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FEE: vABl& 3 (Arabidopsis thaliana)F A7 . AIWRK Y408k % R AR id £ AR % A A8, AT AtWRKY40.4E
ALy T Fhiteh it A2 P e94E R AR A B A FAUE . 45 R BT, AtWRKY40% T FMitih$; AtWRKY40%:
%GBT F I TA T 80 R R EAK, vt B £ KA B, T AtWRKY40:iE £ A MM 2 I A R 8) FAE; T 8T,
AtWRKY408: X R Z ARt /L BALA(H0,). A S T(0;) AR —BMDA) S ER XS THARAL
R A, ALY B ALEE(SOD)Fo it At SBE(CAT)E M. Il R R (Pro)fo T b 4E A8 VA BAR % A B
AtCulZnSOD. AtCATI. AtP5CI1S. AtG6PD5FaAtBAMA4% k3 2 51K T AR, FI 0T AtWRKY40it & Ak % ¢4
BENR R EEEEALIAR AL ZN HTEHAA . dy], AIWRKY40:8 T8 7 AR AL EE
BB R AL b T ik it AR

S4IF): AWRKY40; F-F; 515800 40 )5 4R 37 B4, dl ok

T 5 tH 50 N BR AR A Kk B ATED)
FERN FEARAYWE, & XK iERT. KA
BATER SR REZ —. BHTEYS T2 N
BLa 2 B AR KR E B 70 ) E SR

WRKY. AP2/EREBP. bZIP. MYB/MYCULA
MNACEE KR 3Rk 2ok B 2 50+ 5
o3 By 2 3o 75 (Gahlaut$52016), b, WRKY %
SR m Y P R R R TRk —,
A 1 B LR SF FWRKY 25 W s R B HR 2544, AR L OR
SEEE LI A B SR S5 R B R AE, WRKY % 5% [H]
TNl IR =A% . 058 R B, WRKY Sk
NVF 2 R 2 5T 5 i ia e N R, X E PR
PERSIE B OREAEH o TR YRR I/ 22 (Triticum
aestivum) i FiSivas111/33 R EBTaWRKY16. TaW-
RKY16-A ) TaWRKY17% % T 515 5 (Okay452014);
L RIE/NETaWRKY33. Gh(Fortunella crassifolia)
FcWRKY70. §34¢(Gossypium hirsutum) GhWRKY41
FIHLLFG IF (Arabidopsis thaliana) AtWRKYS5 788 B
P B 51 (He252016; Gong252015; Chu2%2015;
JiangZ§2012). M4l 7F WRKY46, WRKY 541
WRKY 70417 i = 5% i J37 45 [R 38, FEAIRHE AR 41
% (Chen®$2017). HILTFT L, 76T 52 S FE
WRKY IEH 2 E R .

W ITFAtWRKY40 /)8 T 11aZE WRKY # 5% K
T, ARG 5 YN 2 B A ) AN EE A 1 8 1)
i A5 9(XuZE2006; WenkeZ52012; Schén5:2013;
Birkenbihl%%2017; Liu%%2015), E-2-C.HEE(E-2-

hexenal) &M v 52 SIHUH B HUBCE B0 iR
1RGN K VEAG S Y, WRKY40%2 E-2-Cu )
%55, 2 H5E-2-C &G 51812 (Mirabella%s
2015); WRKY40. WRKY 18FIWRKY 60 i i
H,S/= A4 2 L4 i 2 d #2(LiugF2015); WRKY40
7R A] 5 2 2 (jasmonic acid, JA)(E 5 & 24061 4]
FJAZFER LA L ABIS %5 I 7% 18 (abscisic acid, ABA)
M N 3R] A 2l XA T W-box o 45 &, #ii| L3k
ik, 2 5IAFIABAYE 5812 (Pandey%$2010; Shang
££2010; LiuZE2012, 2013); Chen (2010)ZE 5 7 A& i,
WRKY4032i51E 118153, Hi7RWRKY40R] §EZ 5
T 5 e e Bk %2, {5 H R AR ILWRKY 40
TEAE )T 5 Joip A o) 87 3 5 ) ' FH B ATL ] DRI 9
Wi, RIASCH LI TF B AR . AWRKY40
T R RAGAR Jo ot FRIA PR R M B, R FEAtWRKY40
FEADL R T We 97 52 ik AR A A P R H A 3R 43
FHL

