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Abstract

Many plants adapted to cold climates flower only after
an extended period of cold, namely vernalization. In the
lifetime of a winter cereals, flowering due to
vernalization is not only an essential part of the
reproductive process but also a critical developmental
stage that can be protect the plant against
environmental stresses. This process in cereals such as
winter wheat is mainly regulated by the
VERNALIZATION genes, VRN1 and VRN2. Although
many studies on vernalization in wheat have been
reported, the molecular mechanism of vernalization is
still largely unknown. Recent studies were shown that a
class of small non-coding RNAs, microRNAS
(miRNAS), plays a key role in flowering by integrating
into the known flowering pathways. In the present
study, we investigated the expression of miR319 and its
target gene (MYB transcription factor) under the
vernalization treatments in spring and winter wheat
cultivars. Our results demonstrate that cold treatment
induced the miR319 expression in both cultivars, but
miR319 level is down-regulated in Norstar and up-
regulated in the spring wheat cultivar Baz. Likewise,
the expression levels of MYB3 gene was decreased in
both cultivars exposed to vernalization. There was
reverse relationship between expression of miR319 and
its target gene MYB3. These results highlight the
complex interactions between genotypes, miRNA and
expression of target gene under different vernalization
treatment.

Keywords:  Cereal plants, Flowering genes,
MicroRNA, Transcription factor, Vernalization.

E-mail: r_fotovat@znu.ac.ir

o
SYb 60553 K Sl ey L e oI L L OS5 (gl
e SU5 db s she skl (Siluoyle &S Las e S by
S s anT 5l caes s ileele Sl A0 adlS Wk
e 53 oS 5l Ll e a5 ol e gpad Al S a2
Gy oS o SMe 53 anlp nl A Chibbe Jasme (sl i
VRNZ2, VRNL (b bons biee 5 olooile claod Loy
PS8 s Sileesle G 2 ol Slllas 4 ST pd e d xS
65 A b e sleesly JsS0se eeslSe Lol el sld 55155
S s cnl el Ol Ll Sldles ol il
i (MIRNAS) LmicroRNA (o 8 saisis & sLRNA
v Jn,\g odlat bl la e 5 Sl L &.Llf 03 e
55SGl sy ge e 05 5 MIR319 ol aalles 5 .S e
3 ole pdS 3,5 5 L3 ileele slales cow MYB3 i,
b s MIR3LY 0L sls Ol s (238 S5 ey e 3) 50 line
55 MIR31 03 Oly Jlde Ll ds W1 035 53 8 s g3lue,le
Ol sl (i oa dls Ll SL ool o) 0 5 RAlS Sl 8
oS alaly 3L 5l (g3leesle o 035 53 e s MYB3 0
Ol s cnl oils g OTMYB3 G 03 s MiR319 oL o\
Gaa o5 5 MIRNA ol T 5 sl i ) Saay el

S Solwesle wsline gla sl Cos

Jolse MICTORNA (a5 slao) e 1 guals saojly

Sileesle (s

uyﬁ L.é) J}f.u.o b.,\.l.ug.y'*



(FV=0+) WAY liasls g3 gcuns 0 jlouds quiin Jlo ¢ lyj LS (5)slidcum ) idgl - ole b ¥y

9 ole pB) 1nj cul mro (o) Sl 5l Gl
>y g oad cutS olite (slaga)b 3 o3l
(Pidal et al., 2009) wsl o 55k il
&S Cwl o L pAS 5 > o (SIS 4
5 ohly 98y a5 wile VN (5 > M
I ojlee slacwsgs 280 b (sjluo)lee
vl Cglie I ool clacuis; 9 VNl
ol W b lacsisl o S Joo |,
goss Sl Y ol 3 diwgy jeb 4 VINL
Silooslee 4 Sl ek 1) lly ge O
slocdsl » 0F ol ol Jlie > md
&S 035 oS VINL Gglio T 1 dilius; 5 cyolin
ol Sl g 25d 00 g SYsh gy B cage
(Knox et al., 2010) 5,5 Lo yuo 4 ;L5
@ gilooyle > St lag)) walals o0 4
o JsSLo sl 005 bl 1208 MIRNA i
L obigds 1S el SasS cbRNA MIRNA
sl aold o & de WilSe VAT b
GBS Gl B Sl
5 ) S 4 blS Gl > MIRNA
Reinhart et al., ) cul sduwy O3l & ) e

