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Genome-wide Investigation of WRKY Transcription Factors in
Gossypium barbadense and Their Expression Patterns in
Response to Verticillium dahliae Infection
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Abstract: WRKY proteins, as one of the most important transcription factor families in plant, play important
roles involved in many biological processes.However, studies of WRKY proteins in Gossypium barbadense L.
remain scare.By deploying bioinformatic methods to perform a genome-wide characterization in G.barbadense
genome, 180 WRKY transcription factors were identified. According to their structural features and topology of
the phylogenetic tree, the GOWRKY genes were classified into three major groups ( I-111).In addition, group Il is
further classified into five subgroups ( l1a-1le ) .The GbWRKY genes distributed unevenly on the 26 chromosomes.
Analysis of gene duplication events demonstrated that the expansion of GbWRKY genes is mainly due to whole
genome duplication and segmental duplication events.61 GbWRKY genes showed significantly differential
expression under Verticillium dahliae Kleb. infection, implying that they might play important roles in interaction
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to V.dahlia Kileb. infection. Therefore, this study provided the structure, evolution and expression pattern of GbWRKY
genes, which will help further characterizing the functions of GbWRKY genes in Gossypium barbadense L..
Key words: WRKY transcription factor; cotton; Verticillium wilt; bioinformatics
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max ( L.)Merr. ) GmMWRKY13 . GmWRKY21 #il
GMWRKY 54 7 55 [Fl F7EAE AR i AL 52 3h 45
JEA Mt R e P A E ) 5 OSWRKY42
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A 4K ( Gossypium spp. ) J2 1 v [l 9 22 11
o SOl EY 2 —  HEERE 2 Z R A+
Ay EE AL, BT R, WRKY 5% 5K 78
FERBACLT 4 & 7 33 1% e S R vt R HE
/R T 3 A% ( Gossypium arboreum L. )
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( MeJA, methyl jasmonate ). il % 2 ( ABA, abscisic
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14 GbWRKY®ZFREFHEBAEMLARERE

=4

T S A GFF3 PR 21 13 R SO 4% GbWRKY
FE PR AT Y o AR 22 57 43 B, 38 52 Maplnspect %X {7
g A, REYL R E AL, GbWRKY
SR Fin 4% A GbWRKY001~GbWRKY 180,

FI A< 1 BLASTP ( evalue=1e-10 ) % GbWRKY
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Complex Plant RNA Kit it 7] &), 2 #% 5% i cDNA
( Aidlab /A 7] TRUEscript RT Kit 174 ).

VEIHR 43 3L A, 1) qPCR 4347 B A1 T 7E B 25 0%
WY T #9285 E, gPCR {#i F§ Thermo Fisher
Scientific ) QuantStudio 5 5E A} %¢ Y & & PCR &
g, 130 &k ] Aidlab 23 R i 2 x Sybr Green gPCR
Mix, 7¢ 604k SYBR Green, LAFEAE p-actin S N
SIA, VT : 95 CHAE 3 min; 95 C 155,
60 °C 15 s, 40 MG Jir Ml & F2fP: 95 C 155,
60 C 1 min, 95 C 15s, JZ I/ {k & H:2xSYBR
gPCR Mix 10 pL; DNA Template 0.8 pL; Forward
Primer 0.4 pL; Reverse Primer 0.4 pL; ddH,O 8.4 L,
WE 3WAEY RS, RN RS RMH 24
VEIEATAM 2 qPCR TS L3 1.
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Table 1  Sequences of the primers used in qRT-PCR
HEH E5 19 AL GIEY]
Gene Forward primer Reverse primer
GbWRKY002 GGTGGGGCTGAGAACAAAACCT ACATTGCATCCTTGATGCGTGC
GbWRKY003 TACTACTACTGCCGTCGCCGAT TCCGACCATCGGAGGTGATGTT
GbWRKY020 TGGGCGCTTTGTTGGGTCTAAA TTGCCCATATTTCCTCCAGCGA
GbWRKY038 GGGTCACTGCTACAACGATTTGC ACAGCTGGTCTCTGTGTTTCCA
GbWRKYO075 TCGTCGGGTTCCAATGTTGCAT GGTGTGATAAGGCAGCCGAGAG
GbWRKY090 TCTGCTTCACCCAACCCTAGAAGA CTCCAAGCCCATACATCCGACG
GbWRKY096 GCAGCTTATGATCCCTTGACAACA TTCAGACCCAACAAAGCTCCCA
GbWRKY121 CTCTTTTGCCCCAAGCTGTCCA ACTTCACTTGGAGAAGGGCGTG
GbWRKY146 TCTTTACCATCGAACATGGCGCT TCCGACGACAACATCCCATTTGA
GbWRKY179 CTTCACTCTCGGCTGCCTCATC GCCCCAAGACACAGTGTTGGAT
p-actin GATTCCGTTGTCCAGAAGTCCT TACGGTCTGCAATACCAGGGA

