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Mitogen-activated protein kinase cascade is involved in abscisic

acid signal transduction in plant

ZHANG Mao-ying, ZONG Xiao-juan, LI De-quan*
(College of Life Sciences, Shandong Agricultural University, Tai’an 271018, China)

Abstract: The mitogen—activated protein kinase (MAPK) cascade plays an important role in signal conversion
and amplification of extracellular stimuli in eukaryotic organisms. The MAPK cascade is composed of MAPK,
MAPKK and MAPKKK. They transfer signals through phosphorylation of MAPKKK-MAPKK-MAPK in turn.
Evidences indicated that MAPK cascades were involved in the regulation of plant ABA signalling. This paper
reviews the recent progress in the biological functions of ABA and MAPK, phosphorylation/dephosphoryla—

tion in ABA signal transduction and the relation between MAPK cascades and ABA signal transduction in

order to provide insights into the molecular mechanism of MAPK and ABA signal transduction.
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Ir HAE . RS Z AR o B 2V 2 MAPK ¢
ERAL0 . MAPK SIS R AR 5 4% 5 1A
ZEINA Z M EMN . KRR, Y MAPK
UNERIYESE 25 E e )7 SERE AR /) SEN TS eh ]
H A 2 5 33 A5 5 DL A i o 24 R0 K & 1 3k
Fio KTHMMAPK [MRFST, ) EEE PR
FED R v, SR DL MBP Ay JEC 40 e e PR I8t v 12k
3HT (in-gel MAPK activity assay) $ANorthern blot
FR . YT B LU H S eI 771 (PD98059,
U0126) K5 MAPK  ZRIBGIS& A7 15 Bl A 5 B Rkt >k
PIFEAREEN o I LA, TEREXURACHEIOR . TR 8
FHIEIUTBL (VIGS) iR, RNA 3 (RNAL)
AR IR (reverse genetic approaches) .
Thfe s e R G ARR . D REIR1T R 58 4k DL S HoAth—
ORI, A8 MAPK 06 218 BRI 5
i ik B K D Re A3 LLE D e B .

V&2 (abscisic acid, ABA) ZAEM TS RIF)
WSS ENE S5 BAEVIREN, AT
ABA JRAEZS B VR I E B IR 7, Mt a Il A S
TR DIRE, FEnl2EN “WESEE”, Ay
Prits PrEEMpE h A EEA/ER . ABA AT
MK R G, (AN E B ARSI,
PR FARIR, FHIM iR S R G, dl
FE S IR AR ) AR B AR K AR 1) ABA S A A
— PP E R REE ST, BN AN R
A RS S, R AR DG R )R,
SR AR B S B B BIFSY R B, R 2 T
Foomdh ARE . MUkt E . RESE)S, &
PR R SR F ABA, SlEAFLKM. ABA
AL MG T SRR SR, Ca? . H,0,.
NO DLR Z Rl . WERRnG. WEIRHESE (5 5 0 748
ZHH 2, KRR R, H,0, 7E MAPK 221K
FYRFEI ABA (5 5 SRR —FHEM. &
TR ABA ERIHUEI MW RS B e, X
ABA {55/ S IR BRI 2, R X 52
Wi 12 55 ABA {555 5 20 4% %% 103 BAH T o0 R AT
FOB NIRRT . AT ACHTET R msh
BURIRAAE N, TReAEAE RINLHIAE : Bk bl 15 5%
SRR ABA IR RN, ARG IR ABA FE /D
WIS PR IE AR o) S B PR () A . M
BERREYAE RS SEBR At — R AN E 205 Bk it
P B2 A0 M BRAL SO0 SRR 5 (CERE IR0 1R
PRI, g5 F M RE s MG 74
o AL I8, I 55 2 BIIE 52 AR A B IR A FH AV 5

