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Abstract

Stratification is defined as imbibed seeds under specific temperature. There’s two
kinds of stratification: cold stratification and warm stratification. Cold stratification is
widely used to break seed dormancy, while warm stratification combining with cold
stratification is also used to break deep seed dormancy. From literatures it is known
that cold stratification induces genes involved in bioactive gibberellins synthesis and
promote germination. The mechanism to break dormancy by warm stratification,
however, is not clear yet. Previous report indicated that seeds of Prunus campanulata
after treatment of warm stratification would decrease ABA concentration.

Previous work in our lab found two gene fragments resembled AtRACKIB and
AtPP2CA, which were known as negative regulators of ABA signaling in Arabidopsis
thaliana. This study aims to obtain the full length of these two genes, named as
PcRACK]I and PcPP2CA, and to express them in Arabidopsis thaliana to study their
roles played in warm stratification of Prunus campanulata seeds.

Seeds of PcPP2CA overexpression (OE) line had higher germination rate on
medium containing NaCl or ABA than wild type plant, while the germination rate of
PcRACKI OE line was lower than WT. The survival rate of PcRACKI OE line and
PcPP2CA OE line on medium supplemented with salt were both higher than wild
type plant. In experiments qunitified the rate of water loss(RWL) of excised leaves,
the result indicated that PcRACKI OE line had slightly lower RWL than WT, while
PcPP2CA OE line had higher RWL than that of WT. Infrared image obtained by
infrared thermometry showed that no marked difference in canopy temperatures
between PcRACKI OE line and wild type plant, whereas canopy temperature of
PcPP2CA OE line were significantly lower than wild type. PcRACKI OE line had
slightly higher drought tolerance than wild type in the drought stress experiment,
while PcPP2CA OE line had much lower drought tolerance. We suggest that
PcPP2CA might be a negative regulator involved in ABA signaling transduction
pathway. We inferred that the underlying mechanism of warm stratification of cherry

seeds is to reduce the seed sensitivity to ABA.

Keywords: Prunus campanulata Maxim., RACK1, PP2C, ABA, warm stratification
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BT ARBRY FALKAERERERDTRT A FT > THEF KR
R BE R DL TG fEE Y AR R BT B F T 0 b
4o e ® kb (viviparous) ) F F AR RS A il B OOBRE T AAA 2 £33 &
FEnE R A R AT R E S

P I RREF T gt A AEse s P e g T el B G AR
fi& (abscisic acid, ABA) » @ 8584 5 e B 5 g3t % (Gibberellic Acid, GA) » &5
%ﬁfﬁ.*"’jﬁ’.ﬁ[ 2B endEiiE % 0 AT kR fEF A E R BT ¥ o

L1185 ke A %

FE+ RS 38 eh4 555 #cfd > Baskin and Baskin (2004)#% J1 fd+ R A = T
B Al nfxﬁf\(morphologlcal dormancy, MD) ~ 4] i # 32 ik (morphophysiological
dormancy, MPD) ~ % # "k f (physical dormancy, PY) ~ 2 32 iR (physiological dorm-
ancy, PD)4r % & ik (combinational dormancy) - H # 12 4 32 ik & 5 ¥ # (Finch
-Savage and Leubner-Metzger, 2006) » 2] gt (R &_d 094 A 7T % > 97K » 4| &
4 IT KRR AT R P A SR E a4 £ 4 (embryo growth potential) % 45 0 24 £
%4%&ﬁ&ﬂ?ﬁ%ﬁé%w%—ﬁw%\ﬁ%ﬁﬂ%\ﬂﬁwﬁﬁﬁﬁ’ﬂ
iﬁé&%’%iﬁ%f&%ﬁ—?’f?’ *dﬁ FIRERTIHNPF AR LPTRESF T B
T#'ﬂ‘”\#ﬁ S F G N BROTH AR R A o B8 KR AT R
55 B R L AR -

B KRR T RFe R T FIR AT it A A S R R TR A
SR SR R SO b IS LRI N 7 By S 2 WA 1 E RV ) SN
M RR =M A S HERREAFIZ G AT T 22 FPF R GHE- BFR A
ET R ARG EFT RS R T o 2 IR R AR
SR R bledp M ks A AR TR BT LRk
fEF BRI o B AR LY A T B T b blde
P MK FR(ABA) » 4 ML BR BT G H T BARARM S § PRI
N A N SN Sed - Ky SN i R AP K ek £ S mmﬁ%}iﬂfﬁ
A+ Wi hok s R E TR Y 4 EESR KA ERA AFT AT CES
BOE* (80 2 SR enR™ e d o SRR KR A a7 ok o e -2
SH D R ERERIIRE Fla G0 A g S S ﬁé%‘.z R g gL
PR LY JEY P ER L LN I S R TE) e
ROETPIPTRNES R F I BASCERTT S A e
FoRpRAFIRET 02 f?fénmbr afler gy oo Fif 2 (RRAIET e B

SRR DR TESN B SRS FURLE ST TR 2



LR o F LRI B RIS § F RS B8 S RA(S A R E BT
Plant Physiology 5th Edition online) °

gLk s kRGBT 4 & R X M R (innate dormancy, inherent dormancy) ~ 3% #
1+ A (induced dormancy)frsg /% ik R (imposed dormancy, enforced dormancy)
(Rao, 2000) » £ % KRR IpfE+ ~ J i85 - SRR > SESRIEY 877 5
T oA AR Lo SRR A A RR S RRE R FIREY B 2@
TR ERAES L RAR G TR AR RRARTIR T 0 g
FRE O blde® B ¥R T E (Apium graveolens L)FE+ A 4 # (kR (thermodorma-
ncy)(Pressman et al., 1997)% 4 7 % R ¥ 3k 1| § B (Lactuca serriola L)fa+ & 2 o
& (skotodormancy)(Bewley, 1980) - 3 # ] {12 iR R 4p &+ < *t | R BE F1Z F2 57
BV EFE T bAcfAF BE AR BERAAT F 7 L - gl RR T
A F “,f B R B A T o

:ﬂm@l

112 #FFEFEAES FR

s - Al S Sl NN M N SR U TR G LS Ry
T AR B e L 4 T e -

BFEEF YT ﬁﬁféﬁf & B384 e jprds % (gibberellins, GAs) ~ w2 & 7 %
(cytokinins, CK)% & % % « GAs H_bo 4 % F WGEH ¥ & § ¥cs 3542 ABA 0
kTS 0 A F 3§83 % ¥ (Groot and Karssen, 1987) - CK P £_E § #2 ABA
Feuchs v 2 b B H s fEY GAsng B o o % 5§ #F02% CK dotk
IE T UK e e ¥ GAs AT R 0 JEH 32 B GAs WUAEF T chwb sk o § b5 4
% % (auxin, indole-3-acetic acid, TAA)¥ it » & A4k » P o AL #
* (Blake et al., 2002) o

BT gl & 35 ABAS 5 ~ § % ~ 2 g - 7 & o fig (unsaturated
lactone) ~ # 47 {rfit (unsaturated acid) ~ phenolic glucosides % ° & fvi € & ehgfF 5
Pl LA FL(ABA) > ABA 8+ KR OE AR F T 65 i~ R
TRAFAFLRR AR E > ABATERMRZ AT AV ETFEFT 0 RARA
< 4% % % ¥ (Groot and Karssen, 1992; Koornneef et al., 2002; Kucera et al., 2005;
Finch-Savage and Leubner-Metzger, 2006; Finkelstein ef al., 2008) » &]4rA 42 ABA
8'-hydroxylases 1k F] CYP70742 € tfb+ fia i~ #9akia 1t » @ ABAALFEE A
AR GER o dok )t AT E H i BT ¢ & L R REGK f (Okamoto ef
al.,2006)° @ [7 1> 16K ¥ ABA 7 47 e abil ¥ abi3 mutant 8 + (KRR HR] P &
"% " (Koornneef et al., 1984) -

FAF P EAFDABA - 840 Hd k3 & 5 ifﬁ»%"ﬁiﬁﬁ I fE+
(Hoad et al., 1995) > ¥ — 384 p|d fa+ p ¥ & = (Karssen ef al., 1983a) - ABA %48
FETRETEBGAFEINZEEINEBE L B H A BT FEsE SRR
B 45 > (Hocher et al., 1991; Paiva and Oliveira, 1995)- “,% 7 ABA ek B ¢t ABA
LB T dp B AR FIEHE T (R ER G £ & 82 (Zeng er al., 2003; Katagiri



et al., 2005; Barrero et al., 2010) ° |4 ABI4 §= AtLPP2 » ABI4 A 7|7 #&F1 - &
AP2-type transcription factor i& i #& 4% 5]+ §_ABA U 4 @i T ¢ ot 33 :}T_'ﬁ]" J
% AILPP2 8_ABI4 iht ¥ | 4% o AILPP2 f F1éhis i § SRS b ji 7 % 3
3t ABA craggs B L Fpt # fa 3 { 5 8 7 (Finkelstein ef al., 1998) -

BERF > Y F4# L ABARH ABA 7 R RIFEF € 7 /58 7 ik
%o @R FILABA & S A F NPl E f A ATFIR G @ AT LRI L FDE
RN T A em ABAfeB M GAs et -2 7 &+ £ F % 7 (Karssen et
al., 1983b) -

113 ZEFHE/I TR

B dpd g2 R EA TR ATETHT A RARRARERA I FE T
BE & ARBE TG o530 p AR Y B RR AN —2 R R BT aL
KRR Z2TELBEFBCRELR) B> 2 AFEF R HEHREF L iE* 2 4
(Bewley and Black, 1994) » @ 858 & f fo2 iR A ehie & 700 5 s Bl G 8+
1k (Chien ez al., 2002) » P& & iz 3k {5 7% it 53k 57 % (phytochrome) ¥ 12 3 4c f& +
N AtGA3ox] hE FE > @ fAF P aE GAs 3 4r @ BLE# T (Yamauchi ef al.,
2004) -

BHAIL S Mr R AT W EER T RE - KPR ARG 2 o m L
FA7 AT AR B BUeJLiS 0 ABA 7R § AT R H ABA AT RS €
" (Ali-Rachedi er al., 2004) » & H 3 fo fenwt * a0 1 (1) B 7 PFHRBIE R O
LR MG(2) B0 ABA 7B 2 M ABA PATRE R 0 T 0 B 4o ¥t GA R
B H 4B GAschg £:3) R0 F R ¥ T hfiT HER DT K (4) H
BT AP T T kR 1 (5) REFHET A F HRAELE,; (6) 4
P-% ¥ i# & (Finch-Savage ef al., 2006) * 5% #tit » 18 Ren¥ i b3t & f55 "% MR
AETTAER > R L FEFT o

R A AGLAp A MR B B RGBS o T RS 4
T AR A AR S GE A o AT TR PUR AR R e T 5 1 GAs
4 =¥ % AtGA3ox] shE BE > Fla @ A3 p 7 GA 7 £ 2 % (Yamauchi ef al.,
2004) - ¥ ¢H BT fEF ¥ GA i 3 F o PR G hgal mutant 40 £ &
GAs ehE & fi¥ % ent-kaurene synthase A @ &2 & & GA > F* gal &+ e ¥
i s gL kT %ﬁr} “t4e GA @ w4 ( Koornneef, et al., 1980; Sun and Kamiya,
1994)cgal &+ B3 2°CR2 P = 2 > BAGMERIZZ A+ oo 07 Hictm
SR GAA TV HE YT 0 T LSRR AL R B AT Y GA SRR R R
gt 2 7 o132 e GA £ (Yamauchi ef al., 2004) - GA3-oxidase §_& = £ 4 $ /54
GAs hE & it 52— > 4 CA ¥ H 4v AtGA30x] 0% 3£ (Yamauchi et al.,



2004) > F o7 AR K AT A0 F RGN GAs 2 £ A o

R AR 7}?—%@%7&?  ARE T RELS ETRS ,E_mI%Ja?:‘f EOpE R
FREAE T ik o R B R T 130/20 CTHr25/15°C o B HA R R K ff e
WA TR RAC R - i RASRIG BFREFTRD

1.3 LIBEAE

LR F & Prunus campanulata Maxim. > § jigfited » 2 £33 5 1
e XN sl imﬁ?ﬁﬁ’ — o LB LA RAR S LR 5
Ele A A8 31022 AR agd £HhEF KiFHF e R A
ﬁﬂﬂ°ﬁ@”%i£ﬁ®%’fi°”%%€%%’ﬁﬁ%”*—%##ﬁo
AFEECZUBARTLEAE -FFHE Dt o Wb TE LS
TR A N B’Té’ﬁWSﬁ’¥i*ﬁ5ﬁﬂgﬁP’?$

2 g f b

mm%ﬂ ﬁﬂp%5°

131 LEF-feRTFAY

LHRTERARE Y B HE 0 A BB ES Y RRE 0 50 R
B AP g TR IR R A & e irﬁf“ Sfd S G IFR KRR
P HP SRR AR Z T ABA A P R A JrfE A R AR 0 FRfER
Foa- ¥ RAEY o LEEAF ZTHPN R AT AT 0 F R RRT
A BB+ KRR & Fl & 2 - (Chenetal, 2007) Voo 3 B RgaL 2L
Wi+ %4 ABA #r4|#® Fluridone P% > &+ T2 5 B 8 5 > Bor LRVAS
i F 9 ABA 2 4F (R (Chen et al., 2007) - Arabzdopszs thaliana ecotype Cvi
(Ali-Rachedi et al., 2004) fr Nicotiana plumbaginifolia (Grappin et al., 2000) 5fd +
SRR NS ZEDF AR ABAEI N 74 £ 2 ABA IR BRI E A
;}gf_—r 28T R 3 TRERGR AL e ]

FOAF TR LA E R STk ,L/M;, SIS NI
4 g &P 70905 B B2 2515 Co B AME S B 05 CLif 42 85 %
T K &JL N b BT MOR e 8 R IR G snindT L LR TS ahik
AT Hws BT 5 ATHRET LRI % A K
LY i;],g gt e TN S R £ f’f' 4 72 ik R 2. #z(Chien, 2004)
Y- ATAFEL RS LB 4% 03020 TaE K ff AT

8% 4 C/» BRFBRILT E DB F T 5(98.7 %) o %E K F’s’\lvﬁfu
7}§_+mABA§’E_T“§’mu_/‘s;g_/éiﬁﬁﬁﬁf,f Tifa+ ABA g E TR
(BiEE 4 375 51 GA4 B e (Chien ef al., 2002) -

3
-
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1.4 RACK1 g B 7= 3



1.4.1 2k

RACKI1 (Receptor for Activated C Kinase 1) # & >t @ 4= i ¥ 48 35 > M v
F] % ¥ 112 $ F o protein kinase C (PKC).% & @ ¥ £ (Ron and Mochly-Rosen,
1994) - 7 7 Bgr » RACKI1 3 &3t ¢ e de ~ B4 « B 337 5 L P4 nlmbe
zZ v ooafed KoY - BAFIRSORACKI v 35 ¥ (Nicotiana tabacum) BY-2
‘w7 1 ArcA F-v > F|H € 4t auxin 3% # A 4 @ 4435 7| (Ishida et al., 1993) > 2 1
B hio v K3 pfid? BEERET » ¢ 2% 78 % (Medicago sativa)
(McKhann et al., 1997) ~ ¢ £ a0 % (Vahlkamp and Palme, 1997) ~ 7% % (Brassica
campestris) (Kiyosue, 1999) ~ # 3= (Lycopersicon esculentum) (Kiyosue, 1999) % -

. chRACK] 3-v & ¥ % ¥ - #& (Guo et al.,2007) > Glhofe ok 5 = B
B R RACKIL 3-v » & B¢ & 5 RACKIA(AtIgl18080) ~ RACKI1B(At1g48630)
4= RACK1C(413g18130) (Chen et al., 2006) ; # k454 @ @ b 7 RACK] Fv >
i ¢ % RWDI fr RWD2(Iwasaki et al., 1995) » Fezns it t& 4 4L 5 RACKIA
f= RACK1B (Nakashima et al., 2008) -

A AR A R A g #%F 45 7| RACKI e ik 3 Fox¥ e
o deo AP R FUE o v M o i RACKL - 7R AR P2 B
dANE BT edp 004 AT 0 RACKL A R ¢ T ARy R ehkey

o

142 RACKI shif

RACKI1 #_r4 WD repeat (tryptophan-aspartate repeat) 5 1 & .= » ¢ £FR'
x4 5 WDA40 conserved domain ° £ 5 WD40 conserved domain eh3-v F 3L ¥
FF 2o VUL LEFS F]lll/)\ﬁ—qfhml4gbﬁgrﬁgm§\ﬂ ?ﬁ’ﬁ%qjg\;*ﬂ}
<3l d 30 47 £ i‘éﬂ*i AL B B P o o By 3n G WDA0 3-v
FrERLSFE LB AL BE LAY e R NRE BT H LI -

RACKI . **}#bk’ GB #-v %‘F?L# A Flt g 2 A AL 5 A_GP e ik
Fv o e ;__S;;?UTFI;L PEEEU nA B o# gy B s B OZE v oﬁ*}#ft'ﬁ”ﬁ = B iR
EHEEY A BEYD e BF e T FnBsheet B > - BHELPFEEF - BERE
¥ s BEed P RS- B 9A gl o RACKL 2 #8 bl4eit £ G
ENAETE G 044 BroipE bl adan 220Gy %46 12 3 frGa &
AERIFE &ﬁ:r v 2 GBI Ll - fEF-v H(Adams et al., 2011)

RACK1 £ 3% % B v %&J’gl*%"lﬁi‘“ml\ﬁx £ 7 AtRACKIA 5 51 »
.}i,.‘é‘—&ﬂ}#g §oo i 1,3\—::)3 ERaEk . gilrw ISR LR WL L f# |2 = B #FE et
*feT 2 > @ B AtRACKIA # 12 %ﬁr} iTw B Bfe A F-9 F% & (Chenetal,
2006; Adams et al., 2011) o ¥ ¢k > RACK1 » a¢ & &2 B & & chj-o B (748 T & "F*f
7 #2200 b4 RACKI ¥ 1148 T PP2A s o F]pt » 54 RACKI 3-v %‘rm-l_
PRt LRl S i
P 5 @ 18 RACK # w4 2o 4 @R S (T enid 45 o



