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Identification of candidate microRNAs involved in cold
tolerance of Chickpea

MW gr)\:.':ﬁa'aﬂ.d‘ "J:J'}U ‘Y-:zejr: C)‘.:Lm ‘,ﬁ)’ ‘\-:Ze‘.;\?ow| v\-‘)’" (.‘ 6;:5‘ L.b,)&

rJﬁﬁL‘)ﬂ‘)ﬁ

Alireza Akbaril, Ahmad Ismaili ¥", Zahra-Sadat Shobbar?*, Nazanin
Amirbakhtiar:, Masoumeh Pouresmael®

Ol bl o Ol oKl (6355l eaSiils (alS K35 5 W55 wigs 03,5 —)
5 el Dl Olajlu «($3,3LES (65955 s ol 55 ot b3 Ea 55 05 8 =Y
[)1)_11 ACJS ‘éj)ju;s @_5;7

Olpl g S 830U s 5 el i Olaslo Gy 5 I g 5 ol Sliions 4 sa =1

1. Department of Plant Production and Genetic Engineering, Faculty of Agriculture,
Lorestan University, Iran.

2. Dept. of Systems Biology, Agricultural Biotechnology Research Institute of Iran
(ABRII), Agricultural Research, Education and Extension Organization, Karaj, Iran

3. Seed and Plant Improvement Institute, Agricultural Research, Education and
Extension Organization, Karaj, Iran

*Corresponding Author, Email : G5 sl oy « 180 J sts ok 55 %

shobbar@abrii.ac.ir and ismaili.a@Iu.ac.ir
QSNBSS ER) CATAAL SN ISV )

o & 9009 bgw 4 whis & Cwl Db oy sioge 31 (S (Cicer arietinum) sgs
25 SLRNA WRNA 3 5 .08 0 OF 4257 b6 5 Klhoe ol 4 o bd Sl dal”
o S GLMRNA o 55 b 1) 05 Ole 47 wiud Slovbcdadlns sl oS 30 mé
4 Cilise QLS 93 lopw & Gk 50 BUT 8 9 WS 0 wlilS BT 402 § 95 30 b (9395
31w o 4 o Fuwl SBRNA 35 ool Holaio 4 adflian ool 50 .ol Sy ST
(ILC533) b gw fid 4 b 0¥ & 9 (JDl) Josmio o) &5 50 poim il §j b Jlgd
9 4 330 C-Mii 1381 531 ooliiul b 3g58 30 logw (i 4 oD Fuwl SO J§
SNPIp 5 3 oolitel b pes GBRNAR ) 31 SIS Bud GBGS (pw )T I3 o
RNA ;Y 9 Joomio cudigs) 30 RNA 335 ¥« 457 810 Ol gools .iud -puss PSRNA Target
390 uigi) 90 18 BRNA 3 5 Fwl dwlio b . 5818 Fowly bo g S5 4 09585 wlus udgi) 50
5306 GWRNA 3 5 Ofgie 4 MIR394 9 MIR393 MIR319 MIR159 GWRNA 3 5 ¢ ows 2
T il ol (B F 518§ 880 (wi g D390 LT SE 9 Cymal 39505 50 Loy o 50 kS

Dol 2819 i bo g 4 Jooxio 3950 P65l dlow! (Sliwly 10 ol Cawd 4

B oe Ao
4ol |2 93 dles
() (] 9 ST (qwige
s> ISSN 2588-5073
ai._o",}:ﬁl ISSN 2588-5081
1£+) Olusl 9 5le ) o lol V) 0590
$Y-0oF dxa0

https://dorl.net/dor/20.1001.1.25885073.
1401.11.1.3.0

DOR: 20.1001.1.25885073.1401.11.1.3.0

Genetic Engineering and Biosafety
Journal
Volume 11, Number 1
2022

http://gebsj.ir/

https://ecc.isc.ac/showJournal/23064

ouuS>

S glasly

c‘_;cbj J‘9>.L.i
Lo o a5 oias C“lﬂ
WS 505 b S S SLLRNA

i glag)


https://dorl.net/dor/20.1001.1.25885073.1401.11.1.3.0
https://dorl.net/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/
https://ecc.isc.ac/showJournal/23064
https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/article-1-413-fa.html