1 HR57E

1.1 LR 515

L FE I+ (Arabidopsis thaliana)d=757 A Colum-
bia-0, AWRKY40GK RALNR (wrky40) L FLIERR
Z(OE4MIOELS) W & T 3£ E A ot lE b O . Kl
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HETIWT)IEI 7. AtWRK Y4052k 5 A5k Jo ik %
Ak R BT FH0.1% NaClIOW 2510 min, T8
P 12MS[E 3G IR 35, 4°Co& 1 N b BE2~4 dFT i Fh
FIRAR, 857 NGB R4 T22°C, 16 /8 holt/
WA AEE IR — A, R R B R 7 L (T B e E
)N (VI EFRA B, T/ A 16
h/8 h. ¥R E22~25°C, 51120 pmol-m™s™, AHX}
BRET0% IR 2% T 3%

BB AE AR R ST Fr, F200 mmol L H 75 B
REER 05050, 0.5 1.00 1.5 hEUEEN 2 AtWRK Y40
FEX RIL &

KB E RN IF . AWRK Y408k 5 S8 A8 4k J it
FKIER R BATR10d, WEACu/ZnSOD. AtCATI
AtP5CSI. AtG6PD5FIABAMAFE 15 5 UL J vl s itk
¥, A % (malonaldehyde, MDA). Ji#iZ % (proline,
Pro). H,0,. #%H = F(superoxide anion, O; )&
BEEAEEIRR
1.2 LW FHE
1.2.1 MFIELERNE

W B AR R Y . AWRK Y4052k S48 44 %
I RIA R R FT A5 200 mmol L H #E B2
[I1/2MSHE 7535 |, 485 h&iit— b1 K 8k, &
gigi1t7 do DA KR FIM R ER127E R
WY R bR o
1.2.2 fERRERREIIN

PRI AR AE R 7R (T E
FE)IEA AL (VISR R, EH 5K, £
K2 J5 HARTF R A3 12 d, MR AL 3 S5 it
VERE [ e, DU R A v B I
BTG bR, Govt R AbE A BLHE T 52
1B (P03 PR I S B D B tH I T i
1.2.3 EFEEMNTRIEENE

IRAG 7N bE = F 3L 8 (CTAB) A S AU 2
RNA, #3553 %|cDNA, LLcDNA AR, ACTIN
NN Z, SEi 8 = PCR (quantitative real-time
PCR, qPCR)¥E N & K K 1A & . qPCRIEJT H:
95°C 5 min; 95°C 30 s, 56°C 30 's, 72°C 30s, 40/
R, AN E 3. qPCRE|WIINFE 1 Fis.
1.2.4 HEIBIEFRNE

H,0,. O; . MDARIPro &l 5E £ I Wang2%:
(2017); R HIBRFfZ(DAB) G ik E H,0, % &
28 Zhang25 (2012); % VU M(NBT) 4 (150 &

#1 qPCRE|YT7 4]
Table 1 qPCR primer sequences

EIEZEZR S S HI(5—3)
AtWRKY40-FP TTGTGTAAGAAGCAGAGAGAAGAG
AtWRKY40-RP CATCTTTCACAACGAGGGTAG
AtACTIN-FP GGTAACATTGTGCTCAGTGG
AtACTIN-RP CACGACCTTAATCTTCATGC
AtCu/ZnSOD-FP CTGCATCTCTACTGGACCTC
AtCu/ZnSOD-RP CCACATCCAACTCTCGAGC
AtCATI-FP GTCCTGGGATTCAGACAGGC
AtCATI-RP GGCCTCACGTTAAGACGAGT
AtP5CSI-FP AGGGAAAGTTCCAGAAAG
AtP5CSI-RP CATAACTAAGCGAGCCAC
AtBAM4-FP GCTTCCGTCTTGTCTCGTCA
AtBAM4-RP TGCCTTAGTCCCATCTCATC