2 HERE55HT > WRKY %% 5% 5T ( GOWRKY001~GbWRKY180 )

21 BERH WRKY #ERETF( GbWRKY ) HEE
B HMM 5 5k 76 i 5 4 35 D 4 P 4%
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T 2Z G 0530 A7 s 20 A S 1k 4 M 6 1
5 A% WRKY &5 44 38 1) K &k 60 aa, Hirp 7~13 {4
MW R.K.Y.G.Q. K& B & 5F; I 4, if
A H At — B4V ) 2 R 4H A A7 A I S i e
(K1),

—
60 N ——

]
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The bit score indicates the information content for each position in the sequence. The height of
symbols indicates the relative frequency of each amino acid at the corresponding position
1 WRKY Zip) L S RFIED T

Fig.1 Sequence conservation of the WRKY domain

Py A2 Rk 43 BT R W, GBWRKY % 5% [K
(7514 B2 Sk 146~1131 aa; FRiE pl by 4.59~10.06;
4y FHh 16.86~128.62 kD, V40 AE (43 HT &I,
94% 1) GbWRKY 25 [ 2 i T MU A% I, 455 7 ok
PR30 AR SEARETIE
22 GbWRKY ®REFHRFHL D

fift 1 48 4% 2: (NJ, neighbor-joining ) # # %&
45k W OR IS GOWRKY Z [ ik X & . R
P WRKY 25 A6 3 850 b S B 48 25 K B AN ], ] oHg

GbWRKY & 4R 1 1 1 340, Hr, 1 44
/“2/\WRKY i, 1 A 14 WRKY

SERIER 11 AL EERR 25 R I CH, 2T, 11 4
S C,HC A, 77 2 & 1Y & GbWRKYO009 #
M, BARH HA 5 14 WRKY 458358, {8 78 1k
PS5 TAM R RRTER, £33 RAH, n4

A0, 1Y R B B B 2 (130 4 ), MR i Rk IR &5 4 Kt
AR B ) L — 2550 Ha~1le 5 A4
(& 2a),
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a: GbWRKY #% S [A (1 R GeHt (LB 5 SEALM R MEGA 7 FII AR HE:AG £ , bootstrap {7 1000; 3 KL (1-111) B 5 4~ME4L (Hla-1le ) H AR
TSI EAbR /R kK 5 b: GOWRKY J: [ ) motif #4158 ; ANIR] motif H ARSI 77 e3koR 5 c: GBWRKY FEH S 85 1 N3 F R
AT AN RSN TR 1 DX
a: The phylogenetic tree was constructed with MEGA 7 using the neighbor-joining ( NJ ) method with 1000 bootstrap replicates based on a multiple
alignment of 180 amino acid sequences of GOWRKY genes from G.barbadense, The three major goups ( I-111 ) and five subgroups ( lla-Ile ) are
marked with colorful backgrounds, b: Schematic diagram of the conserved motifs in the GbWRKY proteins.Each motif is represented by a number in
the colored box, c: Exon/intron structures of the GbWRKY genes.Exons and introns are represented by boxes and black lines, respectively
B2 GbWRKY ®HREFHRGHL KRR EEEMFFE
Fig.2 Phylogenetic relationship and gene structures of the GbWRKY transcription factors
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2.3 GbWRKY #XEFHEELEWN

i o H GSDS 7E 2 #1443 At GbWRKY 4]
MM F 1 A Uk B, GBWRKY (K] iy 41 f
TR 3~18 4>, Hip 3-2(3 MM 1. 2 NN
T EEH R R 2 (191 ). Z5HRGLE
B AT B, [)—2H PR 11 35k PRI LA AR AL A L A
SERREAE, a0V o 2 n R 544 2 A
lc 37 2H 3 %2 h 5-4.,6-5 FSARUZ A%, 177 11 4 HL AR 3
R 3-2 KA (&l 2¢ ),

fifi I MEME %% 14 4+ #f T GbWRKY #% 5%
7 (%) motif 14 & Fe fiF. S4B F/ N & 71
AL, RSk B W R — 20 9 Y DR
B ALY motif A4 Jig 45 Ak, 91 4n, 1 2H L A i@
W Ry 8-3-6-4-1-3-2 1 14 ol 452 =X (Hh 7 AR 3 AH N
i motif ), Na \F 41 #(9)-10-1-3-2 2y & 2 JE 5,
TN 2H 2 P motif #4 J 3= %k (5/10 )-1-3-2
(18 2b),
24 GbWRKY EEREEGEEMNRERESEH

