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= .WRKY A RZEFRARERA S ZHEMEZE T BAF SR A% E WRKY AR, #£Fk DSEFLA
WRKY A Bk 5 122 T3 WRKY AR ABEZEZHH AL, FHAATA— O F BB, KRB ERMFHE 158
R A, B T 2 A WRKY B, 551 % 75 344 AsFe 371 ARILBR , 5 GenBank 235 & W 49 TaWRKY74 1R 3 E R R, &
£ H TaWRKY74-c %= TaWRKY74-d , & @ JUtk F 4 MR AR ,2 MR EAESA 1 A WRKY 52 H#3, & T Il & WRKY
FATF Rk, £F PCR 24 % TaWRKY74-c 2 TaWRKY74-d fe & t9vt i fefek Py kik AAZPH AR TRS, AL
Py R A FR Y, KA Genevestigator 5 F LA T B 3t B 42 331 APIRF LM (Aeif 3t B E MEF ) 10 AL F A
(de W BAABE) A 2] FARBE (AR o P ) PRRERITT oM, EREAN, ZAREDERRALE HHfHRE
EPAA AL AN E IR BRAREFREAFAET AR SAARERE FraTRALI XA FER
P, KA RT-PCR 497 i3t LR AT RBFAIE LREAVADFTEREANZEFTAIMNGLER -, AMRFEXRE £
R A HYE S A ) WRKY R RE 8547 £ R T sy & WRKY J B Kk s R 48 69007, A 4 U6 sHiz L B 69 & ik o 47
Fe R T ER LK AT 6,

F4 N TaWRKY74 5 F 1% 2 13 B30 KGR 94T SR a8 1 25
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Abstract : The WRKY genes are broadly investigated in plants and presently many members of this gene family
have been identified and characterized. WRKY genes are also isolated from wheat,but functional characterization of
these genes is largely restricted for the lack of bioinformatic analysis. In this study,we cloned the TaWRKY74-¢ and
TaWRKY74-d genes,which shared high similarity with TaWRKY74 genes in public GenBank database and encoded
344 and 371 amino acids, respectively. These proteins contained highly conserved WRKY domain and belonged to
class Il of WRKY transcription factors family. Real-time PCR indicated that target gene expressed in flower, leaves,
and stem with the highest level in stem and the lowest in flower. Genevestigator tools were used to detect genes ex-
pression patterns under 331 environmental stimuli ( stresses, diseases, hormones, etc. ) , 10 developmental stages
(seedling stage , booting stage ,etc. ) ,and 21 tissues or organs(root,flower,leaf  etc. ). Results showed that the gene

played important roles throughout plant development stages and especially in plant responses to cold acclimation
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and pathogens, and the expression levels changed a lot. These indicated that TaWRKY74 might involved in these bio-

logical processes. We then carried out RT-PCR to verify these results. The data indicated that the expression patterns

of TaWRKY74 gene under different conditions were highly consistent with bioinformatic predictions. In this study,

plenty of wheat transcriptome data were used in WRKY gene functional analysis. These enriched our knowledge in

the functions of wheat WRKY gene family and provided crucial clues and information for further clarification of the

expression analysis and function studies of these genes.

Key words: wheat ; TaWRKY74 ;gene cloning ; bioinformatics ;expression analysis ;responses to environmental stimuli
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BEIGTEL 20 AR HIIESEAAE WRKY S5, 5 B
THHR R FAEY A IIRE . X e AR ] AR
H—NEERSER WRKYGQK #0551, B WRKY
I, PR A TP R T — 3 B S (gene super-
family) >, VFZAEYIEEE0 L N G FR AR A
SRIK- A2 8 si PR T FUCAE FH R o3 42 , DR e i
SRR AE R oA i B e T IR Y
YEM

HRHE WRKY 2544 355 1) %5 H A 8R4 367 19
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W AE R E SN A SRR, B, S50

FiF G F Ik M B WIZZ FE YRR 5F 7 A
WRKY %t K (AtWRKY40 . AtWRKK33 . AtWRKY53 | At-
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1.1 RXoawra