O; & &2 Qa0 (2016); i AN B AL B (super-
oxide dismutase, SOD)F1id 48 fb A fiff (catalase, CAT)
PRI E 2 IR He % (2017); A T RUNRZ I E T
& B (FuZ%2016).
1.3 BURRZEIT

I 7E 45 5L F A0 AL £ 2 St (data processing sys-
tem, DPS){EJ7 22 73 #1, P SEge 3 s 3K

2 SLWEER

2.1 AtWRKY402 535+ F 2 e i3 i
2.1.1 FRNEITAWRK Y4035 8200

4200 mmol L H FE R A FE B T Ffbhid, &
AWRKYA0%Z T 255 . IEWEOLT, AWRKY40
FiL B EE R, TRAPE60 min/5, AIWRKY405:
DR 08 B . 3 1 v, B i BRI 1), HED A WRK Y40
Al RES 5L R I e N AR

g T8

a
b
| cd cd
o l c e d %
0 | E
0 30 60 90

A FE T 8] /min

1 T e Ul TFAWRK Y4051 2215 BRI 540
Fig.1 Effect of drought stress on relative expression level of
AtWRKY40 in A. thaliana
BRI LA NG R IR s Hodls i) 22
TEIE

4r o xR

S w
T

AtWRKY40k8 %+ R ik &

L3 (P<0.05),
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2.1.2 FREBEXTAWRK Y4055 383514 R 5T 3Rk
PRARBAZERR M

K225 BTN, IR &N, PR ITEF A 4 |
AtWRK Y408k 5 578 Ahwrky 40 2 ik 76 157k 2 OE4 1
OEISFhFif K L3 2R, T FWiaTF, &4k R
B R RIS FEAK, Howrkyp40Fh 705 & R BB T B4
TR RIER R
2.1.3 FEMEXAWRKY40TRKFZL R KT Rk
BERE KRN

WA T A T . AtWRK Y405 Rk FEAR4A I
i FRIAR R H AT AP, Sk R
LT ARIFE B R 223, A I 4R 8 2R 2205
AtWRK Y40t 5 58 A8 AR 527 [ 36 75 B B S v T 7 A
AN RIEKRR, B — 2l T2 E, At-
WRK Y408 R T AR FE PR 1 235 2 5 T B A 8 e
I FRIERR R, T H 5o 2 ) B AR T AR A
I RIBM R, K — P U AWRK Y4058 %48 =ikl
VIR T 1 a8 J1(E13).
2.2 AtWRKY4001 5 F 2 f8 894+ 32 & 5 F L5

DA 520 45 R R B AtWRK Y402 5 T 5 B
R . AtWRKY4042 =40 5 1 1 AR 3 73 B
W2 Rk, ASCEE— BT T T R R T
R RIBIE WY TR R FNP A A BEE TR B A G
BRI RIE AL
2.2.1 FEEXTAWRKY405L 5331k B Fik
BERProf LA M HE S 2 R EXEEFTENFNY

IEFEOLN, PRI A Y. AtWRKY408k K
GAGNK Je ik Feih Mk R Pro A ETERE & BB % %

o0 224

\\\A_.za, b b oowr
80} \SSSIZZZ% — d:I:Z% & wrky40
\\\\/ :ﬁ-/ O OE4
SUNN N \\\-.-'/ B OE15
s o | N NE
X NES NS
= 40F S \\\-'-'/
- N NE
of | N NE
\\\:-:~ \\\-:-:/
\\.\\ . / Sy /
0 \\\'-'-/ \\\-'-'/
X FE

B2 BT AtWRK Y405k 5K AR AL ik ik R
HA R A 52
Fig.2 Effect of drought stress on germination rates of
AtWRKY40-depleted mutant and overexpression lines