[ Downloaded from gebg.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.3.0 ]

o Jaz 55 s 5500 SLRNA,, Lt O 5 5 ,S|

Genetic Engineering and Biosafety Journal
Volume 11, Number 1, 2022
Abstract

Chickpea (Cicer arietinum) is one of the most important legumes, classified as a cold-sensitive species,
and each year, the sudden drop in temperature leads to a significant loss of chickpea yield. miRNAs are
highly conserved small noncoding RNAs that regulate expression of their target genes by degradation of
their mRNAs or suppressing their translation, and their roles have been proved in cold stress response in
various plants. In the current study, in order to identify cold stress responsive miRNAs in chickpeas,
following transcriptome sequencing of a cold stress tolerant cultivar (Saral) and a cold stress sensitive line
(ILC533) in response to cold stress, the sequences of the cold responsive genes were analyzed by c-mii
software to identify possible miRNAs. Then, the target genes of a number of important miRNAs were
identified using psRNA target software. The results showed that 30 and 20 miRNAs responded to cold
stress in the tolerant and sensitive genotypes, respectively. Through comparative analysis of cold
responsive miRNAs in the contrasting genotypes, miR319, miR393, miR394 and miR159 were
demonstrated as candidate miRNAs involved in cold tolerance and their roles was further inspected. It is

hoped that the obtained results will be useful for development of cold tolerant chickpea cultivars.
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ILC533 under cold stress, up.Sa: miRNAs with significant up-regulation in Saral cultivar under cold stress, dn.Sa: miRNAs with down-
regulation expression in Saral cultivar under cold stress.

L@JTL}S@M}A) wﬂ}ﬁ)deRNAﬁ)debd} uw‘/;lmbe)u—\ J}J}-

Table 1. Accession numbers of the selected miRNAS' target genes and their encoded proteins

mMiRNA

Target gene accession number

Sda OF o mewd oled

Encoded protein by the target gene
AJMQ)‘-EM):A-L:IJS‘J;:Jﬁ

miR159

miR319

miR393

miR394

XM_004488994.3
XM_027336301.1
XM_004500116.3

XM_012718183.2
NM_001309716.1
XM_004485950.3

XM_004508995.3
XM_004504907.3
XM_004504937.3

XM_004491693.2
XM_004508089.3

transcription factor TCP4
transcription factor EREBP-like protein
transcription factor MYB80

transcription factor GAMYB-like
F-box protein PP2
transcription factor TCP2

AP2-like ethylene-responsive transcription factor
protein AUXIN SIGNALING F-BOX 2-like
glycine-rich cell wall structural protein 2-like

transcription factor MYB98
glycine-rich cell wall structural protein

\F+) OL"'“*!UB)LQ‘. A G)Lo.»fa /Mé)l{ 090 /s}‘.w) w‘ls&uj (I


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/article-1-413-fa.html

[ Downloaded from gebg.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.3.0 ]

Q\)L{.&.AJLSIS‘

B IS L VLY sWLRNA ., slels

RAX3 DExH-bax

SREHika
cZ'r-RELA1EDG‘|‘.E
MOS14 \\ MM
miR31g F2C NRTY
/ mmssm
TGFQ
l/
EREBF
s Mﬂ'gaqnamfaa RPS2
LINE-1 _. miR 384 __

MDDlFER ZFP36L2
& asa - miir1 59 \-‘Q‘_—/
I'i:l

__‘.-

// SWEET13
sarina/threon..
M.I\N-LlKE |I
/
NYBBO auxdn miR3a3
AUXIN
ABILY ‘//{ \\k
ghycine-rich a-galactasidase
PMTZ28 \
i
hyrypyruvata
pSRNA Target L) ol L;!LML‘M Cdda LSL‘hU 3 LQRNAJ.:J O Wﬁ S JS:&

