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Among a variety of environmental stresses heat, cold, chilling, high salt, drought, and so on exposed
to plants, drought stress has been reported as a crucial factor to adversely affect the growth and pro-
ductivity of plants. Therefore, to understand the mechanism for the drought stress signal transduction
pathway in plants is more helpful to develop useful crops that display the enhanced tolerance against
drought stress, and to expand crop growing areas. The signal transduction pathway for the drought
stress in plants is largely categorized into two types; ABA-dependent pathway and ABA-independent
pathway. It has been reported that two transcription factors, AREB/ABF and DREB2, play predom-
inant roles in ABA-dependent and ABA-independent pathways, respectively. In addition to transcrip-
tional regulation mediated by AREB/ABF and DREB2 transcription factors, post-translational mod-
ification (such as phosphorylation and ubiquitination) and epigenetic control are importantly involved
in the signal transduction for drought stress. In this paper, we review current understanding of signal
transduction pathway on drought stress in plants, especially focusing on the biological roles of a vari-
ety of signaling components related to drought stress response. Further understanding the mechanism
of drought resistance in plants through this review will be useful to establish theoretical basis for de-

veloping drought tolerant crops in the future.
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7] W3 & o}L]-“ W5 4 A ~4Hendogenous ABA)S] w4
Zholth, AR EFF 2EH 2 Y o9} dddE 1
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ZA FAA R § 524, ol= &9 o3t Ay
A gre o |

A4 ahgE e YA Aol FEAHQ J&S 51 Yles ¢
AGTHAT, 49, 75]. HBL BRE 2EH2 AFRL 94,
WA 24 9] E 2l (ABA-dependent) 415 g% ol e}, )
A 2244 1] 9] E 2 Q1 (ABA-independent) 215 Y AA G A
g8 SH85|(Fig. 1). BHF 2EH 2 A5 4D #3749
A2 oA ARk WoEAR] HEE 47 ABRE

(ABA-responsive element)2} &€& cis-acting elementol] 2
3sl= AREB/ABFs (ABRE-binding protein/ ABRE-binding
factors) 2 Ak27 Q129 DRE/CRT (dehydration-responsive
element/C-repeat)2t 2| & cis-acting element®] 2 %3l
DREBs (DRE-/CRT-binding proteins) A AtZA 1} < 3]
TFE ufEE AR Hiuro] h82, 85]. oA 8 A
AzERJIA 3F Y= NAC (NAM, ATAF, and CUC),
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WRKY, MYB/MYC, NF-Y (nuclear factor-Y)$} Z& 2AA%
s dA ERE 2Ef 2 APA Foqsis o=
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AL lTHeo|(Fig. 1). 245 2EH 2 AT A A
= A AT T AAREJASA e mAHE A
%9 24 (transcriptional regulation), ¢14}%}(phosphoryla-
tion) % -7 €Ul o] H (ubiquitination) 5ol 2|3} wi/ =&

A, 281 444 (chromation) W&ol <3 m/f=e T4

#8424 (epigenetic control) 59 Thefd 24 7]2to] #
date A2 dEA U4, 50, 66]. B FAdAE A7t
A gEA Jde 429 285 2B 2 AZE L A A
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Fig. 1. ABA-dependent and ABA-independent drought signal transduction pathway in plants. Core ABA-dependent drought signaling
are composed of PYR/PYL/RCARs as ABA receptor, PP2Cs as negative regulator, SnRK2s as positive regulator, AREB/ ABF
transcription factors as positive regulator and AREB/ABF regulon. AREB/ABF transcription factors utilize ABRE as a cis-acting
element to express downstream drought-inducible genes. In the case of ABA-independent drought signaling, DREB2A
transcription factor functions as a central regulator through binding to DRE cis-acting element. In addition to AREB/ABF
and DREB2A, several transcription factors (such as NAC, WRKY, NF-Y, MYC2, MYB2 and AtERF53) and their regulons
are involved in drought tolerance response in plants. The activities of AREB/ABF, DREB2A and MYC2 are regulated by
phosphorylation. The stabilities of AREB/ABF, DREB2A and AtERF53 are negatively regulated by UPS (ubiquitin-proteasome
system). Red and blue lines indicate ABA-dependent drought signaling and ABA-independent drought signaling, respectively.
‘U’ and ‘P’ mean ubiquitination and phosphorylation, respectively. ‘(+)" and ‘(-)" represent positive and negative regulation,