1.1.1 #¥se E/NE R4 158 TR
SEREFIANRLS NG T A 0, ANZF TR T
B, N TR SRR 26 C (16 h)/
20 °C (8 h) ( HBAEHE) HMIXF S MR N 75% , Wik
F 3 mHEI A, A3 A TR (3 C) 53T (R
535 65 Hik 0 TR B ( DON, 2 mg/L) FIAR FF B
Agrobaterium tumefaciens strain EHA105 (0D =0. 8)
R AL B AbHE F5 752 IR Genevestigator H1 Perturba-
tions #RATIYAH WS BEAT I A RHISCAR J TR
R, IR T - 80 CH .

1.1.2 HE# E. coli DH5«

1.1.3 FERKF YL RNA #2B6LH & (WA
TIANGEN 7% 7 ) ; SuperSeript Il 2 %% 5% it} ( ) A
Invitrogen’s ) ) ; BUIEHHEE X DNA 44k [a1 i3k 57) &
(W B KEFAEY A F]) ; Phusion # R E DNA K&
fiti (19 [ NEB 23 7)) ; pGEM-T Easy #4K (15 [ Pro-
mega NED) PCR 5149 H WA T A TR AR R
5541 BRZA A6 A DNA I3 p b 5 0 AR B &
AR 5E

1.2 REAHZE

1.2.1 /3 RNA FREL 4k 1 cDNA &£ —3%[H
AR AR A RNA 2 BGAH &8 20t T2 40
PR /INAZ et i SRR RNA 2% s 15 31 cDNA
Kl B2 5 S5 7= . /NFE B-actin B19F 5k B-actin-
F:5'-ACGGCCTGGATGGCGACGTACATG-3' ; B-actin-
R:5'-GCAGAAGGACGCCTACGTTGGTGAC-3' ( Gen-
Bank accession No. X79378) . PCR ¥ "4 #2L % .94 °C
AR ME 4 min;95 CAEME 30 5,60 CiB K 30 5,40 4
PG, 72 CHEMH 30 s, 5 fq 72 CHEMH S min, 1% 3
I U G Y A ) 25

1.2.2 TaWRKY74-¢c 1 TaWRKY74-d EE i PCR
18 PCR P 154K H Primer 5.0 BT,
¥ ¥ %) 2 TaWRKY74-c-F: 5'-AGAAGCTCCGAG-
CAGAGAGAGATGG-3'; TaWRKY74-c-R: 5'-TCAGAC-
CTGCACTGAGGAAGAACTG-3'; TaWRKY74-d-F: 5'-
CGATTTCTCCTCTTCCACACACAC-3'; TaWRKY74-d-
R:5'-TGGCGTGTTCTTCCCTCCTCT-3', Lk ¢DNA W
B, 54T PCR 9734, PCR ¥ 8K 5 . RS9
1.0 pL,5 X phushion HF buffer 4 plL, 10 mmol/L
dNTPs 0.4 pL, 10 mmol/L 25147 2.0 pL,
phusion DNA R4 0.2 plL,DMSO 0.6 pL,ddH,0

MR 20 pL, PCR §" 427 .98 C 28 PE 1 min;
98 CAEME 20 5,61 CIR K 20 5,72 CHEfH 1 min
40 5,35 MER S5 72 CHEM10 min, ¥ PCR 7~
YITE 1% BRlEHEEEIE bk, >R F BRAE BE BEIKE DNA
afif DR & g Ak B B 1 254

1.2.3 E=ZHFGf pGEM-T Easy-74-c 1 pGEM-T
Easy-74-d B93X%5% B[R BN A 5 Promega 2
Al H pGEM-T Easy Vector ¥ 4% Hfk, % 5 H Y
PR S REEA TN 1, 80 7 P 97 LE 0 i 4 JSORE 1 T
A7