1.4.3 RACKI1 % 32 # i}

",f 7 ofm B2 39 2% > RACKI] B+ %ﬁr} PRy Ao kB
A Flenfg dr o - 45335 RACKI ¥ 2 qeis it e PKC(protein kinase C) 12 2 408
ribosomal RNA 2 & » #X {4 % it e PKC #ifis it 60S ribosomal RNA e 4% F] 5
elF6 » i¢ elF6 %t &t 60S ribosomal subunit > @ #:& 7 40S = 60S ribosomal subunit
&= 80S hpEtE o Fpid %ﬁﬁﬁ%ﬁ&ﬂiﬁécn‘v 30 Fend A8 F A (Ceciet
al.,2003; Nilsson et al., 2004) - 4p B #= 3 & 7 > [P £ 9% ch RACKIA 7 11 22 408
ribosomal subunit % & > » %?EFL v ¥ 4 80S ribosome — 4=#% &+ » ¥ E P AtRACKI1
it fv e[FO6A ~ e[F6B 4p 3 15 % > izt 57 7 & B RACKI ¥ 2 %ﬁd BEPEWOE
FALF R & e p Fod F’m AT XF i i ABAR AL B E M AT (Guo
et al.,2009; Guo et al., 2011) -

< /I?c:fﬂ » RACKI1 ¥ it » £2 4 £ % (auxin) ~ 7% 3% %] f% (brassinosteroid, BR) -
35 % (gibberellin) % % fé 48 4~ j7 %i% A ByEreic £ & B (Cheneral,
20060) > Fnh T HIERA L BF T 3 £ & 0P AT R awT 7 B4 I RACKI
N 3 e s %(Nakashlma etal.,2008) -

144 RACKI £ i f 5

RACKI] 3% 221 F & a5 o0k o 2 £ 2% Auxin &JZV 1235 H54F
3 BY-2wm*% ? RACKI eh#& 4 » e # & 7 f 5 4o GA ~ ABA - cytokinin % X
4R amck © @ ¥ T S RACK] ¥ F) eytokinin 3 B4 4 £ RE > 7 £
auxin B2 5 - ABA ¥ M2 RS EfAS ¥ RACK] 7% B8 (Komatsu et al.,

2005) » & kSl By K pE o F 4 ?:frfz v 4 £ & e ABA 5EJE ¥ ¥ i ¥ RACKI
# 2 (Nakashima et al., 2008) o f@ 4= @ % 9 RACKI 4 % 2P| % 3 7 4 auxin ~

ABA -~ gibberellin 12 %2 brassinolide # a7 74 7| (Chen et al.,2006) > & 7 {2 4~
2. RACKI ¥ i %817 — #6800 b e &, Behie o ¥ 7 o Gfithena b 4 £ P E

Ba 7 PF'."EL"%‘;{'% AR = R s e

HRa g e wRACKL A5 # % chgd & > v /> chk el v g g o
JEGF T F IR RACKI v+ 3 5 2 58 7 £_ABA e f 4 47 F] (Guo,
2009) » ¥ 3u 5 RACKI 7 ¥ 4] ABA i 2 c1F i 0 » £ 3] ABA 573347 -

1.4.5 RACKI1 & ABA

P ¥t ABA PrdlfE3 i chfaff2 - £ ABA ¥r4]7 RACKI {relF6 3
e B RGEP e LR S o REFF T TR kY AL K F]A R0
oy g g o

AR e AR O MR R0 dhrackla B R ¥k % rackla racklb e
rackla racklc B % ¥ tRiE 7572 ;E » i ABA € S fa S i o~ S EEIC U Z
124 K endrd (5% X hEHE 5 A ¢t 4 ABA chRT 0 w2 B ABA ik
3 FI RD29B { RABIS cvd 6§ 4 v 07 2 A4 & « %8 PoF 1 HE » 2 K



B AT AN A E AT RS R P B R A
AL FAR BT RERFERDF BT 5 HZ T ABA dagg Fﬂ‘ Pe

*t 4 ABA P » AtRACKIA ~ AtRACKIB 1 % AtRACKIC % 38 R
48 % o AtRACKIA over-expression line 2 #% 4 g rp it e > £ 5 & ”P 4\1 ABA
& NaCl P ¥ 5 g d ~ 74 ABAPHR S 4 K s il & 4 kg S %
% .7 (Guo et al., 2009b) -

1.5 PP2C iip A= 3

151 L mppe@h

B0 BRI S IBRCEAS I FREAER S F2 - 0 4 A ek
WE I BER LB S R T g By AR 2 3 e i $ e
e R 0T wfrﬁfr;ﬁﬁ B BRREARAMAE S A P R P RIARE BT )
o AR4-EF E4 P rARRER S TNl R AL FIE o

3 BREREE A R fER 4 KPR AF k4R T F P F0 3 opRp
drrk o FIZ AT P ARBRNGRAKRDIF > A T A NS B R GLAS
# . Tyrosine -specific phosphatases = Serine/Threonine specific phosphatases ©

E % 4 4 o1 Tyrosine-specific phosphatases i ¥ 78 7 ch & — 4.7 & % protein
tyrosine phosphatases (PTPs)% dual specificity PTPs (DSPTPs)® #g o @ Serine/
Threonine specific phosphatases P 7 d #ZAfh B 7| 2 ¥t - § B3+ g £o =
phospho protein phosphatases (PPP)% protein phosphatases (Mg )magnesium- or
(Mn>")manganese- dependent (PPM)# i A 4

Serine/Threonine specific phosphatases » =7 PPP ¥ f 4 ! type 1 protein
phosphatases (PP1) ~ type 2A protein phosphatases (PP2A) ~ type 2B protein
phosphatases (PP2B) % 4 #f ; m PPM P14 type 2C protein phosphatases (PP2C) %
i % (Schweighofer and Meskiene, 2008) -

1.52 PP2C f§j 4

PPM #2% e PP2C £ I / Ser/Thr phosphatases 71 PPP 2% chig-v B 4p st >
BN M Al I RA R AP MR M P R Mg* & Mn*" A & #3550 o
gt 2 PP2C # % % 3 okadaic acid #7+#/(okadaic acid ¥ #r+#| PP1 2 PP2A 75 14)»
@ ¥ 12 monomer T%c f v ;X3 regulatory subunit k3 iU eE AT F R e
AR 2 2% wre ¢ iz ¥ (Cohen et al., 1898; Schweighofer et al., 2004) -

PP2C & 2 %f wmPe ¢ eniT ¥ §_% i B 3% % oh protein kinase cascades (7§ 2 3
—?]z (Gaits et al., 1997, Schweighofer and Meskiene, 2008) - & 4= e PP2C # 4 % o~
Bry~dwfhefrftitdek » fEf i HPP2CHEEP A 5 1375 0 3N
1P o 0K hd BEELRF ROE Y £ 76 B PP2C (Kerk, ef al., 2002; Kerk, 2006) >
o ATIT ] R R AR m6 ® 2 Brps = (Schweighofer et al., 2004)-PP2C



R ERT 3 ek TNBSCH o F8BEF Nt Cfenut ¥ %> — 48
e gl S M R Y B PP2C R A AR AT kA 2 0 ik PP2C
Erigic B g o 302 Fg TH P 79 i (regulation) 2 2L T iE # |4 (substrate spe-
cificity)#_d #® 48> i #7#|(Schweighofer et al., 2004) -

% 5 g ABAL L B 5 M PP2C HEFAE & PP2C group A # - blde ¥ §
e ABI1 ~ ABI2 - izt 2 ghfifiv £ ABA 4 2 > ¥ ¥ i ABAR L 3
:Jff_—?]z (Schweighofer and Meskiene, 2008)

PP2C group B P| 1 4 6 MP2C % i % » MP2C ¥ vt fag s #¥ o it
% 314 2_ mitogen - activated protein kinase (MAPK) pathway @ # 3k ch4 £ &% >
tjfa FPRIREFAS IR CJRIRERS G ”?L stress-activated MAPK (SAMK)

i %&*‘ Sz p Ak (Mesklene 1998) 14 2 2 & 34 2 stress-induced MAPK
(SIMK) A, R T 2 é‘ B :}”“ (Meskiene et al., 2003) - MAPK interacting motifs
aH @4 PP §3 PTPs 22 E;&f&ﬁ‘* ¢ TP 4E $e PP2C 73% 7 MP2C % 4p
R# 2. PP2C group B 3-¢ B ¥ iy £ Ak /i 1t 1.5 % (Schweighofer et al., 2004) - [#
kP kiR d-d £ AP2CL 4 L thap2el ¥ X G A ﬁ??ﬁﬁf@zi SR R
A P G ISR R > AP2CI * R AP G L AT L L0 MET
FIE R R SR F fls o MP2C/AP2CI B R E # ¢ £73 27> 7§ fid % f:;
ig_i# stress-induced MAPK (SIMK) & wir v @ e EAp i LT IELH% 4 =
4 0% 57 MP2C/AP2CI ¥ it 2_SIMK L 4, @ chd & § 3 ¥4 (Bogre et al., 1997
Meskiene et al., 2003)

PP2C group C ¥ & & & £ 4 ﬁ?{poltergeist phosphatase gene (POL) (Pogany
etal, 1998) > v §_CLAVATA (CLV)3 & @ H T en™ 25 A %] > o (7 i & 7]
(parallel, paralogous gene)— #4234 ¥ WUS (WUSCHEL) =% 3. & > %ﬁ g it 3 A A -
F\‘ s b B By v v (Yuet al, 2000; Yu et al., 2003; Song et al., 2006; Gagne et
al.,2007) o

1.5.3 PP2C Group A f§ £

PP2CA th= B & 32 AHGI ~ AHG3/AtPP2CA ~ HAIl ~ HAI2 ~ HAI3 ~ ABII -
ABI2 ~ HABI 4~ HABZ(Schweighofer etal., 2004)r: 2 FsPP2CI(Gonzalez-Garcia et
al.,2003)% > 5 i s ABA L B H T g A "“F] FRIFLIAY "F*f T AL o
ABII 4v ABI2 £_PP2C group A ® B 5 # 45 | ik ] - ABA ¥ 12 1838 ABII ~ ABI2
g B AR KT ABAGFEA 4 2 PP2C - X o F ) - A F]F 97
Foo ¢ BRRFR A 4 ABA T 3 7 58I 2 3] 3 (Koornneef et al., 1984) ~ 13
BT RE R UM B AR #) (Leung ef al., 1994; Meyer et al., 1994) -

HAII(At5g59220) HAI2(At1g07430) ~ HAI3(At2¢29380)F1 2 % Highly ABA-
Induced gene @ # # o 3 4% ¥4y &) HAIl ¥ £ SnRK2.2 3 #(Fujita ez al., 2009) -
HAII ~ & AtPP2CA2 > 4v AtPP2CA f*Ap i1 » 3 A 515 ABA S H 4 0 4/ 5 R
W e ABA L BiEY BAL B AE PHAEFEIPT A AR G By AN

10



k3 # F.(Antoniet al., 2012) -

HABI % AtP2C-HABI (homology to ABI1/ABI2) - # F-v % C 342 ABII &
ABI2 % 5 60 %2} e4p 12 & (Rodriguez, 1998) > st A Flfrdiah 2402 % &
vy F AR o HABI i € gt fof p _E’_T%-‘«iﬂ‘ ABA 7 st » @ T-DNA
For REIK habl-1 2§68+ t vt 40 ABA T H 5 F I 4 A1 e Firad 4

Alte iz 5 £ £ (Saez et al., 2004) -

AtPP2CA /AHG3 ~ & % P& > ABA e+ % 7 2 H R 5 3L b B e & %
oo F gt AT A > blde ahg3-1 R R ¥R R ABA g & B ¢ ¢ 2 (Kuhn et
al.,2006) - AHGI 4= AtPP2CA/AHG3 #3555 2+ B 7 2 =} P F A4 ABA B
& enhd 4 2L F)(Kuhn, ef al., 2006; Yoshida et al., 2006) » AHGI ¥ AtPP2CA # ¢ ¢
4 0 AHGI ¥ e fd+ ¥ 2> REHRahgl-1 kT 7 N RAr ABA 5 MR ¥
145 (Nishimura ef al., 2007) °

1.6 =7 K& p &

AET R LARTEAET 5 AL BT 0 K A A A engh T ¢
HR8 f B ABA R L @ W RIS F B 9 PcRACK] §o PcPP2CA ind 358 7
TR o BT Y PP At B PCRACKI 2 PcPP2CA 2. » & cDNA & 71 > #kip]
TP ABR KA 0,1,2,3,5,7 % ehL RIS P ek BAFA) 0 £t - A FE
frdion QG R AR B B 5 TR & A KSR S bt SRR
ﬁ%ﬁﬂﬁﬁﬁ’U£%iﬁ$§%%’kf TP EE S8 ABA s L B
M- R AR R LA KRR T 8 e

11



Npo

g

¥-F #
2.1 3 HE &R

47 gd @2 Li— A g E R 2 LR 7 (Prunus campanulata) % § 0 v Kk
%*#’ﬁgﬁﬁﬁé’&%g%ggﬂstggigﬁo
%Eﬂ'f‘ lé # —i —&*ﬁtg_\/q ﬁqﬁé—} o

2.2 %R & #% &J2(Warm stratification)

L,

§o A A+ B %K B (sphagnum)iR fr3z 3 18 3 A 4a R Y 5 LBk K
(P4 ok kS T phytochrome v @ HEGAL )0 BA33020°CHE 4 £ 47 - BpF
F(0,1,2,3,5 7%) K E/RAE 5400 % (fresh weight basis) » T /B&E & 2 € jf -k
## & (Chen et al., 2007) -

B gl &enfh 3 g 3ok B R E B IEGCI2 P BN iC R R Y de k- <
B 3-80 Crkfarks -

2.3 Lf@7-f8% 2 Total RNA X3~ § &

2.3.1 Total RNA ¥ B

Lo T RP S BRI ELP I * RS ESOR 2 -

2. SREHIE M ETEE 0 A MR AEF ) S ER

3. 4t » 1 mlREzol™ C&T » Br3 5 3B T 5 5~104 48 -

4. # 1 mlREzol™ C&T+: » 0.2 ml chloroform » 154} -1 R & » 3 8 %
2104 43 o

5. *%4°CT 513,000 rpm #1544 0 Bt Fi0.5ml 0 LR F T x5
¢ o

6. #0.5mlt ik E » ATendgs F 0 4e » e B ffisopropanoli® £ 323
FEFRE104 48 0 R4 °C 0 13,000 rpmag.< 154 45 -

7. EHRAE G T O ¢ pUd o de 2 L ml 7590 0 BT iR TR o

8. 124 °C » 13,000 rpmat s 54 4& o

9. FHHT ~ 8F S LFPE i ITR Y 0 T AL o
WERE I 0§ EAAREHE B R o

11 &t & 25 P pF4e » 20~50 plsDEPCHK o

12. 2~ -80 ‘C k48 %75 ©

2.3.2 RNA 7 &
1. # * nano drop ] ® RNA Jk & {8 P~ 2~3 pg cnRNA & 4 & 37~ 2 pl

12



FIRNA &7 8% o
2. & RNA R ~ 2 pl RNA loading dye 4 2 1 pl ### 250X <1 EtBr -
3. 265 T S okl > vkt SABEY o4 T OUE R o
4. @# % 12%% 5 EtBr eniL % » T 55 100V i F 5] 1/2 Ar e o

24 F #&4&F & (Reverse Transcription)

iz * Applied Biosystems ! -2 High Capacity cDNA Reverse Transcription
Kits -
1. 12 nano drop B = RNA Jk & » P~ 3 ug RNA 4t DEPC k4 = 10 pl {8 » 4c
»TE R

10X buffer 2 ul

T, (or Random primer) 1 pl

Reverse Transcriptase 1 ul
RNase inhibitor 0.5 ul
dNTP 0.8 ul
ddH,O 4.7 nl
Total volume 10 pl

2. RiR 3 > EPCRY » BFRXT:25CI04 437 C2 ] 85C5
Ak o 4% A 2. cDNA ¥ *0-20 Crkfarkis o

&

2.5 3’ RACE
i¢ * Invitrogen Platinum® Taq DNA Polymerase Kit » & # Ty primer % & 1
Gene specific forward primer (GSFP) 1 L 48 =% #h cDNA 3 #5-95 i& 7 nested
PCR -
1. First round PCR — touchdown PCR

cDNA 1 ul PCR % Z_ (40 cycles)

forward primer (GSFP1) 0.5 ul 95°C S5 min 95°C 30s
reverse primer (T2o) 1.5l 95°C  30s 55C 30s
10x Taq buffer 2.5l 76.5°C  30s 68 °C 1.5min
Taq polymerase 0.3 ul (-1.5/per cycle, 20cycles) 68 C 10 min
Mg>SO4 1 ul 68 C 1.5 min 16 C o
dNTP (2.5 mM) 2ul

ddH,0O 16.2 ul

Total volume 25wl

2. Second round PCR

13



cDNA 1wl PCR % Z_ (30 cycles)

forward primer (GSFP2) 0.5 ul 95°C 5 min
reverse primer (T20) 0.5 ul 95°C  30s
10x Taq buffer 2ul 55°C  30s
Taq polymerase 0.3 ul 68 °C 1.5 min
Mg,SO, 1 ul 68 C 10 min
dNTP (2.5 mM) i 16°C oo
ddH,0 13.7 ul

Total volume 20 wl

2.6 Rapid Amplification of cDNA Ends (RACE)

9 54 * Invitrogen GeneRacer' ™ Kit (Invitrogen, Life technologies,.

