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Expression profiles of AtWRKY25, AtWRKY26 and AtWRKY33 under
abiotic stresses
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Abstract: The transcription factor WRKY family is one type of key regulatory components of plant development and
defense against stress factors. The expression profiles of three AtWRKY genes under abiotic stresses were analyzed by
Northern blotting analysis. The expression of AtWRKY25, AtWRKY26, and AtWRKY33 changed during stress treatments
including thermal factors, NaCl, abscisic acid (ABA) and osmotic stress, and significantly under NaCl and cold treatments,
suggesting a specific role of the three AtWRKY's in adaptation to environmental stresses in plants. We also found that the
three AtWRKY genes showed distinct expression patterns under thermal stresses. AtWRKY25 and AtWRKY26 were gradually
induced during heat and cold treatments, whereas AtWRKY33 was suppressed by heat treatment and induced rapidly during
cold stress, indicating that the three AtWRKY's may play different roles in response to temperature factors. In addition, we

analyzed the sequence of the promoters with bioinformatics approach, and some cis-elements involved in abiotic stresses
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and hormonal responses were revealed. The results provided important information for studying biological functions of

three AtWRKY genes.

Keywords: Arabidopsis thaliana; AtWRKY gene; abiotic stresses; expression profiles
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T K e h K E G RETE 1/2 MS B335 5(& 0.7% agar)
b, 4C LR 3d JERFEE 12 h JERE(100 pmol
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IR g, ARSI 22°C, SRR
12 h OGHE/12 h JBRE, 3P AR fE ol R o i R T
ANTRIAEA: Wit R A BREA T 3R 5 AT .

1.2 FHix
1.2.1 #3FEFAE

PIRIT R AE 42°CHEFRA M 4°C 53 it
17 T AR AL B, S0P UL R T 1 % 13 O iR
#17E 300 mmol/L NaCl,25%PEG #1 100 umol/L ABA
KW G B IK O ABA BiR, 85 H]
KB )P HEATAFR, FHOK AR FRAE A% ], b4k 2
J FE A [ () S IBORE, VR R 4 P2 0 RNA 5
—80°CLRAF#

1.2.2  Northern blotting

B RNA BHEHCR A Trizol reagent (Invitrogen)
7%, Northern %58 #4 B AR fE S0 7 3004724 A4 FE
rn X 20 pg & RNA, 68 CAE M5 1. 5%H [ -MOPS
BRI 4 B, BRAHIE %, B DR B AR S Y
¥o)—8, RIGHH B RNA )8 el b i1t 4
Fo X AtWRK Y25 . AtWRKY26 Fll AtWRKY33 3 /4~
HERE HREFW R B, RS e R rkm 5
YR D T PCR ¥, 74 D A SS 4R 5T,
YREFFH 32P-dATP JEA7HRIC, FIFH PerfectHyb™ Plus
7% 22 (Sigma-Aldrich) 574 5 RNA F i )2 g i
68 CAACHI, VR, M5 TomE, s X Y
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AAC W Fr A TR s A A B, IR A
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(http://www.dna.affrc.go.jp/PLACE/signalscan.html)
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BB 7 5N 1

AtWRKY25 cDNA 4= 1 608 bp, %ifith 393 4~
fiR; AtWRKY26 cDNA 41 1 159 bp, 4w 309 4~ 3k

fik; AtWRKY33 cDNA 41 1 902 bp, 4w 519 -4 3k
2. AtWRKY25. AtWRKY26 Fl AtWRKY33 [ 5k
Wy 915 HrR N, 3 MEEHA RGP IARRITE, R
37.79%, #BEAPIAS WRKY 2543, I H e TR IX
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& WRKY EHAZRBEAH—A/MIAH—8, dIEmR
73 e B AR AL 0 AT T AL BE R Zh RE, 3
AN R 2 (8] 0] REAF 7E T RE L 0 EL AN FIAR B A 4%
[, 3 AN A E R A 25 AR 1781, BURE
EATTEA T A 2= () D Re Ty TR T REAE AR 25 57

