcription factors ABASBILIL ey 5GATCTTGTCCACGTCGTATCTG-3 62.1
) o . Fw  5-ACATCTCCGTCGCCTGTG-3' 58.4
Target gene: squamosa promoter-binding-like protein 3 (Spl3) KF447885.1 Rev  5- TCTTGACATTCTGCCCTCC-3 573
. % Fw 5'- GTTTGGGAGAATCTTGATGATG-3' 59.5
tae-miR172 MIMATO020685 ey 5-GTGCAGGGTCCGAGGT-3 55.9
. Fw  5-CGCGATGACAGAAGAGAGTG-3' 60.5
tae-tmiR156 MIMATO018208 ooy 5-GTGCAGGGTCCGAGGT-3 55.9
Fw  5-GCTGGCTCGTTCAACTGATG-3' 59.04
Ta22845 HG670306.1 Rev 5-GGACCAAGCGTTCTGATTACTC-3' 60.3
Stem-loop RT PCR primer miR156 M10016450 5-GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTGTGCT-3'
Stem-loop RT PCR primer miR172 M10018110 5'-GTCTCCTCTGGTGCAGGGTCCGAGGTATTCGCACCAGAGGAGACATGCAG-3'
*Homologous miRNA (bdi-miR172a)
vya
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Fig. 1. Changes of the final leaf number in vernalization treatments in Baj (spring) and Norstar (winter) wheat cultivars
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Evaluation of gene expression changes of miR156 and miR172 and their
targeted genes (AP2 & SPL3; vernalization factors) in two bread wheat
(Triticum aestivum L.) cultivars

Ashoori, N.1, R. Fotovat?, M. Mortezaefar® and N. Mehri*

ABSTRACT

Ashoori, N., R. Fotovat, M. Mortezaefar and N. Mehri. 2020. Evaluation of gene expression changes of miR156 and
miR172 and their targeted genes (AP2 & SPL3; vernalization factors) in two bread wheat (Triticum aestivum L.) cultivars.

Iranian Journal of Crop Sciences. 21(4): 315-327. (In Persian).

Floral transition through vernalization has a large influence on cold tolerance and agronomic traits in winter
cereals. It is now apparent that in many plants small RNAs play critical roles in determination of the flowering
time. There is evidence suggesting that the miR156 and miR172 families play a key role in the flowering
transition of plants. In this study, the expression of two temporally regulated miRNA (miR156 and miR172) and
their targeted genes (SPL3, AP2) were investigated in the winter bread wheat cv. Norstar and the spring bread
wheat cv. Baj in 2017-2018 cropping season. The vernalization was exposed to the cold treatments (4°C) for 2
and 14 days at seedling stage. Time to flowering was estimated using the final leaf number (FLN), which
significantly decreased under vernalization treatments, only in winter cultivar 'Norstar'. Moreover, analysis of
variance showed that vernalization treatments x cultivarsv interaction effect was significant on FLN.
Comparison of gene expression using bootstrapping method showed that the expression of miR172 was
significantly down-regulated only in Norstar under vernalization treatments. Similarly, the expression of miR156
was completely different under vernalization treatment in two cultivars. Increased expression of miR156 in Baj
cultivar was not significant, but vernalization treatment significantly decreased the expression of this gene in cv.
Norstar. Although the induction of AP2 expression during vernalization (14 days) was observed in both
cultivars, but, the expression levels of SPL3 were only significantly decreased in cv. Norstar, and this reduction
was more in two-day vernalization. Unexpectedly, in this experiment, there was no relationship between up-
regulation of both miRNA and down-regulation of their targeted genes in two bread wheat cultivars. These
results demonstrated that molecular mechanism of flowering time in bread wheat is complex and still largely

unknown.
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