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Abstract
Obijective
Cold is one of the important stresses in cold and temperate regions and improving cold
tolerance is in the top priority of the lentil breeding programs. NAC transcription factors

play an important role in response to various biological stresses, including cold stress.

Materials and Methods: In this study, to evaluate the expression of MfNAC, MtNAC57
and GMNAC2 genes, the plants of Gachsaran lentil cultivar were subjected to five
temprature treatments in a completely randomized design with three replications. Twenty-
nine old plants were subjected to duration of cold stress treatments including 6h, 12h, 24h
and 48h at 2°-4°c and plants grown under greenhouse conditions (23°C) were considered

as controls. Total RNA extraction from tissues was performed using lithium chloride
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method and cDNA was synthesized using TaKara kit. For each treatment, real-time PCR
was performed in both shoot and root in three biological and two technical replications.

Actin gene was used as internal control.

Results

The results of analysis of variance of all studied genes showed that there was a significant
difference between the different duration of cold treatments in both shoot and root.
GmNAC?2 gene expression decreased significantly in the shoot, 6 hours after stress, while
in the root, the expression decreased 24 hours after stress. The expression of MtNAC57
gene in 6h, 12h, and 24h treatments decreased compared to control, but in the root in 12h
treatment, a significant expression was observed. MfNAC gene in shoot showed a
significant reduction in expression in all treatments, while in root a significant increase

was only observed during long-term treatment of 48h.

Conclusions
In the present study, for first time, the expression pattern of some members of NAC gene
family was examined in lentils under cold stress and the results could be useful for studies
on this plant and other legumes.
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LCDNA Ly 5 shiSpnd by 5 ool b dacsly 5 RNA glscal wins a3 5 )3 aals lsic 4 (7°C (sbo)
1 o) g 2lom plil g4 3 pa > a5 50 sla s ol Real-time PCR :Sly .0 plosl TaKara oSl eslicl
i oslizal LB )5 lsie 4 ACHN 15 51 a3 plosl (S5 1S5 59 5 Sl 55 s

MRS il 93 ja 3 olod i o) Gte (b jlaws Calides gglaw oy a5 3 (LS b5 ol (wbyly 4550 aols s b
plasl 3 a8 Jbs jd bl (gl xe LialS (il e sl £ ¢ olgn pll 5 GMNAC2 5 ol .csly 959 (6 1 e
Y¥h 5 Wh &#h (lales 3 MINACST 5 Lo b plss jials o5 oml olo G5 51 e el Y Jlad )3 e
2 lgn plisl pMINAC 5 0 sdalie Jl gxe (31 VYN Jlas uej sl )5 Jg ol L ials sals 4 caus
ol Ol 38 AN e il Jles p3 Laidd e pluil p3 a8 Jbs 3ol lis JI dxe plo pials sali 4 o layles den
A odnlie b sxe

@l 5 b (p sl Slr e 3 Loy 25 Co8 NAC 0dlgls (s J1 (B0 Ol <3l 3 38 o5 42
D9 @Bly o Slges plo g olS (pl 3lBa Slllas ol Sl oo ool

Ga0 ) 2950 Ll Syo (> 5 LS 3Shes SRl s ame SRS (et S S Ol 4 Lopw S5
I8 ool slaley (oyme 3 By LS .l Jpame Wy ials Lol Jolge 5l (S lopw 4y Jooo pac (BT al. 2009
WS oo 3bxl 353 3 1) olewdon 9 (RT3 Sl Sl Sl Loy o Jood ol Bl g i b 39 Babad (sl 855 0
Sl can Joko i 4 1y b2 ply alS Ll vy 4 a5 olap sl calus (Gomat et al. 2011)
lioly 5 (i 4 el QBLS Cuglie sbul sy b cp 5 bl o 5l S o Jluy) L35 b ikt (sla 28Ty
ng' u|9..c A Dy Jua_‘i (Huang et al 2012) 395 )Lo.w LY ul.e? Jw:) 4 gy Cano> L;‘)’ [RF3 J.;Jsf 0 (5990 uu)‘)ﬁl
(Singh and Saxena 1993) ol wyp b g pie gao90 <o p 550 005) pul odas LiS