respectively.
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Hets gol It 7 2EG 29 o8 S+
A A 24 8419 PYR/PYL/RCARSs(pyrabac-
tin resistance/PYR-like/regulatory components of ABA re-
ceptors) 152 T A S o3 27] A HTH45, 51]. ]2
g A 24 gAY A & A2 ABI1 (ABA in-
sensitive 1), ABI2 522 tE 5= type 2C protein phospha-
tases (PP2Cs) 749 A& s, A 24k FAA PP2C
o} A= o] &4o] A SnRK2 (sucrose non-ferment-
ing 1-related protein kinase 2)¢] 8§ £Z13 224 SnRK2
o) &4 3lo] 7135 A Hri[15, 46, 76, 83]. 24 3H SnRK2
o Ao 519 @A 9 bZIP (basic leucine zipper) H A2 QI
2 1% @842l AREB/ABFs A2 HAAE ] Ql4te} 8
A lsste Ao2 dEA 21, 22 71
(Arabidopsis)®] 7%, 1% bZIP 1§ 9A-E& F 9% 0] E4
3t AREB/ABFs ¥ ABI5/DPBFs (ABA insensitive 5/Dc3
promoter binding factors)zt &2+ FHY AF I1F(su-
bgroup) & & TA UFolZtt. o] F ABI5/DPBF subgroup®l
A okel ol g ke F2 #efst= WA, AREB1/ABR,
AREB2/ABF4, ABF1, ABF37} 235 AREB/ABFs subgroup
o A WA zAte ofd mEE 75 2EH 20 F23
o3te = 2o Helt 7y, 84]. E43lH AREB/ABFs A
AAZAQAE L BEE DA 55 2Ef 2 g §3
Ao 4% 2 #ofsin, 1 A3 g 2EH 2 AZA
50| 7]ofstA Erh SnRK2 448t a4 5 dhbel SnRK26
T bZIP &M d 9o & Fo]& F = (anion channel)?! SLACI
(slow anion channel-associated 1), K 4244 ¢1 KAT1 (potas-
sium channel in Arabidopsis thaliana 1)) 14t3lo] = 3o 3}
= AoE ¢YA Aot ol i} G A S s E F
324 dste FHAETGe 2R3 8 28w o9
49 284S Fiety, ¥5H0E 85 2EH 2 AR
H4 5 mE B3z AAL 7hssHAl FTH59, 78]. AREB/
ABFs AA2HRJAAE 9] 7 A @A ddAdd g A5+ o
Z1IAHE okdet & FAAE ZuFH dF S0, 7]

