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Plants are exposed to stresses such as pathogens, drought, high salt and temperature stress, and
have evolved and developed diverse and sophisticated defense mechanisms to protect themselves
from these stresses. Many hormones are involved in the metabolism of plants and some are known
to affect the control of plant defense mechanisms against pathogen infection and environmental
stress. In biotic and abiotic stress responses, abscisic acid (ABA) regulates key metabolic
pathways. In abiotic stress conditions, plants induce ABA biosynthesis, which activate defense
response at the cellular level, such as expression of stress-related genes and stomatal closure.
Moreover, the molecular components related to ABA signal transduction have been identified and
complex networks of interactions are being analyzed in detail. In this review, I will describe the
ABA signal transduction pathway from the ABA receptor to the ion channel and provide basic
information on the current understanding of the plant defense response to abiotic stress via the
ABA signal transduction pathway.

Keywords: ABA, Drought stress, Kinase, Phosphatase, Stomata

ME
F|ol P Q= 71 8RRk QIeh At 248 RS @ )il Fot A&k o] @ | 5% e 9 ST E|A o] WS}
£ 2ok 72 8910 = FAsk Qlrt AlE-2 2H 9 A8 HA| 2ol A Eelgle] AE2/RIEA AE A
L-ZEE|o] QJtt. IPCC (Intergovernmental Panel on Climate Change, 2007)= A 100187 2] 712] 4 7]20]
0.74°C 755k 21009 ll= 19991 thH] ZTf 6.4°C7HA] AF52 A 0= stal Qlet. =] -9 2 1009
ZF 5t 7120] 1.5°C 7F55to] AIAIZIQ Ad=SAllel Hlste] 71 Hgte] Fol It T3t-sdol F85 8491 799

L of
%ﬁ

Aol 22 10178 HiH] 10% 2716k Lotk Al714 02 QA A9l 7hgo] teh ke 5 7l Risi7t 4]

© Journal of Agricultural, Life and Environmental Sciences. This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution,
BY NC

and reproduction in any medium, provided the original work is properly cited.



ol / GNAAHABA) ASE IS R AE2 Wofdks - 19

SIS

AE2 AEYIAE 2lujokr] Eohes 54 0 & Qlste] 7|5 sl tiste] o] > AE#|IAE B QL o] 2 Qlst
of Z~Eg| Ao Tt o] 712to] 2 i of St AE|Aof g A1Z0] HEE-2 thefeb i 0 & YEhtal =t
7HE Ao g AlE 5 2ER I AKabscisic acid, ABA)C] Z I A Stk 22 AL o] HEAE Ao

19601 dtho] 2t o] Ao thgtk 2k, B2 HES 27 19691 19749 ]—E,—Oﬁ‘iﬂ'(Addicott and Lyon,
1969; Moes et al., 2008). B|=r 5F5(USDA) 2] Addicott 152 HAF LS X6k 242 Edlol|A &3 3}
rEof| A 21 Q1%J=TH, cotyledon abscission assayE ©|-85tq o|¢t HAH EHS FoPf 2T Ohkuma et al.,

1963). A 2] =S o ] 9}%}%8 abscisin 12 FHE|Q]T 0] 229] 7] A2 Es]o] o] E29] 2 a]o] 2]
3} gz AHo] AAE= Ao] FRIE| It Cracker and Abeles, 1969). ZTER A 9] 0] F&Eo] ZA5H= dormin
oJef 0] 99] wol: elfoke S 45 Relslely o] £o 1 ﬂ‘u gl e b gt sl
= “551% dormin} abscisin [17} &2 9}6“3 o]gk= 712 BRI5IAtH Cornforth et al., 1965). A 301 59T, &

ApaEst 8l Alslet 478 Foto] P ALE o] B 100749 loci2} 23T RS BEiuis=e], ool
= Ca’", @434 (reactive oxygen species, ) ychc nucleot1desfl} phospholipids”} ¥Ho@trtal G2 it
o] Ao M shAAE| A0} THeAE Al 1 IAAAF Al S AT T o] 242 gh=o] 7]

ol
S 9] 4ol 713 677 0] 12900 QAL AL obA SR A g A 4
Y40 WS el ol 2Ad7IA|] B8 BAYREIH, §AHsHA, el wel A =elstrh

