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I. A&

RRERE 2SRRI, 2 < O, FHCBEEDOSHR 4 BN % HIRT 2 Sy /5
EDO—>Tih D, BHE, AR 15 FICRAE L-2ENRBEI L5 B IEMOBERTIX 3,800
EHZEADLOLHESNA TS (REBEHM 2003 E 11 A 7 05K, MERE I
TTLTWAEFEICBNTH, 2720 OB TE Z 2 BEAREIRIC X 5B IEh~0fE
B/NRIZE BT LITEBRLBBE L VD, TOHITE, KRBT DRSO A
AT L., TOMAEFHLUKER - BEMEMN 52 ED L EBHDTHB L
ZEzbhd,

RIRICE s THE B ENBEEITIE, 0~I2°CEEOH LR WBERIE TR - 240k
% (Chilling injury) & 0°C LATF OIRERE TR Z 2B#EEE (Freezing injury) 355, &
BEEL, MR > TEIZAFBEEECEBRMIEOLBIELREORBRE LTA
CA8E2 RABENOBREELZEZ N TS (5H 1999), —F. BEHEEERDR. BEER
FhAT, KOPBRETHZENFERTAEULALSBHR AP L ALL - T &R &N 5,
FHREE T, KEHY T, BEA MR, BARMLR A MLVA RO, BHREY
AN LANEALT D (Levitt 1980), HFEIC L AEEEZ oMl H1X, BifEE,. MIEN
BEYORHPED NI b, REGEOVRFMIIREER TS LELLRL TN
% (Steponkus 1984), HIRRITHEMA (I-1) EHOFEFBENSR) ICLVHESh, £
R, BUMEE & MIEA/ASRERRBEEL, 20, BERTOBENEZ 288085
5, THITLY, AEEOHERUHEERLDN, MR TTENZEEELST, MIEL
TLEY, Bk dbh, BAR M AIEEEEOPTRLEERA M ATHD
tEZLNTVWS,

UL, B#LIEEERE L, AT T8I BoRWEE (8 10°C LT
OEBIZHAHMBENAZ LIk Y, 20X I REFEA b LRI 5 P HEEE £ 815
T2 (IKiREIt. Cold acclimation), = DIKIEEILHIEIL, AmALS, HREFE, MIRE.
EON AR b % < OGN R & T & - (Levitt 1980, 1B 1982, fEIFF 2003),
BT EETCIE. AR CREBIEAR Z Y (Gilmour ef of. 1988), 2MRFEEFIAT
TICHRE STV (THE ARABIDOPSIS GENOME INITIATIVE 2000) &5 /- Fide
FovaA XFXFH, BEFAERE L CRRIMLOFRIZZ AnbohTinsg, 7,
T T T < B e REORESIERMIEE AV THR LV ~UIZBIT D R RV RIGE
ORFFE L < HE ST 5 (Leborgne ef al 1995, Koike ef al. 1997, Tabaei-Aghdaei ef al.
2003), X 5ic, WM, RO HEEMEE IS, A FLAGEETEORREETRLD



Z & (Sugawara & Sakai 1974, Withers & Street 1977, Takagi ef al. 2003, Ishikawa ef al. 2006,
Masclaux-Daubresse ef al. 2007) SE HIVTW 5, ABOMBIL, MiEHCRRIcHE IR
TG RIC L D AIBREZEMURERT 3, 2070, A b L AERICRIETREBKD
W, MRAM & EELEMRA S D L EZ LN, FE, EE, MEESR N L RS
FORECERICHED > TWA I EMBHLINIRVIED TS (Kadota ef al. 2005),

ZIT, AMESERNT AL EFBMNE LI-EBOM L SV BT DR b L RS
B EABRBORBCEbIRMAT TOMBEHER TSI Lot 5, £, 1) HTEY
DEFERIUCDOVTIRA, 2, 3, 4 R¥S) WTEERMLRA, BAR MR, HA L2
BRUBMAA b L ABEDICE 2 28, 6) BT aA X+ Xk Epl b L-IKE
SRR OBTROBUR, 7) TE TS ORI L AV ST S o, 8) |
(TAE ARSI 30T DHMEOEAT LIRS R, = LT, 9) ETHIEER & 2 kL AR
WOWTERAT D, £/, BRI, b0 L2BELT 10) HTARED BN T
ERT 3,