1.2.4 FEE RT-PCR #3#7 fjE 4 RT-PCR X
o7 LA BB S 2 s 7 ) S R, B AR R 20 L, 51
H/NZE WRKY 2 4F 5514, PCR ¥ 3 72 )5 0
98 CHIZEME 1 min, 98 C 251 1 min, 60 °CiH k
1 min,72 °C #E ffi 40 s, 35 /4~ 1§ 35, 72 °C 4E ff
10 min, WS K B-actin FEH , FHEHH R H X 48
LA YR IK 1 O, 0 B4~ JE DI ERHEAT 3 Wt 7
1.2.5 WHRZEE PCR O LR PCR R
ABI 7500 Real Time PCR System, # {4 & 4t & 7500
System Software Version ( Applied Biosystems, Foster
City,CA) . 5 1R R 20 23 W B9 Ulira SYBR
Mixture 255 & (CW0956 ) , % GHL A SYBR Greenl,
FEXH PRI IR MR T 2744 (Livak ) 351 S IE O
KH /N 22 B-actin £, [ N F2 J5. 95 °C 1 4% M
10 min,95 C7M 15 5,60 “CiRK 1 min,40 MR,
IS AFE R .95 °C 15 5,60 °C 1 min,95 °C 30 s,
60 C 15 s, XMW K FR 4.2 x Ultra SYBR Mixture
(With ROX) 10 uL; 10 pmol/L Forward Primer
0.4 plL;10 pmol/L Reverse Primer 0. 4 plL; Template
DNA (#i% 50 £%)2 pL;RNase-Free Water 7.2 pL,
1.2.6 EWERZEST AU HAENE R K
1 Bioedit X1 )35 3 () TaWRKY74-c Fil TaWRKY74-d
BEPRI 2 A DXAZ R 7 51 EA T 20 URVRRAE 3B, R ]
PredictProtein ¢ #% J& ( http://www. predictprotein.
org/ ) X} TaWRKY74-¢ Fl TaWRKY74-d & H #E17 —
REEFIT . ] NCBI #5045 % (http ://blast. ncbi.
nlm. nih. gov/Blast. cgi ) F1 Y LX) T H. DELTA-BLAST
HEFTIR) PR R A &, IO R B ok A 51 HAE
Y/ KRS R CORAE A4 RN LAY 8 AP
51 K COBALT *%r?(http;//www. ncbi. nlm. nih.
gov/tools/ cobalt/ ) #4722 H L X, F H] Bioedit #1432
TR G, 30T H BOEED B9 2R )27 D e
A}, 2K H Genevestigator (#i J& ( https : // genevestiga-
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tor. com/gv/plant. jsp) S 1Y Affymetrix 5& K1k
IONAR L CIT I % 4 € QR Vi (a0 Re s RN BB ST )
BAsie A IH—Ak , PRk T 8AE A AT HEE,

2 FHRE5HMH

2.1 /N2 TaWRKY74-c ¥1 TaWRKY74-d EEH5EE

VI/NAZ B i R Rk B BCEL RNA 28 cDNA
HE—4ERY A R PCR ¥ 48 4R15 2 A KA 51
DNA F B, B B 9 R Br s BE 31 pGEM-T Easy #f&
e RS BRAYE S RE R Y . TaWRKY74-¢ FE P 4 )
XK JE N 1035 bp, Zifith 344 NEIERR ; TaWRKY74-d
FEPI GRS XK B 1116 bp, 4ihS 371 N IERR ; &
HB AR SFEE R AT R B, 2 AN EE S A 1A
WRKY 545 M5k, 4K I8 WRKY % 4 255

TaWRKY74—a
TaWRKY74-b
TaWRKY74—c
TaWRKY74—d

TaWRKY74—a
TaWRKY74-b
TaWRKY74—c
TaWRKY74—d
TaWRKY74—a
TaWRKY74—b
TaWRKY74—c
TaWRKY74—d
TaWRKY74—a
TaWRKY74-b
TaWRKY74—c
TaWRKY74-d
TaWRKY74—a
TaWRKY74-b
TaWRKY74—c
TaWRKY74—d
TaWRKY74—a
TaWRKY74-b
TaWRKY74—c
TaWRKY74—d