R 56 5 16 35 R A 3 B SO, 40 M1 T GbWRKY
BE R g otk o A RE AR, P, — JR A 169 4>
GbWRKY 3 [H (GbWRKY001~GbWRKY169 ) AJ
BN T 264 Y 11k I, 5 A 114 GbWRKY
( GbWRKY170~GbWRKY180 ) & {3 T scaffolds I,
g R, GOWRKY & I 7E YL (A ik I o0 i R4,
AU e 2 A T Y € A 11 1 g DX 88K, T e ] Xk ) 3
PR 28 B A G A 7 26 AU e, % 2 F A0S
EREE R R Z (154 ), Hk o D11 (12 4> ), 1 &
£ T A01.A03 I ) GbWRKY %t [ & 1 (24)
(K 3),

e R o A A i R PR A R DR T e Ak
P BRI, JEREZHF0 5 P R
K v i R LR I 7 NI S & R (el |51 R SRS R S P
i) 5 52 54 FR Ol BB K EE &2 (tandem duplication ) ;
AT A A G R 5 m — Gy ek AR
A E W E 2 SRR O X B & (segmental
duplication ). ASBHF5E 53 T 15 & 4 GbWRKY i [K]
B S, 45 R IR P 69 X B A2 LN, Hoh A
57 Xl e B Y ik I (& 4), 1F 57 XEESEH
o, A5 % H I E 4 ( GbWRKY011/GbWRKY012
GbWRKY049/GbWRKYO050, GbWRKY119/
GbWRKY120, GbWRKY152/GbWRKY153
GbWRKY172/GbWRKY173 ), ifii Hi4x 52 %14y [X Bt
52, R IX B A 2 B A GOWRKY J A £t
W2 — EERR,

it — 22 BT GOWRKY 5 R 7 3 Ak ok i v 7k
Z WP T T T R I X KalKs fH. 45
R, 20 RZHOE N Ka/Ks<1, I EA1Z 5
BEFEE 1R, LN, A 1L XA Ka/Ks>1, it
BEAT T REZE) T IE nj ik Pfad 72
2.5 GbWRKY EE Mk #HE=R/EEFHRIEEN

53 BIT e T R T A R 7124 AR BT
FARPAFERE ST (0h. 2h 6h.12h. 24 h,
48 h.72 h) 1) RNA-Seq 4, #F 5% T GbWRKY %k
AL I 07 2 A A G ) RGN RRAE . 5 SR R AR, 3
£ 61 /> GbWRKY J [K] 7 15 %2 95 1 1= Y4 A [m] B[]
JUT 3 Rk AR 1k (P<0.001 ), Hivp g 3 1
AR WA 38 4351 8 30 S Fi 3L 4>, E R RIASRE
[N e 22 14 BF 1) R AR G4 )5 24 h(46 4> ), HOR b7
YL J5 48 h (434~ ), 3 W] GbWRKY % 5 A + = %L
TEEER RG] (24~72 h) B¥4E/H., A 13
AFER (74 EAERE 64 FIHRE ) LER YL
J e — A~ [R5 B R Ak, R e AT AT
FE7EAH N B[] 60 % ¥ FRIRAVE T AR, A 124>
B (84 L FRIE 44 T IHERE) £ IK K
FEJIT A B[R] S AR R B B AR, R B AT T R
TEREAZ Y B RS R A PR . 7R A 2
SEF IR B R P, 24 h ' Y GbWRKY020 3 [F 2% #i
o B F  F 23k (log2Ratio=8.86, P<0.001 ),
Ifii 48 h T Y GbWRKY038 2 #iL Hi f% & & F il ik
(log2Ratio=-9.42, P<0.001 ),