o] AREB/ABF *$%& FHA<1 OsbZIP239] HrE A=
F7HE A2 AEE 2 ERES 2EH 29 Add 1Y
2Eg 29 g8 F7he AFAE BolH, OsbZIP239| sub-
familyoll £3t= OsbZIP46°] A2 43l <l OshZIP46
CA1 A A S7Hd =55 2Ed 2 A Zdo
[70]. o= of7]& )9} ¥le] AREB/ABF AALZHAAEC] &
& 2Ed 2 AZAYE S/ Sl Fhed A
71ee HAstal olee dART
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acting element ¥ 8}1+Q] DRE/CRTO| Z &3
#29 DREB, 42t 5ol4 o2 43
A+ 1531 AP2/ERF (APETALA2/ethylene-responsive fac-
tor) family®] 3¢l TFO2 EA8H, of7]& o 671<
DREBI/CBF-type, 871 ¢] DREB2-type 3 A-& HA3taL 9
th. DREBI subgroup 77+ 9% (DREBID/CBF4, DREBIE/
DDF2, DREBIE/DDF1)7} £5%& ~E# 20 93 F7te &
A FEE Bl gAS W, & FAAES 2HF 2EH
2 7Y ABAE 44T F A2, 60 IHAE ET31,
823 DREB1 subgroup 3 #¢1 DREB1A/CBF3, DREBI1B/
CBF1, DREBIC/CBF29] A%, €5& 2EY2ETUE AL
(cold) 2Ed 2ol o g4 HFxHE Tl AL 2EH
& Al Hoste Had 272 o, A X DREBI sub-
group AALZHRJNAES AL 2EH20M F2 7]5& 3
T Ao g A7 ch48]. ¥ 87 DREB2-type #2374 F,
DREB2AS DREB2B= &5 2E# 20 o3 4aA 4
24, 3 2EH 2 AFA ] A 2 A (positive regu-
lator) = A 2H-&-3o] H 1% 31 tH60, 61]. DREB2¢] ©faf w7}
He 7S5 2Ed2 s AAY 2L QA2
Hl 9] EH 0 2 o] oA =H|, o] DRE cis-acting element”}
PA2AE HI G EHQ WA o2 FHE 2EY 2 o5 f=
He g FAA 2 dojdts B B o
3T}H[82]. DREB2A A #4He] & 2 GRF7 (growth-regulating
factor 7)0l2t Bl AAZEAA o8 54 ZH(nega-
tively regulation)®| ™, 1 Z 3 GRF7> DREB2AY| 9fs) =4
He 39 fAAe] #d dAe 7)%5S Fri37]. $3, DREB2
subgroupll 437 ¥+ AP2/ERF &¥ 4 & dtQl ERF53
A EHE 2EY 2, 1Y 2EH 2, JA 24k oe A
Fol F7hst, ERE 2EH 2 AFES AT A 2HA
2 #oFo] HuFEH, ol DREB2Y = HE9 AP2/
ERF family AALZEIAE0] 2EH 20 7|5H O AHdE

op o

rol

rlo



T AFE B FETH29]. AREB/ABFY
AP2/ERF fam11y9] THE 2EY 2 AB4 L 7R of
Ut WA= AT AP2/ERF 1% AAzA Al 1
9 OsERF3 OsERFa & 6H% 2Ef 2o G A& A3

73¢9 A 2,

S0l ofd F AR AR 40T ESo| %8
ofr|
JE BHE AEYA M HE
g2z 2Eds fﬂi AT A9 BoA3E 7 35 2
3l

*4%011 EOW o= *ZH;PU%
A= ol M dFo s EAdte IFoIth53, 65]. dE A
AzAEJAAY FRE 2EG 2 AR #YE A7 59 HM]
A EstA JPHA =, 151 9 a9 %
AE T F 40 FY FAAS] RS 2EH 2 Ziff“éﬂr
AAH = Ao dHA ATe5]. A& =0 NAC dA
2 A2 F 33l SNACI (stress-responsive NAC 1)9]
$ PA 24 g E2AQ ARE S8 OsPPI8 FAA EES
ZAGoZHN dF 2EHG A AHIAH =719 yq.oqiﬂ.q.[%]
OsNAC5, OsNACE/SNAC2 frad2ke] Bd% 24 =¢ ERZ
2E# 2 AP M E ftste A0 Hol, g HAA
ZAAA A Bd 2EG 2 AZA 75202 AREo
1%_€ o} 2 0”3]-[68 71] o 7] &t} 2] 7(:)1_%, % 117 29 NAC
2 % ANACO19, ANACO55, ANACO729] &d& 37}
% sEds AYY 94 45¢ 25 oz ¢