SRR O L IAF AL 32 . B e B, 4R T
BUZARA R A AR D e R R A2 &, Bk
REIL A REL A 0o A B 3085 )3 B

1 MAPK AT LL# ABA ¥FE

T ZAEFT O H MAPK 2 S5HEY) 1A ABA 15
SIS, o EURAE T BRI AR KRR
R H ABA - RJ LIS LA MBP SRR 1, 1%
RSPt -ERKL i A S vide, JF H5 ERKL
HAEMFEIRARX 7> 7, ERES P - B2 R - Pk
RAEGFEDURE, Xl it T ABA B SEfigid oK 22 Bk
20 it MAPK ()45 2 05 U2 . Mori A Muto ['FRA
HABMAPK 2 5 ABA 5 546, kA& (Vicia
faba) f] 3 P 70 LR T 40 i i A T pk b A s 1k
AR FIRES 50 46 k. 48 k fiT49 k. Ho,
48 k B HI ABA 3R Z45 S, TR 10 min f5IAH]
K& o ANz A RE I P - IR AL - BR 2 R Pt
WHRIEDIE, BIEAEMAPK, 146 k. 49 k4
T PRI T BT - B R AL - BRI T UL, R EAT]
FEMAPK . Al e Geth ABA 85075 5, BT AT
T ABA NSRS M BAGA IS4 2. Kobayashi
SN M KABIE R 73 B 3 10 A SnkK2(SNFI-re-
lated kinase 2) 3&K, 3F— s iG U sSEH A 34N AT
PAHE ABA TG Xiong 25000 AZKFE b 43 55 21 1)
OsMAPKS BRI ] LATE SNt ABA IF s, I HL
LR E RS TR SR AR I R LA &
GO PRIENHIRIE . FELIABIESE MAPK 2
5T ABA (5595 S, 1 ABA HEUEAHC MAPK
SR IE,  dhim s AR DGR R s . 4R
ABA XF T MAPK M¥us A& HEEN), Efasad—
RV 15 5 A b b 2 oK R) B2 306 MAPK 2B
2. Jammes 55UV I SEIGUE B TR S MPK9 A
MPK12 {EOR 40 b 0 2 25 I HLIE [m) 4% this P
A5 ABA {55848, MPK9 MIMPK12 A7 %1
S, Ca? JHIEM FUFLL KLY E FIEE R . it
Gh, G5 2009 SEROGHT T A R AT g 4 i
ROS (reactive oxygen species) /- % 40 M ABA
TR TAER . ABA 55 2R PYR/PYL, fif
5 PP2C 454, Ml T PP2C MR IR B IS 1,
{73 SnRK2 BB BRI P41y, #RJ5 LA NADPH
oxidase (AtrbohD&F)—R0OS—Ca?" channels—{[Ca®'].,,
(R 3805 MPKO FIMPK 12, o B0 B B8 -3 i
MM B AL S, H R P L4 IE A 2 1R

WAL R T
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2 WERIL. EWERILS ABA ESESHIXAR

HE B BERA S LRI V215 55 3k
R EEIPEE, MYh ORE TV 2 SR A
BEMRNE . 75 ABA (5 ¥ T h R 2B AL A2
FIFEA A AR HEEME . Leung SEUTR] ABAA
RO UL S AIE ST ABA N L IR b7 1, Joxf HLadk
TwbE, AR KRIE RS —FE S EE, MR
IR L i o X Ser/Thr BEIR ARG 2C, 28 5
SEAH BF TR Ca?t 2507, XKW abil A
Je i Ca? T BEIRINGRE, el IR AN S N 1%
FLABARCa® Z W) fRf5 T A% 1 Meyer 250 EjLeung
SEOIRII IR, abi I R Ynhth =) 5 28 1L (1) Ser/ Thr
AR EENEAT P8, JFAT ATP (BUGTP) 458
ANE RS RN ik i ZEfH HH ) Ca2t &5 54 Ao Leung 2519
PAG3— M ABA ANERUR IR SRAR AR Ry M RLE — DIk sK
abi 23N 5 abi 1—FE Rty S A5 5 ¥ S PP2C,
Heimovaara—Di jkstra®i 20 i) szad 26 i, 4 35 1% g
A 1550 e B 2 A ) ABA 5 T ISR R IA,  [R]IA
JBE b A 43 7 BT R A 40 kR AR SR B IR
o ABATTLAST - BRI - PR E PRI BUAIESE, IX M FH
B AR A YA R R R A R
2, Ay ABAE 555 S BR% Ser/Thr HERH AP,
AR IR & A R / SR Z . &
F L R AL FE X ABA 15 SR Lo 2 6 TR
B, ABII R ABIZ2 %ihhek F WML Ny, J& ABA 5%
P GORTER T, abi1-1F1 abi2—1%F ABA Y445 1)
AL AR I AR Y, Fx T RCAR/PYR (regulatory
components of ABA receptor/ pyrabactin resistance) %
JRE O AN S ABA 0324k, Jf HAERE L
ABA A SPRBINHI PP2C ik, 1L PP2C 5
SnRK2 1) C AR 45 K38 [T AHTLARH], X FAH BAE R
ERUEN HATEABA M2 5. MALF{E ABA I,
PP2Cs i id 2 B2k Al SnRK2s 3% ki ABA 155 5
AR MAELE ABA I (ABA #EABE B S A R 32 15
%), RCAR/PYR 5 PP2C 454, JfH SnRK2 MAK
W PP2C MM AR R, IX A4 SnRK2
ZWERRA U RY), QT3S bZIP sk K (AREB/
ABFs) 2555, SRS ABA [0 [ 32 [N 3 A B Hith
Pm . AHR, PP2C (A 2ERARA, HItn abil-1,
BEM(fiZ MRS RCAR/PYR 454, Wil
SnRK2 4B 1) 2R3E 22250, Ji4h, MAPK S
P42 P51 MKP (MAPK phosphatase) 1] EA45AH 7] (1)
AFRLRE, MKP BE0{F MAPK [ R A6 M ke 21—