Figure 3. Interactions network between miRNAs and their target genes identified by psRNA Target

SLMRNA w5 S w by 50 L LRNA G, S cod
o 3 il iy Sledl b i s ege JHE (D
b s bl G iledilans Lols eu gy 5l e
e BRNA G, o i bl ann g 5 S S GLRNA
Sl 5 OLS s LRNA G, 28 LiS e, 5 CiiS o
slaoas v.lad Ol ge 4 LRNA 5, ; (Prakash et al. 2015) .z
WS o Sl Sl (55 pekiee sk 4 S 4 2Vl
S gLos ple 0 Gib Sl ekt pE D s 4 4

{(Lee etal. 1993) 5,118 Lo 35U 3
S5 ow olastl b 4 MiR319b-a Ol sl asdllas s
STCPA s 0 Gaa a3 Ol 5 (2alS Jsla o35 55 Lo
50 mMIR319 sl Bl wlasl b 4 MYB
SolS cwl QLS s sls cbli= GLRNA L o ege
Jolse oslgls glael MIR319 ot glals 45 ol ok
5 o= (Wu et al. 2017) dxes TCP 5 GAMYB s 55,

WLRNA 3, s o5 KEGG sla s

Sledbl 55, eed ple Jols KEGG Lol 655 0
3 ek se Saptenn (K55 DBl S5k e
s sladS o 3l Ol b (8 JS8) s Sl sladl b
A o gl 3 035 53 a5 WRNAG,
RNA 4= 5 5,800 5 alis V‘“ﬁjﬁb (AS kO, 58
oz Sl pla e Jole o35 5 Ll s o B slal
e ILCB33 Y 53 5 0L 5 5 L) sy dS Nﬁm
sl g b eed e 5 OLLS 53 MAPK as S
(8 K5 B s e

S Ol 3l (LSIRNA 5 LMIRNA) suiS e, 6 sRNA
e slaedis (...}@ Ol g4 Caenorhabditis elegans s Ll

ol ol oo s dS sladle b . Lledd b me 05 Ol

Vo) Ll g jles /Y o bl /0203l 0590 [ cow § (oo 9 Sl (oo -


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/article-1-413-fa.html

[ Downloaded from gebsgj.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.3.0]

N S IS E I L VY <sWRNA ., sl

Qb&m&)éjs\

OLE Cpizmad ol TCP s sisy Jolge 1 WSS o3l il 5
s PM-mMIR319 « o (s ot 55 & ol s 0l
bl .(Wang et al. 2018) =l PM-TCP4 oLy e oS
Oy i ((Y18) 0L 5 Kol ol plonil axlllas
il 53l s s 3 1 Lo (55 4 e |5Luls MeTCP4
ol 1Al 5 s mess Col METCPA 0L i (5 3
Olo b gnl posdle s oo Lo 25 2o Jolo glis
sbal 53 48 555 0 WGST Oy plaw 1331 Eels MeTCP4

Al S il w8 gla S 4 e

SARAL

\

[\

= Metabalism m Genetic Information Processing

Environmental Information Processing = Cellular Processes

= Organismal Systems

ILC533

<

&

= Metabolism = Genetic Information Processing

Environmental Information Processing = Cellular Processes

= Organismal Systems

C Pto-miR319a — € Oy a5 L5 S 5,18 (YY) o, Kens
Gda g0 5l S ol sl el ags s b i
485 Sl MYB ey sisy Jols b oy eins oy MIR31Y
Al A e e S a il s les 1S sk
53 Lo jr A5 i MYB pas 45 2= plo-miR319a — ¢ 0L
Ol 6,55 addlas ooeen (Chen et al. 2012) Ls gy
P e 2 MYBA ey 555 Jale Ol e o5 ol 03l
Vannini et al. ) ol eld e sl 55 slexsl 4 e
SL0j 3l S oSl sl 18 6 s gandllas s (2004
© Gl S ol TCPA vsuol,T 5> MiR319a s

