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Cloning and Bioinformatics Analysis of an Novel NAC Transcription
Factor MsNACI1 from Medicago sativa L. and Detection of Its
Expression Under Abiotic Stresses

SHEN Yu-hua,XU Zhen-jun, YANG Xiao-po, XIANG Ji-shan, WEN Jing, HUANG Wen-jie
(College of Life Sciences ,Chifeng University , Chifeng Inner Mongolia 024000)

Abstract: NAC are specific novel transcription factors in plants with multiple biological functions, which play
an important role in growth and development, stress resistance , and hormonal regulation of plant. In this study, the
MsNACI (JN099384. 1) gene in Medicago sativa L.. was obtained by rapid amplification of cDNA ends( RACE) meth-
od. Bioinformatics analysis showed that MsNACI had an open reading frame ( ORF) of 993 bp, encoding a stable , wa-
ter-soluble protein with 330 amino acids. The MsNACI protein had the basic characteristics of the NAC transcription
factors including conserved NAM domain in the N-terminus and highly divergent C-terminus. It was predicted to lo-
cate in the nucleus with 2 nuclear localization sequences,and contained 9 glycosylation sites and 23 phosphorylation
sites. The tertiary was symmetrical homodimer. Sequence alignment analysis revealed that the structure of MsNACI1
was predicted to have high homology with ATAF1 in Arabidopsis thaliana and OsNAC6 in Oryza sativa. Phylogenetic
analysis revealed that MsNAC1 was a member of NAC transcription factor family belonging to ATAF subgroup,and
had most close genetic relationship with ATAF1. The expression of MsNACI under abiotic stresses was analyzed by

qRT-PCR,its expression levels increased at first but later decreased under high-salinity, drought, and cold stress
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treatments. The difference among different treatment times were significant at 0. 01 level,and the expression level in

root was higher than that in leaf which indicating that this gene might participate in regulation of plant abiotic stress

response.

Key words: Medicago sativa L. ; NAC transcription factor; gene clone; bioinformatics analysis; qRT-PCR ;

abiotic stress
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FIRZ T B ABA BRI T, 0H 4528 3 W38
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VLA & WOT 5T BT B, R K ) & Rever-
tAid " First Stand ¢DNA Synthesis Kit J | Fermentas
/NF],5'-Full RACE Set Agarose Regular #1 3’-Full
RACE Set Agarose Regular i3] & \RNAiso plus 1H%)
ZHZ1 5 RNA 2 U5 & LA Tag DNA Polymerase
pMD18-T 25 & | % M [l it ) & | ok 42 B 7]
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Yok} SYBR-Green 119 F Bio-Rad A, 5144 i
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DHS5 o NS ZARAF
1.2 £IEETE MsNACI EREKEE
1.2.1 #%HEES RNA BIREL SIEE T 5 RNA
AYHRIBURYE RNAiso plus A& UL 31T,
1.2.2 cDNA W& RACE-PCR {4 T ] ¢DNA
S FR 4 37-Full RACE Set Agarose Regular 1 5'-
Full RACE Set Agarose Regular [P 45 LA & 4
B 09 51 4 ¥ 20 B A . MR RevertAid™ First
Stand ¢cDNA Synthesis Kit %15 B H X 51 & P9 B
ABERLT |97 B cDNA,
1.2.3 MsNACI £ cDNA M52  LIGRHEY)