AN PR . MAPK BEER A 2 AL 43 MPK3
FIMPK6 JIt il Ab 5 2 v&, AT I 1) 8 4 28 A Joly
WAE S, oAl MAPK #l2RE, IBR5 HilT
WAPESEREE 5 MPK 12 AH FLAE I I FAE LR . 1%
Tl PR G~ ASE B e AR 4 2 K R IS 5 a0
XA ER 1) ABA Wi N ENAN AR, IR 1bro S8R T
7N TS ) ABA BURE . AR K SR A F R RE T LS 5L
MPK12 MG, XEeg Bya i 7 — M AE N H
MPK12 /3 (AR K 35 DL K ABA {5 5 I8 2 Al “A8
7 (cross—talk) . [k, Kill MKP2 fl IBR5 & 15
Z 5% AR ABA 3122 AR H AWM AR, X
AN 25 1 B FRATT 25 56 35 384 MPK9/MPK 12 11
AT . FERIR ST TR BENIERG Dal (PLDal) 25T
ABA XL A%, PLDoL ZK IS 58 A () g 244 it
WENRIR (PA) , PA 455 R IBEIREG ABIL J5, I T
ABT L [ 8 AR M v v, RO I 10 ey 40 i 281 4
MRz RS S, MR T ABT 1 %t ABA 15 55 3 (1)
FREER, FECALCH; [ PLDal 1 PA fig
5 GE AU = BAKM Go L FE(GPAL) &5 4y, &AM
AL TFCT . i PA 55 ABT L (W45 I AN 520
ABA iF s MR- 4, (H2 PA-ABT L [OAH HLAE
FHX T ABA 55 (1AL OGP A2 06 77 1 1290

3 MAPK REXIZLZ S 5iRIZ ABA 55 S312

3.1 MAPK REXIRIZS 58IEH,0, N SHIABA (E5
®s

ABA FIH,0, BEFTEPLRE 71 B &2 b AH ) 1)
MAPK, HMAPK /M3 ABA. H,0, F TS
FPAIE0T, I B MAPK 25 J6 M % ] (€ J& ABA F1H,0,
15 5% S ILE B % . MAPK Zgmen w4 1
4ii it ABA 753 H,0, 107 A BA A5 1E - IR,
JiXHEWR AL T e . (RS, ABAL MAPK.
H,0, =& ¢ & W, MAPK Z%IBCi& 4% el 45 H,0,
I FHABA(F 55T, it —AMEAR 1) A,
14k, Zhang FEB2 R IAE R KM o ABA B
H,0, AL BEAR AT LATS F0E— M 27 U2 446 k
IMAPK, ZafdPise B BE N CATI, cAPX, GRI
kK P#ik FH, CAT. APX. GR. SOD 4§
PrAAIG SRS B B S . DT ABA S A
H,0, BLEZ) 170 53K W], PD98059 FIU0126
(MAPK 7)) FiAb 2L F KA L, BIEIRIS T ABA
AP 2 h JE ) H0, RLE, TS ABA BB 1 h )
H,0, BI/=AEJ0%m . bk, KT ABA. H,0,,.
MAPK [)0¢ 2 KRBT IREFE b . ABA 53 FOKIH v
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WH,0, /=4, JEMEE MAPK, %3m0 P4
MR R R B K i, AR SRS T, B
PEEUE AL R MAPK [0 (2 3 7 H,0, [l
A2, X ABA 5510 H,0, AR BAFAE IE R 1T VE
A ILMAPK 25 ABA . H,0, 5 1L R IEH E ¢
(o oAl b AT 6T MAPK Zeikig a2 50y
H,0, AR MRIE. TRIEMEPMAPKK 153
NbrbohB ik M, {EidtH,0, P70, U IF
AtMEK FEARAA mek 1 )5 A4 T oy 360 )37 5 1)
H,0, AR B AT AL A B gm b JE R CAT T RIS,
Ik ACMEK T D) &5 25 18458 AT 1 3ik, RHE L0,
FIRLR, ULRHAEINEE S CATT RIiE VL 1,0, FLE
P FET, AtMEKL A FAERIBY . Zong 5505 K
Kb o3 B3 3| —> C 41 MAPK & —— ZmMPK 7,
RINE e s T LA YR ABA FTHL0, TGS, 1M
DMTU . IBK M 85 i P A0 B A B0 ) T X s 2
X500 H,0, T BE & ZmMPK7 A5 19 ABA {5 21844
Jrb @ . LA EUEE g AW MAPK ki 42
W H,0, M FHIABA 5555, HIUTEE W
MAPK Wt R 2 555 %48, mididti—2n
TAFUESE,
3.2 NAPK REXRES SMNFIMTHEARBARE
KHIABA ESH#S