SARAL

ILC533

ILC533 , Saral 55 55 55 ockd glulid (o RNA, s sbad sl KEGG siuaih —8 K&

Figure 4. KEGG classification for the target genes of the identified miRNAs in Saral and ILC533 genotypes.

o S5 per S ol s 3 sly-miR159 o las 1 oS sl
MYB osisy Jolo 0oy 513 Gus 5 b 5l Sax s
Sly-miR159 0Ly « Siat i Cod &35 3 o5 e el
L aS b e 201530 SIMYB33 i Of Cous 0 0ly 5 2alS
S S 3 o p Wb el 0diS Chlis DS 5 seas
505 el el Lo (S 5w Jed Gl
MYB33 sy, Jule a5 s 8 slgeiy 50 (YY) 0l,Ses
5 Sl L baw KL St 4 feod el (S
05 0l St Ly has 5153 (ROS) Jlad 0381 61531 lge

G iS4 el 5> MIRISY 25, e godate gba )15
35 ABA 5 (oS imr S5 (5058 5 S il e
Ll 55 o MiR159 .(Wu et al. 2008; Zhou et al. 2008) s>
(Allen et al. 2010) s v.Ja.\.‘ L MYB w55, Julse Obs
4 e MRS Olo i &5 Sl ok o3ls OLE pizas
Sl OF JLs a4 5 MYB gy, elss 0L alS
OLen 5 54 .(Singh et al. 2020) 553 o oS Conle
w5 MG b 4 sly-miR159 ol & wsls Ol (2019)
Olss Ll ol ail Jaals (S5 a8 olS St cos

Vo) Ll g 5l /Y o bl /0203l 0590 [ cow ) (Suos 9 Sl (owrikigen


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/article-1-413-fa.html

[ Downloaded from gebg.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.3.0 ]

Q\)L{.@AJ&IS‘

B IS L VLY sWLRNA ., slels

4 s 34l 3 (lET s i) LCR 5 Shes (35, s
GLE Sl ars W) B 8) ol glos 23 4 it Joos
CBF2 CBF1 Ol 5 & Lasis ,She asllhe 53 Al e
s ler Jig= 5 miR39%4a oL i L 0LLS ;s CBF3
Joob ez e 0L a8 Ak RIS L g b oalas
CBF 0l 4 Yls! e sal,T 3 MiR394 alanily U Lo o
Glaze CBF1/2/3 sla 55, .(Song et al. 2016) 5,15 S
APETALAZ L3l & sdiins ol s iy Jalss ool il oy
o jr 25 Lok pd W 6ol 31 (olons (o i) 45 Lien
AKhtar ) L ss o (i 4 Jess bl 4 e 5 S e Jlad
w OblS sty = 5> MIR394 (ol o e (et al. 2012
4 e MIR3YA Ol iy ojls S8 (655 5 (St sl s
S o 5 oyt KI5 G55 S 4 Laslie S
Ol 1y i85 4 el a8 LCR 0Ly i b 0lalS
Y s miR394 oL, als (Song et al. 2013) s -
s Kl ol iags s ILC533 slo w4 el

AL L 25w oY ol Sl
i edalie KEGG Ll 5 a4 i 53 & skiles
S oy gl S S A Gl S
WLOseysasmd Sl 035 53 w03 L GOl i
sl ples 5> Ly oS does e Olasply slad S0 50
oot aidS Sl s Lty ol S S5 et o 5t
Sl e 0B b (08 5 s A5 L3 L RNA G,
@3las 03l 13 G man 5 LS Opese a3
o3l> QL 5 L Lad e W5 5 (TFS) wosisy Jolse
Sl ( ALS lasa a0 sl (Singh et al. 2021) .l
S gl dowl 5 (SA) Sl el (5 L31 (ABA)
g 3,5 > A 4 el S0 g8 Ol 4 JA)
s S i {(GA) o (AUX) e sl 51 S5 55
DB A, S e O s 58 05,5 55 (BR) bads s i gl 2 5
sl 53> MiR159 Oyl .(Blazquez et al. 2020) £L,S8
- o il slaa S 45 ABA 5 GA BR (slal sy sn L
O 5 J oy &8ss 5> (Gao et al. 2018) .S
J =S 53 MIR15Y &8 us esls Ol b 8 &ojym (VoY)

