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Bioinformatic Analysis and Expression Pattern of NAC Transcription
Factor Genes Homologous to TaNAC2a in Bread Wheat Progenitors
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Abstract: In this study, 107 and 126 NAC transcription factor family members in Triticum wrartu L. and Ae-
gilops tauschii L. genome were identified respectively by HMM profile search. They were further classified into two
groups , consisting of 15 subgroups based on the classification method of Arabidopsis and rice. Phylogenetic analysis
revealed that 5 TulNAC genes and 6 AetNAC genes were found to be similar in protein sequence with TaNAC2a,
which had been reported involving in the response to diverse stresses in plant. Phyletic evolution, protein domains,
gene structure , cis-acting elements in the promoter region, and tissue-specific expression pattern of these 11 NAC
genes were further analyzed. Results showed that these 11 NAC proteins possessed typical NAC domains and several
pairs of genes with close evolutionary relationship had similar gene structure. Prediction of cis-acting elements re-
vealed that they all had stress-responsive cis-acting elements in their promoter region. Gene expression pattern analy-
sis revealed that the transcripts of TulNAC and AetNAC genes were detected in root, coleoptile and leaf of Triticum

urartu and Aegilops tauschit ,respectively ,and exhibited obvious tissue-specific expression pattern. It was speculated

RS AHE:2014-04-28  fEEE#I:2014-05-29  RILEHAR A H#1:2014-08-14
URL:http://www. cnki. net/kems/detail /11.4996. S.20140814. 0928. 004. html
EEWA - YA R ETHT H (20120311001-1) 5 R A RH G (31201200) ;AL 5T AME - BEE PR VDT H (GIHZ2013)
B —VEEITT A/ P TS . E-mail ; zhangfengjieli@ 163. com; 225 IR R IL[F]5E —1EH
BAEVEE  E B, TG [ /N AL F E-mail ; wapdbn2001 @ 163. com
BB RS 10 /N E st F R, E-mail ; cp_zhao@ vip. sohu. com



5 1 kR 25 il NZ LSBT TaNAC2a JE R N S8 58 A3 A R ik B U 5T 1013

from microarray data and expression patten under stress conditions that Aet/NAC2¢ had a role in the response to

drought stress and AetNAC2b was more likely to be involved in the regulation of plant reaction to low temperature

and drought stress. Our analysis would lay a foundation for systematical research of gene family in bread wheat pro-

genitors and provide an experimental basis for the identification of excellent functional genes.
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Table 1 Primer sequences of real-time quantitative PCR
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FEN 4 Gene name BIYJF51 (5 —3") Primer sequence

FLH 4 Gene name 514731 (5' -=3") Primer sequence

TuNAC2a-F CCGCAAGAAGAACAGCCTC
TuNAC2a-R CGCCCGTCTCCCTACACTC
TuNAC2b-F CCGAGGATACGAAGGAAGACA
TuNAC2b-R TCGCAATGGCAAAGGAGG
TuNAC2c-F GCTGGAAGAATGGGTGCTGT
TuNAC2c¢-R AGGAGTCGTGCGTCTGGAAG
TuNAC2d-F AATGAAGGGTGGTGACAGGG
TuNAC2d-R GATGATGGGGACGGCGAT
TuNAC2e-F ATGATAAGGCAGCAGAACAACC
TuNAC2e-R CAGCGTAGAACTGAGGAACCA
AetNAC2a-F GGCTGGATGACTGTGTTCTGTG

AetNAC2a-R GGTCGGCAATGTGGTCGTAG

AetNAC2b-F TTGGAAGTATGGGTGCTGTGC
AetNAC2b-R TCCGAGGAGTCGTGCGTCT
AetNAC2c-F GCGACCGCAAGTAACCCAA
AetNAC2c¢-R CAGCCTGAGCGAGCCCT
AetNAC2d-F TCATCCTCCAATACCTCCTCAA
AetNAC2d-R AAGAAGTAGCACTCCCTGTCCC
AetNAC2e-F GTTGGATGACTGGGTGCTCTG
AetNAC2e-R GGTCGGCAATGTGGTCGTAG
AetNAC2f-F GTTGGATGATTGGGTGCTGTG
AetNAC2f-R GCTGAACTTGGGCTGGCTC
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Circle, triangle ,and square labels indicate NAC proteins of Arabidopsis thaliana,

Triticum urartu ,and Aegilops tauschii ,respectively
B1 SH/AREMELFENLET NAC ERREEORFZLER
Fig. 1 Neighbor-joining phylogenetic tree of the NAC members in Triticum urartu ,Aegilops tauschii ,and Arabidopsis thaliana
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2 EE/NEELER 68 N NAC RIEH 5
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Fig.2 Neighbor-joining phylogenetic tree of
TaNAC2a and 68 wheat progenitor NAC proteins