=

o

BE 2EH X

ATH W boxg} Edl&
%274 3l= WRKY 1

Az Ao JJFO:] Ea= 7/19—3 OLEV]
cis-acting elementel] A3t FHAAE

& dil AEFH 2Ed 2 (biotic stress)oll T8 &S 3}
T AAE 27 FAHALY, HZ 0] ERE 2EH 29
o) A#A o] Hux 3 9t WRKY18, WRKY40, WRKY602|
Ae BRE ~EY A JF FHAAT AT 2A-HE=Y, of
59 75 ad EQWolA|, A So] QA 24t o 7
TA WS Bl gAY w, YA 24 A ERE 2
Eds A5 3 E 58 2EG 2 AFA] 9L & A
02 o AETH9]. ©]%F WRKY409 7%, DREB2A 479
ZEREH B Agstd AT A FHES A=
AR & o, T AARARIAE YA 24k 9EF, 9 E
Zel AE AL 79 crosstalke 93 EAH F SR A&
& ¢ 9lS Ao 2 AR HT64]. AREBI/ABF2 23] AHe
2 AA 2" #ojshE WRKY63 I A 471 2EG 2 A
Ao A 2HAAE Fosta lTh5e).
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459 MYC, MYB RA2ARIAF A £S5 2EF A A
23 dAH Ut H71FH e MYC2, MYB2 @ 2
Zt7Z: MYCRS (MYC-recognition sequence), MYBRS (MYB-
recognition sequence)E cis-acting element® A&t A
24w 2EG & As A 98-S o1, 2]. AIMYB2,
AIMYC2 frd 7k stk 2@ A, dd FAAEA = P24
A AT L ol A 203 QAR 4 A2
AR 2D ED, AMVR 3 B 2
FoF 2o] #EFH, AMYC2Y] 45 tEH
Al ‘ﬂ'o LA A9 RD229) W 4o A X]X—]ZJ Oi
(1] 2% ok, A2 A5 A HA S
H72 DWA1, DWA29| o] % S ol ¢ 74-?-
o1 AN 54 3717} ol A
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& A (heterotrimeric complex)?] FE| 2 A3t
NE-Y Azt 94 55 2Eq 2 A 349 ¢
A 2AARA BuEAT. 4718 NF-Y #2445 st
o NFYA59] 79 Al 24te] s 4% 2dsw, sohdd
Ae Zad 78 248 58 E5E 2Ed 2 AFAY 4

< Bolth42].

L

)
MY F WY A F g FRAH Feia AR u
Ao} A8 oItk 47] AT vhsk o), YA 24 o F
E

d EHF 2EY2 AT JE 7% BS PP2C 159
[e)

N
AN
N
rO
r3~
%

autophosphorylatlon) A s T3 24 A
& W oofye} sk @A AA 24 Q1AES AREB/ABF
Anzd s st T3 24& 7ML EN =
E 2 AZE ADAT25, 75]. WA 24 v 922
2EH 2 A% Yo F2 WAzl AR FEdhe
DREB2AS] 7§, Pennisetum glaucum %9 3% @A <
PgDREB2A ] <1415}7} 2 ¥ ¢l T} PgDREB2A T o <
A3t DRER Y 23S Alshes Aoz &34 e, ol



380 BB ULRIX| 2018, Vol. 28. No. 3

= DREB2AY| 7% AREB/ABFY| 7 %-9t& Hitj2 <l4kg)
FAgo] F4 2dd #94T ¢ Y5E AT AMYC2
o 745 A datsk 4 F kel AKINIOO! o3 Ql4tst
7F AMYC29] 9l mijE = 1E 2E#H 2~ A 3 RD2
A B e FAH R 2HseH, ol 75 2EH
2 A% Ao AMYC2 T A o) Qa7 milE 5 lee
oA g [31].