Carlsbad, CA, USA) -

A. Dephosphorylation Reaction :

b=

0 % N o

o] s gk M L BF (calf intestinal phosphatase, CIP) 2 Fifi& i non-mRNA
or truncated mRNA (# *% A SRR Y)

Total RNA x ul (3~5 ug)
10X CIP Buffer 1wl
RNaseOut™ (40 U/ul) 1l
CIP (10 U/ul) I ul
DEPC water y ul
Total Volume 10 pl

M bedF SR R 3 I e o B 3050 °C - ) PECRIE ) 2 PCR1S) -

Rige kb oo

. Precipitating RNA :

4t » 90 ul DEPC-k 4= 100 ul phenol:chloroform > & #F R 3 304 °

2R B EA13,000rpm > 544

FFRESFIATIME Y E o

4v ~ 2 ul 10 mg/ml mussel glycogen, 10 pl 3 M sodium acetate, pH 5.2 &

g o (#+@ FEHT LR RNAITK - & @ R ik {3 B AR 3 )
dv ~ 220 ul 95 % ethanol > ZF R 3 o

B 3-80 Crk4a - 204 4818 3 & #.< 13,000 rpm > 4 C > 20 min °

2 ik o Ao 500 pl 70 % ethanol #3825 T ik ik e

B i# 3 13,000 rpm > 4 °C » 2min > 2 iR e
FERRI; DR ERLIER o

\.J

10. #v » 7 ul DEPC-R w73 o

14



C. Decapping mRNA Reaction :
B BRI AR EBEELRF (tobacco acid pyrophosphatase, TAP) 2 Gi
mRNA 5' =41 % » @ k & DR o
Dephosphorylated RNA 7 pl

10X TAP Buffer 1wl
RNaseOut™ (40 U/pul) 1wl
TAP (0.5 U/ul) Il
Total Volume 10 pl

1 1 ool 3 R 4 A > B 037 Co f B Rkl -
2. #Risf =& FRNATHK » ﬁ%PﬁB °

D. Ligating the RNA Oligo to Decapped mRNA :
#-GeneRacer™ RNA Oligo % & % 3 #f& 13 <9mRNA 5" end ©

GeneRacer™ 5 Primer, GeneRacer™ 5 Nested Primer

. y [ I | |
GeneRacer™ RNA Oligo 5 CeacUGEAsC ACSASGACACUSACANGEACUSANSEAGUAL AN ¥

1. #-7 plendephosphorylated, decapped RNA#k &4t » pre-aliquoted, lyophilized
GeneRacer™ RNA Oligo (0.25 pg) » # f=i 3 (&= ag.e o
. E65CT 5 min (7 ",f: Bl BV R ALUUEFR) -
3. 7k} 2min> EfFH o
£ odeor T

10X Ligase Buffer 1 ul
10 mM ATP 1wl
RNaseOut™ (40 U/ul) 1wl
T4 RNA ligase (5 U/ul) Il
Total Volume 10 pl

5. BE37°C- o BRigaiklt o
£ =it FRNAJTK » % ZFB -

E. £ 3 % - %X cDNA
12 SuperScript ™ IIT RT kiti7 #&4-mRNA > & 4 % — %X cDNA/{S #-RNA4 & o
. #H#FAvde™
ligated RNA 10 ul

* primer 1 ul
dNTP Mix 1 ul
ddH,O 1 ul

Total volume 13wl

15



* primer : GeneRacer ™ Oligo dT Primer (60 bases) » & 7|4

GeneRacer™ 3 Primerl GeneRacer™ 3" Nested Primer

. T 1 1 |
GeneRacer™ Oligo dT 5 GCTGTCARCGATACGCTACGTAACGGCATGACAGTE (T) 150 ¥

2. 65°C SAI(TAIA Luls F12pul) > 3kt 15— Ak o
3. F e TR

Step 1. mix 12 ul
5X First Strand Buffer 4 ul
0.1 MDTT 1 ul
RNaseOut™ (40 U/ul) 1wl
SuperScript™ III RT (200 U/ul) 1 pl
ddH,O 1l
Total volume 20 wl

4. BfeR 3 > 250CF - P BFiE - £ 170 CRrIZIsShsari ¥ b 7 s o
S. k124 PR R E R -

6. 4t »1ulofRNase HQ2U) » 37 CT™ F R20%4 45 o

7. Wt 220 Crkda e

F. #] # RACE cDNA library
i¢ * Invitrogen Platinum® Taq DNA Polymerase kit > 7 2 GeneRacer'™ Kit #7
'+ chGeneRacer 5° primer % Gene Racer 3’ primer 4 % — "X cDNA ffic {5 i& (7 4F

e

Template cDNA S5ul
Gene Racer 5°- primer (10 uM) 3ul
Gene Racer 3’- primer (10 uM) 3ul
10x Taq DNA polymerase buffer Sul
Taq DNA polymerase 1 ul
2.5 mM dNTP 4 ul
50 mM MgSO;4 2 ul
ddH,O 27 ul
Final volume 50ul

GeneRacer™ 5’ Primer : 5’- CGACTGGAGCACGAGGACACTGA -3’
GeneRacer™ 5’ Nested Primer : 5°- GGACACTGACATGGACTGAAGGAGTA -3’
GeneRacer™ 3’ Primer : 5’- GCTGTCAACGATACGCTACGTAACG -3’
GeneRacer™ 3’ Nested Primer : 5°- CGCTACGTAACGGCATGACAGTG -3°

16



G. 5 RACE
i¢ * Invitrogen Platinum® Taq DNA Polymerase kit> 7 2 GeneRacer ™ Kit #7

'+ 9 GeneRacer 5° primer %2 Gene Racer 5° nested primer ¥ p 72K 3+ ¢ i 4L 7]
% — 4 reverse primers (GSRPs) > 17 RACE cDNA library s i& 745 @ -

1. first round PCR

cDNA 0.5l PCR X (30 cycles)
forward primer (GeneRacer 5’ primer) 0.5 pl 95°C 5 min
reverse primer (GSRP1) 1.5l 95°C  30s
10x Taq buffer 2.5ul 62°C 30s
Taq polymerase 0.25 ul 68 °C 1min
Mg,SO, 1l 68 °C 10 min
dNTP (2.5 mM) 2ul 16 C 0
ddH,O 16.75 ul
Total volume 25wl
second round PCR

cDNA 1l PCR X Z(25 cycles)
forward primer 95°C 5 min
(GeneRacer 5’ Nested primer) 0.5l 95°C 30s
reverse primer (GSRP1) 0.5 ul 62°C 30s
10x Taq buffer 2.5l 68 °C 1 min
Taq polymerase 0.25 ul 68 °C 10 min
Mg»SO4 1wl 16 C 0
dNTP (2.5 mM) 2ul
ddH,O 17.25 ul
Total volume 25wl

H. 3’ RACE

i¢ * Invitrogen Platinum® Taq DNA Polymerase Kit> 17 2 GeneRacer' ™ Kit #7

'+ 9 GeneRacer 3° primer % Gene Racer 3’ nested primer ¥ p 73K 3+ - i 2L 7]
% — 1* forward primer (GSRP) » 1 RACE cDNA library w4 i& (745 #
% primer 7 f ¢ » 7% 4o £ # PCR % %F 5" RACE -

2.7 %3 %8 5 P~ DNA (Gel Extraction)

iz * Geneaid 2. Gel/PCR DNA Fragments Extraction Kit °

A. Gel Dissociation

17



I.PCR 24~ §a%} » AR P BT rrinp P RS » @ P g7 BT FE o
2. # % 300 mg 2 B~ e s o 4e ~ 500 pl DF Buffer 2 3 o
3. #-R £ 4 % 3 55~60°C 5208 10~15 5 48 o §pis D FF 2~3 Atk - = o

B. DNA Binding

1. #DF Column ¥ » 2 ml Collection Tube -

2. #w iR E R 2 800 ul Fk#E A 3 DF Column » 12 13,000 rpm 3= 30 F) o
3. ¥ g% > # DF Column *tw 2 ml Collection Tube # o

4. FFEHR 52 800 ul > Hg ek cE kg 45 ) DF Column £ £ 7 DNA Binding °
C. Wash

1. 4v > 400 pl W1 Buffer o 12 13 OOOrpméﬁ'» 3045 0 R IRR o

2. #v > 600 ul Wash Buffer (ethanol added) FE 3544

3. 124 13,000 rpm e 30§50 453 ik o £ 14 13,000 rpm Bres 5 4 480 e R EE ©

. DNA Elution
#-DF Column *x » 70 1.5 ml #g# s g o
#-20 ul Elution Buffer -|- = ji- DF Column g £4c » - ## % 2 248 o
213,000 rpm #5448 o

w Ny o= O

2.8 B £ F & (Ligation)

5’8 3’ RACE # 473 {7 T/Acloning » #-% i » T4 > k2 (S F 2 /2 * o

2.8.1 yT&A cloning
1. R ET 74

Ligation buffer A 1 ul
Ligation buffer B 1 ul
yT&A cloning vector 2 ul
PCR product 2 ul
T4 ligase 1 ul
ddH,O 3ul
Total volume 10 pl

2. TER(EARRC)F B
3. ¥ £ 4°CF Ji& overnight (14~18 | pF) » 123 4v 2 54 5 o
EEEAF R

2.8.2 pGEM-T Easy

18



1. RET S

2X ligation bufter Sul
pGEM-T Easy vector 1wl
PCR product 1.5 ul
T4 ligase 1 ul
ddH,O 1.5 ul
Total volume 10 pl

2. 16 C > overnight (14~18 -] &) » & 5 4 C & &5 % > 2% {4 o
3. BEEIF R -

2.8.3 pCR8GW/TOPO TA Cloning
L R E T ZIH

pCRS8/TOPO vector (7 ligase) 0.25 ul
PCR product 1.5l
Salt solution 1wl
ddH,O 3.25ul
Total volume 6 ul

2. TETER20 A4
3. 2FAEAF R

2.9 25 ix tw ¢ §& 7| (Transformation)

2.9.1 T/A cloning - DHSa

1. %7 100 ppm Ampicillin 22 LB & x £ £ I v § o

2. P~2~3 ul ligation product (yT&A ~ pGEM-T easy & pCR8/TOPO) B »
50~100 pl 57+ %5 4% 7% i fn%¢ (DHS5a) e

kb 20 2480 218 42°Cokip 3045 0 E Ak 20 A 4B o

FAED B FREKEE  R3TCL L4 16~18 ] pF -

FREv o RrEAH3 g X-gal (50 ul)+ IPTG(50 pl) -
RIGHRFRE Y RGBT A A 0 37 CA & # 16~18 /) P o

S kW

2.9.2 Entry cloning - Agrobacteria

1. %7 100 ppm Spectinomycin 2. LB 3% & x £ £ 11w § o

2. P~ 1~5 ul ligation product (pFAST-G02) /& » 200 pl s} 1% %% £ e
(B 1= B 548 GV3101) -

3. k2 Sad e
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iR E P S Ao

I BRA 37T CokiE S A kE e

MIBRGERAAR T lcc ' 28CRTR A 24 | -
%1% 3w (4,000 rpm) 0 5 A48 o

w4 FiR D 100 plo e AR g @ ok £ 3
WRRTCHEHBEE2X o

e

TR R

A S BN

2.10 Colony PCR (& ¥ &i8)

1. colony PCR master mix :

forward primer 0.5 ul
reverse primer 0.5 ul
2X Pre-Mix 6 ul
ddH,O Sul
Final volume 12 ul

#PCR mix 4~ % ¥ PCR tube ¥ (& ¢ 12pl)-
3. % R EFE T RPAed § FE o &% F 100 ppm Ampicillin 2. LB plate *
Ed- 4 > E V2 PCRmix ®B- T o
4, Plate ®|F 37 CHR AR BER 28 L P HIEIHF 6% 4TCTA R -
. iE4F A2 PCRtube > RF R 3 @i -
6. PCR &k Z_: (25 cycles)

95°C 3 min
95°C 30s
58°C 30s
72 °C 1 min
72 °C 10 min
10 C 0

7. 12 1~1.2 % agarose ¥} > 120~160 V 7 & > §5 % %) 20~25 & 45 o

2.11 % #1844 B~ (Plasmid DNA extraction)

& * Geneaid 2. High Speed Plasmid Purification Kit °

C#ed E 2 Sml g A S R AR Y 4500rpmé,ﬁ~ 10 4 45 -
2. %+ ,ﬁ-,, » 4v » 200 pl PD1 Buffer (RNase A added) » /2 3 € AT/ ¥ o ) {2
ﬁ ,ﬂﬁ,lu ? t‘ o

3. 4v» 200 pl1 PD2 Buffer » 424 %3 (7 ¥ B » ™ % genomic DNA %74]) >
FEFREI A&
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4. 4~ 300 pl PD3 Buffer > #£ 4 4% 3 15 > 7k>t-20 C10 & 4502 § &4 fuik o

5. 13,000 rpm g 10 4 48 o
L i # » PD Column (%> 2 ml Collection Tube) > spin down 30 § »
ik e
4e » 400 pl W1 Buffer > spin down 30 45 » # g i °

8. 4r » 600 ul Wash Buffer (ethanol added) » # ¥ 5 4 4&{5 > spin down 30 ) >
A ki o £ 12 13,000 rpm s 10 A 45 o

9. #-PD Column *x » #7:11.5 ml ficE 3o g o

10. #-30 pl ddH,O -} = 7> PD Column "Ef REAe nts > R 10448

11. 13,000 rpm 3 5 & 48

212 PR TR

1. :iZ»-EI EFEEEETF 1 ml 7z 100 ppm Ampicillin 2 LB % j6 32 & & i &
ki A F A2 o

e Y

2. BTG Rk

\F‘b

ERE AR TR T DR T

213 FHE gk i1 1L TR i

L2 hesz PEABEFER RS 2L A 7|{S @ * NCBI ¢ blastx program
BEVHEH B AR NOATE > FRGLE RAFT i e
(http://blast.ncbi.nlm.nih.gov/Blast.cgi)

2. @& % MEGAS » 2 B 52k 122 4p 00 2 FI Rk FIATR

2.14 Real time PCR

11 REzol™ C&T3##| ¥ B~total RNA % » * Superscript III Reverse transcriptase
kit (Invitrogen) & = cDNA o

*t 4 xEPrimer3 (http://frodo.wi.mit.edu)k 3+ 3! + (Appendix 12) » & * KAPA
SYBR Fast Bio-Rad icycler qPCR kiti& {7 Real time PCR* & (Appendix 18) °

1. ** Realtime & * ¥ ¢ ;& & " F 328 :
(¥ A @& Master Mix » & {5 £ — ¢ — ¢ 4 cDNA)

2X SYBR Mix 10 pl
Forward primer 0.2 ul
Reverse primer 0.2 pl
cDNA 1wl
ddH,O 8.6 ul
Total volume 20 wl
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2. & * A% : BIO-RAD MyiQ™ ¢ thermocycler it {7 Real time PCR ¥ J& o
Real time PCR protocolzX <_ -
a. 95°CK B3 min °
b. £ &40 cycles:95°C,10s°60°C,30s72°C,30s
c. 95°CK &1 min °
d. 55°CK &1 min °
e. 55°CK B10s -
3. #H)2 iQ5 Optical System Software (BIO-RAD):& {7 4 47 » & 12 38ip) 5 L
# =48+ house-keeping gene 77 actin gene = Reference gene °

2.15 LR reaction
#-F * & pCR8/TOPO vector + ¢-1p &3 F]#& i& destination vector ©

2.15.1 Enzyme digestion
1. #FA[4eT™ o

Plasmid 20 pl
10x buffer Sul
10x BSA Sul
Restriction enzymes 4 ul
ddH,O 16 pl
Total volume 50 ul

2. UFIpF B E 3 T ARE A 1100

3. ARG UANITCE - e

2.15.2

1. s> =2 #4428 PCR > £ & 100V -
2. 77 p AR E O 27 Gel Extraction
3. LR ##&[4cT™

Gel extraction product 5 ul

pFAST-GO02 vector 1 ul

LR clonase II Mix 2 ul

Total volume 8 ul

4. ERAR 180 25CT L2 | BF o

5. 4t~ 1 pul Proteinase K » 37 “C &JZ 10 4 4% -
B 2l Mix 4r 100 ul DHSa > 47k 2 15 2 48 0 42 “CAJR 90 £ » £ vk 1
1S Ak X5k %37 CAEREE -
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2.16 Ff > 1K £ B % % 3& 5 5% (flower dipping)
T =

I.