= B E 7= ‘?l]‘/\]i/‘}—J 7)e& WL 53] FHA|
Ut Thomas et al., 1970). ©]
FHdo] dojuz] gh= AlEAI R A AE A Aol 1 A|24ro] Aol LElfal o2
Iste] 7150l ©5]7] glot 52 o] Wolx| A Elof AlE @/do] UEPgtth TR o] AlEA o] YA A4k A e
SPH 718 w7 R E o] AlEg Ao Sl E]{th(Illingworth et al., 2008; Tal et al., 1970). ©]2{¢F 45 B
= A4 o] FHA R (guard cell) 7HH1E & ’5}% SHAA Q1 o g5 gl AYE]oh2] mdlo] 1970 ATl Z4te] A
AlEIQAL AXAE | AL Fedste] PA|ALRS FH oA A= AHAEE A 1’4-(Nllson and Assmann,
2007; Schroeder et al., 2003; Sirichandra, 2009). & Vﬁ.&i ZEo| HESH ARSI M= Al ZAH-0] AAto] T
Al =) Z]TE A|24F0] 2h-gof ofsf] Fe] A Al F-A] El= Zlo] BFelKTH Sharp et al., 2004). =& o] & 7H
PAAT =0 8 A= Zo] ofue} thE of 2] 71A] @ 22o] Fofshs Bt Al e g = of ofal] Alofw]
Th 71 FollA A4S o] 7 ATl & 4= Qi AlEA Uil A 9] o] o] 3461 A] Y B, Tkt
z}% | A 24N T2 § 2 RE0] ATHTVAS Eolo] AEH A HES G710 WS 2 -5H |1l o] =
42 SujsAY Ag U] S5t 712FS0] 2% Fth(Zhu, 2003). £5], 3K -84 (compatible solute) 2]
2, dehydrins?} LEA T8 5-0] @d-& AEY A Aol A -E-RR]of Tl d o] 'S vl T 712 83
o, Sraop] Sk, 2o A1 ATl ko] 7ol FES TS o] el Atk PSS 713 A
o

OH X
=] =
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L2 A S Fieshe S 22500 08-S AH ol 712k Wsliste] AlEs A oR Tiest A
2 57| % SHtH(Anderson et al., 2004; Asselbergh et al., 2008; Lim et al., 2014; Melotto et al., 2006, 2008; Mosher
et al., 2010; Ton et al., 2009).

PA2AARE AE0] A2 (biotic) A E A 7482 (abiotic) A E A HESo| A Hat ofu e} A= d g i,
Hilofel FAto] vhd, W g o] 31, ol of i AlZ0] Ay 22 5] ]T&Oﬁ_ﬁ}. YA 2Ate] Aol gt
75°L°] WA A 2ATS] Tz F Ao o] A6 b o] o Rt AdEiol M e g o] AR Ehs AP HolF

FA} Aato] oF5tE| Qi th Barrero et al., 2005; Cheng et al., 2002; Fujii and Zhu, 2009; Nakashima et al., 2009).
O‘Wi*}ﬂ TZ7} o8] AFE 5ol AR UYL o] FAREETF A= AR 750l TRt S 7L QL
t}= o] vrs)ZtH Cornforth et al., 1965; Ohkuma et al., 1965) WA A4S QJAlZ=Alo] Z=Q SlTH= 2L R(H)-H
le} S(+)-QA| A4 ] AESHY EALS ¢ITL5to] BFS] ATHRin et al., 2005; Zaharia et al., 2005). 71-2-2] 7l
SOl theh T2 Aol A R(H)-HAIAARS S(+)- A | 24 0] 8l &4 o] eFsital e FiTt. H¥(Walker-Simmons et
al., 1992) 2 of} 714t (Nambara et al., 2002)2] 2} Hro} Aol A R(-)-BA| 24O S(+)-HA| A4 T} TR 715-S
7HA AL Q= Aol RIS (Lin et al., 2005), o713 tholl A PA A4 ] thigh 229 microarray A-oll4 R(-)-
Al|2Ato] TSRO S-(+)-YAI A ] Oef] 2 EE= FIARE thA] AR s Hof Itk (Huang et al,
2007). 45H A= o7 P S22 R()-HAI2ARS] 7150] A4 A HEE e s St S W
AT R()-YAIZAT H S(+)-FA 2AES Jobsols F 7HA] -8A417F 212t EAetthal Bsl Ktk (Nambara et
al., 2002). o]l EAE PYR/PYL/RCAR A4t 584 family 7t 455 dA|o /g AA o]l Aotsh= Zo] Brel &
THMa et al., 2009; Park et al., 2009).
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7l 2 E 4Rl FAH 0| AL Al ol O K-S it H7EA] 9] A4S soto] Azt Ao
Sy 4 2 47 RRIE A T 8 A7) AF o ARE Bl A = T AP AAS] A AL Qe A4 A
o Aol digt A+ T AT =8Ol thieh 118 Al 24t A oS Al AL ‘i%_i olll= & Hodg