1314 iR/

wOW o W 15 %

164 NAC % 5 I+ 5& Kl ARNAC2 Fl ARNAC3
(EU755023 F1 EU755022) 51 R 3Rl 76 NCBI %%
P& € (http . //www. ncbi. nlm. nih. gov) ' #£47 BLAST
R ESAIE R, RIS TS 3 YRkt
PKIZH ¥ 91] ( CU468234) 5 ARNAC2 Fl ARNAC3 # — B
R R YR P A, AR s B R R B i RE S S 1
(MsP1 : 5'-ACCAAACGGTTCAAGGCCGAACC-3'  MsP2
5'-CGATACTCGTGCATGATCCAATTG-3") , %f 8 46 H
& cDNA BT 38 OB ZR (20 wL) i ¢DNA 2 L,
MsP1 (10 pmol/L) 1 L, MsP2 (10 pmol/L) 1 plL,
10 x LA PCR Buffer 2 pL,dNTP (10 wmol/L)1 uL,
LA Taq(5 U/pL)0.25 pL,ddH,0 12.75 wL; 2
J¥0 94 C TR 3 min, 94 °C7AEME 10 5,55 CiB X
20 5,72 CHEMH 1 min,35 MEEF,72 CLEMH 10 min,
PCR 14 7 ) 2858 Jie v Uk LIS 3% #2 2 pMD-18T
FARIF AL K I AT TR AZ S A DHS o, HHCPH P
TaRE . ARSI R BOF 1, %11 3'RACE L
W51 % ( MsP3 : 5'-GCCGAACCGGGCGGCTGGGTCT-
GG-3"), LA 3'RACE & JH] <DNA J#itiz, LA MsP3 Fil
3'-Full RACE Set Agarose Regular iRl & 42441 Outer
Primer(3'ROP) 5| 412k 5¢ 18 3'RACE Fr Bed) 34 31U
J¥ s M40 3'RACE M P45 5, %31 5'RACE ¢ 5-E in-
ner 1 outer 5| ¥ ( MsP4. 5'-CGGTCGGCCTGAAC-
CGTTTGG-3", MsP5: 5'-AGCCCGGTTCGGCCTTGAA
CC-3"), LA 5" RACE & JH] ¢DNA N # by, L) MsP4
MsP5 #R 4 5'-Full RACE Set Agarose Regular i3] &
VLB ER R SE 5" RACE F B B -0 ¢ ; PR 4245
F| MsNACI FEH 4K cDNA F41, AHE4 K <DNA
J¥ 50 3 3t JE B ORF 4% 5 #4519 (MsP6: 5'-AC-
CAAACGGTTCAAGGCCGAACC-3', MsP7: 5'-CGATAC
TCGTGCATGATCCAATTG-3") , LA 571 <NDA i
W rik MsNACI J£H ORF 42K, PCR SRR KRR |
FERE TR L AR AR R 53 C.,
1.3 £ETE MsNACI EEHENEBFESH
4 MsNACT 3R 1), I DNAstar ' Edit
Seq [ Find ORF Tl (5 132 4E ( ORF) , i - 5
IR T 5], Blastx 18 2 ) B i AH B &R 1
H DNAMAN 5.2 (Lynnon Corporation, Quebec , Cana-
da) PEAT R HL TR 7 9] 22 ¥ E X AR AR AR 43 #r 5 1)
ExPasy 7E ¢ 1. H ProParam #F1 ProtScale ( http://
www. expasy. org/tools) 73T MsNAC1 £ F [ 45 Fh &
TR B IS A T A S 1 R AL S O B
K % ; NCBI CDD %% % 2 ( http . //www. ncbi.
nlm. nih. gov/Structure/cdd/wrpsb. cgi) il & H )

TIHe 45493 ; NetPhos ( http ://www. cbs. dtu. dk/serv-
ices/NetPhos/ ) Hil NetGlycate ( http://www. cbs. dtu.
dk/services/ NetGly-cate/ ) il £ FH AW B2 4157 15 Al
Bl FEAL A 5 5 Signal P ( http : //www. cbs. dtu. dk/serv-
ices/SignalP/ ) TN & H it 15 51 i {5 5 Bk ; TMHMM
(http://www. cbs. dtu. dk/services/ TMHMM/ ) 43 #t
B 575 B 5 B 45 #4385 ProtComp v. 9. 0 (http://
linux1. softberry. com/berry ) 4341 &5 [ % MV 2 it 7 £
&5 ; SOPMA ( http : //npsa-pbil. ibep. fr/cgi-bin/npsa_
automat. pl? page = npsa_opma. html) Tl & H 1 —
2 25 K4 ; SWISS-MODEL ( http : //swissmodel. expasy.
org/ ) TN EE F1 A0 = 4514
1.4 £EEE MsNACI EREFEWEEHET
HISRIE