B g cutS oS (glaigS 4y g oo (A Pl g ] 4335 3)90 (55)9liS DY guazme (ke S| SN Sl ey Slg>
L Lens culinarys Medik _ole pb L wie (Yadollahi et al. 2014) col 4Bl o ys s ywlbipw ) o)
2 laysdS ) sdas Slges 5l gy o pd YA 29dn b ol pl ] Cawgiloyuw ligs (p Sko 51 (S TNEYXENY
ol P2y Mg 25y o dhsel (Slatsl g (g (el Sty onlin e g O (gl oS plgie 4 g 03 dawgs Jlo

Jypame S5 b cis KS ¥ poij ojlil b ojLidlos,3 545 ol K wae (Kader et al. 2002) ¢ o cguono b yguiS
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1 (Abraham 2015) wi' o aal pls SThss 5 Sl sl 1) Sdne dlgo 5 yud blyings S gy o5 Canl ppo
CuiS Db o S julols a4 glSB s g glasl Sl LJL; &S ol SLS dles 5l wse «ligs ol
ool 1y o ) an poS) e GlalS g a8 b 5l oie doa (3gt (Selden St L g ol sl sblze wae
&5 e bl sses olpl 3 (Walley et al. 2007) sy o (inlS |y (5955 355 Gyune 4 jLs dons )3 g bl oo
(ol o po 4y 6l (s S B (3blio (il )3 5 0 Pl 23 S0 & 5 )Mk o WIE o] Sl g 0395y (T el
3 olS (S Cugb)y 455 a5 5 SN)b cesliel (ST s 4 ol esde 5 ey ploil 4 (S)b (235l g
SR )3 g )3 lee GRS @b 4 o] 3)Sles W g ond dalge (St A5 L 0 (S5 abye (5 ples
P J.»JL Jg.uuﬁ U"‘ )l uﬁ)us).: Lf‘)’ U.M.)L..a M)f J.lew s dul».w.n) —o)g;l) cuss ‘uf.))@ 9 La).w 4 HLBA Plﬁ)]
.(Saha and Vandemark 2013) 5,15 )1,3 coglgl ;5 Loy 4 Joo5 dgutp ¢ Jtize blio (¢l wie (>l (sladal p

Cuoglie 5 15 STy )3 e Ui W] Y gae 5 oud Sl o3 5l il Ol Gt GBS Co0
9 whesign Oluis 3yl by 4 )85 (Yamaguchi-Shinozaki and Shinozaki 2006) .S . 3L
3 s g A ) oS 5 ST b (aigS i 5o comndS (i s 53 e S 5] liske J3Sge
Xiong et al. 2002a; Nayyar et ) col ol yon g5lanST claw 3l 5 o JU claopiion (oonls oy olo zolaw
5 obodon b iSly 5 ol @S B 05 S sbcudsy, sl Lials L Ll 481 (@l 2005
Silobiz g plolid Cua 3 olpe & cwl (ol ki ST b 495 ol lp 2 g G Lol bl Sjglg s
(Lievens et al. 2001) 5, )5 4 la o5 4 odmd gl slayj

S 5 Suid oy diilo 035) pf oIS & Gl 3 1550 SyPee oS wlas (TFS) (uugis) Jolse
ol aliste sla i by 45T o) )0 Sgegy sl 4 ()b aus Jelss Yeero (HONQG et al. 2016) suwn
gl ool )3 o)y a5ws Jelge a8 cunl adly ol el (Guiltinan et al. 1990) 15,5 o Juate digs oo
Ol oS ey )l Sl b (SisSe cnl 529 b A )55 1 (2l Cueal ] (lame i 4 lalS
(Chen et al. 2002) cuws cpig, jo Jolge