Azl Fd= vAlE TRt 2B F A2 Ao Al 7 27 93 vtk e A S EE

= =S 2] Sa°l olFofHo shd] ol = i
1 ol Y= 7182 Fote] Lofidt of=iRt oiteletaof T2 Y] S oP st URPA = SFEAte]
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WA AARS A @'*é(blosynthesm)O]'_L ZHoto] S4 ]'75.F 82 glqzﬂs].
TS RIS sliEt. A4 ] ot 75 HIAE 7RO 2 Sk Al A1 14}
THAssmann 2003; Cutler et al., 2010; Hubbard et al., 2010; Lim and Lee, 2006; Lim et al., 2017; Luan 2002; Popko
etal., 2010; Wasilewska et al., 2008; Wilkinson and Davies 2010). QFFH 0 2 QBA| AL =522 QUA]AALO] AHSLA
T} HA]AAR Baf| 2R-0] g o] o5l 274 FIthNambara and Marion-Poll 2005; Nilson and Assmann 2007). 42
A= 5519 9-cis epoxycarotenoid dioxygenase (NCED) -FAAFE0] YA AAES] AHSHA °ﬂ ZQ3tg4A=UTS
Shl= Zlo] Wi th(Schwartz et al., 1997; Tan et al., 1997; Thompson et al., 2000). Z1Zt 28 0|4
AINCED3 1747t2] o] ZhehA H F|20al AINCED3 T o] Ball= AA|A4te] X @"é% JA|sto] QYA
kO] =8 THAAZH o] fARP AR R] o= EAH o] A|(knock-out mutant)= A AAFS] Z2o] o]
odot o 71Tl A =2 'Zié} EO]%E & ERATH(Tuchi et al., 2001). ©]2F= T %2 0 & NCED-GHA7}
P& (overexpression) = & 0] YA AAT SAM L FAkaS LRI Al o] & Qs et g2 o
& FAAE A0 Hishe] 1]1*3_4 HAFS Hol7| HkIuchi et al., 2001; Schwartz et al., 1997; Schwartz et al.,
2003; Tan et al., 1997; Thompson et al., 2000). ©|3F2}-g-0f| 4], 8<-hydroxylase s Y2 3fok= CYP707 XSS
(CYP70741~CYP70744) BA|2AT Baflof] F-Q3F 982 gth(Kushiro et al., 2004; Umezawa et al., 2006).
CYP70743 AP FERAER] = S AR (0p707a3- 1) =2 50 YA AT e Lrepi oL ofof wHat w
2 SAREE Hof Az tigt A HHF-S B Gt Umezawa et al., 2006).

718 ANl oA FHRAAAE Y] RS KA E T Sol2 Ad2 F5 o2 %?J el
Lof| A& o]t o] 2 A d-E2 et d vt ¥ E o] Jl= 4, CO, Tt X
2 e 8Rlof| oJete] AT Hxe}t T2 YA EY A0 A FAIAAL J

a” =2 o2t MRS Sofl 7188 HaNZ=dl o] L ol AES 7IEE ARl T Qlikeka s
(protein kinase)/&Q14FS}a Ax(protein phosphatase)2] 2Hdatel EA3lef Js] 24 FHtHChen et al., 2010;
Garcia-Mata and Lamattina, 2001, 2003; Grabov and Blatt, 1998, 1999; Hamilton et al., 2000; Lee et al., 2009;
Negi et al., 2008; Pei et al., 2000; Schroeder and Hagiwara, 1989; Sokolovski et al., 2005; Vahisalu et al., 2008,
2010; Ward et al., 2008). A 241 Q1A ShR= DA0MA 715 Hai7kA| o] Ao dgag o] 71 2 >
2ol 4] =5t {it.
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UAALE LIS TR HA AL H|(receptor)2] gt
oMo H2 A5 55t A= 72 2 Eof thet 48| (receptor) 7S BT WA AT -84 9] 7ol
= 171 oge] UA|2AE =8AI7F EAF Zlol2kal A|QTE| Tk (Kitahata et al., 2005; Pedron et al., 1998; Zhang et
al., 2001). FAFA] ThlRt QA AAE -8A7} AA] B Ut B YAI2AT -8A| = AR E Tl ESo] Aol A
F8A47F obd thE 7)5-& shal ekl BT F T Christmann and Grill, 2009; Liu et al., 2007; Ma et al., 2009; Park
et al., 2009; Pandey et al., 2009; Shen et al., 2006). 4A| 24T A1} AT o] QJ=2C type 2] EIAIS} G 4(PP2C)
L} SnRK2-type T QIAISHG A0} 75524 0 &2 A4 E|o] Q1= pyrabactin A FJ(PYR)-like (PYL)/RCAR THHA
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159 FAIAA -8AlE0 | HE| A A HAIAANS] A dE I o) R E] o] Q= A7t Rtef @ol o] Fo1%]
QJtHMa et al., 2009; Park et al., 2009).