I MS JEFRAERE IR e 3 S RM T i 2 FS
435 HI 250 mmol/L NaCl ¥ ,10% PEG6000 ¥
4 CHRIEAFEOh 1 h2h 4 h8h12h24 h, %A
[F] Ab 3 412 HUAR 00 £ B RNA AR 48 MsNACT 42K
cDNA FPINBIT 96 E B RIAT ) (MsP8 . 5'-TGCA-
CACTATTGATTGGTCGGGA-3" | MsP9 . 5'-AGTGGCA
CCTCGCATGTAGG-3") 5 Lk %8 16 B 18 Actin J
(EU664318) NN, & iT 51 ¥ (MsP10:5'-CAGG
TCGTGATCTCACAGACG-3', MsP11; 5'-TCTTCT-
CAACAGCTGAGCTCG-3") , M SYBR Green I 3%}
AT 36 Ak RS 1] i B A JEAT Real-Time PCR E
AT, W AK & B SYBR Green Real-time PCR
Master Mix (2 x ) 12.5 L, E 5] %( 10 pmol/L)
0.5 wL, FH#HFF19 (10 wmol/L)0.5 wL,cDNA &4z
2.5 pL, it A ddH,0 #h 2 2] 25 pL; & 0 FE 57
95 °C FilZAEME 10 min,95 CZAE M 15 5,60 CiE k35 s,
72 CHEH 35 5,40 NMEER, 72 C HEAH 10 min; f)5
AN fik 2R B AR O ABIT500 Real-Time
PCR X, AHXT IR EATHRRH 2722k,
SAS 8. 0 A X RIS AT 2204

2 FERE5HMH

2.1 EWHE MsNACI EE £ cDNA E[E

2.1.1 ZWHE MsNACI EEWRE FlH
MsP1 MsP2 X 58 46 1 1 [ % 5% ¢cDNA #£47 PCR 9~
1345172 bp B HAR B (B 1-A) 751 Fe X b
TRIZF BES ARNAC2 [ ARNAC3 . CU468234 1A I )T
1) B AR, R 23 )k 70% \72% 91% , FIH
F e 2% 7 5 B 1T 51 9 MsP3 XF cDNA i 47 3’
RACE, 3k75 1431 bp M HAr B B (K 1-B) , A4
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JFEE RS MsP4 MsP5 #£17 5'RACE #7883k
153432 bp W HFR R B (K 1-C) , PF4Z 3/ F1 5'RACE
455 3] 1309 bp B cDNA & K F 5, v 44 H
MsNACI 35 ( Gene Bank M54 JN099384. 1),
i3 Find ORF 73 #7 & B, MsNACI FE K ) ORF 4

M 1
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BOENAE S A (K 2) . 7E ORF WP it 514
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1000 bp ZE A B 254 (I 1-D) |, M F45 5 4 993 bp,
1R BRh—5,
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A:MsP1 MsP2 I 38 E 3 55 SO 855 cDNA 2521 B:3'RACE 4524 C:5'RACE £ ;D MsP6 MsP7 51¥J9 S H 3 5 % cDNA 4528
A: Amplify result of Zhongmu 3 reversed transcription cDNA by primers MsP1 and MsP2,B:Result of 3’ RACE,
C:Result of 5" RACE, D ; Amplify result of Zhongmu 3 reversed transcription ¢cDNA by primers MsP6 and MsP7
1 MsNACI EE# PCR ¥ GBIk R
Fig. 1 Amplification result of the MsNACI gene