2002; Voinnet, 2009; Zhou et al., 2010;
sy ol s (Zhang et al., 2012

5 gl 0 b iS5 cov MIRNA
Cawl oad 4Bl a5, e, 5l edlitwl b pgio
YA Brachypodium LS , .(Zhu, 2008)
Cal 005 Lol Loy &y odimdgewly sMIRNA
.(Zhang et al., 2009)
olgls  pls Cwl el Gl b awyp

2. Arabidopsis

%3

400

g Ay b oS ole K e 4 Lo
OlS S oo e 1) GlalS ol STy
Joo oo 4 (55l clapuslSe 5l (glasgerme
(98 Comlus Wi g, (SR 0)9
Amde Gap ) Loy & (5585 9 silwo)lie
Sojls (a8 aAlsje 4y 3955 (gl Wliune; I
030l gjlooylyy a3 ol &S ile Logu
Wilgn QLS 398 e col purilSe (ol 229 00
5 AiS S Juad Gl b canlite |y 265 0
(Fowler et al., 1996) > 45 jgun0 Lo yus

olesl lime dlsye 93 Jold (giluo)lee
ok K4 how kild bas g b
Bloe ol cuw by ayj ol e
»» (Zografos and Sung, 2012) >4 0 (25
S Silwoylee 5 by (2LS (LS I 6k
S5l e g plil oSS can ()95 5l
el 36 4 JUiml g liej Juad 5l LS (215
Kimet al,, ) cwl jloe Jad » aliwe; olals
o Ll cwl pY a5l 4,51 5 (2009
Bond et al., ) .)9.«:@; u.tb..&.lf ngl W U.»LQ(J
(2011

)3 352y sy b Y Gl U pAS g9 9
5 039 Siluoyle 4 Sl b 4 Ll ol &S
il 4 gy B JlESl cage alins;
4 (25l an)ly ool & LS 4 98

Siloojler & (A Sl PS5 o)ley sladi)ly

1. Vernalization



£ pUS 13, 93 (silwoylee (b 3 MYB3 o i 5 9 MIR319 oulats 1] ) e g (590!

Sllas bl iloo)lee slod gslaw o]
G5 yge pAS ) edd pbul (3
A= .(Laudencia-Chingcuanco et al., 2011)
celo V& bl blls bls Jkel
YWU Y sl o (S)b el cuin 5 oLy,
2 ki O gyll iS85, ole 4y
b Sy 5l o9 allisy Cpse @ a3, bl
28 pbol WlSga Joloo L o) Ko Jols
935 AB)S (S gaiged il o paw
Josu )0 bdises .85 518 mle il > aloldd
LA (6l 0,8 Sl 4 > —A-

Sy 2l s gilooylee (2Ll ok &
iy ol 45 gl Lol Wl (s, (FLNY)
IS s (Soslyd Sl s j3ba
oy M Sie 1) il 4 (plgy Ao pe
dhil o ln Ridege cwle adls
Fowler et al., ) sl o gilwojlee JusS
.(1996; Mahfoozi et al., 2006

MIRNA by o,y g Real-time PCR s,

ol B 03
2 s sladises Real-time PCR pbul (4l
2§ 25 ke 100 3550 5 05 s mle
2l 5L 5 eolid b RNA gl jghaie
J5od b (sl 8,5 cale RNX-Plus)
sbilagdly a5 o s il 4y 0 plol sl
5 ool b oss )5l RNA (gladigei DNA
Jedllygin b 3lkae (fermentas. DNase 1) o 3l
oJu.I}d):i&u‘ RNA ¢S PV TR W o c\]oy).o
NANODROP 200 Jas) gl 1 soliz |
5 plol (Thermo SCIENTIFI ¢85 céle