TaWRKY74—a
TaWRKY74—b
TaWRKY74—c
TaWRKY74—d
TaWRKY74—a
TaWRKY74-b
TaWRKY74—c
TaWRKY74-d

TaWRKY74-a
TaWRKY74—b
TaWRKY74—c
TaWRKY74—d
TaWRKY74-a ‘
TaWRKY74—b B
TaWRKY74—c 1 § |
TaWRKY74—d \
TaWRKY74-a
TaWRKY74—b
TaWRKY74—c
TaWRKY74—d

X 2 AR B R LT P S REIE R C-X,-C-X -
HXC,J& T 2% WRKY 53 H T %%,
2.2 INE TaWRKY74 EE R F T L

AMFE TR Y 2 A5 BB R P PR AR 5, A
[F] A 5L 43k 51 T 98% , #1|F NCBI 1) Blast #f4, #%
RE| 5 AW 5% v B L A L E 8 B 9% 1
TaWRKY74-a( EF368359 ) Fil TaWRKY74-b ( EF397615 )
FEICIE 1B 2), BRI 0 A F 5 o B A R LRy
TaWRKY74-a 1 TaWRKY74-b W R TEILN | a5 44 M
TaWRKY74-c 5 TaWRKY74-d, ¥ ¥ 4% ¥ B /R,
TaWRKY74-c¢ Fl TaWRKY74-d 1] cDNA g ith X 751 K
/N394 1035 bp 1116 bp, DNA 43T G + C &
PN 67.54% 65.77% . 5T (AUE) 50 51N
632 kD 681 kD(% 1),

< EAEaEaE

|
§ nEn

El1 TaWRKY74 E[E DNA F 51 Eb %t &
Fig.1 Alignment of coding sequences of TaWRKY74 genes

2.3 TaWRKY74-c #1 TaWRKY74-d EH "%
oAb iy
PITEZE PredictProtein (40 22 % 8 FH B AT 2,
SER TN, AR HE H (helix, o-12Ji€) \E (extended , -7
) L(loop , JCHLI s fth i HoAh ) 45 — 2045 H 1) 7 41

K EELE AT T 7 LA [R] i g 2540 25
R TR EER TR TaWRKY74-¢c A H o 12
e 13. 66% , B Hr & 5 8. 43% , L M & i
77.91% , TaWRKY74-d 2 I o B2E & 12.67% ,
B I & 8.36% , LI i 78.98% .,
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TaWRKY74-a  MEAVHEGNGG GSGLVY
TaWRKY74-b  MEAVHEGNGG GSGLVA
TaWRKY74-c MEAVHEGNGG GSGLV
TaWRKY74-d  MEAVHEGNGG GSGLVY
10

TaWRKY74-a
TaWRKY74-b
TaWRKY74-c
TaWRKY74-d

TaWRKY74-a i !
TaWRKY74-b AESHLY
TaWRKY74-c i I
TaWRKY74-d

TaWRKY74-a
TaWRKY74-b
TaWRKY74-c
TaWRKY74-d

SEC

SOMTI | |
VSGMTPPI
VSGMTI
VSGMTPPI

30‘0

The underlined sequence in the figure indicates the zinc-finger motif
2 TaWRKY74 EH R 5 LL X E
Fig.2 Sequence alignments of TaWRKY74 proteins

&1 TaWRKY74-c 5 TaWRKY74-d 75 EL 33 47
Table 1 Comparison of TaWRKY74-c and TaWRKY74-d

sequences
$£0H Gene TaWRKY74-c TaWRKY74-d
i BeK B (bp) Fragment size 1035 1116
I3 ¥ (H4E) (D) Molecular 317004 341357
weight ( single stranded)
I3 ¥4 (BUE ) (D) Molecular 632298 681444
weight( double stranded)
G+C & (% )G +C content 67.54 65.77
A+THE(%)A+T content 32.46 34.23