FH AR A 25
A2 ANz JAE O SadE T A7 oM thodet
Al Busof sttt frHlAE s 34 L El
ing enzyme), E2 (ubiquitin-conjugating enzyme), E3 (ubiqui-
tin ligase)2} Bl 3579 T4 MYste 9499 A&
Tl o, FHIFARSE AL o] F 265 ZEH ohE
(proteasome) HH A = o] &3 F ofn|xit FEOE FefH
o}H28, 79]. FrHlARIE &4 F B g HA °1| HEH<
FH A" A& (ubiquitin chain)& A93dte &4+ E30|H,
of 2o frulALS v SE Lafol w Sl
E3 ligaseS T4 &2 o] Fo{ AL $lth. RING-type E3 ligase
2 %27l KEG (keep on going) A& YA 244 215 3A
o] F23 bZIP HA2HUAEQ ABI5, ABF1, ABF39| 3}
of #3TH10, 69]. 7] AREB/ABF 1wl 43 ABFl,
ABF37} YA 24t o 2HQ] EHE 2EH 2 AFA o FA3)

= e, ABBS] 3 A2t WA AlE 3 F RS 2E
ﬂléHE}E A oke] ol Al 5 A A Y] 27] BA O &
dhe Aoz BuFHAeH, ol Ade & T/ E3 ligase
ZF AR OE R g 71E g A8ste] g
THs 249 F deS HoFd. DWAL (DWD hyper-
sensitive to ABA 1), DWA29} ABD1 (ABA-hypersensitive
DCAF 1)= KEG®| 7% -9 fAtetAl ABISES &3l 3k E3 li-
gase® H I TH40, 63]. KEG7} ©Y a2 7|5 &
T35 RING-type E3 ligase$! #H%, DWA1, DWA2, ABD1
& B4 Fe 9 E3 ligase?l CRLA (cullind-RING ubiquitin
ligase 4)9] 7]1A44AZ 7]5ETH39, 40, 63]. DWA1H
DWA2& ©] % o] 4 (heterodimer) &2 &% ©] A (homo-
dimer)®] 534 FE= st AR Holn o]F =M

oJAQ dwal dwa29l 7 S74E YA 24t e B 2R
2E# 20 ta A4S HQATH40]. ABD1| 7|5 44
AwolA] AA WA 24 b, 71 E Y _7]. 2 g
2EY 2 A A& Holed, o8 ZHEL DWAL,
DWA2, ABD1E°] YA 24 oEZQ 7 2EH X~ A7
A He =8 24%= ovsid, ABGE otz AREB/
ABF bZIP Atz R4S A 24 E # T ¢ e
LAIZTH63]. YA 24t WO EHQ] 2 7S 2EH 2 AT A
g A= ol AR} Hg L AAH ATk Yeast two hy-
brid assay & &3 DREB2AY] 24 & o & Agtst= Bl Al
DRIP1 (DREB2A-interacting protein 1)} ©] 9] 45 w2l