T 5 5pserSI I RNA e tomin

1. Final Leaf Number

5 MIR319 rpe 5 il (o i (ol alisee
Sy JSE 5 0l gei sl 5 o Gua gla
Ceol 003 Sleity S 905 5 Sliganls fiiwse
Palatnik et al., 2003; Schommer et al., )
2008b; Nag et al., 2009; Koyama et al.,
>,Slee .(2010; Ben-Gera and Ori, 2012
ool 0 a3l yieS bagla S5, MIR319
Ty Sy oojlul > MIR3LY S5 edlgls gy o
i ol &S ol ool )l b sy 0yl ids
a5 o) Loy Jooss Laljil el MiR319 s
a2 Wby » S e (S le
Cuol ol Couyly wu slalis o o5 ke
Sy Sicou, » oke G5 MIR3LY (yrizzen
» .(Yang et al., 2013) )b boyw cov gy
00iS paad lgie 4 MIR31Y ¢ pumngdsly] oS
TCP- cpugig) Jelgs 5l awd 95 Bun slagy
Navaud et ) >4 0 a3ls MYB-like 4 like
oSt (al., 2007; Schommer et al., 2008a
SBan 5 9 MIR319 lo )3 Loy i 51 5,158
5 ey Gl ol o b pAS ;0 MYB3
ol Jl 38 paS o) it laged G OS]
wp S opll Gua W el as bl las
G5 9 MIR3LY 1j plo 5> ilwo)lee 9 Loy
g puS alins) g o)y calizes oyl 45 ol Ban

g1 silwoyleg > of o] s adllan

B 295 9 3lge
88y i b5l paiS G 93 5l Gleogy cul
My e b bopw 4 Jooxte byl g ()39
odlitul «gilwo)loy 4 @aejlyy Sli g ailiue;
Mol 25k b JupsSh B 5 el S
9 2 piS pB) S g3 5 )10 A b (ol
gaw aw ) iloojler slojg) 9 0ad S aw
S b a2 )y Jlea slod 3 (59))F 5 55 0)
2b pldl (o opdiges B 6 Sl o )



(FV=0+) WAY liasls g3 gcuns 0 jlouds quiin Jlo ¢ lyj LS (5)slidcum ) idgl - ole b ¥¥

4305 AACE g, jl eslazwl L Real-time PCR

§ odizal b (sl oloj 5 Loy & s ok
OBS GE LS aly Ll Sy sl
MF sl 420 Yoz slod 3 paS laaals
1) 2 2led S ol iyl Sl e sl
Sl L) JS5) el il g lis
il o8y (el )3 Sy M (silweyle (509
P g el S foagob gl goyin
sbjgy Sl Gl o8y 4)ee
il Syl s 6,8b sileyle
Slopw Jlos 9 o)l 08) (oug) A8 nlple
2 b Siloolee 9 90 JeeSS (slon g

D)5 o (215 09 g9,

2l (Blagy pertsl b odd (5alcS)) 2o K
Sy s edlawwl TAE (Tris/Acetate/EDTA)
5 (MR31Y, MYB3) L 3)50 (slag)j sisdSss
odly oL 1 ybals 5 leie 4 Ta22845 -3
() Js») s ags miRbase 5 NCBI
Moi okt 4 Stem-Loop olass! (gl ,Sjle]
PSSl eolaisl oSl 5 CDNA
L &lke mMRNA » |, gRT-PCR
Caifu Chen et al., 2005; ) saisasl)) Josllygiws
Sus ol (Varkonyi-Gasic et al., 2007
Stem- cla 55T 51 oslizul L CONA jiw anl )6
Kit HyperscriptTM  c.$" ;! sslawsl L Loop
osds &lyl Joallygiws b 3illas RT master mix
;1 oolazwl L Real-time PCR STy .o ploo]
YTA SYBR Green gPCR MasterMix 2X
SS90 L Rotor-Gene Q oS I oslawl b
5l ol slaosly .ads plos] dges po (gl IS

PIS )3 sy 0390 o) sl il Slasie ) Jgue

o3 pb (o pasd 0l 9y U S5

9y om S el

MYB3 EF114831.1

5-CACCATTTGGGGGTACACTT-3'
miR319 MIMAT0018211 5-'CGCGCTTGGACTGAAGGGAG3'

5-TCACTGACGGAGTTGCTGTC-3'
5-'GTGCAGGGTCCGAGGT-3'

Ta22845 HG670306.1 5-GCTGGCTCGTTCAACTGATG-3' 5-GGACCAAGCGTTCTGATTACTC-3'
Stem-loop
RT PCR MI10016453 5 GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACAGGGAG 3'
primer
16 0
14 I L y95
: 12
: 1
2. 10
%
Y)
¥ 8
Y
5
y 4
2
0
0 2 14

&ilwoylee slajg,
w5 dilinnn; 18y 9 5L o)l 13y pAS 1 (gilwoyle alisie (glanjgy > S olag Sl Sl Y IS


https://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&id=132449386

o pUS 13, 93 (silwoylee (b 3 MYB3 o i 5 9 MIR319 oulats 1] ) e g (590!