2.2 AtWRKY25, AtWRKY26 1 AtWRKY33 fEi2[E
BB THIRIED

EH KM I, AtWRKY25 Rl AtWRKY26
JUT- A ik, T AtWRKY33 WA — & 3L hl Kk
T, 42°C EIRALFR 0.5 h J§ AtWRKY2S5 s TR —E
KRB, FEEGHEE R AVRKY25S HFRIEZ
W, ARfeEa R, JFEE 42°C AP 4~6 h 5 A %
FIREL =W, RIS B WREAR; AIWRKY26 7€ 42°C 1Y
IR RS AWRKY25 M, (HERE B —H
RAK, HEAPEH 4~6 h A A 0] WLk, Ar-
WRKY33 18 42 CAbBE T ()R BN 5 4AeWRKY25 #,
J2 B A A PR R] 1) ZE K 38 R WAL, ELE 8 h
JER R (B 2). 4CAURLEIS, AtWRKY25 il
AtWRKY26 1355t B W 5 1), S 1 38 5
P 42°CALFRK B s, 4°CAEFE 4 h J5 AtWRKY25 1
TR AT IR A I, 20 42°CAb PR fR Rk
WIW 5~6 fif, I Rl Ab B A — B RF LRI N At
WRKY26 SZARIM (175 5 #a Het L & i 75 5 i B
FE4CAEHE 0.5 h whiAs nl WLy ek i, SRIG SR 3,
ZAEH 24 h KB FRIK B KT AtWRKY33 1E 4C
AbFETR Y R E KOF 2 B SR S R g, &
KRB R, AR 1 h 5k Ik e B2k
B, 4R — B2 8 h, SR B AR & 2
S (Bl 2). AtWRKY25 Fll AtWRKY26 1E 25 i FIAR i Ak
PG iR AR IR AR, T AtWRKY33
TG I A 38 1 22 SR A R S8 AN [ 1 (81 2)

2.3 AtWRKY25 ,AtWRKY26 F1 AtWRKY33 £ NaCl
S EMIE TRRIES

e B A0 AT ) T A T A E 8 P
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% 1 Northern 23X #R%$tAY PCR #1854 F % F0 4 18 & 14

FEH 2K 514 551 (5'—3") AR Tm(C) F B Bz (bp)
AACCAAGAAGGTCGGTGAAA
AtWRKY23 AGTACTGGACCAACCAAACCT 61.9 459
AACCCATCAAAAAATAGCTGAGT
AtWRKY26 AGAAGGGAAATGGACAAATCA 60.8 659
AGGTTCTAGCTTCTCCAACCA
AWRKY33 TGTGATCTGACCTTCCAAAGAT 61.5 S15
AWRKY25.txt NCSFGTERCIKIPAYMV . . . .. . SBNS WRKY GOKORRER
ACWRKY26.0XE = = v e e ee e e eeee e e e e e e KTS WRKYGOKCORREY
AWRKY33.4xt QSECWSCTETRPNNCAVSYNGREQRKGE WRKYGOKCN

Consensus

AtWRKY25.txt
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Consensus

AtWRKY25.txt
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Consensus

AtWRKY25.txt
AtWRKY26.txt

AtWRKY33.txt
Consensus

AtWRKY25.txt
AtWRKY26.txt

AtWRKY33.txt
Consensus

AtWRKY25.txt
AtWRKY26.txt

AtWRKY33.txt
Consensus

AtWRKY25.txt
AtWRKY26.txt

AtWRKY33.txt
Consensus
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NAFCIBPK S T i EN IKIEICTIFETPR. . . .... NGP 299
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k ver d r
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1 AtWRKY25. AtWRKY26 F1 AtWRKY33 &8 FE5HEIAES
TRILEFER WRKY 45 H38

DRI A4 BR300 mmol/L NaCl #l F, AtWRKY25. AtWRKY26 Fl AtWRKY33 #F8H
25% PEG &/ [R) s (] Bz b #UT A5 AU 0L e o, K TR G g PR R, 5% R H0 b3
AtWRKY25 . AtWRKY26 Fl AIWRKY33 ({35150 . JERIZRIBARRL, At 3 ADEEN 2B BT 0
2E LR A(WRKY25 Fl AtWRKY26 % NaCl (gl ig  ZEMRIE L H,O AP RS (&] 4); ENTERE
5, I BE AL T ] A K S ik g e, i MM T RS AR . NaCl Y 4h AT HL AR
ACWRKY33 MBI IT 06 NaCl b SR hn i, feik PR

B4 h JEFRREERKT, RIGEREEA GEST 2.4 AtWRKY25, AtWRKY26 1 AtWRKY33 7€ ABA
Hahn, 1EALIE 24 h AT AtWRKY25 . AtWRKY26 —FF: A0 IR TR IE T