~ Pl ord TRANRTL F- TR FHE N 4S5 B
KR oXAREREFYIOOALL > T KRTERZAHA o

2. Bl 2 B 1% F ¥ T 2 mlagrobacteria liquid culture (YEBS + 100
ppm spectinomycin)® - 3t 28 CR T I ¥t % ©

3. #1ml /& % > 100 ml YEBS (% 100 pl spectinomycin) » *+ 28 ‘C & ¥
¥ % overnight -

fu

4. BlFF O.D.600 E > ¥ 08 =+ PFRRFEY RKAT-R XA EA -
5. ¥t K dipping Z e T L S A NEERY KON T TARABZEE -
6. #-Fi% % » falcon tube 12 3,500 rpm % F .o 30 A~ 4& o
7. 2 1 ik 0 12100 ml flower dipping buffer € A7k % °
8. 4v» 0.05% Silwet L-77 & J& B + i& {7 dipping » 7= & & e Fig cpr 3
¥ oo
9. “HREAEAL L L EHY FERBRS X 2B £ B2 EF o
YEBS pe >
Yeast extract lg
Beef extract Slg
sucrose S5g
bacto-peptone 5¢g
magnesium sulfate 05¢g

1L, pH7

Flower dipping buffer fz =

MS salt 0215¢g
sucrose S5g
silwet L-77 50 ul

100 ml, pH 5.7 (KOH)

2173 5 4 %

I B ZfFF X B E  BFFTT 4o Imlxfd+ * Ed -k (10
% bleach + 1 % tween 20) » & if if- % 20 4~ 4 -

RFHEIET o BT R ER FEL FA2 S K(AdH0) kT b e
#BH 12MS~07%Agar 5% L - a8 Fd e F o FHA R AdFEe o
Feihio L AT - MR B A > FAEE 305
PIVEEF I T R R

o
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6. ¥ 34 SAEEETE A NRT ApE

218 § 3+ 2 %

CPRERTEIISE A TR % o

2. BEPTAAET E A ”ﬁ 10 ml MES buffer 2. = 34 ¢ > & B line
ERCE T

3. Light mg2 8-> 3442 8 325 304 £ 3¢ Bk Dark a2 Pl &= 3443 1047 /5
Ke 24 L g9 o

4, 25 P PFis - &2 3P o B4 x 0550100 ul 2. 10 mM ABA
solution (in 95 % ethanol) -

5. Light &322 Dark B2 % B 2534 £ 57 B X 25 | fF o

L2 MRT ALY A BREUS Y AREHMETREI R -

7. & * Image] #if8:t 8 5 3L IV ISHR -

2.19 BAE ¥ 4 kik F 7 5%

; » & B line 27 % > £ v- AR o T A M F 4 K S5 eh

3. BHTHEZES T T R EES I HEUESNELEERL S S -
VLR H | AF FRE 15 se k0 Tk 4R G ez ELends 1 o
o)
T

u
¥ —

4. b'“r”ﬁ JdE - BRARAEEL  AFRIREY p RIET -

5. 5200 R - hT R EE o

W

220 B 55 X 5%

1. #% 1/2MS ~ 0.7 %Agar fv 150 mM NaCl ~ 1/2MS ~ 0.7 %Agar =35 % 2 ©
2. :tz_’;x FZAMSY o BIFFLAERLE R L 0 B BB

221 E3E R R £

i * ek A ifGRR R (Thermo Gear G120/G100, NEC Avio Infrared Techno-
logies Co.,Ltd. )BLB| & ¥ B k2 2 &Kok BE T e fRenE IRt B > T dpR3e
5‘;‘ o
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22250 R %
1. Ffd s> 0 Ll GRS AP o
2. BRERBALZA B H D
3. EHREAIZFA 0 AL BRI BRIBE > BLEFicS AU
4
5

\\‘%

¥o % 9 12~19 = Z 4 2 fEHRARFR T K o
woR S R i dpRiEsr o

2.23 i\-iﬂ pFAST-GO02

pFAST-G02 % Shimada ef al. (2010)# * Gateway Technology (Invitrogen,
http://www.invitrogen.com)£? destination vector pPBGWFS7 (Plant System Biology,
http://www.psb.ugent.be) 5 A& #£]:& 2. pFAST-G i 7| §* 4 ¢ oh— (et ) -
| ?“ 2 #¢ 54 5 0 OLEI promoter 51 2. OLEI-GFP > OLE] 5 [# $~ 15
K 8+ i "5 88 (oil body)*-3#-v Oleosins ¥ & % - f& > = 7 & » pFAST-G /i 7
fRenfE S ¢ 20 OLEI-GFP @ & 3v - R fEF A d RBMET R RN
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s 2
$=2F B%

— ~ #)B~ PcRACKI £ PcPP2CA 2 £ ¥ N3 HFR>2B 21+ R

AR E BT BOR A AT 2 ST GRS Y T AT A T
g #F T ABA R R & K B0 B ABA At & o @ @ Q011) 1 el

AR L D Pl AR TR SRR R R A IR G R A T i

<

HoBMAEY 33 BREE A ER e A MDA T] B R 5B B Ap 0
o3 0% e AIRACK] 21 AtPP2CA » #diip]t = A 512 o & i e L@ o fd
HBFT I B o d ¢ 5 PCRACKI 22 PcPP2CA 0k 717 BB 71 > 1 #
RACE 3.4~ PcRACKI ¥ PcPP2CA cDNA 2> & (B]- ) °

PcRACKI » £ 33 1245 B dk FL %> CDS 3+ 984 bp > FE il ¥ 2 v o
327 Brmflpi e 2 (Blo ) »F £ 3625kD» 7 2675 "R E I H2 18
B3t 123 RACK v B (Ble ) o 12 Blastx (NCBI)A 45 8 48 s A fe B 7] 4 & o
WD40 conserved domain %= > & >% WD40 super family (B = ) » &2 < /I?%(Adams et
al,,2011)® 7| I e RACK 2. "= fa B 78 (7 {8 > 35 7] 7 1 WD40 conserved
domain (B]- ) #2332 = RACK F—v F o & e % 2. AtRACKIA ~ AtRACKIB ~
AtRACKIC 2z "=k Fe B 71tk FIRTE] > 78 & 45173 AtRACKIA (Bl=) °

PcPP2CA # 7] 2 £ 3+ 1574 B d& A& > CDS 3+ 1206 bp » FEiRlEF N2 Fev H
d 401 Brefpes(Bl=z) ~F £ 43.6kD> & T 8630 M=iAHA 7| %
16 B i3 PP2C F-v F(WIT )o~ 17 B4 2 @ £ 5 — i PP2Cc (PP2C catalytic)
conserved domain » /& >* PP2Cc superfamily ° 45 F|Fe £ % # 4p i 2k 7] AtHAII ~
AtHAI2 ~ AtHAI3 ~ AtABII ~ AtABI2 ~ AtABI3 ~ AtAHG1 % AtPP2CA/AtAHG3 % -k
# B2 FsPP2CI £ FsPP2C2 > 11} i fh F]2 =gk pe B 71 ¢ WAL FIH @ 15 > B4

PcPP2CA #3237 % AtPP2CA(B ~) °

o R EMELELEIE2Y PcRACKI 82 PcPP2CA thé 535 e
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TP A (2011) e 7 % o AT LR MY 0 PCRACK] £ PcPP2CA tem
ER A EG MERS > B PRACK] % B0 K fh 5 % 2 hd 0 A
T2 pdh o YR A S X P AN A EJE 2 Sadh 5 @ PecPP2CA A E e
R 2 phP BB T A RIEZ b R R TR T A T2 aghie £ R R
oo ¥ % @ * Real time PCR ¥ 4 % L& 1< 26S rRNA i reference gene °

SOFREEE A EATIA R AR BA - EL LREEF RGO, 1,
2,3,5,7 % %8 & # t¢ > 11 Real time PCR & i?] PcRACKI £ PcPP2CA 1% R.% >

IR * LR actin i reference gene ° #iP%% % PcRACKI sn# B Bk

;ﬁ’«

/ﬁi;fﬁ«%{;ﬂr—g,i{;ﬂ*fg/é] T ER e E A MRt o mde S R A3 e

7
f PcPP2CA ¢ 8 o8 K ff AR B 4% © % 20 LR TE actin  Fleni mE
PR A AIE - XSG kR 2 B B IIAIES R 5 5 B 2 (F)

1) %% BT PcRACK] % 3|08 K #4353 > @ PcPP2CA P4 % 958 & #% v

=~ ¥+ £ 4 7tk (Over-Expression line, OE line)

TOBLE A T A AT EIERAR 0 Flet 1245 FAST # 78 $ 4 (Shimada et al.,
2010)%] i B & Mgtk 5 ii&—PcRACKI fo PcPP2CA 2. > & CDS 4 % J*}#IFL
* pFAST-GO2 vector « 2 4§ 5 & 2_ vector #& » R % ¢ » M- Bz 4 2 @Aafe
R EE L CaMV 35S fadF A F AP HRAFNTIF A+ o - A
B (T s LA T & 74 > &7 % ~ vector 2 f8+ A8 XEMET ¢ 5
Wi d ¥k o HEEFRET IS £ & 2 $R15 12 genomic DNA PCR F2:34%
» B ARAT] 2 R-PCRAEZRE AT & < R4 U515 6 ~ B HRA T

Stk HARGBE R o ih - AEAFS (T2) ¥ REME T LT L

=

PR 121 B0 K B Gl Y E R R AT 4R
Z Mg e R(T3) 2 cDNA A PCR # 5 M Faid® » A FIE T~ 24 0 T e
HHET LT FHL E R (AL
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=~ % § %R PcRACKI 3¢ PcPP2CA 2 # 76+ 2.3 kR NaCl & % =k &
ABA 2T v 5

¢ vl f -9 AtRACKIA £ AtPP2CA % ABA L L R Z 0 ) Birk o 7]
S PcRACKI $2 PcPP2CA » 2_ABA e f 4% » & % 8+ $ ABA 2 s
BoFaBREFLEFY o FAERFREBIYAFTIIFAHFET > a it
T2 AT > T ALY KRS T AP RAWT AT > ] BT T2 &
FEF PR B2 * o BBk £ & I PcRACKI & PcPP2CA 0 T2 %465 i}
FUHEHELIS5Tr » $ 345 TRBREY Ko

5= X 12MS & % £+ WT % % & 93 %> PcRACKI OF line 7 % 5 &% 95 %>
PcRACK]I OE line 11 % % % 100 % » PcPP2CA OE line 17 % ¥ & 98 % » PcPP2CA
OE line23 % % % 100 % ° .S uMABA 1 1/2MS 2 %4 & + WT % ¥ % 0% >
PcRACKI OE line 7 % % & 0 % > PcRACKI OE line 11 % ¥ & 0% » PcPP2CA OE
line 17 4 ¥ % 98.8 % » PcPP2CA OE line 23 % ¥ % 97.7 % » 3 uM ABA 5 1/2MS
BARXY WIT# 5 % 0% PcRACKI OFE line 7 % 5 % 0% » PcRACKI OE line 11
# 5 % 0% PcPP2CA OE line 17 % % % 76.6 % PcPP2CA OE line 23 % ¥ % 64.4
% o 100 mM NaCl 5 1/2MS 32 % £ + WT % ¥ % 48.4 % » PcRACKI OE line 7 %
¥ % 3.3 %> PcRACKI OE line 11 % % % 14.4 %> PcPP2CA OE line 17 % ¥ % 97.7
% » PcPP2CA OE line 23 % % % 97.7 % - 200 mM NaCl 5 1/2MS £ % & + WT
%% % 0% > PcCRACKI OE line 7% % % 0% > PcRACKI OE line 11 3 7 % 0% -
PcPP2CA OE line 17 3 % % 15.5 % » PcPP2CA OE line 23 % ¥ & 26.6 % - s & }
i % » PcRACKI OE line %+ % = % ¢h% ¥ <58 4 4463 » @ PcPP2CA OE
line 3 ¥ 4 g v 0F 4 3

F2 X 12MS A A Y WT % ¥ 5 97 %> PcRACKI OE line 7 % 7 & 96 %>
PcRACKI OE line 11 % % & 100 % » PcPP2CA OE line 17 % % 5 98 % » PcPP2CA
OE line 23 % % &% 100 % > 1.5 uM ABA 7 12MS 32 % 22 + WT # ¥ % 16.6 % °
PcRACKI OE line 7 % % &% 0 % PcRACKI OE line 11 3 ¥ % 4.4 %> PcPP2CA OE
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line 17 % % & 100 % » PcPP2CA OE line 23 % % & 100 % - 3 uM ABA 1 1/2MS
BE AP WT % %% 1.1 % PcRACKI OE line 7 % ¥ & 0 %> PcRACKI OE line 11
# 5 % 0% PcPP2CA OE line 17 % % % 97.7 %> PcPP2CA OE line 23 % 5 % 94.4
% o 100 mM NaCl 5 1/2MS 32 % £ + WT % ¥ % 82.4 % » PcRACKI OE line 7 %
% % 18.8 % » PcRACKI OE line 11 % % % 38.8 % » PcPP2CA OE line 17 % ¥ &
98.8 % » PcPP2CA OE line 23 % % & 100 % - 200 mM NaCl 7 1/2MS 2 % £ !
WT % % % 2.2 % » PcRACKI OE line 7 % % % 0 % » PcRACKI OE line 11 % ¥ %
1.1 % » PcPP2CA OE line 17 % % % 76.6 % » PcPP2CA OE line 23 % % & 80 %

PcRACKI OE line *t % » X engf 5 F M3 4 4|3 > @ PcPP2CA OE line % 5

57 X 12MS % A WT % 5 & 98 %> PcRACKI OE line 7 % 5 & 96 %
PcRACKI OE line 11 % % % 100 % » PcPP2CA OE line 17 % ¥ & 98 % » PcPP2CA
OE line 23 % ¥ % 100 % 1.5 uMABA 1 1/2MS 2 % 5+ WT % ¥ & 744 % >
PcRACKI OE line 7 % % % 6.7 % » PcRACKI OE line 11 % ¥ &% 14.4 % » PcPP2CA
OE line 17 % ¥ % 100 %’ PcPP2CA OE line 23 % % & 100 %-°3 uM ABA 1 1/2MS
A& K WT % ¥ 3% 30.3 % > PcRACKI OE line 7 % % % 0 % » PcRACKI OE line
11 % % % 3.3 % > PcPP2CA OE line 17 % % & 100 % » PcPP2CA OE line 23 % %
% 98.8 %°100 mM NaCl 17 1/2MS 32 % £ + WT % ¥ % 93.4 %> PcRACKI OE line
7% ¥ % 43.3 % » PcRACKI OE line 11 % ¥ % 68.8 % » PcPP2CA OE line 17 % %
% 100 % » PcPP2CA OE line 23 % % &% 100 % - 200 mM NaCl 7 1/2MS 32 % &
WT % 5 % 12.2 % > PcRACKI OE line 7 % ¥ % 0 % PcRACKI OE line 11 % ¥ %
2.2 % PcPP2CA OE line 17 % % % 96.6 % » PcPP2CA OE line 23 % % & 95.5 % o

PcRACKI OE line *t % T X engf § F M3 4 4|43 > @ PcPP2CA OE line % 5

KN iL/,’J‘ ‘v 1.5 uM ABA ~ 3 uM ABA ~ 100 mM NaCl 4= 200 mM NaCl
e 1/2MS 3 & 3k + > PcPP2CA overexpression line 17 v 23 &3 5 5 % P &g § %
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75 4 4| (wild type, WT) » @ PcRACKI overexpression line 7 §= 11 & 5 5 B Ak

3 WT (F+ - ) e

I > * R4 PcRACKI 3 PcPP2CA 2. #7# % v ¥3 BER F |

50 i- 7 2 PcRACKI 11 2 PcPP2CA %13 ABA 3 & 8 E 52T v 5y #
oo Flt K= 2 A 2y #4325 0mM NaCl~ 1/2MS 2 150 mM NaCl ~ 1/2MS
T E T W Y (. EEDE

PcRACKI 73 % ® > ¥ 4 4| ~ PcRACK]I OE line 7 fv PcRACKI OE line 11 #
12MS 32 % A} ez ‘% % 100%-° @ 2z 3 150 mM NaCl ~ 1/2MS 325 & 24
b oW A FangEF 5 23.3 % PcRACKI OE line 7 773 7% & 5 80 % ~ PcRACK 1

OE line 11 ez = 5 5 86.6% ° &% 81 PcRACKI OE line % #if5 ™ 0¥ 4
LSS FE R

PcPP2CA 7§ %% * > WT ~ PcPP2CA OE line 17 4= PcPP2CA OE line 23 %
I2MS & A g5 % 5 100% @ 7 7 150 mM NaCl ~ 1/2MS 32 % A
FOWT a3 F 5 16.6 %~PcPP2CA OE line 17 e73 %= & % 80 %~ PcPP2CA OE

line23 7375 5 100% o 2% %7 > PcPP2CAOE line 8 B ™ £ 5 #F

7F S S e
FE iR E s WP @R P AR AR PCRACKI % PcPP2CA> ¢ 7 11 % 1§
RAEREE BB R 4 o
2~ 4 £ 4R PcRACKI & PcPP2CA 2_ % echdg ¥ » 4 ki ¥ 2 ABA /i

BT ICBRFRAR R
Mt RBP G RBEAEIVER > RBERIE ZAF <R &Y R R
T HFREL R IR PR GRIpR 2 EB R TR R TR
T AR IpR- X o BRI E T % itk P AR P 7 PcRACKI OE line 7
Jrll 2 EIE R BT 4 A5 @ X 6> @ PcPP2CA OE line 17 v 23 2. 308 & B
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W OBE T 4 A)(B] L =) o % B PcRACK] OF line e th e #c 5 2205 4 4| &
4 3@ PcPP2CA OF line {8 tk en £7 5 & >0 8% 4 4] #] 3t ¢ PcPP2CA OE line

2§ 3% ABA #2580 B & iz | 308 4 A s @ PcRACKI OE line 2 § 34 %

=

ABA 228 B £ ehfe B 2107 4 A 4piT o

Z]

R E 5 4 kiE F 2% AT PcRACKI OF line ¢ -k Fivg i385 4 4] > @
PcPP2CA OE line eh4 -k F ] % 307 2 A 4e (B~ 2 ) o

BRFICEPFX ABARSF 53 %Y o o7 X AJLT 9 PcRACKI OE
line ef 3434 /= 5 AR I 4 Ak | > BEon ABA 1% § 3 B B v % 4 PcRACK]

OE line v% P &8 > f.m iJ2 ™ > PcRACKI OE line #§ 34342 5 & &2 0% 4 A p) 2

~=h

AR (BLT)e kEILT 51 PcPP2CAOE line 2 f 34 {9 &g < » 05 4 4] » e fmg iy

2Tl zE(@+2)e

=~ X £ 43R PcRACKI & PcPP2CA 2_ &7 tA 35 % 35 B chwd 2 {2

PcRACKI 22 PcPP2CA 2_ 76 th e 8 B BT ¥ 7 8 F 173 7% 5 - PcPP2CA
BARNZICF F A4 3] b4 ABAPFF 343 S5 A < 300 2 3] 5 PcRACKI
FARNOFILFE WA ] > Ab4 ABARF SC3VERTRED A AR T & £
Booiii- HAEmst - AFAABAN L GRS FL £ 0 FRET R
BHPES BAFOER £ RE AR R 55 B a2 a4 o

Mo R AT A RBAEOERB IR 2 B R 12~19 X SRR E
Fay3 0w ok o ok 57 % etk A K535 0 7 00§ 8 PcRACK] OE line
S35 K0k B Y IF 4 4] » @ PcPP2CA OEF line 173 75 X B p9 &g/ 3205 4 4] > B o7

PcRACKI OE line shet 5 5y 4 v¢ 3 2% 24 A4k » @ PcPP2CA OE line p|* ¥5 2

AL A AR B - -)

31



e i i
T BT AR R A B S B GA i B A GE 3 § (Derkx and Karssen,
1993) > Ra g B K feni®er p o v 2 F o 3 AL BT BBAS SRk
FAEJLIS - 65 ¢ e ABA 7 B P BT "8 (Chenet al,, 2007) > % 1 958 & # 7 it i
1 REAFDNEAR FPL MR RAFH AT FTHABAZE A kB AT
g T