O ol lepe Jles Jleel &5 amye ol
o3y )3 b cov gl 9o 55 1, MIR319
oo 9 Sliusa; pB)l 1> zgdg & L ol g Cund
5l Sglize ialejl ol ) odlisl 3)90 paiS
MIRNA 58 390 ) (6L adlas 131 gla Jlo
SBLS > (jpt () SlaiS 4 Gl
Conl odd plsl ©)d g iy ¢ uamnginl)] Al
Liu et al., 2008; Ding et al., 2009; )
Jbwsl L (Covarrubias and Reyes, 2010
G5 Loy S5 ) a5 3y90 53 (S lalllae

Siloosle 5 (25 0 MIRNA 5 cogis) Jolgs
o )y (Trevaskis et al., 2007) 5> >4

walises Lng.uJ).é P MIR319 & sl oaly L
Sy ol Sl ales ) acalizee  So59)aw

Fowge mlal (i) A (adugy alsye 5l odgy9
Sy JSKS 56 9 ABA ey Sluyly (bl
Rhoades ) cusl Jud5 (5)si 5 lopuw (i ;3 olS
et al., 2002; Jones-Rhoades & Bartel,

2004; Sunkar & Zhu, 2004; Schwab et
al., 2005; Reyes & Chua 2007; Liu et al.,

Silojgiilon Jolos 5 4525 (ul 2 0pMs (2008
Canl 033 Ui pwmgdly] )3 alyl 5,y (olaodl
dox 5l 25 GLMIRNA 5l (g)lbus ol o
Zimmermann ) asb ooy Loy > MIR319
P MIR319 5 olo adlles oyl ,5 (et al., 2004
P ole gokaw Olise g 035 s Siluo)ie (b
gyl Dy Oglite adlae )90 (sl
PAS ] 9 50 o)l g Aliews) (o) il
o el ileil cpl o adlas 3y
Ml dbgpe lap; wbaS oy
(Thiebaut et al., 2012)
P MIR3LI 5 by e i > boyw L3l
ooy 9 (Thiebaut et al., 2012) i

Pyl ale jpdp 3blie (LS 55 (5luo e

I sl @l el S pAS il
Fowler et al., 1996; ) cul liusj comn Loy
Ad) 0y80 puslSo ol J(Hay and Ellis, 1998
S adlion Loy &y adloyo o5 ol oS 1) (ool
0)93 Olbl.bf OJ‘ ).) 9 D.); Jé.é.> OD)‘9 dlﬁwi
oS Sl 4 9500 E9pd (olKin LS (o]} 43,
Mahfoozi ) sei glusl Loy 31 5 (g5lwoles &
Ol a2 4 ples Jlan LS b 5 S p
&S Cwl 038 ol gHluw Oldlas 5 nil o
JS 2l 5l Jgp @b G aoxdin (55T ey
O 3l oime Y3 el cplply sl Sy
GIPE 9 (Niden Sl oms sl
Tyooh piS 3 1y (il 090 4 39)9 (Seiglon
Fowler et al., 2001; Limin and ) sa> L
ol (Fowler, 2006; Mahfoozi et al., 2006
155 2 Tydg Sl Sy A (il ) Ol
Lo juo 51 o L g 29 c0 049D Hliwyg5 dibius

R PP IO NSERCH JWE ¥

SRO) o ol 2 Silwo,lee g, T

MYB3 4 miR319
OF o Ol Shad (gilwole Hless Jlosl b
b g slyg o8y paS slaazals > MiR319
S Ol Sl o)lee 08y 00 07 onl g 2g wglite
VF Lojr sl 456 pobos ¥ JS03) cudly (g yniin
o83 0 03 o Ol pln VIV Rl o oy
Blino] pAS )3 &3 y90 )3 45 A8l & S Sl
Sl 9 » MIR319 5 i ol ke,
W g et (e ol sald & o (gluo)lee

s opl Dg e (o ieS” il (ilwoylee o)