ABA W] AR R S AR AR AR, XA )
A5 N T4 58 ABA {5 S ALY IWF ST, (HET
ABA FIEIR 5 A S5 A AR A K 1B b
Lopez-Molina®§ PB4 A I, — P48l B 71 1 e s [
1 ABI5 7M1 A I R v SR B FAEAIG, AUt
ABA W] o ABI5 sk /KRR 7K RERIL, )
TiIBEAR ABIS BRI RS, WHIR PR G MEK.
X—UFE R, Fsk N ABIS 4 ABA F A1l
R R R B 5415y . ABA SBR[ FR ALK 0
Tl R G K MG AL 4y ABTS . Lu 2857 XS AR
TVEANAERE, AR ABA WG B A R H0U g JF AT ABA B
UL GEARAAR Ay LI P ASAFN 40 F B i 042 k146 k
[P MAPK . FHELABF A BIRU R I, Ayl 1 FAZARHIX
PRl MAPK FOOE % ABA R 5 SEABURK . F B K6 4
MTUERH, AR TN 42 k 1 MAPK LRI
AtMPK3 . CEWISTIEN], ABIS J& ABA #HIHG & 5
BRI SIS 5% . LLABLS 1E N BRIL)E
Yy, 38R P SREE TE > AT, ABTS R B AH X 4
TR 42 kA1 46 k 18 RS R AL T, X
5 ABA W& I PRI MAPK AHXS 21 iU A 7] . ABA
WG MAPK [1)3)) 3 243408 5 ABA 53 ABI5 KIA 1) 5))

127 RN ARAEL, PR R B, ABIS AIfEfE ABA
FIAT 7 7 R 5 AR A R R A A AR 43 BT
42 k F146 k MAPK [{)HH[n k4. PDIB05Y
(N BBk — DA, MAPK R4S HiX—it
FEI) ABA 554 5 . PD98059 B&AI T 1 A B0l i 7+
XF AR ABA FIRBUEYE, 858 T Ay 11 FEARAAXS ABA
R R, U] MAPK ZUKR 28 2 ABA HH| 1
WG KAR 5 1 ) R BRI . X TR R
FIUAN BB AT 1%, ABIS £E3EAN ABA [Hif5 5 4%
SPRIAE & MAPK EEL R0 2 (A LR 2 40w r
KA abil. abi2 {ERNT W] KR TR ABA AN
B, ABT1. ABI2 j2flmJrRVEM PP2C, Xt ABA
A5 5 B R SO A T, T PP2C S8 AR F B 1R il
N MAPK Rk ie A FO e . Bk, 78
ABA A1 A 5 AR IS 5 e i # A J PP2C
HUE R ARG 2 52 HAh, ABA X T2 H
REWZLHFMET . X5 F g ey Lop
i, ANEEIREE (< 1 umol/L) [ ABA A5k ] LRI
LRI K o Xing 25581 R F10. 5 pmol /L f#] ABA
Aib AT DA AR A R A T T 4 P AR ) ARG, T
mkk 1 mpk6 F T AT (R 55 AR A (ke 1K mpke6) HAT
RAXMARAY, . M SR BEABA (5750 pmol/L) &b
UG, R R S A P A R FmH, X
NSRRI 459880, ABA X T4t A K (15 mi A7
AR RN . R Wk, CF ik i
ABA 155 8 T ST B RIR >, IR 2 ) LA
it — PRI,
3.3 MAPK ZREXiE12S 5T R DA ABA HIES
#S