i AT GEARRRGAAC T CACT ICRATAT CAT AT CCARTACTARCT ACCCTAGCAGCCACCARCCR
i ¥ E R T H F W I I 5 N T N Y P S5 5 E Qg P

61 ACACTGAAGAA AR AR A A AR CA AT AGTACCTATACTATCARACAAATTALT TEAR
21 T L K E E E X K N N 5 T ¥ 3 £ KEKULTIE

121 TATACGCGRATCGCARGGRACGCATIAGAATTACCACCTGECTTCAGATIICACCCEACTGAT
41 Y T R M @Q G A L EL PP GFRVFEPTTD

181 GATEAGCTTGTCARTCACTACT I GTGTAGRARGTGTGCTTCCCTCCCTATAGCTGITCCT
61 ObEL Y W HY L CREKTCASTLFTIHA AGTWVEP

241 ATTATCAAAGAAATIGATITCIATAAGT TTGATCCATGGCATCTICCAGRAATGGCTCIT
81 I 1 K E I DL Y K FD P W HULUPEMHSAL

301 TACGGIGAGAAAGRGTGEIATIIIIICICICCAACGGEATCEARAATATCCARRCGETTICR
i), ¥ 6 E K E W Y ¥F F 58 P R D R K ¥ P N G 5

361 GECCEACCGECEECIGGEICTICEATATIGEAAGECARCCEEEECEEATAAACCAATAGET
21, @ R P A R G 3 G Y WHEBAMTOGEGHDED®PTIZ®G

421 CACCCTARMCCGGTTGGRAT CRAAGAAAGCTTTGGTGTTTTACGCGEETARAGCACCTARA
11 H P K P ¥V 6 I ¥ K ALV F Y A G K AFPEHE

481 GEIGATAAMACCAATTGGATCATGCACGGETATCGTITGECTGATETAGRTCGCACCATT
il 6 D K T W W I ¥ H 6 ¥ R L A DV DR T I

521 CECARRRAGRACAGCTTARGEIIGEATGATIGEETGCTTIGCCCIATATACARCRAAGAAG
iEl R K K W 5 L R L D DWWV LCZRTITUIYHNZEKHEK

601 GETACAATIGACAARCARCCARGCARCGETEGTTGTCARCCCARAAACASAACATTCTGAR
201 6 T I E E @ P 3 N G V V W R KTEHER S35 E

661 ATGEARGARCAGCEARGCCEEATATIGIGACACGIGGAGETIGEICTICCACCACATCCICIT
221 ¥ E DR K P DI VTIRUGTGEULP P HZPL

721 CCGCAARCTACGECTGGRRTTAGGGRT TACAT STACTTTCACACATCAGATTCGATTCCT
241 P ©Q T T A G I R D Y M Y F DTS D 3 I P

781 ARGCTIGCACRCCGATICGAGCIGI TCGEARCACGTIGETGICACCGGAGTITIGCARGIGAE
261 K L H T D 5§ 5 C 58 E B VvV 8 P E F A 5§ E

241 CGTECAGAGT GAGCCTAACTCEAACGACTGECAARAGAAT CTTEAGTTTCCTTATAATTAT
281 Vv @ 3§ E P E W N E W E K WL ETF P Y N Y

301 GITGATGCCACTCTGARCRCTGATTTIGGCTCCCARTTCCRARATACTARTCCGTTGCAR
301 vV 0 AT L N T E F G 5 @ F Q NTUHNPLQ

961 CGATATGTTCATGTACTTGCCCAAAACCTIITGA
321 DM F M YL P KTTF *

TR FR AR B A% E L F T )

The underlined sections are nuclear localization signal sequences
2 MsNACI ZHEBERBHIERF5I
Fig.2 Nucleotide and amino acid
sequence of MsNACI gene

2.1.2 Z£7HTE MsNACI SEMEY NAC £E
HHSELXNMAZH ML ST H/KA OsNAC6
(BAA89800. 1) . #£/4 AhNAC2 Fi1 AhNAC3 . #2L /5 3%
ATAF1(CAA52771. 1) LA K BfHL CaNACT (AY714222)
AT Z B X 45 W, MsNACT 5 5% ATAF1 |
JKAG OsNAC6 £ [ 19 [a] Y5 1 5 5, 43 3 i 649% F1I
60% . 734, MsNAC1 5 HAlh NAC 258 11— #F,
N-3itg (1) 28 5 2 7 4] v BE DR~ , T DAtk — 254l 43 ok
A ~E 5 MESFRE SR, C-ui B AR S5 HA A
NAC KA R, (At — S 7 1 2
RN RN 22 Z PR (S) HEIR(G) ARNAR(F) |
JHZRR (P) AR (T) AR (E) AR (A) |
KA (), 3 A2 A8 ) e Sie I DXl %) 2 ] R
(E3),