2.4 AEYF WRKY B FEFHETES
8 DELTA-BLAST #vif] , 3845 TaWRKY74 H&

PR ] 98 B DR, A BF 9 L e RO oy B X 45 0 R
T 140 HE ZUF 52 81 4 25 3 40 N 3 X iy 44 1Y)
/N ( Triticum aestivum ) . K 2% ( Hordeum wul-
gare) | . FEIG AN ( Brachypodium distachyon) | 7K
& ( Oryza sativa) . & K ( Zea mays) | # % ( Vitis
vinifera) SF P09 7 2575, il ik COBALT £ H
FEXT, SR Bioedit B4 o 45 2R 2 ) i 70 1 &
Gk EM (R 3), 45 R R Y, TaWRKY74-¢ Al
TaWRKY74-d 5K K3 RN 5 4 15K
H WRKY % 5 B 7 )¢ 9 6 8 &
TaWRKY74-d 5 [d] — 4k 7 32 1) TaWRKY74-a
PR, TaWRKY74 (1) 4 A [a) J5 45 47 FE 8 5
JKHE OsWRKY74 1 [ P54 55

VvWRKY53-like

BdWRKY53-like

0.1

ZmWRKY74

BdWRKY70-like
HvWRKY22
——————————OsWRKY74
TaWRKY74-¢

a
TaWRKY74-b
TaWRKY74-a
TaWRKY74-d

GenBank accession number; ABN43180. 1 (TaWRKY74-a) ,ABO15544. 1( TaWRKY74-b) ,XP_003576431. 1 ( BAWRKY70-like) ,DAA05139. 1
(OsWRKY74) ,ABI13388. 1 ( HYWRKY22) ,DAA61079. 1 (ZmWRKY74) ,XP_003574419. 1 (BdAWRKY53-like ) , XP_002267793. 2 ( VvWRKY53-like )

3 TaWRKY74 ZEAMBHLH S
Fig.3 Phylogenetic analysis of TaWRKY74 proteins from various species

2.5 TaWRKY74 EEMRIESIHES T
FASE T 4 A TaWRKY74 S DK B9 A X 45 5]
7£ PLEXdb Blast HEA 7 H X, 5 A [R) A0 25407 2 [
HREF 50 Ta. 16082. 1. Al_at(43H 96.5% ) . ¥
BEARE 9 S AE M A I, LA Genevestigator JE K 3

IR B ZE R 43 53R FH Development tool | Anat-
omy tool il Perturbation tool # & /N 42 J& [ 2H [% 51|
G585 R (3R 2) . &M Al DLSR A Re e 2R 4 7E
AR REE S KB HAERE T Ry R
BTEL, S5 R F W, Ta. 16082, 1. Al _at HEH7E



374 i 7/

5O o

15 %

INE R T A I 3 8 i B 2, SRR
AT A IR

Perturbation % 2 J& £ X /& 18 80T Fh A [\ 19 4%
PECUNSEE il R A5 ) BEATAEEE ] PR
BB B BAR R 251, Rk iR TE &g
SR IR LA A EUE , PR A R s S A R R
TEET 4 HPHEDTHTO. 05 R B, xiREt

x2 ARLAEHNEERAEIESEESN

FEAN TR A ) R A B3 B AL 31 rp s 3Rk s A4k
e R 0 R AE AR R R AR AR G b Rkt
WA (R 2) . FE/NE RS A g A i R
KT R 4. 04 15 7E/ N PR R FE R B AL T
BF R b it W 3 T ik 8 5. 39 £, R
SOBLUIN W Svy i I TA 3 2 W Wi o (AT 1 )
-18.36 f%.