(FV=0+) WAY liasls g3 gcuns 0 jlouds quiin Jlo ¢ lyj LS (5)slidcum ) idgl - ole b \rd

Sliwoj o8, » MIR31Y Caua 5 (pl by Lials
OAS 5 35 ly b ooyl 18y 4 S Hl)s
L yude gilwoylee sl Jlasl b ol oo halS
4 55y 9 J silwe)lae sbojgy Gl L (Y US)
ol 18y > MYB3 (f ple (il oliee 59y VY
ol Bl s el plp =V a4 plp YL
2l PS5 18) G 5 o b pdn
am e s MYB3 15 ol
ololis &3 5 b sl sl MYB eslgils
G S Aly ool elel p LS > 4 ond
(R Pl 9 (55 )52 45 g oo ol 095 05 dus
Jole (DU et al., 2012) 15b_o R2R3 05,5 »;
5 G5 ol 3 adllas )00 MYB3 (cusgi)
8l oo 095 5 cnl & (Blate

1 -
0

a>g5 b .l oss 5,155 (Thiebaut et al., 2012)
5 (Yoo¥) oKen 4 Palatnik clalio 4
O ole owlEl (YeA) oK 3 Schommer
Carge (umgial)] 4l ien olalS > MIR31Y
OF pSwsi IS cplply 2gB 0 (BAS 3 3L
oy ailio 08) ) (gjlooyle 51 > MIR319
oS il 4l i el il sl (Ko
paS » MIR319 5 lo e 50 Logw 41 3590
sl 05 (GBS (2 g giloolae b o] a5
A s g aliasej g o)lor 38 G 93 (il SIS
g3l (St oximdp s (gjlooyleg b gl e
bl o P53 i) Sl g (IS wila

Of ol ol cage (giluosley (S jslas
)5 b aliesj g 0jler 03 93 ;2 > MYB3

moL

0O Dby

mir319 . ows ol
N

w
A

14

-5 &l oyl slajs)

Slwy95 9 3 pAS 08, 93 S ) MIR31Y 5 (oo (o p (silwoyle (slajg, 51 JSKo

CIBL

0

-2 2
-4 -
-6

-8

-10

HH

MYB (5 (s ol

-12
-14

-16

14 . .
O b5

Sl oylee sy,

S ygs 9 3L pAS (08 93 S PMYB3 (5 (cwd (b (silwo)lee slajgy 1Y S



Y pUS 13, 93 (silwoylee (b 3 MYB3 o i 5 9 MIR319 oulats 1] ) e g (590!

P 2 GBS s s (al., 2003
(King et al., 2001) cusl sdpmwy il & pods)
Nosi o p5 > Jlite Sl g2 1505 Bk
<ol VRNL (gilooslee o3 9 o b (Fge)9n
adlles S ) .(Pearce et al., 2013) cowl ouis
e oy i 2 Silonsle 56 59 2 oS
Siloo)loe pAS Slgn plul )3 (190)9m lude 35
] oaiad lis a5 odgy ol Iyt Hluww ol
Casl g5l Sl 5> 5 (03155 (9090
5 Jlazs) ol (Lin and Stafford, 1987)
dolse ol Ol 2 e Gk 5 ileo)le
g wliS 86 oy lie 2 MYB gy,
Sos G pb oS 3 SHSIE s
MYB33) Lupssiah] 3 MYB ysig, Jelss
fonly st SlmosiS i3 olyie & (MYBIOL
ROY, ) WS oo Jos )d (il (b ;> ABA
clllas 5 &5 amd e Gl mbs ol (2016
G5 9 MIR3LY 1j plo gl hlie Il gam
P sbogeye g LMIRNA Ll L G
NR g 390 (Gl pS > (Siloojley oS
5 Loy om Jlite S s92g Sgpbilan 25
03 9 MIR3LY 5 olo (e 52 ABA (y90)50
o3> L5 ;S ;3 MYB gy, Jole o] Gua

(Thiebaut et al., 2012) cul o

REFERENCES

Ben-Gera H, and Ori N (2012) Auxin and
Lanceolate affect leaf shape in tomato
via different developmental processes.
Plant Signaling & Behavior 7(10):
1255-1257.