HERBEKREW TR, 22 7R IBIEFIAYY
SIAHE 3 AN IR — 2 PN ) 22 5 35 TR o e PR
SERR LAY 2 Ak B #4110 4 P % GbWRKY019 4k
HoAth Jor A7 JE PR 34 3R 90k S 25T U5 AE 1D W
JUF-Fr A 2 53 383 (B GbWRKY051 ) 4 4
R, MR A Y 25 R IR S SR B
ARy e kB, G 76 11d W40 18 4> 2 55 % ik
FEA,F 124K EE LR, 46 4R
BET W F46, i b i L PR X 2 (8] 1
A B[R] U 3 PR 2 [l i EL A A AR Y e 3k
FFEIE

i3k 2 i AEL, #2507 GbWRKY JE[A]
TEAS A= Gy It ] s 28R 1E (181 5). A&l 5 i
N, MG AL EOR [R], b B S 19 6 A4 B[R] 2
RAE i, R B B — A 3, MeAh, 64>
BF[] 6 SURT gk — 20400 43 ok 2 4, oo R T
G AR LT (2~12 h) AR YL S5 31 (24~72 h ),
F G0 R O 2 T 1 R R 3 L R L 1) e A A
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ChWRKY003— CHWRKYOI1 ChWRKY026: CHWRK Y036 CHWRKY045 CHWRKY054: CHWRKY060—g  CHWRKY064 CHWRKY072;
SR GRS SWRES] Sl SVREN B
3 3 ] 0
CHWRKY001 ChWRKY014= COWRKY 039 COWRKY04T ChWRKY037 ChWRkY06S
SR Sy
COWRRYOLY  CowRrKY02 L ChwRKY040—] s Sy CbWRKY079—]
COWRKYO14 ChWRK Y028, COWRKY041—]
Wi o}
CHWRKY002: COWRKY0R0 ChWRKY043—}
CHWRKY006—] CbWRKY03 1
CbWRKY004—]
CHWRKY008: COWRKYOSS
CbWRKY020—] ] . -
. CHWRKY009: CHWRKY073:
CbWRKY007— CbWRKY042— COWRKY03 CbWRKY074-
CHWRKY010: CHWRKY 043 COWRKY 040 CBWRRY075;
cowrky2i—  Cowrkyos—f  COWRKYOHY 1
ChWRKY022— CbWRKY033— 553’&%82? COWRKY063—] CbWRKY076—]  COWRKY080—]
CbWRKY005—] COWRK Y023 ChWRK Y052 COWRKY 077 CbWRKY081—
VRt CbWRKY053 L‘bWRKvu7x7
ChWRKY034—
CbWRKY03S
CHWRKYO0SS—8  CbWRKY08S CHWRKY092. CHWRKY 10! CHWRKY110: CHWRKY 18 CHWRKY 128 CHWRKY137- COWRKY142—g  COWRKY 148 CHWRKY 160
GW] SNRGEY SRl SRR i = i B
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The chromosomal position of each GbWRKY gene was mapped according to the G.barbadense L. genome annotation file. The chromosome number is
indicated at the top of each chromosome
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Fig.3 Chromosomal distribution of the GbOWRKY genes
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Fig.4 The duplication events of the GbWRKY genes
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Fig.5 Expression profiles of the GBWRKY genes



5 4] RERR IS5 - Y S WIRKY 5 S5 PR 18 4 R PR 20 S o i 7 8 8 TR 2 4 ) 238 70 B 1297

=, . GbWRKY037/GbWRKY120 . GbWRKY020/
GbWRKYO096; {H A7 it 25 R Bl 1 25 B K i 3R ik
FEE, 4. GBWRKY029/GbWRKY058 . GBWRKY038/
GbWRKY112,

g it — 2 B E GhWRKY 35 PR i 1o #2505 1 12
YLl AR, BEHL T 10 3K #E 4T QRT-PCR 43
Br (& 6 ). 5 %% sk 20 % 98 46 25 81, GbWRKY002
GbWRKY020 , GbOWRKY075 % 7 4~ 3t [ 7 # 3
o B AR U 05 ¥ & B I JE 3% 5K 1 GbWRKYO003,
GbWRKY038 . GOWRKY121 !} ¥ T 8 F2 ik, Hof,
GbWRKY020 - i 5z 24 W 2, HoAE R Y4 J5 6 h il
24 h (R IR 40 D X Y 7.20 £5 A 7.15 4% 5 1
GbWRKYO003 T il i BH f , HoAE 72 h (R iK 5
Xf Ay 0.11 175,