§Q011)% 4, 919538 & f# AJZ4 2 ABA 7 B X B F T
f 7

W
Fd

"EE R

i

B AR R JRPERF 2 W > pdh? ABA 7 £ 4 7 P B ' M(Appendix 7) > Fl#
(2011)3% 5 S gh ¥ 3 7 Fr4f ABA SEF 08 & f PP R 3 4o @ BB D IR % o
e tkmeh- BE & MeE o 2 X5 a0 /f B f adZ (8 %2 ph? mRNA 4 & 3
sv i B A F] 8 B RACKI fv PP2CA » v P e i © s ABA f #3247
AtRACKIB % AtPP2CA ¥4 & & 748 ii2(Appendix 8) » F]4* & (2011)38 % 958 &
g Atk S N ABA g £ 0 BaJfd & RACKT fr PP2CA 0+ £ & R
BV a it ABA AT R o od BR R R Tt P B AT eniR R o

2 Real time PCR # if] PcRACKI1 % PcPP2CA t-95 8 K #4 4= 8 end T3¢ >
PcRACKI o8 & #h A8 L h ¥ A 2 > 7 PcPP2CA §r1 % TIo 8 & 4% Frf) chf

o PcPP2CA % #.4c & (2011):7 Real time PCR 4 % ¥ 7 #p I+ (Appendix 9) » #
BIF A A F A AT R R £ B riE A o B (2011)07 B G oF E R ATHE SRR
LIBETERES R AT L ERENSTCAFRERFTLAS > 7w PcPP2CA &
BFIALFPEF e SR A EFEAE? R B EFRBEFRIZFF A
MRNA s 45 o

r1 NCBI 7 Blastx 1 £ i& {7 4~ 4544 $F 5 {8 5 PcRACKI 3T 1% AtRACKIA > #
PcPP2CA #6133 AtPP2CA/AHGS © % j&dn &\ AtRACKIA {v AtPP2CA/AHG3 ¢ &

ABA } # ¢ —*4 » F]pt3pHp PcRACKI 28 PcPP2CA 7~ &_ABA § # 4%

g

F] Pl
A+ ABA R L B ¥ - B R 4 i 78tk PcRACKI overexpression line 7~ 11 12 %
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PcPP2CA overexpression line 17 ~23 228 4 A| A4 1t § 4 1@ 4k 35 7 eheh £ A 1
= 7}_3_ o

11 % k& NaCl 2 ¢F 4r ABA e32 % L RI3# % 7 5 PF » PcRACKI OE line 7 ~ 11
SfE B Y S OF BRI 4 A Bt PcRACKI OE line sf8+ % fi 5 pF %t ABA
e BEMEFB { 55 2 /I?c;fﬂ ' » AtRACKIA overexpression line % ¥
‘4 ABA s & A VIR A A4 % 0 @ 1A b NaClik & o & R E+
ehps 3 it 4 PF 0 AtRACKIA overexpression line 57 7 54 % ** % 4 A](Guo et al.,
2009) © PcRACKI i %P3t ABA 3 4, @ e j5 chi 33 #2752 % > 87 AtRACKIA
overexpression line 1% LA 4p & > BT e fd+ F T a9 &+ > PcRACKI T 7
i ABA if drK -

Bl H B RE B AL 4 P % 0 PcCRACKI OF line # % %% & & NaCl
HHRY OFEIPER A B SR T PCRACKI < £ 4 37 rifares %
TAMB B ERERT ABAE S 2 KBS E e 1t o Chen et al (2006)4; !
AtRACKIA # % ¥k rackla 2% 5 4 £ 8 3 ABA { 4v 3R > 31 AtRACKIA
FALAME Y B ABA f AR R S HE R A E2 ABA SRR R 0 A
4y E ¥ 2K o Fl 4 PcRACKI ¥ it # % 5 Pr¥f 4 @ ABA f 4 47F
BT R 2 5 ARE ABA 3 X2 4 B Egg o

f b S FGAp B B 0 PcRACKI OE line 2 £ 3%8 & 20 4 Ak 4 » o @ &
¥ %8 > 87 PcRACKIOE line 2. #4tF 8 m 4 4| ¥ 8 £ B - W ¥ 4 k@
@ 5857 PcRACKI OE line 2_ % -k & % 3% M3+ 4 4] > @ Guo ef al.(2009) 4R 2
ip 1 AtRACKIA OE line *» = =+ 3Rip| £ 2. & -R S o072 314 » R ¥4K rackla-1
Bl#PF 4 A% B o7 AIRACKIA ¥ tif B T 1505 % Mg ke 405 0 & PcRACK]
BT h P F R e F 33 TRI R % BT PcRACKI OE line ehf 3“3V 3R &
ABA g2 T R IF 4 A ] o (e AL B o Guo eral(2011) 5 3 R4 4y )
rackla racklb 2_ % 3* & *t 4 ABA T R BR AR R < 30T 4 4] > @ A tt4r ABA
TR AL R vk A 0B A Ao 1l v et B % 7 o AIRACKIA % PcRACK]
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AABABEF B F | XA EEER &I o 5% F SiplE PcRACKI
Rt 5 e B e %% BT 0 PcRACKI OE line e173 /5 598 § 3007 4
A AP ALR FE ARG Lk Fof VP 2 B % 0 fp] PcRACKI
Tl d B RS2 AABAA S F I HP o LB EREY > FILER AR
PcRACKI > e Rtk ZHF - F I R FPH L Bicb 24 AP B

PcRACKI 4w AtRACKI s B IR sm k2. 2 IAF M T 2 4p > PcRACKI 9
ZAF LB B ABA thrb i 0 F AT | B3 ABA heb i 0§ Pl
B4 A5 LB o5k T PeRACKI 4o AtRACKI 2- 3% Fre* 72 2 240k o 4
Bl MRS PCRACKI 2110 £ 6% AtRACKI 2. 74 i ¥ % — R » PcCRACKI #7988
P LRI Y R Eehd d Lo ¥ Z R SRS R Ao

"R B ke ABA g & JLRIGEE T 5 PF > PcPP2CA OE line 17~ 23 énfd +
Y ke AR R NI 4 Atk 0 L IE % % ¥ AtPP2CA/AHG3 (Kuhn et al., 2006)
HAII(At5g59220) (Antoni et al., 2011) ~ AtP2C-HABI(Saez et al., 2004)fc FsPP2CI
(Gonzalez-Garcia et al., 2003) % PP2C i B # T 76 & & B3] 4p i1 &g 57 PcPP2CA
4EF AR ABAhH i > HE R KR B 5 ABA 2R S R B R SR
Flam j e L FEFT o

#-3 % % 2%y # »~ 150 mM NaCl ez & 2 > 12 ip]3E PcPP2CA OE line %

G4 ARG H PS4 o B% A7 > PcPP2CAOE line 17 §v 23 chijg 3 t8 @
BRT AR A G LB FES 0 A7 PcPP2CA % 5 W b B i B A B

T BT RS TR AL 5 K

BRAS ~

T4 ABA SEcR B o 1 %y Bk

<
g

HHRY gL & o
AR AR B P BT B 42k 25 PcPP2CA OE line shiE t8 B PP &

FLaL

305 4 A > & 7 PcPP2CA OE line 2. Z 4% fdd kKB T v M4 4|35 o

%xr

ERIE R E P A REFF %Y > PcPP2CA OE line % -k & ' § »+ 95 -

-

Ao A B F I Ak AIEIE T RIS A a R R R L R 0B % ¥ AtPP2CA
/AHG3 ~ HAII(At5g59220)Fr AtP2C-HABI 2_ 8 B # 3tk % I3 4p 2 » & FsPP2CI
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MR AR FACF R4 A0 L8 o d gt B 5% ¥ 5o PcPP2CA OE line # ¢t
fv ABA R Efcih KB P F IV E G PR P 123 PcPP2CA + £ % .1
F 34 ABA sACR R E O 00T L PcPP2CA G ABARUL B2 f g
2V B ABAR & F IS o) ek RIS 0 R A T PcPP2CA €3 2 F It &
‘b4 ABA RIS KRB TR AR L IEBEFE Y ABA A HFER > Fla i
PcPP2CA OE line sng 4 tgc B ¢ B0 antg & /| 208 4 A4e 4k -
M50 5 F %P PcPP2CA ¥ pait 5 (e B o % % B > PcPP2CA OE
line e tk 73 7% & M3 8 4 4] > & 57 PcPP2CA OE line ch32 % a2 4 (4505 4 4]
foEHh o JLB S T % B_F] 5 PcPP2CA OF line thZ 47 iz 3 BB T B0 g AR

LER S SO EE EE T RS S S ERE S P

A
o

R 57 RpL% T PcPP2CA OE line ** PcRACKI OE line { % J13E %
1% 535 0 ¥2 PcPP2CA OF line F & «%% 2 Al4g tk+ * 22 PcRACK] OE line
Zen®i 4 AE R § NIk ek o Jp 8 %] 5 PcPP2CA OE line & 4 2 ¢
koA L BAR 424> @ i3 % ¥ PcPP2CA OF line 8 i fe — 2 ¢0%% 4 A48 it K it
% g B P38 PcRACKI OF line fo f8— 2 eh%% 4 A48k o

WAV G SR 0 T UFE T PcPP2CA B - BApE L A ABA § A A
)0 Fut sk L 05 R K A A 4 2 PePP2CA ¥ 1% LR TS R LB ABA
AR R o

d Chen et al.(2007)2- 3F 2 % % 1 4v > o8 F & f ad2ié LR+ ¢ 9 ABA
GEPRESE A HQ0ID)JeAFm T SRk T 0 BEEAT U E ABA | B
H PePP2CAch* £ A3 o S Ly = % > AR5 mIE K T LR TS
B o B3 BT ¢ HABA 3 B4 3 d 3% % ABA f it PePP2CA

i T 0 Y PO RET ABA SRR A -
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1 kb

500bp

S ¥ 5 ¥ e Sy
L& &S S &
x@ x@ x@ x@
QOQy Qv\0 QO Qv\0 QOQQ Qv\0
A B. C D.
- -
815nt - 799nt
561nt

®l- . 72 RACE £ 35| ¢ PcRACKI 4= PcPP2CA 2. 54 335 % £ -
#-18 LApH 2 B R elute 0 B T e B B GE vector B0 2 (S8~ 25 E e o
2 colony PCR & iE 7% ¥ i¥ T B o A, PcCRACKI 5°# nested PCR & 47 (PcRACKI
5'n) & & 815nt° B, PcRACKI 3’#% nested PCR # ¥ (PcRACK]I 3’n) > & & 561nt °
C, PcPP2CA 5% nested PCR # 4= (PcPP2CA 5°n) » % & 799nt - D, PcPP2CA 3’4
nested PCR # 4 (PcPP2CA 3’n) » £ & 766nt -
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5" -ATTTTTTCCTCTCACGCTTTCACTCTCACTCCGCGCCTTCGCCTCTCGAAACCCTAGATACCCACTCA

GCCGCCGAGCAAAGCCGAAGCC

ATG GCA GAA

M

GAC

ATC

ACC

GGC

CAG

GAC

AAG

GTT

GGT

TGG

ATC

ACC

GTG

GGA

AAG

TGC

A

ATG

M

GTC

AAG

CAC

TTC

TTG

GAC

TCG

GAG

GTC

GTA

AAC

AAC

GGG

ATG

TTC

E

GTC

TCG

GAT

TCT

GCG

GCT

GTT

GCC

TGC

AGC

TCA

TGT

ACA

AAA

CTT

AGT

ACT

ACG

GCA

GAG

CAC

CTC

CTC

CTC

TCC

AAG

TGC

GCC

AAG

GTG

GAT

TAC

CcccC

CTC

L

GCC

TCG

AAG

TTC

TCT

GGC

TCC

CGC

TTC

GTC

TCG

CTG

GCG

GGA

TCA

AAC

GTT

v

ATC

CGC

ACT

GTC

GGA

GTC

GTA

GAC

ACT

CGC

TGG

AGG

GTT

GTG

CTT

AGG

CTC

GCC

GAC

TAC

CAG

TCC

TCI

GCC

CGT

NS,

TTC

GAC

TGC

TCT

ATT

GGT

TAC

CGC

ATT

AAG

GGT

GAC

TGG

GCT

TTC

ACG

CAG

AGC

AAG

ACC

CCT

TTG

GCT

TGG

GGA

CCG

TCT

GTG

GTC

GAC

CGET:

TCG

PR

GAC

CCC

ACC

CTT

GAT

CTG

GGT

TTG

37

ACC

ATC

ATC

CCC

GTC

GGC

CGC

ATT

CAA

AAT

GTC

GAA

GGC

TGG

GCT

TGC

ATG

GAC

ATC

CGC

CTA

GAG

TTT

GAC

CTG

GAC

ACA

GGG

TCA

GAT

ATT

GCG

AGG

AAC

CTC

CGC

TCA

CTT

GTG

AAC

TGG

GGG

CTG

GTG

CAC

TTG

TTG

ATC

GCA

GCT

TCT

TGG

AGG

TCC

CGC

GGC

CGT

AAC

CAT

CAG

TGG

AAT

TGC

GCA

CAC

ACT

CAC

GAG

CAT

CTA

GAC

CTC

CAC

CAG

ACT

GGT

CcccC

AAC

GGT

GCC

GAA

GCT

GAA

ACC

ATG

CTT

ACC

GGC

TGG

ACC

ATC

CTT

GAT

ACC

TTG

TAT

AGC

GGC

CTC

CAA

<045

<090

<135

<180

<225

<270

<315

<360

<405

<450

<495

<540

<585

<630

<675

<720

<765



AGC ATT AAG ATC TGG GAT TTG GAA AGC AAG CAA ATC GTT GAG GAT <810
S I K I W D L E S K Q I \Y% E D

TTG AAG GTT GAT CTC AAA ACT GAG GCT GAG AAG ACA GAG GAT ACC <855
L K \Y% D L K T E A E K T E D T

CAT GCT GCT ACT GCT TAC AAG AAG AAG GTT ATT TAC TGT ACA AGT <900
H A A T A Y K K K \Y% I Y C T S

TTG AAC TGG AGT GCT GAT GGG AGC ACC TTG TTT AGC GGC TAC TCC <945
L N W S A D G S T L F S G Y S

GAT GGG GTA ATC AGA GTT TGG GGC ATT GGC CGT TAC TAG <984

D G \Y% I R \Y% W G I G R Y *

AAAAGCTTGGGAGTAATATTCTCCTCGGGACTTATGTTATCGAGAACAGCCCGTTACTTTTTTTTGTTCTT
GTAGTTGCATTAAAGTTTATTTAGGTTTTTGTTGGAAATGTTGGACATGTTGGATTTTATCATTATGTTGA

CTATATGGCTTTGAGGCCTCGTTATTTTG-3’

W= . PcRACKI 2 & ¥ 5 ik & 712 2 i (deduce) s ik pt /s 71 -
PcRACKI 2 & %3 pe B 73+ 1245 bp » coding sequence 3+ 984 bp » f # ¥ # F =
d 327 BrRAME S Fod T o
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5’ -CCCTTACATCTTCCTGTTTCAATTAAAATTAAAAAAAATTCATTTTATTTCGCGCAAAAATGGGATTA

ATTTAGATGAATTAAACTTTTGAA

ATG ACG GAG

M

TCG

ATG

CCA

TCG

TCC

TGC

CTT

ATG

CGA

CAT

GAG

GCC

TGG

CAA

GTC

AGG

T

AAT

N

GAG

GAA

GTT

GAC

CGG

CCG

GAG

GAA

GGC

CTG

ATG

AGC

ACG

GTC

GCC

E

CCG

ATC

AAT

TCT

GAA

CCG

AAG

GAC

ACC

TGC

GTG

AAG

GAA

CcccC

ACT

GTG

ATC

TGC

CGA

GCC

CGC

GAG

TCC

TAC

GCG

GTC

TCT

AGA

CGA

GGT

GAG

CcccC

CTC

TGC

C

GAG

CGG

GAG

GAC

AAA

ACT

GGA

GTG

GGG

CAT

GAC

AGC

GGC

TCC

GAT

TGC

TGC

C

CAG

TAC

AAA

CTG

GTC

TCA

Tl

CE

GTG

GAA

TTC

GGT

GAT

AAG

CGA

GGA

AGC

CGC

GAC

GTT

TCG

GG

ATA

ILINE

GCG

CTG

GTG

GGA

GCC

ATC

AAT

GTA

TCA

TTC

AAG

AAC

GCG

AAC

TCC

CAC

CAT

ACG

GAG

CGA

GTG

GTT

GTT

GGC

GTG

CGT

GTC

GCC

AGC

ATT

GV

CCA

TAC

AGA

AGC

ATG

AGT

GGA

GTT

AAG

39

AGC

GCC

TCC

GTC

TTG

CTG

CCA

TG

TCG

HLC

TGT

ATG

GAC

CAT

TCC

GCT

GCT

GAG

GCA

GGC

GAG

GAG

AAG

GAA

GGA

rTT

GGC

GAG

AAG

TGC

ACG

AAT

TTT

ACT

AGG

GTG

GCC

TGT

ATT

GCC

AGA

TGC

GTC

GAG

GAG

GAG

CGC

GCC

TGT

CCT

GAC

CGG

GCC

TGC

TCC

TCG

TCC

CGA

GGA

TAC

CGG

TGG

GTG

TGC

GTC

GGC

CTT

ACG

AGG

TCA

CCT

GGC

GCC

AGT

CGA

CGC

GAT

TTA

AGG

GTT

GAG

GTC

GAT

TCA

TCA

AGG

CCG

ACG

ACT

CAG

GAG

GAT

AAC

GGC

CAT

ACC

GCG

CTT

GCT

TCT

GTT

<045

<090

<135

<180

<225

<270

<315

<360

<405

<450

<495

<540

<585

<630

<675

<720

<765



GAT CAC AAG CCG GAT CGT CCG GAC GAG TTG AAG CGG ATC GAG GAG <810
D H K P D R P D E L K R I E E

GCG GGT GGC CGG GTT ATA TAC TGG GAT GGT CCA CGG GTG CTC GGA <855
A G G R \Y% I Y W D G P R \Y% L G

GTT CTC GCC ATG TCA AGA GCC ATA GGT GAC AAT TAT TTG AAG CCG <900
\Y% L A M S R A I G D N Y L K P

TAC GTG AGC TGC GAG CCG GAG GTG ACG ATC ACG GAT CGG ACG GCG <945
Y \Y% S C E P E v T I T D R T A

GAG GAC GAG TGT TTG ATA TTG GCG AGC GAT GGC CTG TGG GAC GTG <990
E D E C L I L A S D G L W D \Y%

GTG TCG AAT GAC ACG GCG TGT GGG GTG GCG AGA ATG TGC CTG AGG<1035
\Y% S N D T A C G \Y% A R M C L R

GGG AAA CGA CTC GCG GCA GCG GCG GCG GAG ACC GAA GGG TCA TCG<1080
G K R L A A A A A E T E G S S

GCG GCG TCG TCG GAC AGG GCG TGC TCC GAC GCT TCG ATG CTG CTG<1l125
A A S S D R A © S D A S M L L

ACG AAG CTG GCA TTG GCC AGG CAC AGC ACT GAC AAC GTG AGC GTG<1170
T K L A L A R H S T D N \Y% S \Y%

GTC GTG GTG AAT CTG AGG CGC AAC ACG TGT CCT TGA <1206

ATTTAGGGCTTTTTTTTTGGGGTTGGAAGTTTAGGTTGGGTTTGGTTTGGTTAATCCTATTGGGTCTGGG
AATGGGTCACGGGGTTTTTGGGGAAATGGTAAAGGTGGAGGGGTCTGTTTGGCAATGGTAATGGGTCATG
ATGAGCAAAGTTGCGTTTTGAATGGAAAATCTGTTTCCTAAAAGCCCAACGTAAGTTTAGTTGCTTCCAA