Ly o JuSis 1y alS gy loygSh 5l S5 ol o (NAM, ATAFY2, CUC2) NAC (o
a5 it 395 N-Terminal ps ous cbisle Hlaw aeb & s NAC gy, layeSl (WU et al. 2016)
Olsen et ) cosl wgigy culled Joims o5 35> C-Terminal p> yuice atels K g 455 o s |) DNA Jlas! clleb
2 ep s Jsb e 0 wb ol gl il Jlsd aiels Sy g5l Yoane & NAC 4555, C-Terminal 454 .(al. 2005
lisee  So5gla st slogl s )Salawly 3 NAC gy, slayg:ss (OoKa et al. 2003) cul gge wrds Jg
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(Ling et al. 2017) uiS o 8 1 0155 pi b ok sla il cos calisee SaliSw (b yume )3 g Miwd x5 lalS
byrye Gl Jb (nl b it ol dngi g 03j 8 (ST )3 ok sl oS 0ol NAC psgi) (slygiS6 (oo
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2l Jgase Cuglie cunl p3Y (65,0l 3 al,lS g S50 aJei ¢l (PeNg et al. 2014) coul 485 & jg0 s
Cul QLS 53 (25 Jood dute sl 3ot NAC (uagig) laygsh adllas cnlply b (1331 o) 0 o s
3 S« Medicago trancatula se5 Jig ;5 NAC gy, 5956 3,90 AY 395 5> .(Chen et al. 2015)
Sl ole Slaseie pl g oM (LiNG et al. 2017) cusl oad plolid wisb o Slge Jho (LS o pate
» s 4 SSNAC23 3 MINACS3 Sylgan 5 a8 oo dloiuiy caliste (sla i 4 gl ¢lp 1) bl MENAC
Slivl;l (Domingues 2009) wib oo bopw (55 4 by ol Cuto gl sdimd L ol 45 W9 0 by ¥°C (clod
w23 ge I Gupmaial] 0 1) 65 5 (Sis olool sla i 4 Joow TANACZ (5 o w5 S 3
(Mao et al. 2012)
& Joos 05 93 ol 2 3l i oo g e 85 el sled &4 gl s GMNAC20 s GMNACLL Lgw 5
by g5 4 GMNAC20 5 ol & ws ool ojlis glaadlae p> (HaO et al. 2011) aas o iol53l 1) b clod
HUaNg ) b s (2olS 2l 0 Loy Lopus (0520 ) (63658 3l dn colio YF g Colio WY 55 5 995 0 0aais ¥C (gl
ol Lgu 55 a5 03k 0 NAC aisle ATAFL gy, 59518 gl (Ay974350) GMNAC2 5 .(et al. 2016
05 ol ) ATAFL (5 L1y blsyl 555 (si59ilSs g5 Loll » GMNAC2 .(Meng et al. 2007) .5
ATAFL & jl i ol (Pinheiro et al. 2009) asl awsls ATAFL L alis 63,8es conl Seo GMNAC2
05 O dwy g0 s34 (WU et al. 2009) sad o Lial33l ) Guamginl)] 33 (2B slaiel 4 cuwles ATAF2
S bl dgd e cumlus el lals S 3 GMNAC2 5 sl o wolite caliee ylals ;> GMNAC2
(Pinheiro et col o (Sl claps ) g (Suid (59 doyw (i3 Jold suw) pé (sla il & Caoglio el ylalS

al. 2009; Tran et al. 2009; Jin 2012)

b osloopY o b s oo sl (690 9 (Suid doyw a5 cov oS wb oluls MINACS 5 & sladllas )
@ Lopw i Lulpd )3 o0 g Lojws Lulid ) o0 oS w5 osaliie Loy &y pglie cuigid o5 MINACS 15 o> ) s ol
S o5 epl b plas Ty mtCACs 9 mfCBFs Slogw 4 oz Zuol slayi Glo jl oYL aw (ldasMe LB ol
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b wde Goiyly oo, .(Bagheri et al. 2012) wsb o wyiwd ;3 (wde (o)l 3590 53 (639420 sla b )l35 98
Cdgsiy, ;5 Loy B0 (e & GUS [Ki)li5 o5 by g 48 pbol 55 K 3l oolitwl b S9alssS 0,5 (sladiges s,
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A 6 )ip S —A-°C gles p sy o (Setodl sla Jbg )3 w9 A5 5090 5 destie o &l > AloldM 9 el
)T Sygo SIS 3 YYOC lod (5 LS I 55 salis e 5l S aiges
55T b g RNA g scn!