3 iTig

T AR, Bt 5 A 4 5 DR 4 0 e T A ) o & 5
B, R FRATT N A FE R 4K IF 5T WRKY 5 53¢ R+
PRAE T REAR SO R AR O SR R P E
21 Y K iR E Y, i H WRKY 5 5% [ T By 58
A R SEARAE R E R, 56 T S AR A R 4
WRKY % 53¢ (B8 iR ARG 80 o AR5 AT
AR AR, R AR5 B 2 i I P A rp
Y%o5E 180 4~ GOWRKY #st [+, Fiim £ TH 5
PR (112 4> ) R YA (109 4> ) P2 3 R
N8 &I, WRKY e 55 R 75 15 S8 AR 4 JE R 41
R 7 b K BIOR (], S il 5 PRI 2 44 KT 1
%, TSR IR 5 S AR Z A R A T
FEUR 2 AR R G e R s S, 5 G R R
ARG R AT B 8 WRKY §% 5% A
TFHEMNZ FEIE T 2REAEH X BEE
Fit

R4 R G5 it L 56 &, 7] K GbWRKY 2 1 43
S N 34, 14 R] HE— 2543 A Ha~lle 54>
W, 5% & 0 & GbWRKYO009 #% 5% A 7, H
AL A 14 WRKY &5 #4385, {5 AR 95 & 4t ik 1k 5%
2B VAH N, 4 B GbBWRKY009 7E 42
5 JF (AT2G38470.1 ). V. M 4% ( Ga04G0565.1 ), 7
52 1 [ A% ( Gorai.012G119600.1 ) i Fifi Hb A% ( Gh_
D04G1318.1) T E R [FEE A LM, M3 A
2> WRKY 5938, FIIL, M 5L K ) BE 7R 5
Rt B A A T R Belk R AT RS2 TS

MPHEF R TR P I T . BRI DL
GBI SRS 225 % N Y D BE , i85 I 2 T SR itk
— IS

WRKY 2 A T K S IR0 2
— S 5HERZ YR, RN A AR
|27} SERUY sl - - (95 R N 0l 1
O3 HT T I AR S AN 7124 7E IR AR AN
| B[] 25 F fY RNA-Seq £d , 25 S 3L 483 61 4~ 22
53235 GbWRKY #:[H, & B GbWRKY % A 5
SRR R N R . AT AR, 1
WRKY J PR E I B 5L, 11, 112 WRKY 3 R 2 Fif 5 4
Tofr A R i PRI A2 il ot R 7 R ofe , DA T R B s S5 A7
Wy A RS RIS L, AW 61 PRk
IRFEP FEEAMEAE 1 (75% ), 11(20% ) 41, | 40 N #x
/(5% ), ZE W1 11, 11 2H WRKY 35 R T 22 2 5 4 bk xof
HNFA I N A AR, %45 S Dou 45 X i
Hi GhWRKY % 55 PR - 1y A E A= ki T i e 3k
FRIEARZEAL, 25200 1L 1 2 WRKY 5 1
FERERRIRAR ALY 1 AR AR Yy ae s B v R A
HEMEM.

WRKY 4 53¢ K - 1 38 13 AH B AE F R 45 A 7
i B>, 38 A 4 BT 5 HE GDWRKY 2 [H] I+ i
15 kb B8+ X &8, # i — N (56% ) = /b
FA — W box = AE H o, 3= W] GbWRKY %
N Z N AR A BT IREILE] . Z A58 #GE , 3
BT T 95 26 A 56 ACWRKY J5 K1 20 XA L H
AtWRKY L[ &4 B 2 W box AR T, i
R 3k 5 1 PR 35 DR L A SRS 1 4 e g,
A FE o) 61 A 22 5 4% 35 GbWRKY 3 [H (-1
0.6 1> ) AH L HAth 2 AT (°F- 34 1.0 4~ ) 19 W box %5
A B 22 5, R 5 A GbWRKY #% 56 [H+
P A S 4 I 24 RN R AL a5 F0 e O 22 ) AT
TETEE X5

Zi b, WRKY %% 5% [H 7 76 i fb o 72 b &
WS [R) B 25 R R A A AR AR e 1, T (L B 2
T A 6] 04 A= W 2% D BB 3K 43 M 32 B, ¥ S5 A
GbWRKY 3 [K] 7 A Bk 5 160 #5 25 955 11 4= Yo oo i v
KAENE T, T — 2 0 PR A I 5 26 3 PR R 45 (1)
T3 DAL b H A ) %, AT B R AT — 2
T i GOWRKY JE A () Ly G Nt HL ], DA Sk 5
KARAEYTIG B B TAESE U FH A 3 PR 3R A e
5%