s AtP5CS (slapj Ol Arabidopsis s (,,\5 MYB33
MeeSl 55 5 Gdon e 03 5 4 &S 1) AUZATI2
55 eSS oS s s e SR Gl i ol S
2 dan g ey BB 21 5 SIPSCS 03 ol
b oamlio s oS Ll s sl wd, (S per S olalS
sly- oS das o OLiS Laasil cpl 3 sdalie aald OlalS
 Ser S 0blS i sl s ol e MIR15
SIMYB33 w55, bele 03 Ol Wl 3 b 3l S i
als 1 (Lopez- et al. 2019; Qin et al. 2012) s =5 %
Joms il Gesb 5l Jbe Gl & Joste o35 53 Mir159
Loy 4y Joosd (Rl 02 Ll o Lo 51 (50 (g 5al 25 4,
AL S 5

OLEs (28l Lopu (25 4 gl L3 Jblu o35 55 MIR393 o,
2 b G5 s b Al e b IS e S 0D
S b il @ Gl 5 ses Al 5> MIR393 il bLs )|
Ol i 2y 8 e TP P BN PR I K g
5 oSl 4 ol a8 4 e oL ;> miR393
Oy a8 Jds & o5 5 (Ko i 4 Joo lalS
Xia et al. ) .5 OsAFB2 , OsTIRL i Gas WmRNA
055 haslr &S sy Oli 58 0K 5 ol (2012
5SS S el Bl o elS 5o MIR393
Spdie SSEE A 4 Sl (R O O e
AeST 5 T30l mend L MIR39B Oy i oooees
L MIR393 038 el 5 iy 455 4 Cund OJsrde
Sl 0337 ol yad 053,008 A1y 5 ST 20 e Do 2alS
.(Yuan et al. 2019)

Glp dLCB33 sbojw o ol Y sl ey s
GLRNA 5, 51 G miR394 sls Olis Ol hals miR394
“ S5 AL Gh Sl (ol )3 45 el el Sdabloe L
oS Sl ods JiyS (Tian et al. 2018) 5,05 545 a5 5 )
LEAF CURLING o Suaa 03 5 miR39%4
S S5, 345 wkes 5> RESPONSIVENESS (LCR)
I3 B sl 53t sladshe Shs s
s MIR39%a oly i 45 Wals Ol (Y1) 0L, 5 K sm

Vo) Ll g jles /Y o bl /0203l 0590 [ cow § (oo 9 Sl (oo -



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/article-1-413-fa.html

[ Downloaded from gebg.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.3.0 ]

N S IS E I L VY <sWLRNA ., sl

qb&.«.ﬁ;érﬂ

WRNA G, ol 6l odd glalid Gda sla03 o jege
5> 35 o5 A3l e (EREBP TCPAMYB) wsis, Jelse
ol S 8 e 5 il Jal S ks 4 olS RS
Sy 5 Il 3 g5 € BRNA G, Bl o ol S5 4 oY
Ol «olg o ol O 55 Jammie 5 pelem 035 55 5o
» Wl B 5 b 55 4 sl s LRNAG, ol
SOl s abg GRIE el Bl s Jelpe J RS
o5 53 ) S Jos 301 5 el 05 ares oSt (5
g o orsn Lo 5 4 ey