PYR/PYL/RCAR S§A|24t -84 += star-related lipid-transfer (START) T2 J1550]] £5f 1.0 Bet v T
At A s/d-S 7HA] A Itk (Ma et al., 2009; Park et al., 2009; Santiago et al., 2009b). Park -5{2009)-> pyrabactin©]
2H= BAIAAE A E ARESE] EAHOIA|E screeningsh= W © 2 PYR/PYLS ¢S Sfoke= AAES £
ST Ma “5(2009)2 PP2C 5 ShAQ1 ABI29}F 0 2R-8- 5= Tl ES 2= HMH © & RCAR= 1H85H3t: ©]
T 71 73-9-0llA, YA 24Tl PYR/PYL/RCAR THE R} 213424 0 2 Aletth= Zlo] ¥l Al o] o] whah YA~
Ato] 8A| = - & Aot AR H it} 12y o] fzte] o] AAlE EAHOA|(pyr1) 2] 78 HA
210 thste] ojw gt BAPE Ho|z] o=t o] -2 o}t PYR/PYL/RCAR T family”} 147H2] member
= 73 Q7] R Zojgt AZtE]o] H3(Nishimura et al., 2010; Park et al., 2009) & A2 5 A 7}
(pyr1:pyl1:pyld) DU FN(pyr1:pyl1:pyl2:pyld) 2] 527 HlolH SOl E ARSoto] a4 A& 43t
1}, o] AROIAIES] ok, He] A 12111 75 wiafiollA] A4l tiste] pdo] EolE= Ao
11 o] F Fofl ol& FAAREe] A4 A g oA A dtths S S o AT

A T2 PP2C2] 7% YA A Al oS I of| 4 2] S48 28 K negative regulator) 24 kS ghohal G4
ITHGosti et al., 1999; Merlot et al., 2001; Schweighofer et al., 2004; Wasilewska et al., 2008). PYR/PYL/RCAR
o] in virro /FoA AHA 02 pp2C EitRlaiet AJoAE-S Sl aAgAE AT g Al
PYR/PYL/RCARY} Eliteta4ete] Aoags & 712 W or o]fojiirk= Zlo| Hsifich AA=,
PYR/PYL/RCAR T o] A4 Aokatz]oM St gd= she 2R =(ligand) A AZ7F A6,
PYR/PYL/RCARI} AT 21-85]4=PP2C Alo] o] HH AFS 28-S 0] hA| AL o]5f] 73Sl thMelcher et al., 2009;
Miyazono et al., 2009; Nishimura et al., 2009; Santiago et al., 2009a; Yin et al., 2009). T HA|Z= o]e}=HIZ2
T2 A} 2R2-5.0 A AL H| 0] © 2 PP2C ot ARSI Ma et al., 2009; Santiago et al., 2009b). ©] 5 7FA] i
dlE°] PYR/PYL/RCAR EAloflA] A4S 7155 AT 4 Slth o 7EAle A4 o] Aeto]
PYR/PYL/RCAR©] 52 WO} ool A 241} A9kt PYR/PYL/RCAR 84 PP2CRF Hhs] o2}
B 4 Utk Aok T Al A1 o] o Thil o] Shxolt of kS m]X| ] ¢l @ 2] PYR/PYL/
RCAR-PP2C ERHA |09t ARlRtth= Zlo]eh. PYRI, PYL1, PYL29] 32 2415 F519] PYR/PYL/RCAR®] ¢4
A2t Agstal PP2CE QAeH: S THE0] PP2Cet BFAIE FAItHE 218 HolF11 thMelcher et
al., 2009; Miyazono et al., 2009; Yin et al., 2009). ©] EgtA|of|A] HA| AN A PYR/PYL/RCAR-S PP2C2]
BRI F2Agsle] PPC2o] /R TR 78] Ao ARE-S ARt o B A Eeliist aa g A o] g4
2 A3fRic}. =3 PP2C 2] EF ETtryptophan) 7171 ABA-PYR/PYL/RCAR-PP2C EFHAIE 914 sIA]7] 1 ¢
A 2AHTEO] ASRS 8051 S Melcher et al., 2009; Miyazono et al., 2009; Yin et al., 2009). ©] A=-2 tiolet
A 59 PP2Co] B2/t A ALK QYA ALE 4=8AQ1 PYR/PYL/RCAR®] oo 28 Hth= A& oln]ghch
(Ma et al., 2009; Park et al., 2009; Santiago et al., 2009b; Szostkiewicz et al., 2010). ©|2{3+ 542, A2|4, L34
A Soto] FAEA] FX] thdRt A A4 484 B PYR/PYL/RCARZFAE A © 2 QA AL =8 A| 2 A
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UA|I2AH ST BFH0IA SNRK2 QMM kefE 49t A-TF PP2C ERMIRIEA0| TIs