Hx LEPOE vy Hx

The relative expression

LRSI

The relative expression

LIEPOE vy

The relative expression

1298 o o W W % 20 &
35 s - % B Control
S GbWRKY002 . GbWRKY003
. [ ] 4P Treament
8
w
2
2
5
o
=
=
2
[}
=
h
3k
2h 6h 12h 24h 48h 72h 2h 6h 12h 241 48h 72h
101 GbWRKY020 L5 GbWRKY038
=]
S
2
a
5
o
=
% *%
-
Qo
=
=
2h 6h 12h 24h 48h 72h 2h 6h 12h 24 h 48h 72h
357 GbWRKY075 2.5 GbWRKY090

2.5

2h

2h

2h

6h

6h

sk

6h

12h 24h

GbWRKY096

12h 24h

GbWRKY 146

12h 24h

48h 72h

1.5

48h 72h

5.0
4.5

48 h 72h

2h 6h 12h 24h 48 h 72h

GbWRKY 121

2h 6h 12h 24h 48 h 72h

GbWRKY 179

2h 6h 12h 24h 48 h 72h

I L7 0 FZ A2 3 IR R I bRifi 2z

The bars indicate standard deviation of three replications.*: P<0.05, **: P<0.01, Student’s t-test

B 6 104 GbWRKY ERE# qRT-PCR 43 #f
Fig.6 Expression analysis of 10 selected GbWRKY genes using qRT-PCR



5 ) I35 VS5 A WRKY 5% 55 DA 1 4 SR DR A 6 5 S o] 28 280 TR AR L P 3 3R 40T 1299
SR cotton ( Gossypium hirsutum L. ) WRKY gene, is involved in
[1] 1shiguro S, Nakamura K.Characterization of a cDNA encoding a diverse stress responses.Molecular Biology Reports, 2011, 38

novel DNA-binding protein, SPF1, that recognizes SP8 sequences in
the 5" upstream regions of genes coding for sporamin and B-amylase
from sweet potato.Molecular and General Genetics, 1994, 244 (6 ) .
563-571

Rushton P J, Macdonald H, Huttly A K, Lazarus C M, Hooley
R.Members of a new family of DNA-binding proteins bind to a
conserved cis-element in the promoters of a-Amy2 genes.Plant
Molecular Biology, 1995, 29 ( 4 ): 691-702

Rushton P J, Torres J T, Parniske M, Wernert P, Hahlbrock
K, Somssich | E.Interaction of elicitor-induced DNA-binding
proteins with elicitor response elements in the promoters of
parsley PR1 genes.The EMBO Journal, 1996, 15( 20 ) : 5690-
5700

Eulgem T, Rushton P J, Robatzek S, Somssich | E.The WRKY
superfamily of plant transcription factors.Trends in Plant
Science, 2000, 5( 5 ): 199-206

Rushton P J, Somssich | E, Ringler P, Shen Q JWRKY
transcription factors.Trends in Plant Science, 2010, 15(5) :
247-258

Ulker B, Somssich | E.WRKY transcription factors: from DNA
binding towards biological function.Current Opinion in Plant
Biology, 2004, 7 (5 ): 491-498

Chen L, Song Y, Li S, Zhang L, Zou C, Yu D.The role of
WRKY transcription factors in plant abiotic stresses.Biochimica
et Biophysica Acta( BBA ) -Gene Regulatory Mechanisms,
2012, 1819( 2): 120-128

EH, mVETs R, K D), BGERE A WRKY 5 [H]
FIRBEHE GO AR ST BE A 5 1k Jee . R 35 1% R 24
2011, 12(1): 80-85

Wang L, Gao X Q, Zhu L H, Zhou Y L, Li Z K.Advances in
research on function of WRKY transcription factor genes in
plant resistance.Journal of Plant Genetic Resources, 2011, 12
(1):80-85

Kim K C, Lai Z, Fan B, Chen Z.Arabidopsis WRKY38 and
WRKY62 transcription factors interact with histone deacetylase
19 in basal defense.The Plant Cell, 2008, 20 ( 9 ): 2357-2371
Zhou Q Y, Tian A G, Zou H F, Xie Z M, Lei G, Huang J,
Wang C M, Wang H W, Zhang J S, Chen S Y.Soybean WRKY-
type transcription factor genes, GmMWRKY13, GmWRKY21, and
GmWRKY54, confer differential tolerance to abiotic stresses
in transgenic Arabidopsis plants.Plant Biotechnology Journal,
2008, 6( 5 ): 486-503