R2 TaNAC2a REZH 11 MEE/NEHERM NACEENEXER
Table 2 Basic information of 11 wheat progenitor NAC genes similar with TaNAC2a

, . HFFE) AR . FoxT DX 45
LR A% HAEIER e o PPl g FHA T (KD) ARUAE
. ) (bp)  #(H(aa) i (%)
Gene Progenitor Chromosomal Location of pl Molecular (%)
Coding No. of Alignment
name gene 1D location NAC domain weight Similarity
sequence amino acids region
TuNAC2a  TRIUR3_32750  1AL3-0.61-1.00 1083 360 20 ~ 147 9.50 39.97 48 56
TuNAC2b  TRIUR3_29857 C-2AL1-0. 85 1707 568 80 ~241 6.75 62.25 52 61
TuNAC2¢  TRIUR3_04332 3AL3-0.42-0.78 783 260 28 ~ 154 5.24 29.02 87 50
TuNAC2d  TRIUR3_14109 — 711 236 76 ~231 9.54 26. 46 57 99
TuNAC2e  TRIUR3_32458 — 1104 367 14 ~171 9.09 40. 14 52 61
AetNAC2a  AEGTA04075 2D 1044 347 11 ~173 7.24 37.78 48 61
AetNAC2b  AEGTA42286 3D 903 300 28 ~170 5.81 33.44 87 53
AetNAC2¢  AEGTA07634 5D 990 329 19 ~172 6.38 36. 74 100 97
AetNAC2d ~ AEGTA02308 — 687 228 2 ~148 9.80 25.07 39 70
AetNAC2e  AEGTA02328 — 1077 358 11 ~178 6. 12 38.15 50 58
AetNAC2f  AEGTA28813 — 711 236 9 ~159 9.37 26. 14 74 99