FIH DNAMAN 5.2 #f4#E47 MsNAC1 5401 Fg
FF ATAF1 ( CAA52771. 1)  AINTMI ( AEC07970. 1) |
AINST3 ( AEE31527. 1) AtCUC2 ( AAM61198. 1), 4
7= AhNAC2, AhNAC3, %% 32 H 45 MINST1 ( ADK
23700.1) . MINAC100 ( XP _003618528. 1) , MiSENU5
(XP_003620957. 1) , HEH CaNACI ( AY714222) , 4
AF GhNSTI ( ADN39414. 1) . GhNST2 ( ADN39413.1)
GhNAC2 ( ACI15342.1), K & GmNAC100 ( XP _
003524726. 1) , K7 HyNAM(BAG32519. 1) .HvNAC
(CAMS57978. 1) , 7K F&§ OsIDEF-1 ( BAG32518.1) . Os-
NAC6 , F K ZmSPI1 ( AFW81879. 1) RS dkAL /i #fr
B, MsNAC1 53550 405G 1) NAC 288 (1 [R]JE M
B, 5 ATAFL MRS X R, J& T ATAF W%
(E4),
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MsNAC1 MERTHENIISNTNYPSSHQPTLRKK
OsNACE
AhNAC2

AhNAC3
ATAF1
CaNAC1

MsNAC1 I3 YK b= L EpAS M GEREWYF F Sk

OsNACE
RhNAC2
AhNAC3

ATAF1
CaNAC1

KENNSTYSIKKLIE YTRIJC"

o

39
44
44
37
43

MsNAC1

IADVDRTIRKENSLRL
IADVDRSARKENSLRL
LD.ST...RENGSTIK
LNGSC...BSLGSTK
IADVDRSVREKEXNSLR
IANVDRSAG . BSNNLR

MsNAC1 265
OsNACE v 229
AnNARCZ . :.-DERCEALP" 7N '?A..QQQ?'I"QEEI& 262
BhNAC3 .5NG. SSPS:SS‘IE DMI_' LPEIDCRCFALPRVNSL....... 237
ATAF1 .IME.EKPKVIEMVM.......... PPPPQCTSEFRAYELDT....SD KLETT 214
CaNAC1 RIFP.TQLAPAPGQW.......... EBPRPCSTPASDYENFETSESMITTRMAIT 234
MsNAC1 ,.SSCSEH.VVSPEEASE...... SEPKWNEWERN.......LEFPYNYVDATLNT..GFGSQFC..... NINFLEDM 322
OsNAC6é ..DSSCSEGVLSPEEACE. DPAGSCC..GG:CCCC «....SCPFLLEDI 235
RhNAC2 -CACCGIVNY S - FFQCGENEN IEF QRESNGLD 331
AhNAC3 SCSCEMISYD TGRIDENFGLFQCNSNVETHRYLSSSG 317
ATAF1 .ol EQMMSEEETSE . . . . . . NAFGGGGSSN..... CMFPLGDM 281
CaNAC1 ..NSSSGSEHVLSSCDKE...... LDFCINYLOGLLNDPFEICMCCCNCNIDGFNTEQDM 300
MsNAC1 EMYLPRTIF 330
OsNAC6 LMYWGEEF... 303
LnNAC2 348
BnhNAC3 334
ATAF1 - 289
CaNAC1 FLYMGKEF.......... 307

TFRILF TR NAC SR8 5 AN RSFIESS I A ~ E
The underlined sections are five conservative sub-domains A to E in NAC domain