AAACGGGGTAAGAAAATGTAGTTTTTCTAAGCCGAAAAGCTATAAAAAAAAAGGTTTGGAGTTTT -3’

WZ=. PcPP2CA 2 & ¥ & A 5| &2 3% (deduce) s ik 5 7 o
PcPP2CA 2 % ¥2 H f& B 73+ 1574 bp » coding sequence 3+ 1206 bp » 758 ¥ &3
S 401 B Sz F .
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PcRACK1 86
GLYma 86
AtRACKI1A : 86
AtRACKIB : y: 86
AtRACKIC : ¥ {HE WV TA AT PIDNSDI IV ;86
PHAvu E ] ) TEIATE“IDI‘ISEP-{I‘\’ K a GHE )( : 86
0OST1lu E ¥ M TIATE"LDNSDILL K i3l G o B 86
RICco E ¥ ].E B TAIATPIDNSEMIV K o % G. 0 ) : 86
SOLly g TE IARPIDNSEMIV SRDK 3 ! G SS5DG SGSWDGHE 87
E 100 & 120 & 140 & 160 i

PcRACK1 aE 5 % 1
GLYma E i = 172
RtRACKI1A : T = 03
AtRACKIB : il R i 7
AtRACKI1C : i % 12
PHAVU a8 s 172
OST1lu I 172
RICco E A ] ) T KYT T{elslelst ) S : 172
S0L1ly g S N G. YPIODG-HSES ) 7.
PcRACK1 : 259
GLYma B 299
AtRACKI1AR : : 260
AtRACKI1B : & 259
AtRACKI1C : & 1259
PHAVU : 259
OST1lu = 255
RICco = 259
S0Lly : 260
PcRACK1 E ) Y <VE AEKT-EDTHAATA 0 & % 3279

GLYma [ VEL §3 Tk CAT - SGGGNANK : 325

AtRACK1A \ 5 AEKA-—DNSGERA = 3327

AtRACK1B ) Y . AEKT--DGSTGIG £ 326

BAtRACKIC : : 326

PHAvVU : 324

0STlu K| Q = 321

RICco E \ ATIEKSDGSTVASTG b L < ) T 328

SOLly th“SIEMA———NESGTA ; ) : 326

W=z . PcRACKI §- Arabidopsis, * & (soy bean), ¥ & (snap bean), algae, Elﬁ
=+ (castor bean), /4 3 tomato 77 RACK homologs 2_ %z g & 7|+t 4 o

GLYma: NP_001235369.1, Guanine nucleotide-binding protein subunit beta-like
protein [ Glycine max] (soy bean)

AtRACKI1A: NP 173248.1, Guanine nucleotide-binding protein subunit beta-like
protein (RACKI1A) [Arabidopsis thaliana]

AtRACKI1B: NP_175296.1, Receptor for activated C kinase 1B [Arabidopsis thaliana]
PHAvu: ACV72060.1, RACKI1 [Phaseolus vulgaris] (snap bean)

AtRACKI1C: NP_188441.1, Receptor for activated C kinase 1C [Arabidopsis thaliana]
OSThu: XP_001421096.1, Receptor of activated protein kinase C 1A, component of
40S small ribosomal subunit [Ostreococcus lucimarinus CCE9901] (algae)

RICco: XP_002529557.1, Receptor for activated protein kinase C, putative [Ricinus
communis] (castor bean)

SOLIly: NP _001233881.1, ArcA2 protein [Solanum lycopersicum] (tomato)
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& 20 & 40 2 £ 80
NICta : TEATTP— < EAA HQFR——————— LAPP— EKVVDQS——————— KRRKEETS TISLT = 72
MEDtr : EETLTLPVE} RPS LP-LKYMAD———-———— 15 DPSVSPPPP————-— FARECENAJDSCES : 75
FAGsy : B GETTAP—T RPS: VP-LKLMADVAAP-Q— T Dizd CLN-TITSSL————-— PSQVYEN-CKCVEE : 77
SOLly ¢ —————r SFGETRIIAP- T EAA HOFRFVASCMAVAPPS EKTVSVKSYDSKEKKQF ERIESLPLS : 81
PRUav : —YGRAEASTT- I RNS: LP-LKYIACMAVKPS- DLYRSSSSV————— PHNAWESSSEAKSK : 80
AtAHG3 : o TEEAAP-VDSiESRAS LPSIKIVADSAVA-P- RETVVLSTLP————— RSENK : 80
GOShi : = SEAARATVIIPKLRAS RP-FKIVALAAVQ-P— DRN-LFLPV-———— QNSKD : 79
PcPP2C : —RY SIXT DT SSNP Ch RAA RR—-YKFVSGVASP———— EACPISVSR— ECSGT : 75
ZEAma JISSEEAKSTFATAVARASVEATARRAR RREISE LHYRRFRVASDP——————. RBAKR : 70
=3 100 -3 120 = 140 & * 1
NICta : SPLS-VTEK--VVEKE-———-———————————— FEAKPLDLLESDVSSVKIERPEVVSGNNNH gl G
MEDtr : S--TDEESK-—-ENE VVLENKVVVVEEC : 125
FAGsy : E--NEEKKK-—-TNK EALHTNGAANSCESSKPVEGRNNEEAVQEC-———————— : 144
S0Lly : LPCTDVGEBKLAENKE-———--———————————~ TETNALDLTESASVSSNIER-———QGVSDJ s 149
PRUav : S--ESEGSK-—--LNATVRFGDDDFLAVNTRGDHQESKSVRVDNEAVQVCALQG-———— g 1155
AtAHG3 : K---ARSAV-—-TN NSVTEAESFFSDV : 128
GOShi : HGFKNEGLE———SNG TVKIMIEKSMEDEKER : 133
PcPP2C : SDEEKVVASLKISAQCR PSTSSNIPEASSER-———-—— : 132
ZEARma : QRLARTLSG SCPLAGSDSDREAL—-----—— : 119
*
NICta 1 i ) (VHY SSGALGGSRS 219
MEDtr | T} ) L--NSSK-TKQSF 195
FAGsy ) b 1 ) Q-—EWRV-PIKTT 214
SOLly {MD) (VEYSKGAGGTQTA. 228
PRUav ) ) Q——EGNL-VAQGP 232
AtAHG3 VEDG 7 ) SQRECNLVVNGATRSMKNS 209
GOShi ) 1 1 ) R-—EWTVNAKESS: 215
PCcPP2C 3 ML} [V-—BAWSEGGGGVS 207
ZEAma VEDG \ W { A8 AASWATSRSRDEFA-———— 196
NIiCta : 307
MEDtr : 283
FAGsy @ 302
SOLly : 316
PRUav 320
AtRHG3 : 297
GOShi 303
PePP2C 295
ZEAma : YA ( DASRVLGVIAMSET 285
AGGAVIYWDG RVLGVLAMSRAIGD

NICta : 382
MEDtr : 354
FAGsy @ 377
SOLly : 372
PRUav : 390
AtRHG3 : AGDDSCARAH 359
GOShi : KNGALES 379
PcPP2C : —GSSAAS 365
ZEAma : 374
NICta : 416

MEDtr : 391

FAGsy @ 413

SOLly : 406

PRUav : 426

AtRHG3 : 389

GOShi 416

PePP2C 401

ZEAma : 408

W1 . PcPP2CA {r# ¥ (tobacco), # ¥ @ 7 (barrel medic), ¥ .1+

(European beech), % #-(tomato), % > & #&¥¢(sweet cherry), @ i, L b
(cotton), 1 2 % 3 (corn):rs PP2C homologs 2_ %L & & 71|t ¢ o

NICta: CAC10358.1, Protein phosphatase 2C [Nicotiana tabacum] (tobacco)

MEDtr: XP_003616468.1, Protein phosphatase 2C [Medicago truncatula] (barrel medic)
FAGsy: CAB90633.1, Protein phpsphatase 2C (PP2C) [Fagus sylvatica] (European beech)
SOLIly: NP _001234692.1, Protein phosphatase 2C - AHG3 homolog [Solanum lycopersicum]|
PRUAV: AAQO03211.1, protein phosphatase 2C [ Prunus avium] (sweet cherry)
AtAHG3/AtPP2CA: NP _187748.1, protein phosphatase 2C 37 [Arabidopsis thaliana)
GOShi: ABC16634.1, protein phosphatase PP2C [Gossypium hirsutum] (cotton)

ZEAma: NP_001149037.1, protein phosphatase 2C [Zea mays] (corn)
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A' 1 125 250 i s 625 50 a7s 954

{4} RF ¥
T Y id O L A0 A bk b & 1A A (WY

structural tetrad § bk & L
Specific hits
Superfanilies D40 suparfanily

GLYma
D. 2
76 MEDtr

RICco
881 51 PcRACK1
AtRACK1A

100 AtRACK1B

OIRACK1A
' CrRACK1

W= . PcRACKI 3-¢ F%# 2 A FliH(gene tree)

A, #PcRACKI 2 & "= i & 7|+ @ blastx (NCBI):i& 7 +* %> @ 17 ! ehrconserved
domain - B, PcCRACKI1 2 "= & B 715 d GENO3D fr SWISS- MODEL # 4 47
s A& 4w i ehded FHEA| o C, PCRACKI 2 % it A #]/5d GENO3D 4 3k 4
716 > 14 Swiss-PdbViewer #ix §8 i& {7 *g & #7720 ¥ 5y h -9 F 3D, # * blastx
(NCBD)#5 4137 i 2k Flewe A g B 5] » 2 MEGAS #c48 4 11 2. Neighbor-Joining

T -
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MEDs2

NICta  : -MSOESLVLRGTMRAHTDWVTAIA DGFOYGVERRELT
PGRACKL  : ——MAETLVLRGTMRAHTDMVIAIAL LWHELTK-——-——————DEXTYGVPRARLT

ILWKLTK-—————————- DDEAY GVAQRRLT
VEL I~ —————————-] EDESYGVAQREML

I LEWELTH——————~=———-] DDESYGVAQRELT
TPOFPDMILSASROKT ITMWKLTR————-————-DETNYGIPQORAILRGHSHEVSOWVVL S5

HOMsa_ 1 ; IAT

MEDsa DY WOLNAGT SARRFVGHTRDVLS Y : \SED MTLGECKYT IQDG-— - —DAHSDWVSCY
NICta D ' LOAGT TARREVCEETH] RQTVSAS A LN TLGECKY T I0DG— - - —DSH
PCRACKL D DLALGVSARREV! P : = TLGECKFTIOQDO----DGH

At RACKLIA: T
At RACK1B: T

LAAGVSTRRFVGH A BT "TELWHILGECEYTISEGG——-EG
WO LATGESTRRFEV: 2 FST X E I TLEECEYTISEA———-DG
LATGETTRRFEV f E E WHTLGECKY T ISEG————-DG

HOM=a 1 : DEQFALESGSWDGTLELWDOLTTIGTI TRREVGE LS z L GSH TLGVCEYTVODE————— SHEEW
MED=sa PS5 i TV HLINCELEN T LAGH SGY VN IVAVSPDGS LCASGEGR DGV ILLWDLAEGKRL Y SLOAGSI THALC
NICta WHLTHCELELT LAGHTGY VNI PAVSPDGS LCASGGEDGY ILLWDLARGEEL

PcERACKL WHLTNCKLRCT LEGHNGY VNTVAVS PDGS LCASGGEDGVI LLWDLAR GEML Y

At RACKIA = CWNLSNCELRSTLAGHTGYVSTVAV SPDGSLCASGGKDGVVL LWDLAEGKEL

At_RBCKIB = WHLONCKLENTLAGHSGYLNTVAV SPDGSLCASGGKDGY ILLWDLAEGKEL
At_RACKIC = MLONCKLRNSLVGHSGYLNTVAVSPDGSLCASGGHDGY ILLWDLAEGKHL

HOMsa 1 : RESEHSSNEIIVSCGWIHLVEWNLANCKLETNHIGHTGY LINTVIVSPDGS LCASGGKDGOAMLWDLNE GKHLYTLDGGDI IN
MEDsa KIWDLESKSIVEDLKVDLKTEADAATGGDTT-TKRK-—-VIYCTSLNWSADGSTLESGYTDGVVRVWGIGR
NICta KIWDLESKSIVDDLKVDLEQESEMSSEGTAS——-GENKVIYCTSLSWSADGSTLESGYTDGLIRVWGIDR
PcRACK] g KIWDLESKQIVEDLEVDLKTEAEKTEDTHAR-TAYKKEVI SLNWSADGST GYSDGVIRVWGIGR
At RACKI1A : VWGIGR
At RACKIB : GYTDGVIRVWGIGR
At RACK 15 GYTDGVVRVWGIGR
HGMsa71 : NERYW ¥ I POCTSLAWSADGOTLFAGYTDNLVRVWOVT L
MEDsa s 325

NICta : 326

PcRACK1 = =R

At RACKIA : 1327

At RACKIB : =326

At RACKIC : 2326

HOMsa 1 : 318

W-=. PcRACKI fr¥ i“8 # ~ # ¥ ~ WP % fr £ #7 RACK homologs 2_ "%
AFEE | WD40 F B 5§ o

MEDsa: 024076.1, Guanine nucleotide-binding protein subunit beta-likeprotein
[Medicago sativa]

NICta: P49026.1, Guanine nucleotide-binding protein subunit beta-like protein
[Nicotiana tabacum]

At RACKI1A: NP 173248.1, Guanine nucleotide-binding protein subunit beta-like
protein (RACKI1A) [Arabidopsis thaliana]

At RACKI1B: NP_175296.1, Receptor for activated C kinase 1B [4rabidopsis
thaliana]

At RACKIC: NP_188441.1, Receptor for activated C kinase 1C [4rabidopsis
thaliana]

HOMsa 1: AAP36938.1, Homo sapiens guanine nucleotide binding protein (G
protein), beta polypeptide 2-like 1 [synthetic construct] [Homo sapiens]

44



gy — L

Rctine site
Specific hits
Superfanilies PP2Cc superfamily

AtHAI2
AtHAI3
AtHAI1
PcPP2CA
AtPP2CA(AtAHG3)
9% FsPP2C1
100 AtAHG1
AtHABH1
! { AtABI1
100 AtABI2
FsPP2C2
AtABI3

0.1

B ~. PcPP2CA 3-¢ ¥4 % A FliH(gene tree)

A, #PcPP2CA > £ %=fLfk B 7+ & blastx (NCBI):E {7 +* %> @ 3% ! 59 conserved
domain - B, PcPP2CA 2_ "= fs & 75 d GENO3D fr SWISS-MODEL i 3k 4 47
{5 & 4 eV AL ehded FHEA] - C, PcPP2CA 2 AR B 7] /5d GENO3D A 45
{6 » 11 Swiss-PdbViewer $it 888 7 ¥ & 717 2. ¥ s e d-v FHA] o D, # * blastx
(NCBD)#5 4137 i 2k Flewe A g B 5] » 2 MEGAS #c48 4 11 2. Neighbor-Joining

ity

45



26S  Actin

1kb —>

500pb =

B. 2 Elr

2.50

2.00 4

1.50 4

1.00 4

0.50 1

Mormalized Fold Expression

0.00

0 1w 2W 3w SwW W
Condition

Wi. 50,1,2,3,57% 88 & ASE2 Li&7dh? PcRACKI §v PcPP2CA
i RE R

A, LR h2. cDNA ftemplate i 7 PCR § % > =@ * §(2011)% 32
LB 265 rRNA primers » + 38 @ * 7% 3+ 2 LR < actin primers ° B, 12858
B A% 2 H e P 0L 592902 cDNA fa template i& 7 Real time PCR ¢ % >
LR TS actin fareference gene > F B#cIp s = EAFZ TIHEEERE L 0 8
BRAEBRILO X o IW: 8B R AF 1 X o2W: s B B A2 X -3W: iR A3 % -
SW: i A A S % o TW: BB KA T =

46



A. PcRACKI OE line 7 PcRACKI1 OE line 11

T2

T3

B. PcPP2CA OE line 17 | PcPP2CA OE line 23
T2
T3
C PcRACK1 Actin
) WT OE7 OE11 ~ WT OE7 OE 11
PcPP2CA Actin PcPP2CA
WT OE17 WT OE 17 WT OE 23

WL, i g L3 B ¥ % &FE PcRACKI OE line 2 PcPP2CA OE line

A HHFREMET GEF S ¥R ERAET o A, PCRACKI OE line 7 4 11
T2 4o T3 % 463 - B, PcPP2CA OE line 17 423 <0 T2 4v T3 83+ - C, ™ T3
R 4e k2. cDNA i {7 PCR MR8 » A FhA E - 4 3 & 7 L KRk
Flo TS R PlfER o

47



120

120

OwT O PcRACKI OE 7 O PcRACKI OE 11 oOwT O PcPP2CA OE 17 O PcPP2CA OE 23

‘j_— 100 &= 3 T

80

100 —.n.—_I_

60

60

40 40

20 —} 20 <rl;
0 . . —/ . \Iﬁr—p} 0 . .