Bond DM, Dennis ES and Finnegan EJ
(2011) The low temperature response
pathways for cold acclimation and
vernalization are independent. Plant,

oS 5 sl ias oY ) edlimdl b

$x5 » R2R3 095 5 Sl A gl
Col ods) Sl &y alols gad 5 plojw A5 &
OF 6> 2 wuiy med 4 (Zhu et al., 2005)
P il pos Jobo (8L 45) Jotuo GAMYD
Woodger et ) cul s aslis als Ady 5 )95
GAMyb, ) MYB g5, Jelse .(al., 2003
S 3 TCP giny Jole ,ls 3 (TCO4752
MIR319 (dly osdll Bua 7 & loicas 5

5 (Thiebaut et al., 2012) cuwl o  olobis
2 GAMYD olaw yialS &S Cawl 03> L5 )y
Thiebaut et al., ) cusl o0 olS 503 g Aby o
A bl sileole 35 paS 3 cplply (2012
sy Jeole ol Gam 5 9 MIR3LY Ly
sl oy alie b Wlg e Yl MYB3
Hos 5wz Ko B)b I il ash by
Cunl 03l (L5 A5 > GuTgn o Jly (Sikd
Ol b > VGAMYD w9 Jole @ (o3b; )l
Rongmin Chen et al., ) s, Jlues 73Y
& 1> S a3, VGAMYb _ssis, ol (2005
s 2 e sl polis g 3 ere i
Fiona et ) wib o LS » e Sleyly

Cell & Environment 34(10): 1737-
1748.

Chen C, Ridzon DA, Broomer AJ, Zhou
Z, Lee DH, Nguyen JT, Barbisin M,
Xu NL, Mahuvakar VR and Andersen
MR (2005) Real-time quantification of
microRNAs by stem—loop RT-PCR.
Nucleic Acids Research 33(20): e179-
el79.



(FV=0+) WAY liasls g3 gcuns 0 jlouds quiin Jlo ¢ lyj LS (5)slidcum ) idgl - ole b YA

Chen R, Ni Z, Nie X, Qin 'Y, Dong G and
Sun Q (2005) Isolation and
characterization of genes encoding
Myb transcription factor in wheat
(Triticum aestivem L.). Plant Science
169(6): 1146-1154.

Covarrubias AA and Reyes JL (2010)
Post- transcriptional gene regulation
of salinity and drought responses by
plant microRNAs. Plant, Cell &
Environment 33(4): 481-489.

Ding D, Zhang L, Wang H, Liu Z, Zhang
Z and Zheng Y (2009) Differential
expression of mMiRNAS in response to
salt stress in maize roots. Annals of
Botany 103(1): 29-38

Du H, Feng B-R, Yang S-S, Huang Y-B
and Tang Y-X (2012) The R2R3-
MYB Transcription Factor Gene
Family in Maize. PLOS ONE 7(6):
e37463.

Fiona M, Roger K, John J and Frank G
(2003) A role for HYGAMYB in
anther development. The Plant Journal
33(3): 481-491.

Fowler D, Limin A, Wang S-Y and Ward
R (1996) Relationship between low-
temperature tolerance and
vernalization response in wheat and
rye. Canadian Journal of Plant Science
76(1): 37-42.

Fowler DB, Breton G, Limin AE,
Mahfoozi S and Sarhan F (2001)
Photoperiod and temperature
interactions regulate low-temperature-
induced gene expression in barley.
Plant Physiology 127(4): 1676-1681.

Hay R and Ellis R (1998). The control of
flowering in wheat and barley: what
recent advances in molecular genetics
can reveal. Annals of Botany 82(5):
541-554.

Jones-Rhoades MW and Bartel DP
(2004) Computational identification of
plant microRNAs and their targets,
including a stress-induced mMIiRNA.
Molecular Cell 14(6): 787-799.