2.3 TuNAC.AetNAC EH NAC 54918 51 bk X
¥ 5 TaNAC2a L% 1) NAC & H T4 17

FIEH AT, 450 TR 11 N %EF NAC A7

FBEIR 7 5 N wig PR 57 E 50, H 45 48 B K 2

130 /> BE DR SF A S B FR AR R 2 0, A&l 3 f o
aRE— R A B .C.D E 5 AR,
Rl T NAC R 57 30, FA SR (1 NAC 5% ¢ A
TFEERFFAE . Horp DO PR ST A, RO
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M ZREME, o TuNAC2a 78 A W ELR Z A HEEER,
AEtNAC2E .. vvvirinnnnnnnnn MSGGQELN MALYGEK 63
AetNAC2a ...... MSGGGGGGSARATQGQQDLYLPEGERFHPTLEN FTSSMERR 74
TutNAC2e XAREPTGRAARGREGSSGRRLOAEAELNLPPGERFHETDO ERALFESR 80
AetNAC2d KARESTTARARAREGSSGRRCAERELNLPPGEREHPTILOM ERALFGSR g0
TuNAC2b . .MGMPAVRRRE..... ROAEAELNLPPGEREHPTLO CRALFGTIR 73
AetNAC2c SIRI.LI&ANMLNARG‘:AMIMSDP MLPPGERFHPTLHA FXASYGCR 80
ABINACHY cvsmerverrvnnsrevwnvryres YLPPGFRFHPTLHI FXASYGCR 56
TUNAC2C +vvvvnnenns MSMAQ .QGQGAATILPPEFRFHPTLEN FQAVYGLC 68
TuNAC2a ........... MEISIRXGAGGGLDYRAG VEVE EQAVYGDC 65
AetNACH ......cc.c.c. MAGQ..GQGRAATYLPPGERFHPTLE EQAVYGLC 65
TuNAC2d EEEFSSSRIQSSSDRPEMSGGQELNLPPGFREHPTDE MALYGEK g0
Consensus
A
AetNAC2e |EWYFE R DREYPNGSRPNRARGSCYWKATGADKPVE. . .TPRPLAIRKALVEY AeKR)-Kle Fpgn MNopssisings]. . . . . ... 132
AetNAC2a |SMHEACMENGEVRREGVE.......ccvvvvenews) e .. .LATRRALVFY R eRD)oKle Do NORSSISIRE]. . . . . . .. 120
TutNAC2e |EWYEET)RIDREESGE BEWN. ceovvonnessofponnsnnens 125
AetNAC2d |ERNYEFET)3DREYPNGSPPNRSAGTCGYWREATGADE. .|. ... .. ... PYXRTRRAZNeRA - Rle VR CIobscisingsl. . . . . ... 141
TuNAC2b |EWYEET)#3DRERYPNGSRPNRARGNGYWRATCADRPV|. APRGGRTHMGYRRALVEY 2e K2 s Rle Vi Ciohadisiopgal. . . . . ... 144
AetNAC2c |ENYFET)DRKYPNGVRPNRARGSGYNKATGTDEPIRCSATGESVG BRAD 157
AetNAC2b |[EWYEFET)3:DREYPNGVRPNRABGSCYNEKATCTDREFIRCSATGESVE LRAD.. 133
TuNAC2c |[QWYEE R DRKYPNGIRPNRARGSCYNRATCTDRPIHEARTGQCVE 55w 140
TuNAC2a |EWYEE S DRKYPNGIRPNRABRGSCYNKATCTDRPI -112 HTGQC‘#G AAD... 141
AetNAC2f |EWYEE I DREKYPNGIRPNRARGSGYNRATCGTDRPIHARAPGHGVE ARDPLAR 145
TuNAC2d |EWYEE 3 DREKYPNGSRPNRABRGSGYNKATGRADRP V. . .IPKFI_A ........ 149
Consensus
AetNAC2e GGMER.ccccsesesssccocooresssnssscscsasssosonas 165
AetNAC2a GASERPGRDAVASATSLYLYIWCRRAALQHPTPLSSGARQLHEIP... 191
TutNAC2e NNWEKLRVEQ. .. 0su DMAVERGENGEVMDALAT . v v v v v v e ig1l
AetNAC2d NNWEKLEVEQ........ DMAVERGPNGEVMDARLAT . v v v v v v e 197
TuNAC2b NEWEXKMQLQQQGGE. . X'.UUVJ‘.F’{E HAASDMVVTISHSHSHS. 212
AetNAC2¢ . .RE SQASPMAVEPFLSDH... .r_LEr_FSG 2 . AYPMSSAGMIMQGG. GGY 229
ActNAC2b . -GHAGNTYRPMEKFR.NABMR...cccccccvefeccccccccccccscersacccsccssccnssscnscsanscscncsnssnce 151
TuNAC2¢ -LER2 ALASP.MVPFLADYDHMADHDALCGGG.AFTDATCREFMIRQQH. .. 213
TuNAC2a GLASP.MVFPLADYDHMADHDDLSSGG.AFTNAICREPMIRQQH. .. 215
AetNAC2f GLASP.MVFPLSDYDHMADHDDLSGGGSTFLOCAACSFYAHSSSSSS 224
TuNAC2d .....LADVDRSARR.ENSLR......cveeeiriererrneresnsersssncssnsssrosnssssosnssnnssnnnas 164
Consensus

RORFALIE N 100% , LLEARFAPIE N 75% LLE, BEERERUE S 50% LT

Black represents completely identical amino acid sequences,red represents amino acid sequences with

similarity over 75% , green represents amino acid sequences with similarity over 50%

B3 TaNAC2a if%Ei@E/NEHLEMN NAC EBFRTEF I XY
Fig. 3 Sequence alignment of the NAC domain in 11 wheat progenitor NACs similar to TaNAC2a
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TuNAC2af N FEH A 5 A, AetNAC2e 4 1 /l\
W& T, UL AetNAC2¢ 77 8L Y 5 1, T g
JEAE, HoA TuNAC2a , TuNAC2c | AetNAC2c | Aet-
NAC2b , TuNAC2d , AetNAC2f J& T ATAF WV J , Tu-
NAC2b , TuNAC2e . AetNAC2a . AetNAC2d AetNAC2e J&
T NAP Wik, AHF5E K TuNAC2e AetNAC2d i 3
AR A F 2 AN PR, X 5T AT NAP
G HE R G5 40 KR AR 09 F 52 A AT, AetNAC2a | Aet-
NAC2e ,TuNAC2b W 73 Ak 13 5 56 H50 4 20 (1) A i+

[ B 2 B0 535 % O 2R 34630 119 35k R AL Y 75—
AN FE5R  FeIAE SN T8 H R B RS AL,
TuNAC2d F1 AetNAC2f, TuNAC2c H1 AetNAC2b,
TuNAC2eHl AetNAC2a, Ui WA #H 5 NAC FEH 1) N &
F—AN B FEEH T RE S RG R R R BEAM K,
ST R IR 1L A BN & F AT R Y L B