© N 'S N O
Dy W W N v
5 W W

Germination (%)
Germination (%)

B-t-. BAFIFLOR2Z {3 F T FRT
B P AR ATRRTE N 35 > BT AR B F A R AL
$m o B FWHEHr o 53 £33 4 cAB-C-~DirE, $1 %oy
e A 1I2MSE A A B, 1L.5uMABA, 12MS 2 % & ~ C,3 uMABA, 12 MS £ %
£ +D, 100 mM NaCl, 1/2 MS 2 % 2 +E, 200 mM NaCl, /2 MS 22 % 4 - 22 % ¢ 4 7
% o+t 5 WT~+ 1+ 3% PcRACKIOE line 7~ +F % PcRACKI OE line 11 ~ =+
PcPP2CA OE line 17 ~ = F % PcPP2CA OE line 23 - F, ¥ 4 4] PcRACKI OE line
frhbic ABAR NaCl £ A 5 52 eng v 5 & Bl & = €4 0T o8 ¥ F
2L ¥ (mean+ SD) o G, ¥F 4 4|22 PcPP2CA OE line % 4t ABA & NaCl 2 % A&
IERSAPFETF o E BB AEZ LA T T FEEE L (mean £ SD) -

48



150 mM NaCl
A.
PcRACKI
OE line
PcPP2CA
OE line
B.
120 120
OWT BPcRACKI OE7 OPcRACKI OE 11 OWT B PcPP2CA OF 17 O PcPP2CA O 23
100 T 100
80 [ = 80 [ —
= =
% 60 [ % 60 -
A 40 — DR 40— —
20 20 -
0 0
NaCl conc. 0 mM 150 mM NaCl conc. 0mM 150 mM

WL-. BERST LS BERT L aiEFR T

BEFREE 3R A B S I E A IRRT @ e 51 1/2 MS 4o 150 mM NaCl,
12MS 4z b o 5 B line 10tk o 2 (55§ B 4r » w32 E28%E 7
RGBRBIHE A, § o A2 2 LB, 5 REAA LR £ T
i % 22 45 £ (mean + SD) -

49



After dehydration

Before dehydration

E- 10001 TatseoRe M aIGHERORES

0T Ok

S s AR OEE

E=1.00 ThA: 27.0 ALAHM: OEF

E-1.00 ThA: 27.0 ALAH

WG]
1HSI0DEE8)

EOGHEGEE:

EOOHEOER

L[ i | o
RS = IEE0

G 120D
2454

ZO0OHEOER

S bed
AEEZIEAS

W+ =. PcRACKI OE line f= PcPP2CA OE line %32% 7 X B EM et ER

F
DR R

¢ (Bl+ REE) - A~C~Edr

*  BmB-~D~F-H:i4d =
WT ~ % PcRACKI OE line 7
+ PcPP2CA OE line 17 - G,

,
=

WT -~

PcPP2CA OE line 23 -

50

°C, = WT ~ + PcRACKI OE line 11 - E, = WT

~



120

A.
% —— WT —=— PcRACK1 OE 7 —— PcRACK1 OF 11
< 100
<
5
i
;‘:E 80 T
g
G
@]
=
= 60 I p
% -t
=
40
0 20 40 60 80 100 120
Time (min)
B 120
. 2 —— WT —=— PcPP2CA OFE 17 —4— PcPP2CA OE 23
& 100
=
=
&80
=
g
S 60
=
2 40
=
20
0 40 60 80 100 120 140

Time (min)

W+ = . PcRACKI OE line = PcPP2CA OE line 2. %ﬁ.{ﬁ ﬁ %Rk FR %
TR A IR AL R T T R X T RE
A, PcRACKI OE line en% -k 5 F % o & 1 #icfy
vt ((Leaf weight/Fresh weight)*100 %)£2 & 1% i(mean + SD) > B, PcPP2CA OE line
A REF R F Bl A S P ES = £4F T 5E £t ((Leaf weight/Fresh
weight)*100 %) £ &% X (mean + SD) o

Wy
= el
0,».
"
&=
\ 8
I
ke
3
|

51



A. LIGHT

z 3.5 . .
S B WT 0OPcRACKI OE line 7 @ PcRACKI OE line 11
= T T
g 2.5
E 9 T
o
g 15
E 1
<
E 05
2

0 5 50 100

ABA (M)
B. DARK
35

= @ WT O PcRACK!1 OE line 7 B PcRACK!1 OE line 11
2 s
= T T
g 2 N N
o 15 T
& a
=
S 05 —
o
w2

0 5 50 100

ABA (M)
C. ;
Light Dark
PcRACKI | PcRACKI PcRACKI | PcRACKI
WT

OE 11 OE 07 OE 11

B+ I . PcRACKI OE line ,_.ABA}‘:?@“"r LIV E D %

TR e PR R o FRIPT LA (S » MES AR 0 kas R 2.5

| PE 2 ié‘i,] e T E ABAji KPR 2S5 PSR ARMETRERR -

A, REJ22 § 3V 9 % F Bl & 603 F 343V F R (pore width)en-T 358 &2

M £ (mean = SD) © RA: PcRACKI ~ 2C: PcPP2CA » B, @ a2z § i- f 5k » &

B By S 4 60 3F F 3434 B A& (pore width)en-T 3518 22 £ & X (mean + SD) ° C,
o o2 T % 4 4| ~ PcRACKI OE line 7 fv PcRACKI OE line 11 e 3¢ & %

52



A. LIGHT
3.5
’é 5 O WT OPcPP2CAOE 17 O PcPP2CA OE 23
3
= 25 T
T RN T
§ 15
=R
<
£ 05
<0
0 5 50 100
ABA (M)
B. DARK
_ 35
i 3 OWT O PcPP2CA OE 17 O PcPP2CA OE 23
= 25
E 2 T T T T T T
o L
g 15
s 1
<
E 05
“
0 5 50 100
ABA (¢ M)
C.
Light Dark
PcPP2CA | PcPP2CA PcPP2CA | PePP2CA
WT WT

OE 17 OE 23 OE 17 OE 23
N | SR | T
(2= (@x
Sk | e
[ ) '. -.n— 1

\.‘"&‘%

A

W+ . PcPP2CAOE line t ABA B2 ™ § -4 Z 8 pl 29 %

YT %A iR AR o E R AB-T R AL (808 » MESBR Y 0 R a T 2.5
P2 (st R B ABA L R 2S5 PP L SRS AT BB -
A, RAESEzZ FiF & By S & 60 3F F 143V /S A& (pore width) eI 35 E &2
% F (mean+SD) o B, B AJT2 3t F %k > F BHEIE N LGOI F I ST AR
(pore width) - 3218 27423 % (mean+ SD) - C, £ ~ @ &J2 T ¥ 4 4| « PcPP2CA
OE line 17 = PcPP2CA OE line 23 ¢ 34 R & o

53



Before dehydration After dehydration [Before dehydration After dehydration

[\]

1.

PcRACKI OE PcRACKI OE PcPP2CA OE  PcPP2CA OE
1 11 17 23

[

Survival Ratio (OE/WT)

B+ = . PcRACKI OE line = PcPP2CA OE line 2_3z % &t X {£ R %

3R AR Rk EHE KL 0 HE 12~19 i S RIS EATR 4k 0w
KST R G 4p A Rl A, HE IR AAC S UL 2w ok ik en2 KA
FpiimA s L ELEAY FRLBL o Rz EA B, F RS
# - ¥k = £ 47 0 survival ratio[ 7 (average OE line survival rate) / (average wild type
survival rate)] £ & & % (mean + SD) °

54



4 @

AL F EE LA % httpr/seed.agron.ntu.edu.tw/vtseed/dormancy/dor2.htm

Plant Physiology, Fifth Edition online , Topic 23.18 Types of Seed Dormancy and the
Roles of Environmental Factors. http://5e.plantphys.net/article.php?ch=23 &i1d=8

M (2008) LART-{rif e fE+ 2 (A2 R 4] W2 L F A HRRTE
TR L% o 1-88 | o

HARM (2004) &2 BB 287 HiFo SR EDH ] 302): 36-39.

Frue~®yPT L L5 RsES (2011) 4 RACK] 30 R EE - 5 5
3F (Chinese Bulletin of Botany) 46(2): 224-232.

fz3 (2011) R K ffaliEiey? LR HARAES AT c W2 L8~ F
B s FHd e L% o 176 T -

T4 E (2007) 547 PP2C %0 BRpifs f 3 ABA GHEFR ST 2E o %
#x B ¥ 4+ & (Journal of Anhui Agricultural Sciences) 35(3): 652-653.

Adams, D.R., Ron, D., and Kiely, P.A. (2011) RACK1, A multifaceted scaffolding
protein: Structure and function. Cell Communication and Signaling 9(1): 22.

Ali-Rachedi, S., Bouinot, D., Wagner, M.H., Bonnet, M., Sotta, B., Grappin, P.,
and Jullien, M. (2004) Changes in endogenous abscisic acid levels during
dormancy release and maintenance of mature seeds: studies with the Cape Verde
Islands ecotype, the dormant model of Arabidopsis thaliana. Planta 219(3):
479-488.

Antoni, R., Gonzalez-Guzman, M., Rodriguez, L., Rodrigues, A., Pizzio, G. A.,
and Rodriguez, P. L. (2012) Selective Inhibition of Clade A Phosphatases Type
2C by PYR/PYL/RCAR Abscisic Acid Receptors. Plant Physiology 158(2):
970-980.

Barrero, J.M., Millar, A.A., Griffiths, J., Czechowski, T., Scheible, W.R., Udvardi,
M., Reid, J.B., Ross, J.J., Jacobsen, J.V., and Gubler, F. (2010) Gene
expression profiling identifies two regulatory genes controlling dormancy and
ABA sensitivity in Arabidopsis seeds. Plant Journal 61(4): 611-22.

Baskin, J.M., and Baskin, C.C. (2004). A classification system for seed dormancy.
Seed Science Research 14(1): 1-16.

Bewley, J.D. (1980) Secondary dormancy (skotodormancy) in seeds of lettuce
(Lactuca sativa cv. Grand Rapids) and its release by light, gibberellic acid and
benzyladenine. Physiologia Plantarum 49(3): 277-280.

Bogre, L., Ligterink, W., Meskiene, 1., Barker, P.J., Heberle-Bors, E., Huskisson,
N.S., and Hirt, H. (1997) Wounding induces the rapid and transient activation of
a specific MAP kinase pathway. Plant Cell 9(1): 75-83.

Chien, C.T., Chen, S.Y., and Yang, J.C. (2002) Effect of stratification and drying on

55



the germination and storage of Prunus campanulata seeds. Taiwan Journal of
Forest Science 17(4): 413-420.

Chen, J.G., Ullah, H., Temple, B., Liang, J., Guo, J., Alonso, J.M., Ecker, J.R.,
and Jones, A.M. (2006) RACKI mediates multiple hormone responsiveness and
developmental processes in Arabidopsis. Journal of Experimental Botany 57(11):
2697-2708.

Chen, S.Y., Chien, C.T., Chung, J.D., Yang, Y.S., and Kuo, S.R. (2007)
Dormancy-break and germination in seeds of Prunus campanulata (Rosaceae):
role of covering layers and changes in concentration of abscisic acid and
gibberellins. Seed Science Research 17(1): 21-32.

Cohen, P., Klumpp, S., and Schelling, D.L. (1989) An improved procedure for
identifying and quantitating protein phosphatases in mammalian tissues. FEBS
Letters 250(2): 596-600.

Das, A.K., Helps, N.R.,Cohen, P.T.W., and Barford, D. (1996) Crystal structure of
the.protein serine/threonine phosphatase 2C at 2.0 A resolution. EMBO Journal
15(24): 6798-6809.

Derkx, M.P.M., and Karssen, C.M. (1993) Effects of light and temperature on seed
dormancy and gibberellin-stimulated germination in Arabidopsis thaliana: studies
with gibberellin-deficient and -insensitive mutants. Physiologia Plantarum 89(2):
360-368.

Finch-Savage, W.E., and Leubner-Metzger, G. (2006) Seed dormancy and the
control of germination. New Phytologist 171(3): 501-523.

Finkelstein, R., Reeves, W., Ariizumi, T., and Steber, C. (2008) Molecular Aspects
of Seed Dormancy. Annual Review of Plant Biology 59: 387-415.

Gagne, J.M., and Clark, S.E. (2007) The Protein Phosphatases POL and PLLI are
Signaling Intermediates for Multiple Pathways in Arabidopsis. Plant Signaling and
Behavior 2(4): 245-246.

Gaits, F., Shiozaki, K., and Russell, P. (1997) Protein phosphatase 2C acts
independently of stress-activated kinase cascade to regulate the stress response in
fission yeast. Journal of Biological Chemistry 272(28): 17873-17879.

Giraudat, J., Hauge, B.M., Valon, C., Smalle, J., Parcy, F., and Goodman, H.M.
(1992) Isolation of the Arabidopsis ABI3 gene by positional cloning. Plant Cell
4(10): 1251-1261.

Gonza’lez-Garci'a, M.P., Rodri1’guez, D., Nicola’s, C., Rodri1'guez, P.L., Nicola’s,
G., and Lorenzo, O. (2003) Negative Regulation of Abscisic Acid Signaling by
the Fagus sylvatica FsPP2C1 Plays A Role in Seed Dormancy Regulation and
Promotion of Seed Germination. Plant Physiology 133(1): 135-144.

Grappin, P., Bouinot, D., Sotta, B., Miginiac, E., and Jullien, M. (2000) Control of

56



seed dormancy in Nicotiana plumbaginifolia: post-imbibition abscisic acid
synthesis imposes dormancy maintenance. Planta 210(2): 279-285.

Groot, S.P.C., and Karssen, C.M. (1987) Gibberellins regulate seed germination in
tomato by endosperm weakening: a study with gibberellin-deficient mutants.
Planta 171(4): 525-531.

Groot, S.P.C., and Karssen, C.M. (1992) Dormancy and germination of abscisic
acid-deficient tomato seeds: studies with the sitiens mutant. Plant Physiology
99(3): 952-958.

Guo, J., and Chen, J. (2008) RACKI genes regulate plant development with unequal
genetic redundancy in Arabidopsis. BMC Plant Biology 8: 108.

Guo, J., Wang, S., Wang, J., Huang, W., Liang, J., and Chen, J. (20092)
Dissection of the Relationship Between RACK1 and Heterotrimeric G-Proteins in
Arabidopsis. Plant and Cell Physiology 50(9): 1681-1694.

Guo, J., Wang, J., Xi, L., Huang, W.D., Liang, J., and Chen, J.G. (2009b) RACK1
is a negative regulator of ABA responses in Arabidopsis. Journal of Experimental
Botany 60(13): 3819-3833.

Guo, J., Wang, S., Valerius, O., Hall, H., Zeng, Q., Li, J.-F., Weston, D.J., Ellis,
B.E., and Chen, J.G. (2011) Involvement of Arabidopsis RACK1 in Protein
Translation and Its Regulation by Abscisic Acid. Plant Physiology 155(1):
370-383.

Hoad, G.V. (1995) Transport of hormones in the phloem of higher plants. Plant
Growth Regulation 16(2): 173—182.

Hocher, V., Sotta, B., Maldiney, R., and Miginiac, E. (1991) Changes in abscisic
acid and its B-D-glucopyranosyl ester levels during tomato (Lycopersicon
esculentum Mill.) seed development. Plant Cell Reports 10(9): 444-447.

Hubbard, K.E., Nishimura, N., Hitomi, K., Getzoff, E.D., and Schroeder, J.I.
(2010) Early abscisic acid signal transduction mechanisms: newly discovered
components and newly emerging questions. Genes and Development 24(16):
1695-1708.

Islas-Floresa, T., Guill “ena, G., Ignacio Islas-Floresb, I., Rom "an-Roquea, C.S., S
"ancheza, F., Loza-Taverac, H., Bearerd, E.L., and Villanueva, M.A. (2009)
Germination behavior, biochemical features and sequence analysis of the
RACK1/arcA homolog from Phaseolus vulgaris. Physiologia Plantarum 137(3):
264-280.

Iwasaki, Y., Komano, M., Ishikawa, A., Sasaki, T., and Asahi, T. (1995) Molecular
cloning and characterization of cDNA for a rice protein that contains seven
repetitive segments of the Trp-Asp forty-amino-acid repeat (WD-40 repeat). Plant
and Cell Physiology 36(3): 505-510.

57



Karssen, C.M., Brinkhorst Van der Swan, D.L.C., Breekland, A.E., and
Koornneef, M. (1983a). Induction of dormancy during seed development by
endogenous abscisic acid- Studies on abscisic acid deficient genotypes of
Arabidopsis thaliana (L) Heynh. Planta 157(2): 158—165.

Karssen, C.M., Zagorski, S., Kepczynski, J., and Groot, S.P.C. (1983b). Key role
for endogenous gibberellins in the control of seed germination. Annals of
Botany 63(1): 71-80.

Kerk, D., Bulgrien, J., Smith, D.W., Barsam, B., Veretnik, S., and Gribskov, M.
(2002) The complement of protein phosphatase catalytic subunits encoded in
the genome of Arabidopsis. Plant Physiology 129(2): 908-925.

Kerk, D. (2006) Genome-scale discovery and characterization of class-specific
protein sequences: an example using the protein phosphatases of Arabidopsis
thaliana. Methods in Molecular Biology 365: 347-370.