(ubiquitin-activat-

o

of m}ﬂ BN

DRIP27} 54 5 Tk, C3HC4-type RING E3 ligase 2. 2 48
1 DRIP1, DRIP2= DREB2AS w4 714 & 3o ag T
o F3o Fste Ao YA Aok HEAA Y ) TA
d QA E B2 A7 23 9 @A DREB29 9
d mAHe g =8 2EH 2 A FAAE 54
2A3TB4] A7) AT EHF 2EG 2 AYG Y S =
791 ERF539F A 3}stE RGLGL (RING domain ligase 1),
RGLG29] 7%, DRIP1%} v}3k7bA] 2 C3HC4-type RING E3
ligaseZ A TR HU=H], oI+ ERF53 GA FHIFAE3 #4
S B8 24 245 E HoF011]. RGLG1, RGLG29| o] %
Edwo] 4 3lo) A ERF53 B A A 27} 2 BRE 1E
g2 AR 571 2 AAR i E3E0] UPS (ubiqui-
tin-proteasome system)< &3 ERF53 3 24 o 244 o
Z MYsta Sl s YERATH11]. RING type E3 ligase &
3142l NERF (NFYA5 enhancing RING finger)< miR1697}
A 7153k NFYAS A9 $718 fEste Aoz <&
HA et g S Faf thdol SAs rEH A &gk
o= Bt A7) Adte Gl d oo #ejste
"8l #Ho] NFYA5 AAte] #sta 9l &-& HolETH23].
UM AT EHE 2EY 2 #YE AAZEARES B
3t E3 ligase Yol %, d1d 2Eg 2o #dd TGFT B3
ligase7} ol 7|4 & T4 0.2 HiE o] $tr}. RING-type E3
ligase®] HMHH < U-box E3 ligase I1F°l &3te
AtPUBI8 (Arabidopsis thaluma plant U-box 18), AtPUB19,
APUB22, AIPUB239] 74 A 24k o &2 ERE ~EY
2 Az &4 aé*éx}i #edsie, o] F AtPUB22, AtPUB23
& RPN6, RPN12a9] fHl ARSI AA S Fall sfd A4 7]
ot AoZ 4H T2, 14, 4, 62]. HHA E 2 U-box
E3 ligaseq! PUB46 and PUB48°] 7 9ol = o] ¢} ¥If & &5
& 2EY 2 ARG S FANTE ALE HAQT4] o714
ol EAets Ubox A7} 64 Foll s3bg & ke,
oj2d T Ubox fridAEe] 7% 2EH 2 A4 o
AFHL YT vf FEITeT8l]. AT 2EH = A
Aol 71433k T ¥ RING type E3 ligases T8 712 o
Z B350 $tt} RING-type E3 ligase?l SDIR1 (salt- and
drought-induced RING-finger 1)¢] 7%, Z&# A 7} A »
Auge B 2R 2EY 2 AR S SAATEH, ©f
£ SDIR1O] Al 24k 92 HQ ERSE ~EY 2 AEHH o)
FH 2AAR A8= VT ABF3, ABF49] 1A &
do] SDIRL 71544 =Ml A& S5l 97
&, SDIR1E 7] A= A g Zahth
[90]. SDIR19] &3t/ Tl A <l SDIRIP1 (SDIR1-interacting
protein 1)°] FHHAEANE E73taL, s D Ho] 275
2Ed 20 #ofstE ABF3, ABFéH A F@ BT ABS
o BEE 2R gAT W, ERF 2EY 2 JIAA S
98 SDIR1S] 7|22 MR A8 Ao7 Blthss].

2,



AtAIRP1 (Arabidopsis ABA-insensitive RING protein 1),
AtAIRP2, AtAIRP3 94| #7074 Ed 24 d4 A4 A7
= 5 A2 A 2RE 2B 2 AP S ¢ 24
o] B3 A t}13, 34, 57]. RING-H2 finger E3 ligase?l RHA2a,
RHA2b| 79 AB29| &t BACIA A2 Az A2
}AE Afrat] ERE 2EH 2 AZEE A= AL

2 494 oH41). ® & RING zincfinger B84 ¢l CHYRL

(CHY zinc-finger and RING protein 1)& £%% ~EH X~
ARRE S7k 4L shed, FREAE o8 YA 24
5 Tl el

o ERE 2EYGE AT FHY Fa QAitst
T Yakstel] ofs) FAdo] 2HHEH. o= SnRK2

QAAHE B AT} bZIP AAREJAAE obuet 54 E3 ligased|
BHE 2se HoE PA2 ) ERF 2EY 2
Az HAo 71018 Jdoe HAAN F5L B Aot
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Table 1. Arabidopsis transcription factors involved in drought signal transduction pathway, listed in this study