PA2A A TG T ol A T o] 1Attt RIARH= T Ao dE Yt nE A 2 a7t v ol o]
= 2 oA OJARSLE Ax(protein kinase) 2 EFQ14FSLE Ax(protein phosphatase) 2t A% o] ity A=A ot
(Lee et al., 2009; Vlad et al., 2009; Geiger et al., 2009). #}-2-© 2 H 1% SnRK2-type 2] I4HaLG A= Hof| A Ee]
%l PKABAI1C]|tHAnderberg et al., 1992). PKABA12] &4 A AL ] of5]] G|l o] thijo] g
TaABF12] Q14Fsle} ¥ o] Q131(Anderberg et al., 1992; Johnson et al., 2002) ©] HARRIZ} = A A4t o] 5] 5
T = AR S AAISH= A o] BFe T Gomez-Cadenas ef al., 1999; Johnson, Shin and Shen, 2008). =
HATE Soto] A4 e ofol B/ e]= A& (serine)-242]| 2 H(threonine) T 14Ha A AAPK)7F AHF
A ZRIE]ATHLI et al., 2000). AAPKE= SnRK2-type2] QIAISla 40]n] A|iuto] 2o].2 2 (slow-type anion
channel (SLAC))®] Z48-& 53 715 Hlalet Aeke|o] JIokal 8] KTHL et al., 2000). o717 toll A o] AAPKS}
Fardo] = Tldo] [k HiHol olef| Hls] Fi=t] SnKR2-type 2] 14128491 OST1 (Open Stomata 1,
SnRK2.6) 2 & 3el=] itk Mustilli et al., 2002). OST12] -3 R|AA ]| oJf| Widdo] A o] =]7] ¢EA]qt QIASH
a40] FAo] 2AEEE EAS 7FA] 11 Itk Mustilli et al., 2002;Yoshida et al., 2002). ost/ S HO| = RA| A4
= AE7E 2AA ZAHE 71F0] gEe] glo] 7 &4o] ol His Zitt
(Mustilli et al., 2002; Yoshida et al., 2002). E3FOST1- A| A4 o]af) i &)= AAIQIZ}QT ABRES QIALGHA]
712 A AT 2 fRte] g 25k thE HARIAIRI ABF2, ABF3: QXISIA|I71= Zlo] Bl it
(Fujita et al., 2009; Furihata et al., 2006; Sirichandra et al., 2010). OST1Z} T-2¢] SnRK2 type S ISkaA
SnRK2.22} SnRK2.3+= OSTI G732ek= thEA| A4t ool Fie =]l QUibek e 2w o
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A|2AE AT A oA 715-S gtk Zo] B HtkBoudsocq et al., 2004). snkr2.2/snrk2.3 1% 0]
(double mutant)= FA2] ot} Ba| of Aol A ALl FARE RS Uil Wil ZH2te vl =4
Hol= 7154 FE-d(redundancy) TWEol k2 A HS UE] F=TH(Fuiii et al., 2007). ©1529] 45 =49
Ol(snkr2.2/snrk2.3/-77R.6)= YA 24T A2 AG0] apFgo] o]Fof 27| oot i x AE | Ao Hisf] ofF =2
A Y-S YeEPATKFujii and Zhu, 2009; Fujita et al., 2009; Nakashima et al., 2009). ©]&{$t Ay 55l