I-1) 44 O

R[EBBET LT &, MOERE . KIDKEANET D, £OKEE~1 F RBE
WCET D LEVIED, HEBNIOMRRRIZH ZKSOEE L3R4, MEBROK
SBECEETDIRE L LT, MRMAROASISHENOKS LD bEBRENRN L
RKEE L 720 5 2E OKIZTEMSE) SIS L ERBTF o5 (§kEE 1971,
{EH 1982), @E., MR ShToKEE, BEREEOFEICE VHNICBATE
2N, EOFRER, HBRNOKSIIAMEMKIEE 72 v (SAkkER 1971, #E3F 1982, B 1996) .
Z OFER, MIEHERICB T 2KRE DK G HFOBTEIRG EIREOHANKS & VI
{Igo-TLED, Zod, HREREMEN TREBICRIKOBRIZENELD, Z0E
ZIRET 572, RN OKSIIHRE & R L B CliRMRICBET 2, Zhick
NIRRT K ZALIBURE L. FEEEAMICEEN L2 AKITHIBRAMC TE K BE I LICRE S ®
Do ZDEEREITHINER (Extracellular freezing) & FENENL, BRFICEIT HHESIA
CEIZHKTHD, MBAREPEHRRES &, MRITBEORAKA ML XE2ZHHZ
L2 B,

SR &5 7 - fie T, BZ o 7 Haa R W RIEHE 120 O R 2
mRLEhD (FH 2002), Ziid, REEEHLES A7 HIIKE OBERERRDIZH,
LT AHMERRD (BRI L. FFEMCIVEORSFEHSLTY



D) MY R EAPEEEICH LB, ZO/RER. ¥ o BREET3ES - Wiz,
LFLOT RN EULPFELROCEAPAETARETHA, —OLIICEIEH LGS
SRRV AE =R 2D L, R BERTOREERRY 2 BIZE AT
e FRHEICEAIZRORAEICHEBN L BE DL S 2L 004 L, MO FRE
IRIZZEDHEFMEED Z LMH D, BOEFEENEDND L, MYARFSEE RSN
%, BEMN LA UKOBMEAEZ > Th, ARG LS LoBRICES - L A%k
LY, HMRBETRSENREELZITA L LB,

I2) BEARLR

FREBBILRBITHERRA P RAO—DIZRER P LABET N D, BEX kLR IE
PIONBIRWICKEZREBELZDZEBMON TS (Yoshida 1995, Ensminger ef al.
2006), FEMIORBIL, EICERMKIERICL > TR M- T3, BREIOGE., 20800
FIEZE] 5BERICERBRERH Y, TOBREGRHENSAND L BRI FOEEMET L,
RRE LT, HBBIROBEBICREREEL 525, Hi21E, 0°CICBENY—F Y Ot
A TIL. 24 FEFEILAICHRAIE D H'-ATPase IEPEMNFISANIILTE L, 24 BERIRICIZ=F
LV ORISEETHS 1-7 3 ) v raTasv-hvR BOSMie s 0 BEmigtEn
ETARISZEBEMLN TS (Yoshida 1995), £7o, KRIIELEABDLESLZ L THE
EWRARNLVALRY) BEFEAIELZLLBONTWA, FizE, FAzz2AVn:
T, 5°C IRRTICB WO S RIEE OB MRETICR I AR, Ha 0
W, JEREIIRTFET A Z 3o T A (Moon ef al. 1995), i, {KIBIZ X 9 PSIL
BREIERUREBEOY T 2=y N Th 5 psaB EEEEMO MBI, FOBELLT
PSI DHERIEF LB END ZEBRETHS L EZ SN TV S (Soncike 1996), £
o, RIRMF T a4 FIRIEBEOMEEZ BRI TEFEEREMET AL L LI, RE, B
#, METRORBMICHELARERICEETEELZ L, BRCLISEEEFORE2E
KTHDEEZBNTVS (Ensminger ef al. 2006),