A A AR, AetNAC2¢ N & 1 T o Fe il B /N
F11.4% 4 6 DNEEF NG F T 50% ,

HH TuNAC2d , TuNAC2b W & 1 Lt B 43 ) A
93.0% 94.6% , HAZLEWEIEH I EF N

T A B A RS YE R GT-AG B0, LA
BOR RNA 36 5% 2 J5 (i Tk A% b oy & 7 BB g
ORI S5 ER >, A & B 11 A TuNAC .
AetNAC SERL 1 37 SN & T 235G GT-AG
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Fig.4 Phylogenetic tree and intron-exon structure of TuNAC and AetNAC genes

2.5 TuNAC AetNAC BERHBFIRXI1EATH

SHHEN 11 A4S TuNAC AetNAC FER B B RE , FI
PlantCARE i J& 25— i Jy 196 5% 3755 A8 =4
JO, PR /N A7 SRR OC R B 1 R S
HYIE ST K BIRIT Bk KRS ek
TG AR 4 25 SRR I TuNAC  AetNAC 5 F AT
EAHZA CAAT-box M TATA-box Ji 3l 1 X B KA
Jof, A BT A 7E ABRE \MBS | LTR 45 £ i i 55175 3
A oo, 3R 3 Al & 1,11 4> NAC
BRI &4 ABRE fEHTTHE, 10 4> NAC 5 K 4B H

H AU CAAT-box . TATA-box JG/4,8 > NAC
FH A MBS & LTR fEH 6,5 4~ NAC F:H &
H CCAAT-box (MYBHv1 £5& 17 25) , TuNAC2b &4
JEE 38 e N T4 ( TC-rich repeats ) . H: "' ABRE
5 5 [ ¥ R Wi R 8 48 5 =4 G HF, MBS J2
MYB 65 745 50005, BB 2 5 T 58, LTR
Y 7 4 5 1K I i A9 2% 38 R 35 A4 O, A-box &
OBP-1 site MR TOAF, )42 158 W 385 38 /N 22 41
SERh NAC ZEI5 2R 17154 4306 1% 19 6 107 28 2 (R A7 AE
— R

R 3 TaNAC2a E%EB/NZHEM NAC KEEERBSHFHERATHHNEES T
Table 3 Distribution of cis-acting elements in promoters of TuNAC and AetNAC genes

S 4B TC-rich OBP-1

Cone e A-box  CAAT-box  CCAAT-box  TATA-hox epeats ABRE MBS LTR  CE1 e CE3
TuNAC2a 0 14 0 28 0 3 3 0 0 0 0
TuNAC2b 0 6 0 12 1 1 2 3 0 0 0
TuNAC2¢ 0 13 0 11 0 4 0 0 0 0 0
TuNAC2d 0 12 2 6 0 2 1 0 0 1 0
TuNAC2e 0 0 0 0 0 1 2 1 1 0 0
AetNAC2a 0 24 0 6 0 3 3 1 0 0 0
AetNAC2b 0 14 0 15 0 8 0 1 0 0 0
AetNAC2¢ 0 13 2 10 0 2 2 2 1 0 1
AetNAC2d 0 17 2 12 0 3 0 2 0 0 0
AetNAC2e 0 14 1 1 0 5 2 1 1 0 0
AetNAC2f 1 10 1 12 0 6 1 1 0 0 0
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2.6 NAC ERFEFEEEmE R IFEXTNES 54 WITE 4 D itFhrh Ta. 9497, 1. S1_at IFRIKYZ AL

11 AR NAC SEFE S PLEXdD B2 5% 2 IR, Ta 5367. 1. S1_s_at WRIXZAR
R R T, 50w HARCON PC R RE il IR AR R R, B C.D KIS R R,
AIMEARARL 2 DR A i 7 35 B8 2 TR A O, HED AL JE Rl Ta 9497, 1. S1_ar 3% T 50 o HE 3 38 & R R %
NAC SERFERE, G5 R 2 NSRBI N AEZ G R WL711 ik A48 #E CS CS-5A i
WRED, 439 K AetNAC2b ( Ta. 9497. 1. SI _at)  Aer-  FiEE JBE By 300 4k BE B 25 B WG A 1 3R 4 35,
NAC2¢(Ta. 5367. 1. 81 _s_at) , FERAGEIMEM 4 4 Ta 5367. 1. SI_s_at 76T 510 A0 BEF 3635554
RIEAR ST 08, P A T2 R N 2 LJbES K5 B .C TRAME,; % D ik
SFKEKE(ES), Creso ,CS fhFh 3Rk BN & 2%, R H B+ 2 a8