Han M, Kim C Y, Lee J, Lee S K, Jeon J S.OsWRKY42
represses OsMT1d and induces reactive oxygen species and leaf
senescence in rice.Molecules and Cells, 2014, 37 ( 7 ): 532-539
Hu Z, Wang R, Zheng M, Liu X, Meng F, Wu H, Yao Y, Xin
M, Peng H, Ni Z, Sun Q. TaWRKY51 promotes lateral root
formation through negative regulation of ethylene biosynthesis
in wheat ( Triticum aestivum L. ).The Plant Journal, 2018, 96
(2):372-388

Xu Y H,Wang J W, Wang S, Wang J Y, Chen X
Y.Characterization of GaWRKY'1, a cotton transcription factor
that regulates the sesquiterpene synthase gene ( + ) -d-cadinene
synthase-A.Plant Physiology, 2004, 135 ( 1 ): 507-515

GuoR, YuF,Gao Z, An H, Cao X, Guo X.GhWRKY3, a novel

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(1):49-58

Yan H, Jia H, Chen X, Hao L, An H, Guo X.The cotton
WRKY transcription factor GhWRKY17 functions in drought
and salt stress in transgenic Nicotiana benthamiana through
ABA signaling and the modulation of reactive oxygen species
production.Plant and Cell Physiology, 2014, 55( 12 ) : 2060-
2076

Shi W, Liu D, Hao L, Wu C, Guo X, Li H.GhWRKY39, a
member of the WRKY transcription factor family in cotton,
has a positive role in disease resistance and salt stress tolerance.
Plant Cell, Tissue and Organ Culture (PCTOC ),2014,118( 1 ):
17-32

Zhang W, Zhang H, Liu K, Jian G, Qi F, Si N.Large-scale
identification of Gossypium hirsutum genes associated with
Verticillium dahliae by comparative transcriptomic and reverse
genetics analysis.PLoS One, 2017, 12( 8 ): €0181609

Gu L, Wei H, Wang H, Su J, Yu S.Characterization and
functional analysis of GhWRKY42, a group 11d WRKY gene, in
upland cotton ( Gossypium hirsutum L. ) .BMC Genetics, 2018,
19(1):48

Cai C, Niu E, Du H, Zhao L, Feng Y, Guo W.Genome-
wide analysis of the WRKY transcription factor gene family
in Gossypium raimondii and the expression of orthologs in
cultivated tetraploid cotton.The Crop Journal, 2014,2(2 ) : 87-
101

Ding M, Chen J, Jiang Y, Lin L, Cao Y, Wang M, Zhang Y,
Rong J, Ye W.Genome-wide investigation and transcriptome
analysis of the WRKY gene family in Gossypium.Molecular
Genetics and Genomics, 2015, 290( 1 ): 151-171

REE, TRBT XB R . ARAE BT Tt i . AR AL, 2014, 26
(3):260-267

Lin L, Zhang X, Deng S.Research advances in cotton
Verticillium wilt.Cotton Science, 2014, 26 ( 3 ): 260-267

AT AET5 15 H T A B XL, U 5, X T
A R . FR AR AL BRI AR U R B AR AR
#i2,2017,29(S): 37-50

ZhuHQ,LiZF,Feng Z L,Feng HJ,Wei F,Zhao LH,Shi Y Q,
Liu S C, Zhou J L.Overview of cotton Verticillium wilt research
over the past decade in China and its prospect in future.Cotton
Science, 2017, 29 ( supplement ): 37-50

Crooks G E, Hon G, Chandonia J M, Brenner S E.WebLogo:
A sequence logo generator.Genome Research, 2004, 14(6 ) :
1188-1190

Hu B, Jin J, Guo A'Y, Zhang H, Luo J, Gao G.GSDS 2.0:
an upgraded gene feature visualization server.Bioinformatics,
2015, 31(8): 1296-1297

Krzywinski M I, Schein J E, Birol I, Connors J, Gascoyne R,
Horsman D, Jones S J, Marra M A.Circos: An information
aesthetic for comparative genomics.Genome Research, 2009,
19(9): 1639-1645

Chen J, Huang J, Li N, Ma X, Wang J, Liu C, Liu Y, Liang
Y, Bao Y, Dai X.Genome-wide analysis of the gene families
of resistance gene analogues in cotton and their response to
Verticillium wilt. BMC Plant Biology, 2015, 15( 1 ): 148