13) AR Lz

B Uiz & 9 ic, MBRAERE A REAMEES T & THIBIEBAKR b LR ERIT S, ZhE
TOWEND, BREAR PP AL EREI SN IEERBIIERTFTE TS 8
732 TV % (Uemura & Steponkus 1989, Steponkus ef al. 1993, Nagao et al. 2008), —2,
FHERENEBOBECNESICE ISR THS (Expansion-Induced Lysis; EIL), EIL 13, W
FEBAIZ L HIISIEFET S 2 L TREOHBEAMRA~NMIE LTHY SRR



T, RO A IZRASRA SN B OMBIZIBT AHBEER YLV b Ah R, 7
DFFR, MARBE CWIRT 28I, MIIITOH A4 XITRB 2 LA TES, MBI 5
DIRDPBREBAIBIBERLTLE S, SHICEECETRRT » BEBARED &
HEAD B IEARFEISHES L TV DA TAKbI, MR & 385K X oMmia/NB2E o
RVHEAERT S, ZoB, SEBESBEES L TWAEE ERSBN., BRIy
HOBRCHER, TS & H{ SROEZROMEMARICL YA HIFA T LSS
EHESBEEND (Gordon-Kamm & Steponkus 1984), ~F ¥ =+ I HEMNHR IS L.

ETNENOEOHTIR— (identity) T FHANICEDRLTLE S, &0, ~F4IF
v I MHHIBEIR 2 ST RBOBOBEER TR ENS 2 Ehd, MIaNOELA MR
CRHLTLEY, B L THREY OKE SOMBICIEL & 6, MR RaEr g
BFERITFHICED, TN OB DEEEE TH S (Loss of Osmotic Responsiveness; LOR),

LOR I, ~F ¥ T H VN HEZHELRVES LBREINL TS (Uemuraer al. 1995), KR
BIEBIZERETHER B 2o it R LB EER SR - 2BE R ~% %
T I AAERIBE L VIR 2o Tnadiw, A URBEEMIBEmMS 23| XED L,

HESIWIEZ AV BEFREMEE GO L THEIBES A FOE» SO~V Y 7T
HHE R L Ipo>TERND, I Fracture-jump lesion & FEITN 5,

EhiZ, RIEOHMEIT, REMOERICL > T &R I SNAEFIIRADOEITICL S
bOTHEHRL, HEBREOHKICLVFTEINCEOBBICLVEIAZ & 2Rl L T
% (Nagao ef al. 2008), Nagao Hid, B4 X F+XFDEZE-2°C &I ERAEVRE T 2
b 4 HEEORHMELE S ERBE. MRAOKEY A JCELBROIR2VW—T, ¥
BRAKTHESNDI LI RIES RV BOBEIL L > TR 2IFEOA TR S 2808
BEINDZLERLE, R, AEOEPREERICELZEIRNTHLEZAZ L
b, WREBETRONAEEREPRAOREREZ 2ERENLER THD EERSTT
Wh, TOXDIE, BAKRA N AR AEEREIIIRS RBESTFEEL, BHETCTIA
LOBRBPESHICAETEZ LT, EHIEIREREFEZZT TR0 EEZ LS,

I-4) A MR

IR & D12, BREBAKIZ X o THIRSNICTETE Y 2 IR/ A S, MR P R
AFAREO LR (B Bb-63hs, BWEICLBHER F L AL, Lovelock 124~
THHTHRE ST (Lovelock 1953a, 1953b, 1954), Lovelock it, #RiMER%Z AW CEED
REGEIERICOVWTHENT L, FROBEFERT CHROLKE AR 2BEE THE LSS
DEMEN, TOWERECIE LIk A2FoRBERICRLRZB LI HE0RMLE