AR 5 AP IR AL, Sl
GAEMMZG R, (R DR 5 S R, 20
SALTF I R TR B0, PR, O TLAH sk
WA MLAE 5 5 B RAFRARL 01T WE TR B,
ABA HA (kAL B i T ALK I A
M, AECR DAL ABA {5 5 LA ROS i3
9 ARRIAE I . RIS EER R Ak atrbohD
atrbohFif T ABA % S ROS WA Z . Ca? iliH
AR LR AL S HT T 3 8 200 A it o 7 U
H,0, G ¥ EERE . AtrbohD (Arabidopsis thaliana
respiratory burst oxidase protein D) FlAtrbohF
(Arabidopsis thalianarespiratoryburst oxidaseprotein
F) & 400 R 7 O 1140 55 45 5 ) NADPH 48014 i F) i
RIS, geAh, SRATRR FH G R RE e 3t <AL,
A ABA 735 —#F, (EfEdt LR T, K
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WH,0, 724, I BAEBESE MRS i, AR
WhatrbohD atrbohFRIFEAIH] T FRFIR H RT3 AL
R FEN) . K UF R, 2 P (e % B
HEREEZ 5 ABA 2 AL KRG ST,
ur, PR DA0M N ABA BEHF 7+ Ser/Thr & FH TN
AAPK (ABA—activated protein kinase) , fEABAF S
ALK P R AR, RSk R AR AAPK, B
BT I PR, 0 ABA 5 LG B
AT ORI Z (i R B, MAPK ki 2 55
FLOAR T o — IESE 2 A IE R T MAPK
FEAR Dan Mo i /E T, MAPK LB o iF [ 1y
ABA i SIS ALICH], ABA B RN TR & A
43k [ MAPK—AMBPK 1% I 7%, AMBPK HA
MAPK FTf IHRAE, ELHGES R R L. 1T MAPK
FHI57 PD98059 1] LAFIHI MAPK [%5 2, & nl LAYE
—EFERE LAEIABA F SRS, [AEE
PD98059 thr] DLl 7% & £f T 40 Jiiu  ABA 5 3 (1)
H,0, BF=AER2 S —T5i A F 2 RIRFST i 7s PDI8059
fink A TAT MAPK 3t (10 400 it i 300 o 2> Y 96 25 7 TR
JH, IR E Ik MAPK 755 38 #%0Ks ABA 5590 i 25+
T RE R . A8 AR B AR AE o BT Ao ISR
FERREOR I, MAPK Zelicis 28 nt d 0% L4 i
H1ABA 755 H,0, = 2E AP 1E ], PD98059 b
P TR R AL, $H] T ABA WSOk L4 10,
(K77 RS FLICHT . ABA AT H,0, 5SS LK HIS,
TH PD98059 b2, G ALE BT, PD9I8059
AbFRAE ABA 5 51 H,0, PREFDOGHREFEAL Y. B L
U AW, OR DA H0, 7E 0 28 A5/ 3 ABA
(M5 S, MAPK ZGIBik& 4 H,0, 4.
Jammes £ L MPK9 FIMPK 12 ZE48L B - 43 B4n
WP se ek, I HLIE ) PR 4 e A A 2 7 ABA
S, WKW mpk 9-1 T mpk 12-1 FL98AR A
HARTRFFAE R ABA HIRURNE, 1) mpk9-1/12-1 W5E
BARENR LT A ABA BURME, BB MPK9 A
MPK12 ZhfeTUAR I HARS 5L p 7Ok 41 Hu i) ABA
5@ %, Wi RNAL K mpk9 R mpk 12 (%)
S UTER AR B T 5 RS A R R A, R A
MPK12-YFP-HA fli& 8 Pk 47 0 28 20 T B2
B, WIGUE T X SEAR RN ABA FRIANEBUE (1) A A i T
WF A G 74h, MPK12 B3G I t gk ABA
FIROS Frififs, @ik ABA F1H,0, AbFR & B MPK12
PG PEAT 20 2 . R TR S R IR
S R IBIE A RE RV 2 R RIL, Hhaee
SR RIE HATE ABA R B — e FEEE A BRI .

HEFRE I IRa 4 AE T, SURI T aba Flabi 58725 FE
() — LRI RE R, ULEHBIE M 4k TR
TR e 2R . IRV 256 =W 5T 1
IR PN P 4 A 5 e SR AR 0 45 FAIE W, Ca? /B A
. pHy MR IR A%PE (cADPR) « i Ca® *
[f)45 13 (CDPKs) . MAPK 45352 5 ABA H1 / 8§
BB TGS SERRT.

Ak, Xing 4PV MKK1-MPK6 {5 5 i % 2
55 ABA- KHR 1) CATT FER 2 IE UL K 1,0, FIF=4
CATI [P 5AE T-DNA $G N FEABAK mhck 1 Fh 3036
MR FAA R 2P 58, IF H H,0, 197~ AE i
%, [RIREMIU L BAE mp k 6 FEAZAARRERE LA S 7
MPK6 iR B HEPE T MR, R AtMPK6 ¥
PR8N 2t ABA DL A tMKK 1— 4838 [ 45 X ke 5 1%
(o Xing &5 B8 gE— P W FT T il 260 155 1 ABA 1) 4
I AN B AtMKK L BAK AtMPK6 i/~ S 1. did
SR I, 2k A AR Ak B AR R DA R MKK 1 A1
MPK6 it &ikMikk, NCED3 Fik &R psem, If
AR ISR T IR S v T AR AR AR . i
EFTA I RASARREFR Y, NCED3 ik Bl KR B 1)
T, R AE SRR mhkk ] mpk6 .
ABA M5 — MNEWE KN ABA2 RIS
NCED3 A Ak o Zhang SEU2 AU R IR, /K53
1R FK  — AR T R 2 46 k [ MAPK
TR E RN, LLABA BRICRASAK vp s NFPEHIE
52, VRGN /K5y JHhE R AR SR I I ABA I
SUER . Bk, EoKrH MAPK 240 ] fig
SRR 2 55 ABA £ 5345 R 40 e i SR Ak A3 40 A A
M), A Xk 75 Bk — 0 B0 5K
4 LHiE