) el

SYOR-AVINYE ojlad gman 033, gl S oty 5l i
PRI TR ISR PGS IFCRYEN S
sl Iy 3 s 5538 Ok

s g s ol 3 Ll L 5 Jlg g 5 Dol Sliios

An 90 9D 47+ +V4AD

em}}: )‘ W 9 ))S.LA dLﬁ)Lw 92 )\ \) 5}5-
Slr oY SO (g3l ol b skaie a5 (55558 (855550 50

Aales el Eagsy el plos

&lw

Akhtar M, Jaiswal A, Taj G, Jaiswal JP, Qureshi
MI, Singh NK. 2012. DREB1/CBF transcription
factors: their structure, function and role in abiotic
stress tolerance in plants. Journal of Genetics 91(3):
385-395.

Allen RS, Li J, Alonso P, Maria MW, Rosemary G,
Gubler F, Anthony A. 2010. MicroR159
regulation of most conserved targets in Arabidopsis
has negligible phenotypic effects. Silence 1(1): 1-
18.

Bartel DP. 2004. MicroRNAs: genomics, biogenesis,
mechanism, and function. cell 116(2): 281-297.

Blazquez MA, Nelson. DC, Weijers D. 2020.
Evolution of plant hormone response pathways.
Annual Review of Plant Biology 71: 327-353.

5 GA sy MIRISY 505 2E Jgeysn e slgx J5lis
oo 1 S se Dponph Fesm 5 A3 RIS BR
sy Jelss O3y 13 Gua L MIR1SY cled .S
(Lietal. 2020) >55 . eb=il « MYB-LIKE L MYB o5l 51>
S b Sy isse e oS (S Ol 4IRS
SMALL 05 Sl 55 5 SHY2 (AUAAS) Oly geitews 16
5 SHY2 558 0wl s AUXIN UP RNA39 (SAUR39)
AUX Os055n 5o adsl laodislssl 51 5 2 SAURS39
b Olgea MIR3LY (nlply cbzes (AUX sz oS )
Curaba et al. ) 353 o atlis S Gge)58 Cole oS

E) W}.L::bl )J m|R319 QL:: L):"f gw‘ Ba a)j} (2014

(Yanai et al. 2011) 5,138 o 36 S 5 Jshe

S 55 A

3555 55 by a4 akias muly GLRNA @dlas ol s

fLﬁRNAJ.i) OJ“““S“ AJ:.é«}\”s" AC)‘JS\}‘;;L.«:L‘.J: Lfcb)

DB o 2o b 235w Rl s 1S58 s sy
S i GLRNA ) Gua sbads JS o5b 4o S

Lls AE s e gl S5 c..ub LsLA.,\;JJ.é By Goes

Carrington JC, Ambros V. 2003. Role of microRNAs
in plant and animal development. Science
301(5631): 336-338.

Chen L. 2012. Genome-wide identification of cold-
responsive and new microRNAs in Populus
tomentosa by  high-throughput  sequencing.
Biochemical and Biophysical Research
Communications 417(2): 892-896.

Cheng Z, Lei N, Li S, Liao W, Shen J, Peng M. 2019.
The regulatory effects of MeTCP4 on cold stress
tolerance in Arabidopsis thaliana: a transcriptome
analysis. Plant Physiology and Biochemistry 138:
9-16.

Cheshmehnoor M, Behamta MR, Shahnejat AA,
Abbasi R, Alizadeh B (2021). Identification of
new miRNAs in rapeseed (Brassica napus L.) and
their role in  suppressing target  genes.
Environmental Stresses in Crop Sciences 14(3):
585-594.

Vo) Ll g 5l /Y o bl /0203l 0590 [ cow ) (Suos 9 Sl (owrikigen


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/article-1-413-fa.html

[ Downloaded from gebg.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.3.0 ]

Q\)L{.@A}dfsﬂ

B IS L VLY sWLRNA ., JPELIL

Curaba J, Singh.MB, Bhalla.PL. 2014. miRNAs in
the crosstalk between phytohormone signalling
pathways. Journal of experimental botany 65(6):
1425-1438.