ERIETDIERWONII LT, 2O Enb, HREEEI I 0 7R o 835 ik
SNDBILICE> TSR SNAAREMER Lis, £, WMe AL HBE e, i
LN F T A FEENSG ATPase D F 7=y + (CF,) M+ 2 2/ MEMN, Sk
DERIZLDHLDOTHD I EARENT VS (Garber & Steponkus 1976, Steponkus et al.
1977) ZHODWMETIX, Ay LY IUnLEELFFF g FIEIZ/FET 5 Ca™-ATPase
OEER, -1 9 5-4°C ORET 2 RERE TS 2 LIC X VAR TT 5 - L asr&hT
WD, Tz, TALOEBAEOBKIEE TR SIS EIREICRY T 5 REOERIKIC S
LeF T a4 FTHE L Ca”-ATPase DIEHEIMET 42 2 &b, B L Y RS-
EARBHEOERTH D LMLz, —F. EBIL LTl WEFCoR-3 -
DEIBEA P VAL DEGEBEOKRT A, 55 24 FBICHEET S cryoprotective
plant protein (cryoprotectin) &5 # 7 MOERMII L > TIEMEIN TV = L AidE X
AT D (Volger & Herber 1975, Hincha 1986, Hincha ef al. 1990, Hincha 2002), Zi.5 0D
HWEORIZ, —FREDEHBEPTALZ u—RA2MA DI L L » CRIGHT ORE M
(LI ®72B A, cryoprotectin MTFEE LARWERET TF T a4 RABB IS & EEITH
FRE & DV ILIRBIREITIKTE L TRE R B2, cryoprotectin 7775 T IS IRE I k17
LIBEPENEND T EARENTVS (Hincha 2002), 2% Y, FREBATHESND
IR X DHE % cryoprotectin AEFIL TV A Z L #ERLTVWA, 0L Hic, HfEES
BIZBWTEA MV AITEAOEFERDLEELRER TH S & L biz, KRBHLIC L -
TEDEFEEMT LD RBERGEET A L &S h 5,

I1-5) BB A b2

BRI, MRASEFEOBITICES THRELIOKSICL Y, Ml HE 0L, Bl
HIRELICE RS, DX I REREZITD (B 199%), ~F T, BRERED
BRI SN TIL, ALha &) RFEBIIR S, EAMHORFENEZS (Olien &
Smith 1977, Mazur & Rigopoulos 1983), -2F ¥, H#E T CE Z 2O IL. RAKiCinz
THIRRIMZ TE KB L BB BENA) > TELTWBZ EBRFBENRTWS
(Mazur & Rigopoulos 1983), EBRIC, Y u XXX 2 HWHIENS, BRETFTTAELS
~FH I I HOBRITFEIC L > TELZHBOLANEE L TWB I EMRRERT
W5 (Fujikawa 1991), ZO#WMEIL. o FTX ¥ 2 BBEET 5 LEBEICENT~X
P 0 AHOFEABEZ 58, BER b LRI L 2HEACESI L 5IBERT T~
FHIFA N HOEEBEI SRV LEERLTNWD, DEY, HFET T Z 2O
ME & FAUCHE D EFIL, MEAOKSBICE2HBNLRS, SVHBAD LR b L AN
SOERTHLZ EXHALMTLE,



=T, MBSO KD IR R R L7 % OB A T BIc i hh e v
BOERI BB EZITAZ LT3 LHIaAN S (TH S 2006, 2007), LAdl, Kawamura &
Uemura (2003) 13, YA RFXFOEED S BB U S HIRERE AT 3T, IRIREM LSRR
TEIMEADEZIZZ I HD—2L LT, v FHFNE T IR LRy HERELRE,
BRREE VISR, V7 b F 7 L3HERAR b L RIC L AR R & 4
RSOy B O TEET 28I b o T A D L BT D (Reddy et al.
2001, Chakrabarti e al. 2003, McNeil & Kirchhausen 2005, Shen et al. 2005), %= T. A&
IR BIT BN T MEFENLRBIEROTRMERIEL, =17 boRlL—aL %
MAWTEZRACHE L B U, RO, BB 21T - 7B B L 2 & MK TER 221t
MEOERBR LN Z LG Lin (TH G 2006, 2007), 0= & 4b, HEICT
DHFEEFITIIHBA P L AL RERFEBY 5 2BRO—-2THB I WREIND,