ABA TR A K R BV 2 RS, A HERP T
VSR IS B B PR ) R 2 R AT
DA R O6] 300 358 i 3 1) o 1 46 A B R o 1 MAPK 28056
RN P A PR AR TR Sl %, e
JL ARSI ) e 4 B TROR Dy TR L RAE R .
MYV 2 A B R A EE MR X, BT
X 2 85 2 D7 T IFIE ok 244 A2k 3t
1 — KA

FERZZRIB B4l b, H ABA 3075 19 MAPK J2
Z: 5 ABA 5 5 i S —/MIEdE,  JF HA IR R
HAB I MAPK 52 5 ABA [, iXn] LLE L ABA g
BRI A SR 40 B P R MAPK ke qq Bk —2P
WU, MAPK k@225 T Y R 2 it 7%
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[FIFE L0, A7 A2 th 5 B AT IR

ABA AT LS MAPK, ik K MAPK 38 0] DAy
S ABA AW . BT XLk AT B AN
MAPK (#1255 ABA I/EH, 4R, MAPK 278k
WAL ABA (555 S AR 2R, Wigz
) “AZIR” 4k A fF Tk — 2o, kst
T BRI 2 R AR, H T Ttk
7 THT () UE 35 3 A %o R

(1]

(2]

(3]

4]

(5]

(6]

(7

(8]

9

[10]

(11]

(12]

[13]

(& £ 3 #]
Tena G, Asai T, Chiu WL, et al. Plant mitogen—activated
proteinkinasesignal ingcascades. CurrOpinPlantBiol, 2001,
4(5) : 392-400
Hirayama T, Shinozaki K. Perception and transduction of
abscisicacidsignals: keys to the function of the versatile
plant hormone ABA. Trends Plant Sci, 2007, 12(8) : 343-51
Adie BA, Perez—Perez J, Perez—Perez MM, et al. ABA is an
essential signal forplant resistance topathogens affecting
JAbiosynthesisand theactivationof defensesinArabidopsis.
Plant Cell, 2007, 19(5) : 1665-81
Beck EH, Fettigs$, Knake C, et al. Specific and unspecific
responses of plants to cold and drought stress. JBiosci,
2007, 32(3) : 501-10
Bodenhausen N, Reymond P. Signaling pathways control-
linginduced resistance to insect herbivores in Arabidopsis.
Mol Plant Microbe Interact, 2007, 20(11) : 1406-20
Bruzzone S, Moreschi I, Usai C, et al. Abscisicacid is an
endogenous cytokine in human granulocytes with cyclic
ADP-ribose as second messenger. Proc Natl Acad Sci USA,
2007, 104(14) : 5759-64
Garcia—MataC, Lamattinal. Abscisic acid (ABA) inhibits
light—induced stomatal opening through calcium—andnitric
oxide-mediated signaling pathways. Nitric Oxide, 2007, 17
(3-4) : 143-51
Bailly C, El Maarouf Bouteau H, Corbineau F. Seed dor—
mancy alleviationand oxidative signaling. JSocBiol, 2008,
202(3) : 241-8
DingV, KaloP, Yendrek C, et al. Abscisic acid coordinates
nod factor and cytokinin signal ing during the regulation of
nodulation in Medicago truncatula. Plant Cell, 2008, 20(10) :
2681-95
Lovisolo C, Perrone I, Hartung W, et al. An abscisic acid-
related reduced transpiration promotes gradual embolism
repair when grapevines are rehydrated after drought. New
Phytol, 2008, 180(3) : 642-51
Spoel SH, Dong X. Making sense of hormone crosstalk dur—
ing plant immune responses. Cell Host Microbe, 2008, 3(6) :
348-51
Knetsch M, Wang M, Snaar—JagalskaBE, et al. Abscisic acid
inducesmi togen—activatedproteinkinaseactivationinbarley
aleurone protoplasts. Plant Cell, 1996, 8(6) : 1061-67
Mori IC, Muto S. Abscisic acid activates a 48-kilodalton
proteinkinase inguardcell protoplasts. PlantPhysiol, 1997,