Kim D-H, Doyle MR, Sung S and
Amasino RM (2009) Vernalization:

winter and the timing of flowering in
plants. Annual Review of Cell and
Developmental 25: 277-299.

King RW, Moritz T, Evans LT, Junttila O
and Herlt AJ (2001) Long-day
induction of flowering in Lolium
temulentuminvolves sequential
increases in specific gibberellins at the
shoot apex. Plant Physiology 127(2):
624-632.

Knox AK, Dhillon T, Cheng H, Tondelli
A, Pecchioni N and Stockinger EJ
(2010) CBF gene copy number
variation at Frost Resistance-2 is
associated with levels of freezing
tolerance in temperate-climate cereals.
Theoretical and Applied Genetics
121(1): 21-35.

Koyama T, Mitsuda N, Seki M,
Shinozaki K and Ohme-Takagi M
(2010). TCP transcription factors
regulate the activities of
ASYMMETRIC LEAVES1 and
miR164, as well as the auxin response,
during differentiation of leaves in
Arabidopsis. The Plant Cell 22(11):
3574-3588.

Kumar S, Sharma V, Chaudhary S, Tyagi
A, Mishra P, Priyadarshini A and
Singh A (2012) Genetics of flowering
time in Dbread wheat Triticum
aestivum: complementary interaction
between vernalization-insensitive and
photoperiod-insensitive mutations
imparts very early flowering habit to
spring wheat. Journal of Genetics
91(1): 33-47.

Laudencia-Chingcuanco D, Ganeshan S,
You F, Fowler B, Chibbar R and
Anderson O (2011) Genome-wide
gene expression analysis supports a
developmental model of low
temperature tolerance gene regulation
in wheat (Triticum aestivum L.). BMC
genomics, 12: 299-299.

Limin, A. E. and Fowler, D. B. (2006).
Low-temperature  tolerance and
genetic potential in wheat (Triticum
aestivum L.): response to photoperiod,



LAl pUS 13, 93 (silwoylee (b 3 MYB3 o i 5 9 MIR319 oulats 1] ) e g (590!

vernalization, and plant development.
Planta 224(2): 360-366.

Lin J-T and E Stafford A (1987).
Comparison of the endogenous
gibberellins in the shoots and roots of
vernalized and non-vernalized chinese
spring wheat seedlings. Phytochemistry
26(9): 2485-2488.

Liu H-H, Tian X, Li Y-J, Wu C-A and
Zheng C-C (2008) Microarray-based
analysis of stress-regulated
microRNAs in Arabidopsis thaliana.
Rna 14(5): 836-843.

Mahfoozi S, Limin AE, Ahakpaz F and
Fowler DB (2006) Phenological
development and expression of
freezing resistance in spring and
winter wheat under field conditions in
north-west Iran. Field Crops Research
97(2): 182-187.

Nag A, King S and Jack T (2009)
miR319a targeting of TCP4 is critical
for petal growth and development in
Arabidopsis.  Proceedings of the
National Academy of Sciences
106(52): 22534-22539.

Navaud O, Dabos P, Carnus E,
Tremousaygue D and Hervé C (2007)
TCP transcription factors predate the
emergence of land plants. Journal of
Molecular Evolution 65(1): 23-33.

Palatnik JF, Allen E, Wu X, Schommer
C, Schwab R, Carrington JC and
Weigel D (2003) Control of leaf
morphogenesis by microRNAs. Nature
425(6955): 257-263.

Pearce S, Vanzetti LS and Dubcovsky J
(2013) Exogenous Gibberellins Induce
Wheat Spike Development under
Short Days Only in the Presence of
VERNALIZATIONL1. Plant Physiology
163: 1433-1445.

Pidal B, Yan L, Fu D, Zhang F, Tranquilli
G and Dubcovsky J (2009) The CArG-
box located upstream from the
transcriptional ~ start  of  wheat
vernalization gene VRN1 is not
necessary for the vernalization response.
Journal of Heredity 100(3): 355-364.

Reinhart BJ, Weinstein EG, Rhoades
MW, Bartel B and Bartel DP (2002)
MicroRNAs in plants. Genes &
Development 16(13): 1616-1626.

Rhoades MW, Reinhart BJ, Lim LP,
Burge CB, Bartel B and Bartel DP
(2002) Prediction of plant microRNA
targets. Cell 110(4): 513-520.