SnRK2.2, SnRK2.3, OST1 (SnRK2.6)7} 22 QAL 452 A AAF A1 G o] 9FA 2 positive regulator)
BA 7ls S = A 4k

sIhtslka ot oA SR 3 A4S Al S GRI= A O] kS Sk Zlo] Hlhteka st o] Helilstas &
type 2C EIREaA(PP2C) 7P A E A W QYA 4R 7 F o] Eof Qlrtal dej A Qo). Rl E= e
2 Q= N7 1 (Arabidopsis thaliana)®) 7% 76712] PP2C7F EARITH Y el A gl=d] o= 17157 olv &
(yeast, 7-97H)ll EAl5k= PP2Co]| HIsl 1 471 dA|5] Wtk Schweighofer et al., 2004). A1=°] o|g7] &2
PP2CE 7HA| 1L Qli= 22 T 7HA = oA E = itk A WA=, AE Aof tiof 2] E & 4 gl AE o] S/
EAledgago] B et FHXTAANE BAdst ot A the 2RSS Bt A7l Hhgol 2l wE
Al Gofut7] whizelet. 4teta4-0] 3¢ FIxEARA TS gol skl Felitetaso] e 342 =A
kS ol sp7] whizoll A= 2] B¢ Eeletaas al
Hop AE A ieEd SHE0| 7] "zl Z2He] AE=|AE Z4ds)

= r

. of71AHelA PP2CE 10700 T15-0 2 Lol A gt
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Stof T2 AE2] PP2C o] HZ] L Qlrt. ofFol|A] gYA|A4te] ofsto] o] Fle Ei= A group 2] PP2C+= 971
O member 2 T E]o] Ql=H 01% 6712 PP2C7} A 24 Al S G ol A 24 22t = 2FgRth= o] e
T Gosti et al., 1999; Merlot et al., 2001; Rubio et al., 2009; Wasilewska et al., 2008). ©|= -+42HABI1, ABI2,
HABI, HAB2, AHG1, PP2CA)7} 20| &|7] oh= =l o]A| 2] 749 A A4 o] 1 (hypersensite) 3 HH-5-2
of QA AATe] H7He v R]of|A] ot A El = B S B THKuhn et al., 2006; Nishimura et al., 2004; Robert
et al., 2006; Rubio et al., 2009; Saez et al., 2004, 2006; Yoshida et al., 2006b). HFHo]| SAA=AH|H|C] abi]-1,
abi2-12] 743 2ot 715 isof| A RAIAA] EA9E T AF-S HRAth Allen et al., 1999; Finkelstein and Somerville,
1990; Koornneef et al., 1984; Leung et al., 1997). ©] 4 50|52 thilld &St At AlEA o 2 SAs)
SJol ] QA 2ATo] cfélol S711 57, o] o] RS ] MIRlE]A] 5P I Shao] 7Psg 61 2
Sh= =t Ao B o] FAPS HATh A TI552] PP2C= ol F 0] EoA(specificity) 1 55/d(redundancy)
A 715-& Shdl ko] EARoIAP T B 0 2 Yeht 2|7t A 4= Qe S V\/\}—J MRS LR
+ Rie], 299 o]F EAHol= T EARo|9} Bl wste] YAt AR F RIS H T Merlot et al.,
2001; Rubio et al., 2009). 0|21t A7 ATFES}] A T52] PP2CE SnRK-2 type 2] QIAHSI R A0R= B2 QA2