5 S )Ly el 00 ]l RNA (cladsges i plosl )yl meid os, 1 oolizul b S RNA gl el
2 gegl VYo 4 Y5 g YA & V5 (g ptogiby Sl (talgs o 700 5,81 J5 5l oalisl b o 4 ool S g ol ppuizean
DNase | o551 L jla o) 5l dadiges y3 39390 DNA Jlasl (Sogll ls (gl 508 b)) (s yregidy il o8
§oslil Ly La S5l o codly)s NCBI 5 SOb 5l Lss 3500 clapyj o o5 el bl cops a8 osli
GMNAC2 ouis >lyb Lo S5lel e as 1L Allele ID 7.0  CLC Workbench 9.0 cLaljéls 5

ol odal V Joas 3 Actin g mMFNAC mtNACS57

o 03wl a5 5T Clasuine WY Joio
Table 1. Specifications of used primers
Skl el Sy JUail glod ST 390 dnlad o510
Primer name Sequence (5'-3") T.(C)  Amplicon size (bp)
MFNAC (F) TTTGACTCCATACCCGAAT 60 149

MF NAC (R) TGAACCTCTTCTTCCGTG

MT NAC57 (F) ATACTACTAACAACTCTTAT
GG 56.3 133
MT NAC57 (R) TGGTAATCCTTATCGTCAT
GMNAC2 (F) AAGCGAACCTAAGTGGAA
GM NAC2 (R) CGGCGACATCTGATTATTG
Actin (F)  CTCCTGCTATGTATGTTGCT
A 60 150

Actin(R)  AGGATTGCATGTGGAAGTG

60 118

CcDNA calw
5 PCR sl b .4y3,5 odlazwl DNaSe | o551 b jle g, 5l badiges 13 39390 DNA Jleisl  Sogll Gl (¢lp
Primerscript ;l yuJg,See o SX Primerscript Buffer jl g Ko ¥ oS iy opl & .0 ezl Takara s’ s
9 Random 6 mers 100 UM ;I , =g, See nus Oligo dt primer 50 UM I yidg Seo o5 RT Enzyme Mix 1
lod 13 4 i8> VO e du Jbg b osibuy yidg S Vo a4 olos o g b dlsl Jbg 45 U RNA LSS e ;5
43l CDNA 5 pla5 o yloj g laled PCR o5t 3l edlatl b s o3l )8 AD°C (slod ;5 45l 8 Cose 4y Ly 9 YVC
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1y ob; PCR
05 Wl dges s yd ooliwl 3y90 CDNA L LSS Mals’ buylys > 50l plgis 4 0us 3.3, <CDNA
Lo 5 STy 53 39340 lge plod clale .0 odlizwl Real time RT-PCR usly 5 dadiges plod slp oS 8D 8

Ui sl 9 Thermo Fisher Scientific s’ s Rotor Gene Q oS )3 b STy 590 ey diges plod sl

25390 ST Ol ile oS polate A o3l ()5 yule SOy 5l @ oy ol 53 jlai )50 slag Gl Oliee

sy 5 Ln o3l |ow 430 .(Livak and Schmittgen 2001) s i oslizul 2 (T28CT) o0 Glises cladigas

2 8lg glej P PCR Lles bl s g j5iSly (glial .cé)5 <90 SAS o EXCEl (cla)léle 5 5l osliw] b L jlages

Table 2. Real-time PCR reaction components

components Reaction STy sl3a! Quantity ,lase
CYBR premix EX Taq II 10 pl
Forward primer (10 pm/pul) 1l
Reverse primer (10 pm/ul) 1pl
cDNA (10 ng/p) 5ul
Water to 20 ul

g o3 PCR yiS1y obod byl e .Y Joua
Table 3. Real-time PCR reaction conditions

Time Osw (geadus a2 9) Lod Reaction step ,iS1y dla w0
Temperature (°C)

adgl (il 4yl

2 min 95 . .
Primary Denaturation
15 sec 95 iho i I?
Denaturation
Ta Jlast

15 sec . ;