1-6) {KiREiL

b L7z 500 RIRENL L i, SR L2 EREOERICH A MR INA - & T
RAETHMEZ RS EDIMEEZ V), TNETOEL OMEMS, EEHLER TIL. i
RO EMERPBEIT 5 Z & (Uemura & Steponkus 1994, Uemura ef al. 1995) . $572 & 04
REPE S BEE P ERT 5 2 & (Koster & Lynch 1992, Wanner & Junttila 1999, Kamata & Uemura
2004) . WAL E L THDHT TV B (ABA) SBMN—BMICHEKRT A & (Lang et ol
1994), RN &< DRBFEMREFOREINEZ 52 & (Thomashow 1999) 73 & A3E] &
NI T3,

BlziE, T4 L%, FA—FAF¥, RO, oA XX+ Tk, £BLT, EEBLER
RV THREEIEED 5 bAMEORE WY VIEEOSENEMT 524, £LT, 20
=T, KMEDNSWE LTy FREPTEZENTENRTVS (Lynch & Steponkus
1987, Uemura ef al. 1994, 1995), Z @ X 5 ZERBEELIBIEIC BT A HEEIEEOELIT,
JRAKBR T ERBIINDAKEDORMMIMEE L ZEIEE 058 (Lyotropic phase
separation) ZHEZ VI < L, EFEEAKBRICEIT 2 I £ A ORI H0E &
L, FIUZFEREL ~F 8 FF0 AR ARRR Fracture-jump lesion DFEAEEHIET A H DL
Bz T3, FORRELT, MRIZBT2FEESOREVETTHOTHS S,

KIRBIEIZ L 2RBEAHEOBRIZHE, BAREOERLEBERERO— & LTETL
LT3 (Levitt 1980, Koster & Lynch 1992, Wanner & Junttila 1999, Kamata & Uemura 2004),
HEWEEL X, MRNCEBREEFE L THLHRORBMRISICER RIZERWEICEEHE, 7



BYLREDT I B R, RS LR EORBEREDEO—RTHDE, “HLHDMY
HAHIBMICERT B & | M ORBBIEN ER L, TAKAS T AR+ 2OME
REEBADRESEMEND L ELLRTVS (B 199), S6lo, @AWEL. 2%
JEFRERHEREIC N 2 T, BERIEM O#ESS (Incharoensakdi ef al 1986) , IE#EO LB (Crowe
el al 1987), BT, {EMERFIBOMRE (Smimoff & Cumbes 1989) &\ \- 1-HbfE §, 1%L &b
ETWHIELMESN TS, ERIC, Y os XFAMiEs | AR cas+s -
EWL Lo THRRORRT V7 B S8 %, HBaBEDR 7 u—REIKICE+ -
ET, MRAESTEEATHICEMSELENOEE LT 2 h 75 R b O ESTHE.
BERIMELHEZTHLR THEL L2 TWVA I L BBEIN TS (Uemura & Steponkus
2003), ZAViE, LOR ORAEDPHH ENIERTHD Z EMbraTVD, Fi. vog R
F AT OEORREMENERIETF L TN D I L AME LB XTH, B ROEHA K
ELEDEVICEBL TS Z L BB LM/ TS (Takagi ef al. 2003), = D& TiL
IRIRENEIC & D EMHE DB RIIE R BV CRLEL 2D, ZOBORES & LTS
DERELHABLEEBZRTIEEZALMILTNS, X510, #EEUAOBEEEE L&
RIEOBRICEERBE 2 T5 L AREN TS (Sakamoto ef al. 2000), #lzif. ~
FALEGRTERVWEEZEZ LN TS vaA XFAFHEMEICT AR a7 ¥ —HED
WA A R RBERE codd & BB S ST MEEMEA T, BRI £ AR LR
DOERBEISE &I, BRERAEOEEREESEAER H_EL 2D L AR LM
L2225 TN %, ZRADLDOIENGYL, BAREOEMSEMHEDOHKIZAESELELT
WBHIEBREZLND,