Table 2 Signal strength analysis of arrays in wheat genome under different conditions

e s MRS N log el SOSECEREC
Classification Stress Time Tissue Wheat cultivar log, -value Fold-change of P-value
expression level

AWk JINFZ RIS 6h -8 Molly 2.07 4.04 0.002

Abiotic stress (10725 [ BIIFAL A HUR )

% INE W BEM AR E R B 24 h iR Katepwa 2.50 5.39 0.002

Excitation ( Pyrenophora tritici-repentis toxin B)

E[REe7/B0 6 °C 14d 5 P Spring Manitou -2.16 -4.83 0.010

Biotic stress 14 d Winter Norstar -3.68 -18.36 0.012
21d Winter Norstar -2.95 -10.74 0.028
354d Spring Manitou -2.55 -6.33 0.006
354d Winter Norstar -3.16 -11.77 0.029
42 d Winter Norstar -2.73 -9.48 0.032
56 d Spring Manitou -1.91 -4.12 0.012

WRYEA W5 B2 T 4 R WF 58 T TaWRKY74
5 PR X A [ 305 353 RT3 Wi v ) 9 30k A X6 4% A IR IR
(3 C) WA S ] T B (2 mg/L) AR
RFTHE R EHA105 b 215 A9 b8l (16 4) o 7E(%

a b

IR TaWRKY74 W33k VA, 76 A3 JE ik )
P B T R AR R A AT 11 PR PR EHAL05 A B 5 A% ik
L, 546G BE T g R — 2

c

1 2 1 2 1 2
LB 1:WRKY74-c ] TaWRKY74-c A T2aWRKY 74-c

=Bl T»WRKY74-d
X 1 Bactin

I 12 WRKY74-d [ ed T2 WRK'Y74-d
did

BRI -actin

B-actin

a IR (3 C)AbH, 1 2 PERKARFLO h 24 h b AT ] BEIHEEA M (2 mg/L) A3, 1 2 JERKAFZOL 6 h
o MR ARFF bR EHA105 A0 1 2 JKEKRACFE O h 24 h

a:Cold stress(3 C),1 and 2 lanes refer to 0 and 24 hours treatments , respectively

b : Deoxynivalenol solution(2 mg/L) ,1 and 2 lanes refer to 0 and 6 hours treatments, respectively

c: Agrobaterium tumefaciens strain EHA105,1 and 2 lanes refer to 0 and 24 hours treatments , respectively
B4 TaWRKY74 BE XT3 Fidhifz ifvis F F i i i

Fig.4 Expression of TaWRKY74 in responses to different environmental stresses

ERIHT R (K 5) , TaWRKY74-¢ F1TaWRKY74-d
TN AEFZEh I ERGA ) HAEZE P iR iA &
®Z AT RB R ED, EVIEES0T Ta
16082. 1. Al _at #REFTE/NAZ &I IR i 3o 1
M5 A7 T R B B AL T rh SRR FENEE M R R

TR AR AL T AR
3 itig

A fE B R LR R R F 2T A,
M TF R A AR, X R A AR AR 1 5 57 45
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BE5 TaWRKY74 BEENEARAALAPHREE
Fig.5 Expression levels of TaWRKY74 in different

wheat tissues

2£ Stem

TV FEARHATICE A R A AT AL,
BT E A RANA L //E o5 e N o= SN (S S e P N 29 S
B AR RN AR 1 B S B HTE IRk - ATR
FULERT F 15T (] G5 R AL FITI , G5 7 444 P
HIENAE S  BIPR S FB MO s I RE IR &S | b Ah Xt
A BT B AR S L R R
Bk PE BEE PEAE A T, AR 25 () 245 44 %) T
A Bl RS BRI T R R R IR R, B IS A R
AR RIS A TEMER A E N, R R E AR
(R ST A M e 2 1A R A S R R A T 0 B (R 18, Rt
BSLI A E B ERSY  RE BT R R 3h
SYHT B T A G L R A T RE TN i X AR
CaWRKYS Ji sl 2 16 M 0 AT, & B 6 9 AT
S5 TR A W BT Al R A A3 AT K RS
WRKY i K 5% (1% [ B X6 92 58 8 2 X ) ) 3 7
AT T AEWAE B2 M X0, KRS Os-
WRKY19 SR BB F A REZRN W &, 1 Be-
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