Ding Y, Shi Y, Yang S. 2019. Advances and
challenges in uncovering cold tolerance regulatory
mechanisms in plants. New Phytologist 222(4):
1690-1704.

Gao J, H. Chen, H. Yang, He. Y, Tian.Z, Li J. 2018.
A brassinosteroid responsive miRNA-target module
regulates gibberellin biosynthesis and plant
development. New Phytologist 220(2): 488-50.

Garg R, Bhattacharjee A, Jain M. 2015. Genome-
scale transcriptomic insights into molecular aspects
of abiotic stress responses in chickpea. Plant
Molecular Biology Reporter 3(3): 388-400.

Gil J, Nadal S, Luna D, Moreno MT, Haro A. 1996.
Variability of some physico-chemical characters in
Desi and Kabuli chickpea types. Journal of the
Science of Food and Agriculture 71(2): 179-184.

Ibrikci H, Sharon JB, Michael AG. 2003. Chickpea
leaves as a vegetable green for humans: evaluation
of mineral composition. Journal of the Science of
Food and Agriculture 83(9): 945-950.

Jain M, Misra G, Patel K, Priya P, Jhanwar S, Khan
AW, Jeena G. 2013. A draft genome sequence of
the pulse crop chickpea (Cicer arietinum L.). The
Plant Journal 74(5): 715-729.

Kiran A, Kumar S, Nayyar H, Sharma KD. 2019.
Low temperature-induced aberrations in male and
female reproductive organ development cause
flower abortion in chickpea. Plant, cell &
environment 42(7): 2075-2089.

Lee RC, Feinbaum RL, Ambros V. 1993. The C.
elegans heterochronic gene lin-4 encodes small
RNAs with antisense complementarity to lin-14.
cell 75(5): 843-854.

Li T, Gonzalez N, Inzé D, Dubois M. 2020. Emerging
connections  between  small  RNAs and
phytohormones. Trends in Plant Science 25(9):
912-929.

Liu Q, Yan S, Yang T, Zhang S, Chen YQ, Liu B.
2017. Small RNAs in regulating temperature stress
response in plants. Journal of integrative plant
biology 59(11): 774-791.

Lopez G, Maria J, Garcia R, Inmaculada GH, Ana
I, Camafes G, Vicedo B, Real M, Rausell C.
2019. Expression of miR159 is altered in tomato
plants undergoing drought stress. Plants 8(7): 201.

Numnark S, Mhuantong W, Ingsriswang S,
Wichadakul D. 2012. C-mii: a tool for plant
miRNA  and target identification. =~ BMC
Genomics 13, S16.

Prakash P, Ghosliya D, Gupta V. 2015. Identification
of conserved and novel microRNAs in
Catharanthus roseus by deep sequencing and
computational prediction of their potential targets.
Gene 554(2): 181-195.

Qin Y, Wang M, Tian Y, He W, Han L, Xia G. 2012.
Over-expression of TaMYB33 encoding a novel
wheat MYB transcription factor increases salt and
drought tolerance in Arabidopsis. Molecular
Biology Reports 39(6): 7183-7192.

Reyes JL, 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.

Singh D, Sinha V, Kumar A, Teotia S. 2020. Small
RNAs and cold stress tolerance Plant Small RNA
Elsevier (pp. 209-230).

Singh P, Dutta.P, Chakrabarty.D. 2021. miRNAs
play critical roles in response to abiotic stress by
modulating cross-talk of phytohormone signaling.
Plant Cell Reports 40(9): 1617-1630.

Sohrabi SS, Ismaili A, Nazarian F, F Hossein (2020).
Identification and characterization of conserved
miRNAs in lentil. Cellular and Molecular Research
(Iranian Journal of Biology) 32(4): 606-616.

Song G, Zhang R, Zhang S, Li Y, Gao J, Han X, Li
G. 2017. Response of microRNAs to cold treatment
in the young spikes of common wheat. BMC
genomics 18(1): 1-15.