SR SR 2 MIFEEME L TR T, FE M, Rk g BAeT S RN aE, B,
BAAERAER U HIEH LR ZHEE0E Ta 9497 1. SI_a MFEEBEMRESS FRAE L
o ARG REY A4 ANRFD ARG FEARRE  THAER, FRIES T HZBME]; Ta 5367. 1. SI_s_
BF6] Ta. 9497. 1. SI_ar B KB BAIE  (HEK o WK, ZRIEESREERMK, TRIBES TR
2 EFHEH TR PN 8S Ma No HRIUL AR i kit B,

Winter Manitou Spring Northstar Spring Manitou Winter Northstar

® v v o®w ) [ )
> > > > > > > >

[ ]
o >

Odays
14day:
21da;
56days
70days
Odays

Ta.9497.1.51_at
Ta.5367.1.51_s_at

Creso CS CS-5A

2 2 2

WL71s RILs C306t RILt 2 9 2 o 2 o
= T T o T oo &= g‘a L 2
2 2 =228 < 28 = FERZEE) > O > 0
= S 3 eh Iz e 8 < B - © = @
a0 e 2 oh 2 oy 2 g = > = > = >
EEEZEEEE S 3553853
.= = S .= T .= O O = »n =) =)

Ta.9497.1.51_at
Ta.5367.1.51_s_at

Ta.9497.1.81_at 1a.9497.1.81_at
Ta.5367.1.51_s_a Ta.5367.1.51_s_at

SNODN [Sel’ale ) —en<t
QONS—ANO N NO — N SN —ONT O
AATSSSS aN—=SScSS oINS SSS
coo | T cooco | || coco | 1|

B C D

A4 AT &% Al AL I Ak BHLAS [) B ) 4% 1 T ik R 3R AR 15 08, 4 A & R 3 3124 Winter Manitou (12W) | Spring Northstar (8S) | Spring Manitou
(Ma) Winter Northstar(No) ; Ab#ER 5] 53 5150 d.2 d .14 d.21 d 35 d.42 d 56 d.70 d( GEO 35 : GSE23889) ; B4 /M /N SRl 7 A= A=
W B SR AR A R (B D SRR S B 4 AR A5 B R R WLT11 B ARl RIL i 5 it A C306 i 5 s F RIL, €] o 43 531 55
3 WLT1s RlLs €306t ,RILt(GEO %535 : GSE30436 ) ; C.: IEH DE/K AN T2 Ab BT 2 B AE b/ N2 i ) SE R IR T 0, 2 A b 20331
it 5 Y12-3 B Jk A24-39, I 205 5 2 Y12-3r,A24-39s(GEO %35 : GSE31762. ) D3 /3 /22 i SR I7E R 0 IE 6 L b B2 b |
JEE Jolh 3 A R A B IR SRR L, 3 S R4 31 Creso , Chinese Spring . CS_SAL-10, [& /1 43 5] i 5 2 Creso, CS,CS-5A ( GEO & 5,
GSE31759)

A ; Experiment name is transcriptome profiling and expression analyses of genes critical to wheat adaptation to low temperature , Genotype includes Winter
Manitou(12W) , Spring Northstar(8S) ,Spring Manitou( Ma) ,and Winter Northstar( No) , Treatment time is Time:0 days,2 days, 14 days,21 days,35
days,42 days,56 days,and 70 days( GEO Accession: GSE23889 ). B : Experiment name is transcriptome profiling of reproductive stage flag leaves of wheat
from drought susceptible parent WL711 , drought tolerant parent C306 and drought susceptible and drought tolerant RIL bulks in irrigated and drought con-
dition , Cultivar includes WL711 susceptible , RIL susceptible , C306 tolerant,and RIL tolerant, Stress condition includes irrigated and drought( GEO Acces-
sion ; GSE30436) . C: Experiment name is wild emmer wheat comparison of drought resistant vs. susceptible genotypes under terminal drought, Genotype in-
cludes Drought resistant( R) Y12-3 and Drought susceptible(S) A24-39. Treatment time is well-watered terminal drought( GEO Accession; GSE31762 ).
D:Experiment name is drought stress in wheat at grain filling stage , Genotype includes Creso, CS and CS-5AL. Stress condition includies Control , mild
stress,,and Severe stress( GEO Accession; GSE31759)

5 2ANEBNEERESEEFGTHRIZER

Fig.5 The expression profile of two wheat genes under stress conditions
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Fig. 6 Relative expression of TuNAC(A) and AetNAC(B) genes in root,

coleoptiles,and leaf of 7. urartu and Ae. tauschii ,respectively
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Fig.7 Relative expression of AetNAC2¢ and AetNAC2b gene under drought treatment

and AetNAC2b gene under cold treatment in leaf
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