B3 MsNACI 5EMERR NAC &tk

Fig.3 Comparison of NAC domain alignments between MsNAC1 and some other proteins

0.05 MaNACI

ATAF1
GhNAC2

—— OsNAC6
L HVNAC

CaNACI
ARNAC2

— 1 e

MtSENUS

ZmSP |

L HvNAM

OsIDEF-1
AtINTM1

_|— AtCUC2
GmNACI100

MINAC100
AtNST3

GhNSTI
ﬂ‘ I: GhNST2
MtNSTI

MsNAC1 5 H & NAC £ FE B RG#H LR
Fig. 4 The phylogenetic tree of MsNAC1

and some other NAC proteins

2.2 EWHTE MsNACI EEHEL MRS R
BEFo
2.2.1 MsNAC1 EEMBHERSH  FIH Prot-
Param 7EZ% #PEHEN MsNACT 25 1/ 330 & LR
FRILL BN, AHXT 4 F Bt Ry 37.9 kD; 20 Fp 2 3
FRZH RS, Her | 6 2R (Lys ) S de s, 9. 7% ,
R (Cys) Sk, A 1. 2% ; 0 1 BRI A5
JSPIN 9. 19, IBHE R BN 62. 06, AFaE 225 (insta-
bility index ) A7 35.61, ProtScale 7 £k %K 4 i I
MsNAC1 ZBEEESS 78 7 HA fe i 4 E (2. 144 ) FI
T BB K 58 27 7 B AR B A (-3, 167)
R ) 2 KM 5 AR R B N-3ii o4 257K X | C-dis
X3k B K X, 3 5% 2 IKEE - Y 5K M (GRAVY ) 2
-0.795 , L A KM
2.2.2 MsNAC1 EBRIIREL TN S 54
FIF NCBI CDD ( Converved Domain Database ) X 4%
PES3 T MsNACT 4 1Y DRSF A5 B B (181 5 ) L 7E
N-3ii 55 50 ~ 174 fi 2 52 Z (A — AU By 125
IR ZH B NAM PRSP S5 50, 4T, 52
41»: & MsNACI J:HJE T NAC KGEFE T,
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F| Ffl NetGlycate 1. 0 Fl1 NetPhos 2. 0 7EZ& A Fit
T MsNAC1 25 105 L A0 A7 o R iR Ak A sl B3,
MsNACI BRI S A 9 DHEHEALA (25,
36 .37 .71 .83 137,163 182 .199) F1 23 MW hz Ak v
SRR AL SRR 11 AR R (S) BB AL A7 45
(17 31 34 110,120,127 .185 219 256 267 274) 4
ANTRETR (T) BERR AL 5 (21.,59 179 .216) F1 8 4>
MR IR (Y ) B R AL 45 (14 .33 .88 ,101 107,116,

R . LR

298 300) .

2.2.3 MsNAC1 EBRZRKEHFTM  FIH SOP-
MA X MsNAC1 5 1) 9 25 kb 47 B0l % 30 (]
6) , IR 1 R A5 T 45 68. 49% 1Y T HL 4 M
LEK (16, 06% ) o-3R HELE Y 2. 42% Y B-%% fi1 A
13. 03% (W AEHEE L5 # , JCRLIN 4 il 25 4 T o5 A L
915 v, AR R i B H A — g s T,
o-BBTE | B-K Fl RIAE it

200 250 300 330

Query seq.,
Specific hits

Superfanilies | NAM superfamily

B 5 MsNACI1 ZEAMRFEHEE
Fig. 5 Conserved domain of MsNACI1 protein

T
|||H|||||II
1

IHMMIEIIIIIHI

100 150

e

200 250

W o WRE 2160 MRS 2 5. B A YRR 68 . JE RN 5
Blue: Alpha helix, Red ; Extended strand , Green: Beta turn, Purple ; Random coil
6 MsNAC1 ERMZHEHTN
Fig. 6 Predicted secondary structure of MsNACI1 protein

2.2.4 MsNAC1 EAW=ZKEMMN FH
SWISS-MODEL X} MsNAC1 £ A 25 bl & LR 1) = 2%
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Fig.7 The tertiary structure prediction of MsNACI protein
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Fig. 8 The relative expression of MsNACI gene induced by stress
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