HBIRF T FRIB M B =K, 3 ANSEEAE NaCl fJibE ABA REENHEYIME Y . 5 5HYNE

T REBARAPRI R BEE(E 3). £ PEG BB &M K &%, W ABA 352 HCH SN B SR 50 g — 4
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WRKY25
WRKY26
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rRNA

200 ¢ 250¢

—— AtWRKY25 —— AtWRKY25

—=— AtWRKY26 = AtWRKY26

150 - =& A1WVRKY33 - =4 AtWRKY33

100

50

0

0 0.5 1 2 4

& 4 AtWRKY25. AtWRKY26 1 AtWRKY33 £ % ABA R IB TRy FR kL

HEEE 50T W5 £ ABA il & 215 5 e
23 5 2 AR N, RE . ER. S
L8N 3 W 10 5 7 A R 5 P AWRKY2S |

AtWRKY26 Fl AtWRKY33 TR %5 % # i . i . NaCl
1 PEG AL PR, HEMIX 3 N2 50 ik
KBS ABA (R 584 5%, FrAARFRE—4
SR T ABA AbFRETAE BRI ST A RL S AtWRKY2S

AtWRKY26 Fl AtWRKY33 (335, A H,O 4bBRAE
JyXFRE . WNE 4 BN, AtWRKY25. AtWRKY26 F
AtWRKY33 7E 100 pmol/L ABA F LT R (i 33k 5
H,O Ab35 s aEAEM, HEEiMREKFE
1E ABA AL FE 2 h 55 HyO AbFEAH 32 3 1 — 5 194
i, BABAIX 3 AN T ABA AR 55 4h,
X3 AN A2 B T RS HO A BRAYIE S, Wl g
B HO 1 BB 3 W38 sl A a0 s, 150 B
AtWRKY25 . AtWRKY26 Fll AtWRKY33 XML 3085 e

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

TS AR A IR
2.5 AtWRKY25, AtWRKY26 #1 AtWRKY33 K25
Foth

0 AtWRKY25 . AtWRKY26 Fl AtWRKY33 7] fiEfY
R TP HIE PLACE Wl b E47 04 ok 1
W, AR W 2. S REY, 3 A AtWRKY
LR I 3l 910 Hh 28 5 A i 2 a4 R ) L
R oo, I HEAEZMEEM T, W
ABRE 25741 . ARR1 455 014 . MYB #0741
MYC HAIE s . W &S oo, (e E sh T &
B —ERZN; BN, 34 a8 Hd a5l
R AF S E RO . AtWRKY25 J3sh T H&4 3
A~ HSEs $Ugoc, T AtWRKY26 . AtWRKY33 1)
RS 0 A LA, 53 AEEEE R A
TR FRIRE—B . S 5PURMEEE TR ERIEN
GT-1 &7E AtWRKY25 Jadh+ bA 54, 1imshmA~
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R2 AtWRKY25. AtWRKY26 0 AtWRKY33 21T _ERIRR1E R sT
B B FEA A 3 F I B
PEEETTlE 741 JEEE TR AT RE T
pAtWRKY25 — pAtWRKY26 — pAtWRKY33
ABRE P41 ACGTG ZT 5 BRI NE i 2 3 7
ARF #5450 TGTCTC AR RN A FEEAM, Z TAA BT 0 5 3
ARRI 4550 nGATT SN PR AT R, A S AR 22 18 14
CCAAT & CCAAT 5 HSEs — 2 fig HE R 37 1k 10 5 5
CuRE #.0J¥4]  GTAC i B R TR R A, S A A R 8 5 5
LTRE #%.0J¥%]  CCGAC RIS N T F A, AR AT B 1 0 3
DPBF-1 il 2 ACACNNG DPBF-1 il 2 #Z5-4G 740, i ABA 755 3 3 0
GT-1 & GAAAAA Z: 5H0 AL S i R R R A 5 0 0
HSE GAAnnTTC POTHE, PR A Y 3 0 1
LTRE-1 CCGAAA G IR R0 T 0 1 1
MYB #.¥%]  CnGTTr MYB 560 5, 2 T RAUKIA TS 4 7 5
MYC GIfis  CAnnTG MYC B, AR AT 5520 12 15 14
P& CCTTTT WEE A, PR R R T 3 2 1
W& (T)TGAC(C/T) WRKY HEAREFEGET, S 5HEYPIR RN 2 4 1