Annealing Annealing e

L Cycle 40
15 sec 72 el
Extension

10 min 70-95 Melting <4
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2 wled slales calises zglaw cpw (g dme NS Sloa pliil > GMNAC2 5 ol (wib)ly 4505 zols
len plsl 3 GMNAC2 (5 olo oS (slaiels dix 90l 1Sibe duslio gols (¥ Joan) ol L 1) doys SO prdans
L dm slmylod )3 G g 4l ialS sl 4 PN Hlaws (3 g asls SlasSS gy 05 ole (o5 Ll b as sl olis
5 VYN OYh i )Les Gilisie polaw (D9 4ol 3l a8 by jles dom )3 by (Jg <l iol5dl (a5 olej de il 58
3 6l mime M) aals Jlaw L AN Jlo pdam o Lol i osaliie duo pd K prdaws 3 (65 dme N3] Ualis b ¥AD

(Y JS) s sanlie duspd S prlaw

tlop ol ;> GMNAC2 g MINACS7 MFNAC slapys ool (sWosly byl 13255 £ Jouss

Table 4. Analysis of variance of gene expression data of MfNAC, MtNAC57, GmNAC?2 in
shoot

Mean squares <ila po (pmibo gl:l HEYS ,; kS i
egrees o L
Mt Mf Gm freedom Sources of variation
0.425** 0.537** 0.301** 4 Treatment L.
0.010 0.008 0.038 10 Error s
GMNAC2
1.200
g 1000 2 g
? 0.800 G
E. 0.600
é 0.400
o b
e« 0.200
0.000 -
Control 6h 12h 24h 48 h

Stress Level
Lo pw (i S 2lgd @Il ;3 GMNAC2 (45 o e Y UK
Figure 1. Relative expression of GmNAC2 gene in the shoot under cold stress
Cpm Aoy SO pdaw (> olen pluil )3 SOl (lately win g05] uSilke duslio guls ol lis sals b (gls xe M

plasl )3 MINACS7 5 ol (65l dwlie ol piomad 0l LS (g)l5 dxe M3 sl b y¥h P \wYh $h les
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3o YYD floj e )3 o5 ol by L YFN 5 AYh SN glajles b ¥AN Jls adans (o (s dime OS] ¢ plgn pluil
awsly by els b clos (i adgl slglej > MENACST (5 oGl cde . (Y JS03) cudls 1) olo (ialS o b (iS5
O BTl e (FAN ) 55V loj e 3 olS a8 ol ol 51 (b Yl ecanl asls ()l o3 Sdoce s

ol a8l a8l 1 ol g conl 48,5 63 Loy

MTNACS7
1.200

:

0.800

0.400
0.200

Control i2h 24 h 48 h

:

Relative Expression

:

Stress Level

Lo pw (pidd Codi (2lad @Il 13 MEINACS7 (5 (o oyl .Y S0
Figure 2. Relative expression of MtNACS57 gene in the shoot under cold stress

P bed lale Gl polaw G g ime IS (algn el > MENAC (5 ol (ibls 52 gl

0L s sl s MINAC 55 e 50 (el 13 spm (550 gl gl (F i) b L5 2> S, s
o )3 Lo 9 48L Bl b & QAT plej e GRIFEIL (0 ple g 428105 SlaSy 9) 0f ol GBS GRIBIL S b
ol ol i oles plasl 3 MENAC 5 le oSSl (slaiely xin 9051 (ke dunlie golis .l azily islj8l g, FAN
olie dunlie oLt ol 4l ol Hlus ol G5 5l e YEN (loj e g anisly fly Lials bayles ded 3 o5
Loyl L AN Jlas o doyd 6 pdaws 3 (g gxe N3] olgn pliil ;> MFNAC 5 oo oS5l (slasels sis 905
do)d SO a2 (o) xe BB salis 9 N FAN (ola)lod L YN jlos (o ouiomen 2 olis sals ¢ AN ¥Fh

(Y JS5) ais ssmlie (gl gxe MBI YFN 9 20 LAY Jlas oy 05 osali
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Table 5. Analysis of variance of gene expression data of MfNAC, MtNAC57, GmNAC?2 in
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