(14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

[23]

(24]

[25]

[26]

[27]

(28]

[29]

113(3) : 833-39

Kobayashi Y, Yamamoto S, Minami H, et al. Differential
activationof the rice sucrosenonfermentingl-related pro—
tein kinase2 family by hyperosmotic stress and abscisic
acid. Plant Cell, 2004, 16(5) : 116377

Xiongl, YangY. Diseaseresistanceandabiotic stress toler—
ance in rice are inversely modulated by an abscisic acid—
induciblemitogen-activatedproteinkinase. PlantCell, 2003,
15(3) : 745-59

Jammes F, Song C, Shin D, et al. MAP kinases MPK9 and
MPK12 are preferential ly expressed in guard cells and posi—
tively regulate ROS—mediated ABA signal ing. ProcNatl Acad
Sci USA, 2009, 106 (48) : 205205

Leung J, Bouvier-Durand M, Morris PC, et al. Arabidopsis
ABA response gene ABI1: features of a calcium—modulated
protein phosphatase. Science, 1994, 264 (5164) : 1448-52
Meyer K, Leube MP, Grill E. A protein phosphatase 2C
involved inABAsignal transductionin Arabidopsis thaliana.
Science, 1994, 264 (5164) : 1452-5

Leung J, Merlot S, Giraudat J. The Arabidopsis ABSCISIC
ACID-INSENSITIVEZ (ABI2) and ABII genes encode ho—
mologous protein phosphatases 2C involved inabscisic acid
signal transduction. PlantCell, 1997, 9(5) : 759-71
Heimovaara—Di jkstra S, Heistek JC, Wang M. Counterac—
tive effectsof ABA and GA3 on extracel lular and intracel lu-
lar pH and malate in barley aleurone. Plant Physiol, 1994,
106 (1) : 359-65

Allen GJ, KuchitsuK, ChuSP, et al. Arabidopsis abil—Iand
ab12-1phosphatase mutations reduce abscisic acid-induced
cytoplasmiccalciumrisesinguardcells. PlantCell, 1999, 11
(9): 178598

Ma Y, Szostkiewicz I, Korte A, et al. Regulators of PP2C
phosphatase activity function as abscisic acid sensors.
Science, 2009, 324(5930) : 1064-8

Park SY, Fung P, Nishimura N, et al. Abscisic acid inhibits
type 2C protein phosphatases via the PYR/PYL family of
START proteins. Science, 2009, 324(5930) : 1068-71
Umezawa T, Sugiyama N, Mizoguchi M, et al. Type 2C
proteinphosphatasesdirectlyregulateabscisicacid-activated
protein kinases in Arabidopsis. Proc Natl Acad Sci USA,
2009, 106 (41) : 17588-93

FujiiH, Chinnusamy V, RodriguesA, etal. /nvitroreconsti—
tutionof anabscisicacid signal ling pathway. Nature, 2009,
462 (7273) : 660-4

Lee JS, Ellis BE. ArabidopsisMAPK phosphatase 2 (MKP2)
positivelyregulatesoxidative stress toleranceand inacti—
vates the MPK3 and MPK6 MAPKs. J Biol Chem, 2007,
282 (34) : 25020-9

Lee JS, Wang S, Sritubtim S, et al. Arabidopsismitogen—
activated protein kinase MPK12 interacts with the MAPK
phosphatase IBR5 and regulates auxin signaling. Plant J,
2009, 57(6) : 975-85

Mishra G, Zhang W, Deng F, et al. A bifurcating pathway
directsabscisicacideffectson stomatal closure andopening
in Arabidopsis. Science, 2006, 312(5771) : 264-6

Zhang Y, ZhuH, ZhangQ, et al. Phospholipase dalphal and
phosphatidic acid regulate NADPH oxidase activity and



742 kb o 22 %
production of reactive oxygen species in ABA-mediated protein kinases, CPK4 and CPK11, regulate abscisic acid
stomatal closure in Arabidopsis. Plant Cell, 2009, 21(8): signal transductioninArabidopsis. PlantCell, 2007, 19(10) :
2357-117 3019-36

[30] Desikan R, Cheung MK, Bright J, et al. ABA, hydrogen [42] CassonS, Gray JE. Influence of environmental factors on
peroxideandnitricoxide signallinginstomatal guardcells. J stomatal development. NewPhytol, 2008, 178(1) : 9-23
Exp Bot, 2004, 55(395) : 205-12 [43] CourtoisC, BessonA, Dahan J, etal. Nitricoxide signalling