AWRKY Ja s T WK &z oo i, 2353 5t 2% W
AtWRKY25 W17 = b Wil 095 o AR S oG i
LTRE-1 fil LTRE &0 JFES A G 8T E iz Rl
A[RESLIAE 3 A AtWRKY MMM G B N o F3 3h
TR TR T S 3 A AR IR A Y a T B3R
RREIEA — 5, BXTFRIKIE TR UEFI R . E
XA [ BRI T A L FE R, 3 AN R &
R X 2 R E A i B R e N, BT 22
Al REFECE R IAEFIL R AR 2 5

3 W ®

PT4Ek & F WRKY HEHAMFRMIEMRZ,
WRKY HE I HAZFEEWNEYFDhe. ASCEE
ST AtWRKY25., WRKY26 il WRKY33 TE4FhiE
AT I FBE, N EE— R e 4T
AP FDI eI . R E A E O JE LG WRKY
EARBEFIE 1T K, AtWRKY25, AtWRKY26
Al AtWRKY33 X —/NHE A 2S5 PP+
e 5y Wi o 22 Pl A A 3 55 R T W adt, R B T8
NI A EEE"Y . BB F S R 3 A
AtWRKY EA 8 & AR 1), R
SEAE— /N A R TR A B3 =2 ] — i EL AT AR AL A 3R TR 36
KA AWRKY25 . AtWRKY26 F1 AtWRKY33 %t

[F] — g 455 K - 9 15 3 R B A R T — iy
AEALYE TR 20 1 25 5, 5 RAE Al — /N AEFE 5 1)
e b A ARALPE A — 2, WHUR BT 68 5 AT AHA
153 FHEYFIRe; RIS AWE 0 2= FlE] 3
B Z A — 0 AW DI RE 4T 1.

WX AtWRKY25, AtWRKY26 F1 AtWRKY33
FY BTG R 3 ANFEE WG shF #4704, K=
AW G 52 35 sz, - BeiEsh+
A1 7 Z2 A iy AR AR P s B A R TR (GR 2)0
IR 3 BN B 2k 52 22 FhE A= Wi 52 I - 3l 1 52
e, HAFRIXACE BF, Sk B S iy R
ABA WsZmss, Rk BHENRIRIE, M
A AL PR S X AR L, BT RE I E R
R (2~ 4); RIEHEN AtWRKY25 , AtWRKY26
5 AtWRKY33 1953 FA YD 6erl fig 3 2RI AE
LR T HCH AR A = 0 R S5 5 T . Rk
Mr &0 AtWRKY25 , AtWRKY26 Fl AtWRKY33 {E £ F
B AR IR R B R A R — B0, R RHIGR
Al b ria; 1 3 NS SR RN SR
25, RS FWME) HSEs #EochEeilnshT
FRBEWAFEGR 2), ATREANTE R — RSN
e — 5 TH R RE AR AR B AR, 55— 5 THAFAE
ME MR . WERFREGEY AR MAT
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WIRIT AtWRKY25 . AtWRKY26 Fl AtWRKY33 7EAE2E W 3h 40 T 26354047 855

() — A EHE R, AR 2 3 PR i AV IR % S 2
— 3y, BPE 2w R I aE T, B
JEE 1 368 PR 1) 58 U Y, X RCIR B AE AtWRK Y25
F AtWRKY26 X i AL A Jolp 30 52 7 v S — B0,
Y2 W AP0 A5 S I AWRKY33 WIZRBLH T X
e Tl RV T %) R R AN — K, 2 e L ) A0 T A2 AR
BE S (F 2), AtWRKY33 B REXT i iR AR IR 14 S vy
MLHRIANTE . AtWRKY25, AtWRKY26 5 AtWRKY33 %
R 0 S S BT, B O AR A TS R (A
3), HEWMI 3 AN FE K AT REZEAR Y 0 B 1 O TR AR
M, fF AR = T A B — 20 JEAT B 0E . UEAb,
AtWRKY33 TEHIEE TR IE H A K R TN A —
S B LA R IR, %L PR AT RE X 4R R A OE F Y AR
KAFWRS T —EMIEM. AIWRKY25 2% b
HAE T RBEP, KB R AWRKY2S Z iR ER
T EERANSE A 05, T AR X L haa [N
T XA s AR A 8 TS T ACWRK Y25 1A
VI RIS B DSR4 4] AtWRKY  7E4L
A A W30 35 Ty AR A — S B RN, 38 2o G AR
HH AtWRKY SEIRI 1) 5 25 (A FIAR faE 15 2 1 A ik IR Al e
Al — A5 e AT AE X SR A Y af P AT B Y 43
HW23i68, M ABRC( The Arabidopsis Biological
Resource Center) #MLFg I 28 A8 44 e 43 51| W4 K 3R AS 3
ANFEI SALK RAIEAAK, HiflE T-DNA 46 AR
NE, BRIk ai G 28K PCR ik, X
TEEE 0 Atwrky25 . Atwrky26 F1 Atwrky33 2l 9878
kR R ATV 0 BB 8 S0, 25 R R RAE i BE
AT 3 AR A RS SR AR R 5 BF AR RUBORLAE EEIE
Ky AEWRBEHERMES, HEMTREER T
AtWRKY25, AtWRKY26 Fl AtWRKY33 3 MEHZ
(B L RE H AN o A Ry — > 2 FE D A e s 4R I K
W, SEG I ZRML WRKY Ji 51 22 8] o] BE A7 1E 2
REEMIUAMESEE LWESME/E, I
AtWRKY7, AtWRKYI11 Fl AtWRKY17 X 3 A~F:[F %
G A, AR S S 0 2880 A,
{ESE A Atwrkyl7 28728 PR IFBE W1 A F0IE 1)
ARV %} 22 3 R R ) 5 DR £ T T RE A S
T5c A AR B 558 v A Ak F ] — R /N2 1 7 A ik
PR 7 R 58 AR AR Bl 22 A 56 IR ) 2 58 AR AR EA T 5T, W
REx AT o I A R R, g AT e