Avo] SAZ AR FTE Shek B 4 ek

—

o

iih) md

S
S

UAIAAE RIS ZATE DFHOJIM SNRK2 QUASEE40) PP2C BRI ISIZ 40| 4 D2E

A AFS5E 551] SnRK2 type QWFBEa A9t A T1F0] PP2C EoAteta A Ale]9] 7|54 olal Ea] A%l AF
S2F8o] PF AT Yoshida 5(2006a) o|23t o280 tiste] 7F WA AAIE oF%l=T] ©l:= A group
PP2C & WA AT A2 A=A TL 7] 50] 7P & LelA Q= ABI T ABI2 TR A} QUA|AARS] o d 282k
24 11 71%50] 7FE & &R 9l 21Akeka 4-¢l SnRK2.6/0ST17} A2 AS2FR-S gHh= Zlo|oh T3t 2|2
AHE Foto] PAILAF AT AN 7155 BH O] SnRK2 type o] QIAFS}R A9} PP2C HRAFRIR ATHO] 4%
2}-8-5- Foto] PAIAA] AT Y o] - o] Bl= Zlo] Y] FTh(Fujii et al., 2009; Lee et al., 2009; Umezawa
etal., 2009; Vlad et al., 2009; Yoshida et al., 2006a). 9|5 =°1, A T3] PP2C2] 74-%-OST13}0] A2 2+-8-3 Fot
o] OST1 9] A7 IRIAtRLE AAlstar gt o] Tzl o] 714 Q1 FHA| L] SLACT %ol Ad 2] ItelE AAlsh=
kS stof A| At ool -Fi Bl 7159 7ol S5 S ehrhal BFe Ah(Geiger et al., 2009; Lee et al.,
2009). PP2C2LOST1 Aol Ea| 4 A 282 OST1-2 B85t A1A 73 Hiaoll 2-85= SLAC1 Ad 2] &4
2 WS GAIAA oo Frl= A HES Aok 9T etal YA th(Nishimura et al., 2010;
Yoshida et al., 2006a). £5+ ABI1, PP2CAS Z35t A T129] PP2C7 Eo1ALSL Gt #nt o el o] B4 AHS
218 SJaliA OST1 E&/33F AXIth= Zlo] Bfs] Ak ol= 340 B4 # ofUet o248 2 e 28k
A=) A 2] 370 FaTt AL k= AS Hojg= Aol of 2] A2 Ag A oA JAketR At Ejlst
S}a A O] AgARgof tigh A7} Z|ofl o] s o] F0] |31 Qth(Fujii et al., 2009; Lee et al., 2009; Umezawa
et al., 2009).

PP2C 2] 3% = o)A(triple mutant)$] abil-2/habl-1/pp2ca-1°14] SnRK2 type2] Q1Ateta 47} 735t SAS

.

et al., 2009). Hubbard 5(2010)- ow AL Mg ‘?:_*731%01]*1 7}” HH}E JJrZé -2 PYL/PYR/RCAR, PP2C 18|11
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SIRK2 Afole] F5244.0 2 o] olck i Aletalict. PPaC(/d 27879k snRK2(F 28 Ajole] ozt
-2 YA A A S AGS AAXZITE PYL/PYR/RCART PP2C S YA A4 O24] T2]a1 555 ] ofEd] Ak
PP2C2] SnRK2 =8/JSHE XA SnRK22] B gotet Al 2qt A9 07 = o] /ol o[t th(Fujii et al.,
2009; Lee et al., 2009; Ma et al., 2009; Park et al., 2009; Umezawa et al., 2009).

BA| A4 MSHERHOf|A 0|2 2E L 7[5 7Hn| =H

YAt ofsf 2HE = 718 AEle S AR A|a2Ek O 2 (tonoplast)ofl 1A[She o2 AE o] 243
At=]o] QIrkSchroeder et al., 2001a). A}&0] AZ AEH A0 25| 9-S wf] A] A4 o] of ] Z & of| 4] AFHA] &
o] 9 27| £5] FRAE] 2ol Tk, ofF PA2ATE] HP S-type S0l AA(SLACHZ} HOE ol
(outward rectifying) K 92 SAISIA]7]+= HHH FE0 2 gFsk=(inward rectifying) K '3 2243} A|# ©
& o 5ol HFEZE.0 & oA Sfal o] & QIsto] FHHA| Lo A 40| SAo] Uofut A LS| 3fijto] ZhAasHA| |
THKim et al., 2010; Nilson and Assmann 2007; Schroeder et al., 2001b; Ward et al., 2008; Wasilewska et al.,

—_

2008). Az thE AEDIA oA AAAL 520] FT7FSHH, SOl AdS Bt Jol9] fE2 e
(depolarization)e L5l o= FHA| Lo AEH AR 28-S S1HA| F|o] o]F o]=of tigh Hag-S W5=7| il vt

7220 7 gole= K Ad2 A3 IZITHKim et al., 2010; Ward et al., 2008). 5 HA|ZE Yo 4] 0] 557} 74 K]
H AR Yo olaf -Fo] FHA| L HPZC 2 GE 5|01 o] =3 A ILO] Hul S ThA A|AHA] o] wha} 7152 =|2f
E =5 FthWard et al., 1995; Wasilewska et al., 2008).