Koornneef, M., and van der Veen, J.H. (1980) Induction and analysis of gibberellin
sensitive mutants in Arabidopsis thaliana (L.) Heynh. Theoretical And Applied
Genetics 58(6): 257-263.

Koornneef, M., Reuling, G., and Karssen, C.M. (1984) The isolation and
characterization of abscisic acid-insensitive mutants of Arabidopsis thaliana.
Physiologia Plantarum 61(3): 377-383.

Koornneef, M., Bentsink, L., and Hilhorst, H. (2002) Seed dormancy and
germination. Current Opinion in Plant Biology 5(1): 33-36.

Kucera, B., Cohn, M.A., and Leubner-Metzger, G. (2005) Plant hormone
interactions during seed dormancy release and germination. Seed Science
Research 15(4): 281-307.

Kuhn, J.M., Boisson-Dernier, A., Dizon, M.B., Maktabi, M.H., and Schroeder, J.I.
(2006) The protein phosphatase 4tPP2CA negatively regulates abscisic acid signal
transduction in Arabidopsis, and effects of abhl on 4tPP2CA mRNA. Plant
Physiology 140(1): 127-139.

Lawson, T., James, W., and Weyers, J. (1998) A surrogate measure of stomatal
aperture. Journal of Experimental Botany 49(325): 1397-1403.

Leung, J., Bouvier-Durand, M., Morris, P.C., Guerrier, D., Chefdor, F., and
Giraudat, J. (1994) Arabidopsis ABA response gene ABI1: features of a
calctum-modulated protein phosphatase. Science 264(5164): 1448-1452.

Lewandowska, M., Borcz, B., Kaminska, J., Wawrzynski, A., and Sirko, A. (2007)
Polyadenylation and decay of 26S rRNA as part of Nicotiana tabacum response to
cadmium. Acta Biochimica Polonica 54(4): 747-755.

Liu, P., Koizuka, N., Martin, R.C. and Nonogaki, H. (2005) The BME3 (Blue
Micropylar End 3) GATA zinc finger transcription factor is a positive regulator of

58



Arabidopsis seed germination. Plant Journal 44(6): 960-971.

Lopez-Molina, L., Mongrand, S., McLachlin, D.T., Chait, B.T., and Chua, N.H.
(2002) ABI5 acts downstream of ABI3 to execute an ABA dependent growth arrest
during germination. Plant Journal 32(3): 317-328.

Lorenzo, O., Nicolas, C., Nicolas, G., and Rodriguez, D. (2002) Molecular cloning
of a functional protein phosphatase 2C (FsPP2C2) with unusual features and
synergistically up-regulated by ABA and calcium in dormant seeds of Fagus
sylvatica. Physiologia Plantarum 114(3): 482-490.

Melo, F. and Feytmans, E. (1998) Assessing Protein Structures with a Non-local
Atomic Interaction Energy. Journal of Molecular Biology 277(5): 1141-1152.

Meskiene, 1., Bogre, L., Glaser, W., Balog, J., Brandstotter, M., Zwerger, K.,
Ammerer, G., and Hirt, H. (1998) MP2C, a plant protein phosphatase 2C,
functions as a negative regulator of mitogen-activated protein kinase pathways in
yeast and plants. Proceedings of the National Academy of Sciences USA 95(4):
1938-1943.

Meskiene, 1., Baudouin, E., Schweighofer, A., Liwosz, A., Jonak, C., Rodriguez,
P.L., Jelinek, H., and Hirt, H. (2003) Stress-induced protein phosphatase 2C is a
negative regulator of a mitogen-activated protein kinase. Journal of Biological
Chemistry 278(21): 18945-18952.

Meyer, K., Leube, M.P., and Grill, E. (1994) A protein phosphatase 2C involved in
ABA signal transduction in Arabidopsis thaliana. Science 264(5164): 1452-1455.

Nakashima, A., Chen, L., Thao, N.P., Fujiwara, M., Wong, H.L., Kuwano, M.,
Umemura, K., Shirasu, K., Kawasaki, T., and Shimamoto, K. (2008) RACK1
Functions in Rice Innate Immunity by Interacting with the Racl Immune
Complex. The Plant Cell 20(8): 2265-2279.

Okamoto, M., Kuwahara, A., Seo, M., Kushiro, T., Asami, T., Hirai, N., Kamiya,
Y., Koshiba,T., and Nambara, E. (2006) CYP70741 and CYP70742, Which
Encode Abscisic Acid 8-Hydroxylases, Are Indispensable for Proper Control of
Seed Dormancy and Germination in Arabidopsis. Plant Physiology 141(1):
97-107.

Paiva, R., and de Oliveira, P.D. (1995) The role of abscisic acid during seed
precocious germination. Fisiologia Vegetal 7(2): 175-179.

Pressman, E., Negbi, M., Sachs, M., and Jacobsen, J.V. (1977) Varietal Differences
in Light Requirements for Germination of Celery (Apium graveolens L.) Seeds
and the Effects of Thermal and Solute Stress. Australian Journal of Plant
Physiology 4(5): 821-831.

Rao, V.S. (2000) Principles of Weed Science, Second Edition. Science Poblisher, Inc.
pl1-557.

59



Reyes, D., Rodri'guez, D., Gonza’lez-Garci’a, M.P., Lorenzo, O., Nicola’s, G.,
Garci’a-Marti'nez, J.L., and Nicola’s, C. (2006) Overexpression of a Protein
Phosphatase 2C from Beech Seeds in Arabidopsis Shows Phenotypes Related to
Abscisic Acid Responses and Gibberellin Biosynthesis. Plant Physiology 141(4):
1414-1424.

Rodriguez, P.L. (1998) Protein phosphatase 2C (PP2C) function in higher plants.
Plant Molecular Biology 38(6): 919-927.

Rubio, S., Rodrigues, A., Saez, A., Dizon, M.B., Alexander Galle, A., Tae-Houn
Kim, T., Julia Santiago, J., Jaume Flexas, J., Julian 1. Schroeder, J.I., and
Pedro L. Rodriguez, P.L. (2009) Triple Loss of Function of Protein Phosphatases
Type 2C Leads to Partial Constitutive Response to Endogenous Abscisic Acid.
Plant Physiology 150(3): 1345-1355.

Saez, A., Apostolova, N., Gonzalez-Guzman, M., Gonzalez-Garcia, M.P., Nicolas,
C., Lorenzo, O., and Rodriguez, P.L. (2004) Gain-of-function and
loss-of-function phenotypes of the protein phosphatase 2C HABI1 reveal its role as
a negative regulator of abscisic acid signalling. Plant Journal 37(3): 354-369.

Schweighofer, A., Hirt, H., and Meskiene, 1. (2004) Plant PP2C phosphatases:
emerging functions in stress signaling. Trends in Plant Science 9(5): 236-243.

Schweighofer, A., and Meskiene, 1. (2008) Protein Phosphatases in Plant Growth
Signalling Pathways. Plant Cell Monographs 10: 277-297.

Sheen J. (1998) Mutational analysis of protein phosphatase 2C involved in abscisic
acid signal transduction in higher plants. Proceedings of the National Academy of
Sciences USA 95(3): 975-980.

Shimada, T.L., Shimada, T., and Hara-Nishimura, I. (2010) A rapid and
non-destructive screenable marker, FAST, for identifying transformed seeds of
Arabidopsis thaliana. Plant Journal 61(3): 519-528.

Song, S.K., Lee, M.M., and Clark, S.E. (2006) POL and PLL1 phosphatases are
CLAVATALI signaling intermediates required for Arabidopsis shoot and floral stem
cells. Development 133(23): 4691-4698.

Sun, T.P., and Kamiya, Y. (1994) The Arabidopsis GAI locus encodes the cyclase
ent-kaurene synthetase A of gibberellin biosynthesis. Plant Cell 6(10): 1509-1518.

Sun, H., Wang, X., Ding, W., Zhu, S., Zhao, R., Zhang, Y., Xin, Q., Wang, X., and
Zhang, D. (2011) Identification of an important site for function of the type 2C
protein phosphatase ABI2 in abscisic acid signalling in Arabidopsis. Journal of
Experimental Botany 62(15): 5713-5725.

Ullah, H., Scappini, E.L., Moon, A.F., Williams, L.V., Armstrong, D.L,, And
Pedersen, L.C. (2008) Structure of a signal transduction regulator, RACK1, from
Arabidopsis thaliana. Protein Science 17(10): 1771-1780.

60



Umezawa, T., Sugiyama, N., Mizoguchi, M., Hayashi, S., Myouga, F.,
Yamaguchi-Shinozaki, K., Ishihama, Y., Hirayama, T., and Shinozaki, K.
(2009) Type 2C protein phosphatases directly regulate abscisic acid-activated
protein kinases in Arabidopsis. Proceedings of the National Academy of Sciences
USA 106(41): 17588-17593.

Vlad, F., Rubio, S., Rodrigues, A., Sirichandra, C., Belin, C., Robert, N., Leung,
J., Rodriguez, P.L., Lauriére, C., and Merlot, S. (2009) Protein phosphatases
2C regulate the activation of the Snfl-related kinase OST1 by abscisic acid in
Arabidopsis. Plant Cell 21(10): 3170-3184.

Wera, S., and Hemmings, B.A. (1995) Serine/threonine protein phosphatases.
Biochemical Journal 311(1): 17-29.

Wu, Y., Sanchez, J.P., Lopez-Molina, L., Himmelbach, A., Grill, E., and Chua,
N.H. (2003) The abil-1 mutation blocks ABA signaling downstream of cADPR
action. Plant Journal 34(3): 307-315.

Yamauchi, Y., Ogawa, M., Kuwahara, A., Hanada, A., Kamiya, Y., and
Yamaguchi, S. (2004) Activation of gibberellin biosynthesis and response
pathways by low temperature during imbibition of Arabidopsis thaliana seeds.
Plant Cell 16(2): 367-378.

Yoshida, R., Umezawa, T., Mizoguchi, T., Takahashi, S., Takahashi, F., and
Shinozaki, K. (2006) The regulatory domain of SRK2E/OST1/SnRK2.6 interacts
with ABII and integrates abscisic acid (ABA) and osmotic stress signals
controlling stomatal closure in Arabidopsis. Journal of Biological Chemistry
281(8): 5310-5318.

Yoshida, T., Nishimura, N., Kitahata, N., Kuromori, T., Ito, T., Asami, T.,
Shinozaki, K., and Hirayama, T. (2006) ABA-hypersensitive germination3
encodes a protein phosphatase 2C (AtPP2CA) that strongly regulates abscisic acid
signaling during germination among Arabidopsis protein phosphatase 2Cs. Plant
Physiology 140(1): 115-126.

Yu, L.P., Simon, E.J., Trotochaud, A.E., and Clark, S.E. (2000) POLTERGEIST
functions to regulate meristem development downstream of the CLAVATA loci.
Development 127(8): 1661-1670.

Yu, L.P., Miller, A.K., and Clark, S.E. (2003) POLTERGEIST encodes a protein
phosphatase 2C that regulates CLAVATA pathways controlling stem cell identity
at Arabidopsis shoot and flower meristems. Current Biology 13(3): 179-188.

Zeng, Y., Raimondi, N., and Kermode, A.R. (2003) Role of an ABI3 homologue in
dormancy maintenance of yellow-cedar seeds and in the activation of storage

protein and Em gene promoters. Plant Molecular Biology 51(1): 39—49.

61



r 9mm

hilum

endocarp

seed coat

cotyledons
epicotyl
hypocotyl
radicle

endosperm

Appendix 1. Seeds of Formosan cherry (Prunus campanulata).
LR a4 A & d GA R % A (endocarp) ~ AEA ~ 2T frin i
(Chen et al., 2007) ©
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Appendix 2. % R B it T ABAZ GAB A+ RREF T2 55 W

a3+ R FABASE & 2 8 @ E PR RE > TR T ER EGASE L 4
B R o B FIRE T (G4 B E T ABArGAhT 70 i S 8T P
R R A REAE RO A FRORRSFEE FR A KRR
BRen BRI FETFRNEE > RBEFILFESFFEHFT o

Model based on work with A. thaliana ecotype Cvi, modified from Cadman ef al.,
2006 (Finch-Savage et al., 2006).

63



Warn stratification Cold stratification at 4:'(:]

at 30/20°C

0 weeks 4 weeks 8 weeks 12 weeks
0 weeks 0 22.7° (40.8)* 70.0°(13.3) 88.3°(8.4)
4 weeks i3 34.74(16.5) 98.7°(7.8)  98.8%(7.0)
6 weeks g —? 98.7°(74)  97.3%(7.7)

! Means (n=3) with the same letter do not differ significantly (LSD, o = 0.05).

? - . . . . . .

~ Values in parentheses are mean germination time (MGT) in days.
3

* —_ Not tested.

Appendix 3. Bk Ffrk MR B FAEHLBREEIF T F{oToF T
* et 38 o Effect of cold and warm-plus-cold stratification on percent germination
and mean germination time of Formoan cherry seeds at 30/20 °C (Chen et al., 2007).
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Appendix 4. s B LBV EF ZRERTHET L -

Moisture content and 100-seed weight of Formosan cherry seeds. (A) Moisture
content was determined for both non-stratified seeds and stratified seeds using three
replicates of 20 seeds each, and calculated on a fresh weight basis after oven drying
for 24 h at 80°C. Results are presented as means + SD from 3 replicates of 20 seeds

each. (B) 100-seed weight of Formosan cherry seeds. Results are presented as means
+ SD from 3 replicates of 100 seeds each (&, 2011).
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Appendix 5. R7#¥ & K ff mIL i LIRTEAF P LI ABA § E

Abscisic acid content of the various seed parts from fresh or from moist stratified
Formoan cherry seeds. Results are presented as means + SD from two replicates of 50
seeds each (Chen et al., 2007).
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Appendix 6. A7 & & ff AJRS LRI P AWM= GAs £ £

Gibberellic acid contents of the various seed parts from fresh or from moist stratified
Formoan cherry seeds. Results are presented as means = SD from two replicates of 50
seeds each (Chen et al., 2007).

67



o o o
o o o IS
A~ (o) o —

p mole/embryonic axis (FW)
o
(e}
[\

0d 2d 7d

warm stratification(day)

Appendix 7. & kST o8 K AR 2 LR T 2PABAZ £
Results are presented as means + SD from three replicates of 50 seeds each (&,
2011).
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putative homologous -
Function category Clones| size(bp) : accession |identities |species
protein
Environmental
RACKIB_AT (receptor for 60/69 (87 |Arabidopsis
Information Processing |#154 248 NP_175296
activated C kinase 1 B) %) thaliana
Signal Transduction
Environmental PP2CA (Arabidopsis
138/204 |Arabidopsis
Information Processing; |#54 586|thalina protein phosphatase |[NP_ 187748
(68 %) |thaliana
Signal Transduction 2CA)

Appendix 8. PcRACKI {= PcPP2CA % o8 & #f A2 ts LT 2 RERZ

gk 7]

AR TERTE AR S R R AT A E A aha B AT, 2010) o
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Appendix 9. 7 0B & 2 L@ Y RACKIB - PP2CAcip¥t4 RE
(A) The expression pattern of RACKIB after 2-day warm stratification measured by

real-time PCR. (B) The expression pattern of RACKIB after 7-day warm stratification.
(C) The expression pattern of PP2CA after 2-day warm stratification. (D) The

expression pattern of PP2CA after 7-day warm stratification. The quantitative control

is 26S rRNA. Shown are the mean values of three biological replicates +SE (&,

2011).
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Appendix 11. PYR/RCAR-PP2C-SnRK2 2_3t & & #4555 W

§ ABA § B (%I » PP2C #§ d $rl 3o BAMLFS(SIRK2) p A BARL 1 & $r4] B i
t e @ § ABA 33 ¥ > ABA foim?2 N i ABA receptor PYR/PYL dimer 7 = 4f &
B 2 4F £ 88 ¢ o PP2C 5 & @ #r] PP2C ehxt st » @ & SnRK2 #7145t » B it
71 SNRK2 e it BEfL 1 ABA B/ nf iF 5]+ foip M and + i 7 = w0 i v o
gcds ABA #p B ¢k 7] 4 .(Hubbard et al., 2010) -
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Appendix 13. Primers

PcRACKI #1% 31+

RACKI1B-F
RACKI1B-R
PcRackF1
PcRackF2
PcRackF3
PcRackR1
PcRackR2
PcRackR3
RACKI1 5F
RACKI1 3R

GCCGAGGTAACTTGACCAAC
TAGCACCAGCACCAAGTGAG
GGTCGCGGCCGAGGTAACTTGACCA
CGCCAGCGGAGGGAAAGATGGAGTGA
ACCATGCGTGCCCACACTGA
GGGACTGAAGCAGAGAGCGTGGATA
GCCAAATCCCACAGCAAAATCACTCCA
CCTAAATAAACTTTAATGCAACTACAAGAAC
ATTTTTTCCTCTCACGCTTTCACTC
CAAAATAACGAGGCCTCAAAGC

PcPP2CA #7% 31+

PP2CA-R CAACCACCTCCTTGTCCATT

PP2CA-F CGTCGGGAAATTGCATTACT
PcPP2CA-R1 CTTGACATGGCGAGAACTCCGAGCAC
PcPP2CA-R2 CCTTCGCTCCACGCAACCACCTCCT
PcPP2CA-R3 CTCCAGTTCGTCTCTCACCA
PcPP2CA-R4 GCTCATCATGACCCATTACCATTGC
PcPP2CA-F1 TGTGGAAGACGACGAGATATGGAGGA
PcPP2CA-F2 GGAGGTGGTTGCGTGGAGCGAAGGT
PcPP2CA-F3 GGCGGAGGACGAGTGTTTGA
PP2C_5F CCCTTACATCTTCCTGTTTCAATTA
PP2C 3R AAAACTCCAAACCTTTTTTTTTATAGCTT
Hwsl3

26S rRNA-F AACCTGTCTCACGACGGTCT

26S rRNA-R CGTGGCCTATCGATCCTTTA

Pc actin F TGTGCCTGCCATGTATGTTGC

Pc actinR GTCTCATGAATTCCAGCAGCTTCCA
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Appendix 14. Vectors

Xmnl 2009
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