Kim D, Langmead B, Salzberg S L.HISAT: a fast spliced



1300 L N7/ I S A S S 4 20 &
aligner with low memory requirements.Nature Methods, 2015, and expression profiles during development and stress.BMC
12: 357 Genomics, 2018, 19( 1 ): 490
[28] Liao Y, Smyth G K, Shi W.featureCounts: an efficient general [34] Jue D, Sang X, Liu L, Shu B, Wang Y, Liu C, Xie J, Shi
purpose program for assigning sequence reads to genomic S.Identification of WRKY gene family from Dimocarpus longan
features.Bioinformatics, 2014, 30 ( 7 ): 923-930 and its expression analysis during flower induction and abiotic
[29] Livak K J, Schmittgen T D.Analysis of relative gene expression stress responses.International Journal of Molecular Sciences,
data using real-time quantitative PCR and the 2°* *°" method. 2018, 19(8): 2169
Methods, 2001, 25 ( 4 ) 402-408 [35] Dou L, Zhang X, Pang C, Song M, Wei H, Fan S, Yu
[30] Ross C A, LiuY,Shen Q J.The WRKY gene family in rice S.Genome-wide analysis of the WRKY gene family in cotton.
( Oryza sativa ) .Journal of Integrative Plant Biology, 2007, 49 Molecular Genetics and Genomics, 2014, 289 ( 6 ): 1103-1121
(6):827-842 [36] DongJ, Chen C, Chen Z.Expression profiles of the Arabidopsis
[31] Huang S, Gao Y, Liu J, Peng X, Niu X, Fei Z, Cao S, Liu WRKY gene superfamily during plant defense response.Plant
Y.Genome-wide analysis of WRKY transcription factors in Molecular Biology, 2003, 51 ( 1 ): 21-37
Solanum lycopersicum.Molecular Genetics and Genomics, [37] Ramamoorthy R, Jiang S Y, Kumar N, Venkatesh P N,
2012, 287( 6 ): 495-513 Ramachandran S.A comprehensive transcriptional profiling
[32] Wei K F,ChenJ,ChenY F,Wu L J, Xie D X.Molecular of the WRKY gene family in rice under various abiotic and
phylogenetic and expression analysis of the complete WRKY phytohormone treatments.Plant and Cell Physiology, 2008, 49
transcription factor family in maize. DNA Research, 2012, 19 (6): 865-879
(2):153-164 [38] Zhang Y, Wang L.The WRKY transcription factor superfamily :

[33]

Xie T,Chen C, Li C, Liu J, Liu C, He Y.Genome-wide
investigation of WRKY gene family in pineapple: evolution

its origin in eukaryotes and expansion in plants.BMC
Evolutionary Biology, 2005,5(1): 1

MALIT i 2020 F Y RIZFFIR )

CHEPRLE2 AR ) 2 b ERRERE £ PR DU Y 00 B2 ok iR = AN ATE LA TR
FEEA VAT, FEEPEAY 7 A 3 F R R IR TSR 3, B HEE : R 5L RS EYH
B 5EM RS RE RWRSEY Y SRS BEGHR W AR BNE HE R TIEA
AR . BB XL  BHIE B A A i 25 B A A SRR IR F S RORHIE A D1 O ABIFFE A= | LSRG
BF ACERH R TR

AT E H AP GO, S b BB S  SCEEE FEAZ 0 (CSCD ), (h 30 T2 H EE )
(A6 ERHE IS 3G 51 3B ZE CrPAE ) b B AR 2 SCIREE P2 b RGO ) (i ) Bl e b I
SRR AP v R RH I P RS e ) v 0 )4 SO e (I 242 S ) 358 Tl b S ) 56
CEED 730 ) SR COIFTRR SCHE - A SRR ) M i (S A4 ) B A CREFA R SClR R ). e =
FrAolr 54 B Rkdtseh ) (3Ch ) = CRFE RS )8 5 8ds——Eer A IRE b B2 AR 1) Ol
FERE ) B R TR BT 15 70 e SORHS I TR 120 55 ] A &G 2300 1) B P DR A B0 ) e 3 1)
Wesk o ARTIARLESR A [ OGTS BH BT | rp E R BEOL TS BRI Wb D055 BT

XA T, K 16 FF, E P E T 50 J6, 4241 300 e, 11572 ( 1) 4 [E & MR Jsy 35 a] 115 (g & AL55 : 38-
103);( 2 ) i it Bl R ) & A 73R S ( LG 010-64017032, 64017539 ) 5( 3 ) W _EIASE (835K UK
JERAPR: PRI );(4) B SR T ik 20T B (el EEDY ).

ok« BB AR W0 e XLl — % 201 5 (Julde— 50 Lt UL ) TR iU b I R
FEA2EAR ) g

R i - 430074

Hi 3% : 027-87700820

E-mail : editor@wbgcas.cn, zwkxbjb@whbgcas.cn

R4k« http: //www.plantscience.cn