T IIRE . A B R AR PR 2 1) Y AE 2 AL
I O kAR AR LSS AR A 3 AR MR, H AT R
wrky25 xwrky26..  wrky25 xwrky33 P52 (R A
wrky25x wrky26xwrky33 =58 ARAE KR, A —
A B IRESI T

£ % ik (References):

[1] Zhu JK. Cell signaling under salt, water and cold stresses.
Curr Opin Plant Biol, 2001, 4(5): 401-406.

[2] Seki M, Kamei A, Yamaguchi-Shinozaki K, Shinozaki K.
Molecular responses to dehydration, salinity and frost:
common and different paths for plant protection. Curr
Opin Biotechnol, 2003, 14(2): 194-199.

[3] Clarke SM, Mur LA, Wood JE, Scott IM. Salicylic acid
dependent signaling promotes basal thermotolerance but is
not essential for acquired thermotolerance in Arabidopsis
thaliana. Plant J, 2004, 38(3): 432-447.

[4] Yu D, Chen C, Chen Z. Evidence for an important role of
WRKY DNA binding proteins in the regulation of NPRI
gene expression. Plant Cell, 2001, 13(7): 1527-1540.

[5] Asai T, Tena G, Plotnikova J, Willmann MR, Chiu WL,
Gomez-Gomez L, Boller T, Ausubel FM, Sheen J. MAP
kinase signaling cascade in Arabidopsis innate immunity.
Nature, 2002, 415(6875): 977-983.

[6] Johnson CS, Kolevski B, Smyth DR. TRANSPARENT
TESTA GLABRA2, a trichome and seed coat develop-
ment gene of Arabidopsis, encodes a WRKY transcription
factor. Plant Cell, 2002, 14(6): 1359-1375.

[7] Luo M, Dennis ES, Berger F, Peacock WJ, Chaudhury A.
MINISEED3 (MINI3), a WRKY family gene, and HAIKU2
(IKU2), a leucine-rich repeat (LRR) KINASE gene, are
regulators of seed size in Arabidopsis. Proc Natl Acad Sci
US4, 2005, 102(48): 17531-17536.

[8] Robatzek S, Somssich IE. Targets of AtWRKY6 regula-
tion during plant senescence and pathogen defense. Genes
Dev, 2002, 16(9): 1139-1149.

[91 Zhou QY, Tian AG, Zou HF, Xie ZM, Lei G, Huang J,
Wang CM, Wang HW, Zhang JS, Chen SY. Soybean
WRKY-type transcription factor genes, GmWRKY13,
GmWRKY21, and GmWRKY54, confer differential tol-
erance to abiotic stresses in transgenic Arabidopsis plants.
Plant Biotechnol J, 2008, 6(5): 486-503.

[10] Fowler S, Thomashow MF. Arabidopsis transcriptome
profiling indicates that multiple regulatory pathways are

activated during cold acclimation in addition to the CBF cold



856

i f# HEREDITAS (Beijing) 2010

o532 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

response pathway. Plant Cell, 2002, 14(8): 1675-1690.
Ramamoorthy R, Jiang SY, Kumar N, Venkatesh PN,
Ramachandran S. A comprehensive transcriptional profil-
ing of the WRKY gene family in rice under various abiotic
and phytohormone treatments. Plant Cell Physiol, 2008,
49(6): 865-879.