A T PP2C?] ABI1 T} ABI2 18] 17 SnRK2 type QIAISEE 491 OST1/AAPK O] 2] 0 2 FHA| L] o].2 7

>~

JgA T} T E]o] ekl &el A SIEK(Li et al., 2000; Pei et al., 1997). @A7EA] UAI AT A5 AEL- g of 2
AHE Foto] YA Aol G2 T, o2 A 2 2 750 e i) At o]
Fig. 10] AIXE|SITh. Algo] AEAS H2] oFAL W o] gobgo] EhllelA| doju= deieli= A& AE

Normal Stress
condition condition

Stomata Open Stomata Closed

Fig. 1. Working model of how abscisic acid (ABA) signaling regulates stomatal opening and closure. The ion channels
are regulated by protein-protein interactions and phosphorylation/dephosphorylation leading to stomatal closure/
opening. Modified from Lim et al. (2015).
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gl T2 QYAIALES] Aol Ho] o]fo]x]z] kol AlaeflA QYAA4EE QIASkE 4-8A1Q1 PYR/
PYL/RCAR THHA O] -3t WA {27} . o] JHjolAli= A 145 PP2C+= SnRK2 type QlAFeka4-0F Aolsiat
Q1o QIASEE 4 O] TS Hiofigitt. ToF SLACT ¥ 22 202 'Y= GORK (guard cell outward rectifying
potassium channel)7} &Q14:te} Elo] &/do] WA {2 e}, Tefup xe 42 AEY A gRlo] 'S 5HA| =H
A== ole] Bkgsto] ia|24to] Aobd Far o] ARy H AIAAES FHAA| A PYR/PYL/RCAR ~8-419F
AorS opA| Hrt. A A4 F7te] H PYR/PYL/RCARE PP2C 8 28-S 51| &4l o]+= SnRK22}HPP2C 2]
o A8-& WellohA E]o] SnRK29] 4telag EA8ME st ot 24 o & SLACT 9 e A& <

1A AHE-S B3 A7]0L o] 255 F-ESH fith o] A2 AFRE QIRF SN A O] 7 &S st

AFeba 2 &
AL O] oIS o] 75| HAE 5 K Geiger et al., 2009, 2010; Lee et al., 2009; Pei et al., 1997).

a4

A2 B8 TR F o] PAIAARS TS| 7, AlE A E i, A A iRt REE-S 2= 5
et Ao YEQTE 43} ARt B A5 I 5 Aol 2] Ao 2h8-& oA 2A4ok 1= o9
Tk A 2 Atof| of5t 715-2] Hjafj7F AE Ao Tt S 7t kg9l S Bhalstet. jhH o 2= 7| g o] wjart X e
FAAER AE|2of Hhgoto] RS BESHs kS ofal, T2 SHH 0 2= F3]l 7|go] W gato] X5 tigh
o] g 0 2 2]t} o]F A-ollA], PAIAAF AT G T2 A L] HE-go| A 4185 5ok A Stk A
S &4 UMk F 9] AollA YA 2ste] FHAEHA el 7150k BAF 0] Alaxdd 71 & ol 4] TheRet
A3hS SHtk= Zlo] YAt PYR/PYL/RCAR, PP2C, SnRK2 18] 1 SLAC1 AE 5] A ALF A5 1 Hof| 4] 9]
AP Y @ a= A Aof tiol WS e Aas A 0 & A= ol 587 73k o] H 4 itk 6
29t o] Z A2 Y T O] BRI gho 2 FEoluplok ol AR "ol dlE 01, A2t Al gt

Agdat
147]9] PYR/PYL/RCAR 5-8&4], 6-9719] A type PP2C, 18] |43t 37]9] SnRK2 ¢Atska 47} 911 o] &
Ao ZAg 9 o3 g 4R A 9] 7]15-S el 2L A A4 AT AT IS A5l o] FQ gt iAo o) whaha
PYL/RCAR-PP2C-SnRK2 E2tA|9] 73-9- 2007 o[/2] 7155k Zoto] EAY obet. ZF27ho] ok AHlaEo]

2A0) e T8 a1 Ak Uil o] f1R]o] whet FUsEAL THE SF9l(downstream) TAA O] HREE AT 70|
0, mAlRE 24 0] Atiet B2 7HIT) o] Alodg A2 o] miA| 24 of et Fo = o] A= et AEY A
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