Reyes JL and Chua NH (2007) ABA
induction of miR159  controls
transcript levels of two MYB factors
during Arabidopsis seed germination.
The Plant Journal 49(4): 592-606

Roy S (2016) Function of MYB domain
transcription factors in abiotic stress and
epigenetic control of stress response in
plant genome. Plant Signaling &
Behavior 11(1): e1117723.

Schommer C, Palatnik JF, Aggarwal P,
Chételat A, Cubas P, Farmer EE, Nath
U and Weigel D (2008a) Control of
jasmonate biosynthesis and
senescence by miR319 targets. PLoS
Biol 6(9): €230.

Schommer C, Palatnik JF, Aggarwal P,
Chételat A, Cubas P, Farmer EE, Nath
U and Weigel D (2008b) Control of
Jasmonate Biosynthesis and
Senescence by miR319 Targets. PLOS
Biology 6(9): e230.

Schwab R, Palatnik JF, Riester M,
Schommer C, Schmid M and Weigel
D (2005) Specific effects of
microRNAs on the plant
transcriptome. Developmental Cell
8(4): 517-527.

Sunkar R and Zhu J-K (2004) Novel and
stress-regulated microRNAs and other
small RNAs from Arabidopsis. The
Plant Cell 16(8): 2001-2019.

Thiebaut F, Rojas CA, Almeida KL,
Grativol C, Domiciano GC, Lamb
CRC, DE ALMEIDA ENGLER J,
Hemerly AS and Ferreira PC (2012)
Regulation of miR319 during cold
stress in sugarcane. Plant, Cell &
Environment 35(3): 502-512.

Trevaskis B, Hemming MN, Dennis ES
and Peacock WJ (2007) The molecular



(FV=0+) WAY liasls g3 gcuns 0 jlouds quiin Jlo ¢ lyj LS (5)slidcum ) idgl - ole b o

basis of vernalization-induced
flowering in cereals. Trends in Plant
Science 12(8): 352-357.

Varkonyi-Gasic E, Wu R, Wood M,
Walton EF and Hellens RP (2007)
Protocol: a highly sensitive RT-PCR
method for detection and quantification
of microRNAs. Plant Methods 3: 12-12.

Voinnet O (2009) Origin, biogenesis, and
activity of plant microRNAs. Cell
136(4): 669-687

Woodger FJ, Millar A, Murray F,
Jacobsen JV and Gubler F (2003) The
role of GAMYB transcription factors
in  GA-regulated gene expression.
Journal of Plant Growth Regulation
22(2): 176-184.

Zhang B, Jin Z and Xie D (2012) Global
analysis of non- coding small RNAs in
Arabidopsis in response to jasmonate
treatment by deep  sequencing
technology. Journal of Integrative Plant
Biology 54(2): 73-86.

Zhang J, Xu Y, Huan Q and Chong K
(2009). Deep  sequencing  of
Brachypodium small RNAs at the
global genome level identifies
microRNAs involved in cold stress
response. BMC Genomics 10(1): 449.

Zhou L, Liu Y, Liu Z, Kong D, Duan M
and Luo L (2010) Genome-wide
identification and analysis of drought-
responsive  microRNAs in Oryza
sativa. Journal of Experimental
Botany 61(15): 4157-4168.

Zhu J-K (2008) Reconstituting plant
miRNA biogenesis. Proceedings of the
National Academy of Sciences
105(29): 9851-9852.

Zhu J, Verslues PE, Zheng X, Lee B-H,
Zhan X, Manabe Y, Sokolchik I, Zhu
Y, Dong C-H and Zhu J-K (2005)
HOS10 encodes an R2R3-type MYB
transcription factor essential for cold
acclimation in plants. Proceedings of
the National Academy of Sciences of
the United States of America 102(28):
9966-9971.

Zimmermann P, Hirsch-Hoffmann M,
Hennig L and Gruissem W (2004)
GENEVESTIGATOR.  Arabidopsis
microarray database and analysis
toolbox. Plant Physiology 136(1):
2621-2632.

Zografos BR and Sung S (2012)
Vernalization-mediated chromatin
changes. Journal of Experimental
Botany 63(12): 4343-4348.