Wu X, Shiroto Y, Kishitani S, Ito Y, Toriyama K. En-
hanced heat and drought tolerance in transgenic rice seed-
lings overexpressing OsWRKY11 under the control of
HSP101 promoter. Plant Cell Rep, 2009, 28(1): 21-30.
Qiu Y, Yu D. Over-expression of the stress-induced Os-
WRKY45 enhances disease resistance and drought toler-
ance in Arabidopsis. Environ Exp Bot, 2009, 65(1): 35-47.
Wei W, Zhang YX, Han L, Guan ZQ, Chai TY. A novel
WRKY transcriptional factor from Thlaspi caerulescens
negatively regulates the osmotic stress tolerance of trans-
genic tobacco. Plant Cell Rep, 2008, 27(4): 795-803.
Sanchez-Ballesta MT, Lluch Y, Gosalbes MJ, Zacarias L,
Granell A, Lafuente MT. A survey of genes differentially
expressed during long-term heat induced chilling tolerance
in citrus fruit. Planta, 2003, 218(1): 65-70.

Zou X, Seemann JR, Nemnan D, Shen QJ. A WRKY gene from
creosote bush encodes an activator of the abscisic acid signal-
ing pathway. J Biol Chem, 2004, 279(53): 55770-55779.

Dong J, Chen C, Chen Z. Expression profiles of the
Arabidopsis WRKY gene superfamily during plant defense
response. Plant Mol Biol, 2003, 51(1): 21-37.

Ulker B, Somssich IE. WRKY transcription factors: from
DNA binding towards biological function. Curr Opin
Plant Biol, 2004, 7(5): 491-498.

Andreasson E, Jenkins T, Brodersen P, Thorgrimsen S,
Petersen NHT, Zhu SJ, Qiu JL, Micheelsen P, Rocher A,
Petersen M, Newman MA, Nielsen HB, Hirt H, Somssich I,
Mattsson O, Mundy J. The MAP kinase substrate MKS1 is
a regulator of plant defense responses. EMBO J, 2005,

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

24(14): 2579-2589.

Zheng Z, Mosher SL, Fan B, Klessing DF, Chen Z. Func-
tional analysis Arabidopsis WRKY25 transcription factor
in plant defense against Pseudomonas syringae. BMC
Plant Biol, 2007, 7: 2.

Zheng Z, Qamar SA, Chen Z, Mengiste T. Arabidopsis
WRKY33 transcription factor is required for resistance to ne-
crotrophic fungal pathogens. Plant J, 2006, 48(4): 592—605.
Pnueli L, Liang H, Rozenberg M, Mittler R. Growth sup-
pression, altered stomatal responses, and augmented in-
duction of heat shock proteins in cytosolic ascorbate per-
oxidase (ApxI)-deficient Arabidopsis plants. Plant J, 2003,
34(2): 187-203.

Rizhsky L, Davletova S, Liang HJ, Mittler R. The zinc
finger protein Zatl2 is required for cytosolic ascorbate
peroxidase 1 expression during oxidative stress in Arabi-
dopsis. J Biol Chem, 2004, 279(12): 11736—11743.
Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning: a
Laboratory Manual. 2nd ed. New York: Cold Spring Har-
bor Laboratory Press, 1989.

Higo K, Ugawa Y, Iwamoto M, Korenaga T. Plant
cis-acting regulatory DNA elements (PLACE) database:
1999. Nucleic Acids Res, 1999, 27(1): 297-300.

Zhu JK. Salt and drought stress signal transduction in
plants. Annu Rev Plant Biol, 2002, 53: 247-273.

Xiong L, Schumaker KS, Zhu JK. Cell signaling during
cold, drought, and salt stress. Plant Cell, 2002, 14(Suppl.):
s165-s183.

Knight H, Knight MR. Abiotic stress signaling pathways:
specificity and cross talk. Trends Plant Sci, 2001, 6(6):
262-267.

Journot-Catalino N, Somssich IE, Roby D, Kroj T. The
transcription factors WRKY 11 and WRKY 17 act as nega-
tive regulators of basal resistance in Arabidopsis thaliana.
Plant Cell, 2006, 18(11): 3289-3302.