7 (El4); TRAH)E, &k RProf B R ETHE,
Horp i stk R T mlia B ok, HUOe B AR,
I TR R RE ARG e P2 fe )N T 5 e o ik 2k R AR
PR AR TS RS & 2 2 o), Bp AR AR RIA
WA T R Win T alia s & &3 R E A, K
Fbtk BT EIRE R TE AR, gPCREHEIR, Pro
B IS ALk g k-5 - FR TR & Ji i (A-pyrroline-
5-carboxylate synthetase, PSCS)FE[RAtP5CS1. Hi
AU AR O K] -1 ¥y Bl 2 (R AtBAMA . 4] %) K -6- 1
1% i Sl (glucose-6-phosphate dehydrogenase, GD6P)
R AtG6PD5FIE AR S
2.2.2 FEMBITAWRKY40FRKRRTR KT FRIE
HEAFBMES MDA S /952N

AR R T FE i 3 1) FE E IR A
155, AR T AtWRK Y408 2K J ik 252568+ 5
Joir 38 T 0L T Al S R R MDA E
Wi o ZERRoR, IEE DL, AtWRKY40H K RAE
T R R IEVR A TH,0,. 05 KMDA® &% #
Z0; T Ra s S5 RH,0,. 0; XMDAR &
B, FHrpAtWRK Y4055 587 PR AE R 25 48 b5 15
e 52 v T B AR R AU R T AN I R A bR R (K15), R
AtWRKY40uk % 5 SUB g L S A e o
2.2.3 TEBEXAWRKY40FRR LR KT Rk
R ARSODFCATE M KB X B E IR0

HI ORI A1, IEH 26 AF T B AR AU I L At-
WRKY408 2K RAZAR [ i Fik bk & b ) CATIE 1476
BEES, TRPET, B4R K RIE RCAT
TR T S, (HAWRK Y405k % 825 AR FE kAR AL,
ANEZE . qPCRE R IR, TR T AR Kk
SR RAFNERRALCul ZnSODFETE K45 15 440 R
RS, TS REHk R LR ERM T R85,
B RALCATIZR LT 5, (HAWRK Y405k R RAZ
PRI AN AE M8 251 T AtCATIR IR R T H A=
RS RIS R

LR EA~645 R, HED T 7 T AtWRKY40
R AW TR AR R, R m R
BSR4 A7)

3 11
5 PR A A KR B R R B
R . R R R R A AR R T R
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Fig.3 Growth phenotypes of A¢tWRKY40-depleted mutant and overexpression lines under drought stress

TN AR R E SR R, V2 WRKY F e 5%
T2 5 REERFRIEWRIY, AL (K1) Chenss
(2010) (I 5T K IRAWRKY40% T 2 A% S, K
RAtWRKY401] e 2 51 2 hpiam g fE . i —
W FUR I, TR W8T, AtWRKY40u K 5872 &
Tl AR AR (ER), i ZEE 0, &R o
AR RS2 A R L 2 KT A AR R (1R13), A z-
WRK Y4014 238 R A [ AE H (BI2F13), R At-
WRKY40/EALL R T+ 510 S A2 ke iR TR
T2 SRR OB E g, 3T 5] R

AR TR 2 U AE 153 (Sofo 52015 Jaffar$2016).

BIEMNE T, FEYIE F AN B Pro AT VA M NE S
BT 1535 VR T CALEREK 7-~F 1T (SperdouliFl
Moustakas 2012; #X#H452017; FMEEE252017).
— P FLR B, AtWRK Y4085 TG FE MR Profl
A VA B 2 5 DL S Pro & BORTBRE AR 15T AR e 26 [H] A -
P5CS1. AtG6PDSHIAtBAMA4Z A& B EM T ]
R, TAtWRKY405d ik bk & & T3 A B (1 4)