[31] Jiang J, Wang P, AnG, et al. The involvement of a P38-1ike inplants: interplayswithCa? and proteinkinases. JExpBot,
MAP kinase in ABA-induced and H,0,-mediated stomatal 2008, 59(2) : 155-63
closure in Vicia fabal.. Plant Cell Rep, 2008, 27(2) : 377-85 [44] SekiyaN, YanoK. Stomatal density of cowpea correlates

[32] 7hangA, JiangV, ZhangJ, et al. Mitogen—activated protein with carbon isotope discrimination indifferent phosphorus,
kinase is involved inabscisic acid-induced antioxidant de— water and CO2 environments. New Phytol, 2008, 179(3):
fense and acts downstream of reactive oxygen species pro— 799-807
duction in leaves of maize plants. Plant Physiol, 2006, 141 [45] WangP, SongCP. Guard—cell signalling for hydrogen perox—
2) : 475-87 ide and abscisic acid. New Phytol, 2008, 178(4) : 703-18

[33] YoshiokaH, Asai S. Roles of MAP kinases and radical burst [46] Wilson ID, Neill SJ, Hancock JT. Nitric oxide synthesis and
in plant immunity. Tanpakushitsu Kakusan Koso, 2007, 52 signalling inplants. Plant Cell Environ, 2008, 31(5) : 622-31
(6 Suppl) : 667-72 [47] Nadeau JA. Stomatal development: new signals and fate

[34] XingV, JiaW, Zhang J. AtMEK] mediates stress—induced determinants. Curr OpinPlant Biol, 2009, 12(1) : 29-35
gene expression of CAT1 catalase by triggering H2O2 produc— [48] Kwak JM, Mori IC, Pei ZM, et al. NADPH oxidase AtrbohD
tion in Arabidopsis. J ExpBot, 2007, 58 (11) : 2969-81 and AtrbohF genes function in ROS—dependent ABA signal—

[35] Zong XJ, Li DP, GulK, et al. Abscisic acid and hydrogen ing in Arabidopsis. EMBO J, 2003, 22(11): 2623-33
peroxide induce a novel maize group C MAP kinase gene, [49] Suhita D, Raghavendra AS, Kwak JM, et al. Cytoplasmic
ZmMPK7, which is responsible for the removal of reactive alkalization precedes reactive oxygen species production
oxygen species. Planta, 2009, 229 (3) : 485-95 duringmethyl jasmonate—andabscisicacid-induced stomatal

[36] Lopez-Molina L, Mongrand S, Chua NH. A postgermination closure. Plant Physiol, 2004, 134(4) : 1536-45
developmental arrest checkpoint ismediatedbyabscisicacid [50] Li J, Wang XQ, Watson MB, et al. Regulation of abscisic
and requires the ABI5 transcription factor in Arabidopsis. acid—induced stomatal closure and anion channels by guard
Proc Natl Acad Sci USA, 2001, 98(8) : 4782-7 cell AAPK kinase. Science, 2000, 287 (5451) : 300-3

[37] LuC, HanMH, Guevara—Garcia A, et al. Mitogen—activated [61] Burnett EC, Desikan R, Moser RC, et al. ABA activation of
proteinkinase signaling inpostgerminationarrest of devel— an MBP kinase in Pisum sativum epidermal peels correlates
opment by abscisic acid. Proc Natl Acad Sci USA, 2002, 99 with stomatal responses to ABA. J Exp Bot, 2000, 51 (343) :
(24) : 15812-7 197-205

[38] Xing Y, Jia W, Zhang J. AtMKKl and AtMPK6 are in- [52] Pei 7M, MurataY, BenningG, et al. Calcium channels acti-
volvedinabscisicacidand sugar signal ing in Arabidopsisseed vated by hydrogen peroxidemediate abscisicacidsignalling
germination. Plant Mol Biol, 2009, 70(6) : 725-36 in guard cells. Nature, 2000, 406 (6797) : 731-4

[39] Fan LM, Zhao Z, Assmann SM. Guard cells: a dynamic [53] MacRobbie EA, Kurup S. Signalling mechanisms in the regu-
signalingmodel. Curr OpinPlant Biol, 2004, 7(5) : 537-46 lation of vacuolar ion release in guard cells. New Phytol,

[40] VilelaB]J, CarvalholC, Ferreira ], etal. Gainof functionof 2007, 175(4) : 630-40
stomatal movements in rooting Vitis viniferal.. plants: [54] Xing Y, Jia W, Zhang J. AtMKKI mediates ABA-induced
regulation by H,0, is independent of ABA before the pro- CAT1 expression and H0, production via AtMPK6-coupled
truding of roots. Plant Cell Rep, 2007, 26(12) : 2149-57 signaling in Arabidopsis. Plant J, 2008, 54(3) : 440-51

[41] 7Zhu SY, Yu XC, Wang XJ, et al. Two calcium-dependent