TFs Function Regulation pattern Reference
AREB Upregulation of drought-stress genes (ex. RD29B) positive regulation 77, 84
DREB2A Upregulation of drought-stress genes (ex. RD29A) positive regulation 60, 61
GRF7 Downregulation of DREB2A gene negative regulation 37
AtERF53 Upregulation of drought-stress genes positive regulation 29
ANACO19/55/72 Upregulation of drought-stress genes positive regulation 73
WRKY18//60 Regulation of drought-responsive gene positive regulation 9
WRKY40 Downregulation of drought-stress genes, Downregulation negative regulation 9, 64
of DREB2A gene
WRKY63 Upregulation AREB1/ABF2 gene positive regulation 56
AtMYB2 Upregulation of drought-stress genes (ex. RD22) positive regulation 12
AtMYC2 Upregulation of drought-stress genes (ex. RD22) positive regulation 1,2
NFYA5 Upregulation of drought-stress genes positive regulation 2




Table 2. Arabidopsis E3 ligases involved in drought signal transduction pathway, listed in this study
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E3 ligases Functions Regulation pattern Reference
KEG Degradation of ABF1 and ABF3 negative regulation 10
DWA1/2 Inhibition of drought tolerance negative regulation 40
ABD1 Inhibition of drought tolerance negative regulation 63
DRIP1/2 Degradation of DREB2A negative regulation 54
RGLG1/2 Degradation of AtERF53 negative regulation 11
NERF Upregulation of NFYA5 gene positive regulation 23
AtPUB18/19 Inhibition of drought tolerance negative regulation 44, 62
AtPUB22/23 Degradation of RPN6 and RPN12a negative regulation 12, 14, 62
PUB46/48 Enhancement of drought tolerance positive regulation 4
SDIR1 Enhancement of drought tolerance positive regulation 90
AtAIRP1/2/3 Enhancement of drought tolerance positive regulation 13, 34, 57
RHA2a/2b Enhancement of drought tolerance positive regulation 41
CHYR1 Enhancement of drought tolerance positive regulation 17
RIFP1 Degradation of RCAR3 negative regulation 43
ATL78 Enhancement of drought tolerance positive regulation 38
g 48 AEZ F43E AL ANHoE ZE A Jbe 2. Abe, H., Yamaguchi-Shinozaki, K., Urao, T., Iwasaki, T.,
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A g A S gk e vnd o, 55 2EHL § 3. Acharya, B. R, Jeon, B. W., Zhang, W. and Assmann, S. M.
4 AF dAAA 7sdte o9 2Ed 2 Wy AR 2013. Open Stomata 1 (OST1) is limiting in abscisic acid re-
g3 dFes JUdoz nE3 AAo|g, ERE ~EY A sponses of Arabidopsis guard cells. New Phytol. 200, 1049-
AL ZAN7 = 74 gl W] 71T HHE £ 1063.
;j/:_ ;ﬁ 07]_)\0] ]O 7]_11_0_ E_'U " : il ]z}\ ]jtﬂ : - 4. Adler, G., Konrad, Z., Zamir, L., Mishra, A. K., Raveh, D.
o e mes ?E dobd o, FRE 2EH2A 3 N £ and Bar-Zvi, D. 2017. The Arabidopsis paralogs, PUIB46 and
MM dojub= 89 FHA= 2 expression profile W2k T PUB48, encoding U-box E3 ubiquitin ligases, are essential
3 FAL By il AFH0F o]Fojxof & Hev) for plant response to drought stress. BMC Plant Biol. 17, 8.
olth oA A7E Thekd SAAEY AL BEHE 1EFY A 5. Agarwal, P.,, Agarwal, P. K, Nair, S, Sopory, S. K. and
. _ . _ Reddy, M. K. 2007. Stress-inducible DREB2A transcription
Mol B dd 0 Iy AEFGA AT AD o Ao w3 !
C_’“ 1“} 5 < A “o;——a]~ _“E ;‘E ZM] 1ol = ? factor from Pennisetum glaucum is a phosphoprotein and its
@ SAA7F obA shetH A g vk Y 8 AR (EN ) phosphorylation negatively regulates its DNA-binding ac-
9 HA 7Y 2 EREE 2EH 2 FHAETLY genetic tivity. Mol. Genet. Genomics 277, 189-198.
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