SODFICAT EAEA) Ik 4 B ZL AT A AL, ATWRKY40
B2 S EAUF T SODAICAT 1% % PA S At Cu/
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ZnSODMIAtCATIFRIE & B E LT B A4, H,0,.
O; KPR /s & i W T, IR S A i e, 1
AtWRKY401 K35 M2 = SOD M CATEE, ff4¢Cu/
ZnSODMAtCATIFRIE & Tt = (EI5F16). 4546 UL L
gE LA DIHEN, T2 E R, AtWRKY 4058 it 1 5%
RIS 1 R 1 AP A AL R T 4 RR A IR OK, B
IR, $E R bR T R i T AR
HiE R, WRKY402 5ABAE 5844,
WRKY400] L) 5 ABA N B 5 [ ABI4FIABIS J& 51 T
X IR I W-box K5 57 45 £, I ILER L, TEABASH]
b7 B R R R J5 A ik 7 o ke 4718 5 4 A (Shang
2:2010; Liu%%2012; Chen%$2010). T ABAL

WRKY40 ] 5% R AFAEA [F 4 7045 2R, Shang®%
(2010)F1YanZ5(2013)AF 72 % B ABA I | WRK Y40
FIE, B HT AB AR B 5 PR Rk (R 4R F, T
ChenZ5:(2010)0f 7 B /m WRKY40%2 ABAFE S . T
FIE T, WRKY40X] Fh— 8 & 18 75 2 15 5 ABA
B9 @RAETFE— LI . KUY UEH
AtWRKY407] GEATT-AtP5SCSI. AtG6PDS. AtBAM4.

AtCu/ZnSODRIAtCATI ©-ij 2 5 Y0 T S Wpia i
e |87, 38 75 Bt — 20 53 W Cu/ZnSODFN CAT 155 H 1A
JR BT X R B AE(EW-box, 45 & TR J AT 25 )
FHED AR ] DL — P ST AtWRKY 4054 AtCu/
ZnSODMAtCATI R R FRIX RIS . B2
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A R P WRK Y40 5 WRKY 18 HIWRKY 6077 £F
AR EAER, W, WRKY405WRKY 18 FIWRK-

Y60 5 IR T & B i & (Pseudomonas syrin-
gae)M K7W (Botrytis cinerea) ) PitEd 2L L ABA
5 55 i, WRKY405WRKY I8HIWRKY 602
(1) FA) EL A 5 i JH o 8B 6 R 1) &85 6 3 M (Xu§ 2006
Liu%&$2015), WRKY405WRKY18FIWRKY602
[ AFAE B A A a2 XA FH (Yan5$2013) . WRK-
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AtWRKY40 functions in drought stress response in Arabidopsis
thaliana
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Abstract: WRKY transcription factors are involved in diversely biotic and abiotic stresses in plants. In the cur-
rent study, we investigated the role of AtWRKY40 in plant drought stress responses using wild type and trans-
genic Arabidopsis thaliana plants. Under drought stress, the expression of AtWRKY4(0 was strongly induced in
the wild-type plants. Loss-of-function mutants had seed germination rate decreased and leaf water loss rate in-
creased under drought, while the trends were opposite in the overexpression lines. In addition, Arwrky40 mutant
plants accumulated more malondialdehyde (MDA) than the wild type and overexpression lines, indicating ele-
vated lipid peroxidation in the mutants. To further elucidate the underlying mechanisms, we measured the activ-
ities of two reactive oxygen species (ROS)-scavenging enzymes, osmolyte accumulation, as well as the relative
expression levels of relevant genes under drought stress. In the mutant lines, the activities of superoxide dis-
mutase (SOD) and catalase (CAT) as well as the contents of proline and water-soluble sugars were all lower
than those in the wild type plants. In consistent, the expression levels of Cu/ZnSOD, CAT1, A'-pyrroline-5-car-
boxylate synthetase 1 (P5CSI), glucose-6-phosphate dehydrogenase 5 (G6PDHYS5) and f-amylase 4 (BAM4)
were significantly lower in the mutant lines compared to the wild type plants. Again, we observed an opposite
trend of regulation by drought stress of these enzymes, osmolytes, and genes in the overexpression lines. Put-
ting together, our results strongly suggest a positive role of AtWRKY40 in plant drought stress responses, pre-
sumably by interfering with the ROS-scavenging pathway and osmolyte accumulation process.
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