Song J, Bo G, Shuai W, Ye L, Bo WZ, Yong L, Yang
ZM. 2016. miR394 and its target gene LCR are
involved in cold stress response in Arabidopsis.
Plant Gene 5: 56-64.

Teotia S, Singh D, Tang G. 2017. DNA Methylation in
plants by microRNAs Plant epigenetics Springer
(pp. 247-262).

Tian X, Song L, Wang Y, Jin W, Tong F, Wu F.
2018. miR394 acts as a negative regulator of
Arabidopsis resistance to B. cinerea infection by
targeting LCR. Frontiers in plant science 9: 903.

Vannini C, Locatelli F, Bracale M, Magnani E,
Marsoni M, Osnato M, Coraggio 1. 2004.
Overexpression of the rice Osmyb4 gene increases
chilling and freezing tolerance of Arabidopsis
thaliana plants. The Plant Journal 37(1): 115-127.

Wang W, Shi T, Ni X, Xu Y, Qu S, Gao Z. 2018. The
role of miR319a and its target gene TCP4 in the
regulation of pistil development in Prunus mume.
Genome 61(1): 43-48.

Wu ZJ, Wang WL, Zhuang J. 2017. TCP family
genes control leaf development and its responses to
hormonal stimuli in tea plant [Camellia sinensis

Vo) Ll g jles /Y o bl /0203l 0590 [ cow § (oo 9 Sl (oo -



https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/article-1-413-fa.html

[ Downloaded from gebg.ir on 2026-07-04 ]

[ DOR: 20.1001.1.25885073.1401.11.1.3.0 ]

N S IS E I L VY <sWLRNA ., sl

qb&.«.ﬁ;érﬂ

(L) O. Kuntze]. Plant Growth Regulation 83(1):
43-53.

Xia K, Wang R, Ou X, Fang Z, Tian C, Duan J,
Zhang M. 2012. OsTIR1 and OsAFB2
downregulation via OsmiR393 overexpression
leads to more tillers, early flowering and less
tolerance to salt and drought in rice. PloS one 7(1):
€30039.

Xiong L, Schumaker KS, Zhu JK. 2002. Cell
signaling during cold, drought, and salt stress. The
plant cell, 14(suppl 1) S165-S183.

Yanai O, Shani E, Russ D. Ori N. 2011. Gibberellin
partly mediates LANCEOLATE activity in tomato.
The Plant Journal 68(4): 571-582.

Yousefi V, Ahmadi J, Sadeghzadeh AD, Esfandiari
E. 2018. Influence of long-term cold stress on
enzymatic antioxidative defense system in chickpea
(Cicer arietinum L.). Acta Agrobotanica 71.3

Yuan W, Suo J, Shi B, Zhou C, Bai B, Bian H, Han

N. 2019. The barley miR393 has multiple roles in
regulation of seedling growth, stomatal density, and
drought stress tolerance. Plant Physiology and
Biochemistry 142: 303-311.

Zhou X, He F, Liu F, Zheng X, Di C, Zhou S, Su Z.

2007. Integration of cold signal transduction
pathway related to ABA 8'-hydroxylase in
Arabidopsis  Biotechnology and  Sustainable
Agriculture 2006 and Beyond Springer pp. 471-
474,

Zhou X, Wang G, Sutoh K, Zhu JK, Zhang W. 2008.

Identification of cold-inducible microRNAs in
plants by transcriptome analysis. Biochimica et
Biophysica Acta  (BBA)-Gene  Regulatory
Mechanisms 1779(11): 780-788.

- Vo) Ll g 5l /Y o bl /0203l 0590 [ cow ) (Suos 9 Sl (owrikigen


https://dor.isc.ac/dor/20.1001.1.25885073.1401.11.1.3.0
http://gebsj.ir/article-1-413-fa.html
http://www.tcpdf.org