IRIBALHIBIE TR O ABA £ &2 —BRIZIEKT % (Daie & Campbell 1981, Chen
et al. 1983, Lalk & Dorffling 1985, Guy & Haskell 1988, Langetal 1994), F£7-. iz, ABA
PEFETEOBKICEE L TWD L L2 RTHELE < L ER TV % (Chen & Gusta 1983,
Heino ef al. 1990, Mantyla et al. 1995), Iz 1L, 22 LXK, £5 4 L%, RUX, To®sS
ADEEAE. HDVIE, o XF X TEDICHEESN D B ABA ZIRMT B & KRN
21T THEMSMMEI AT 5 (Chen & Gusta 1983, Mantyla ef ol 1995), 7=, ~n
A R AF D ABA RIEFUREREF (aba-1) TIHKBENLRENTE S & L b, ZORRE
RABITHIBZA 235 ABA #0042 L ARIREMEREDSFBM S B Z & 23454 > TV 3 (Heino et
al. 1990, Mantylaeral 1995), Bl L7z X 572 ABA I & 2 &M MOFEE T, ABA WMER
HDOVTHBEFEERETORK, HE2VETHIEEI YV HOEHEEBET 0
ThHDHEEZBLNTWS (Mantyla ef al. 1995, Zhang et al. 2004), EBZ, v u A XF S
EHEICBEWTERIES 20 3 ABA LBIZ X 2 HFETMEOMA LB L TERFEED
RABI8 BRERT 5, £/, TOEMIKIRR U ABA LI THEAETHEIEA LAV ABA 3



IR SRR K (ABA insensitive: abi) TITHEBE SNV LML NA TS (Miéntyla ef
al. 1995), TNHOI b, KEILERTHAT S ABA ILIGEBULIC & % HUEE Tt
DERICEELRBEZLTNBELEEI LS,

S LIS, KIRICIES LG T RO SHRBMIC Tl . EEDHLOBIGF L
IS BIT DR S 5472 ¥ 228 % (Chen ef al. 2002, Fowler & Thomashow 2002,
Kreps et al. 2002, Seki ef al. 2002, Hannah ef al. 2005, 2006. Lee ef al. 2005, Oono ef al. 2006},
INODRFTHG, oA XF TR TWAH 24,000 BOREGEFO 55, 939 How
BFPEEREIND Z LR 655 BOBRGEFMERMBEIENS Z LAMA L, £< ORI
FOREFAMBETERT O EAALMIIR-> TS, RETHEINARIETFORT,
CBF3/DREBIA (JMKREIED< A F — 24 v F LEZ LN THEY, CBF/DREBIA *BFI%
RLlzvoA XTI EMETIE, 2O THRICHDENEEFORBELNL TEDTo Y
IREDHEEEOERARENEL 0| EOEORBETHEAEZCE TS - L ambh
T % (Gilmour ef al. 2000, Yamaguchi-Shinozaki & Shinozaki 2001), BEETHE DR iz 5
LT\ 2% CBF3/DREBIA O F FtZRIRIEF D T cold-responsive (COR) BIZTA %5 (Lin
& Thomashow 1992, Wilhelm & Thomashow 1993), COR #E{zFi3, (RIREMEEER Tk < HM
ENDZeMbhoT %, COR BIBEFDO—>ThHhs CORISa #BRIFHE LI~ HEIEMH S
BA XPRAFTTI, FE, BAERL LNFRTIMAE D ENBEINTWS {Arus ef al.
1996), CORISa \Za— FENBR ba~& /32 % CORlSam 13, HEREE & AR & 4F
BEMZBERL. ~F 4T TV NBOBEREHNTNS L E 2 5N T3 (Steponkus ef al.
1998), E 72,34, CBF3/DREBIA O L7 TH#EET B3BIKF inducer of CBF expression 1 (ICE1)
WIEREH, icel FIRERAETIIBABITLL~ CBFY/DREBIA L # D F iz b AERBET
DREBEVBBRT D L &I, FREHMESMEL 25 2 E M#EERL TS (Chinnusamy ef al.
2003), —H T, icel BIREREERH oA 70T LA BTN E, 1594 BOEREI{LER
TEBTLBEFDOI L, e ERETRIAVBEHTIHEEF L3690 B TH Y, KBS
B TIX CBF3/DREBIA FHIRFFHNABREOLEFETHAEMENTENTVS (Lee et al
2003), 2D & D IC ARRIMEERIIDEOBENLRERICKE S L TNBEO TR, #Hx
BRI I VR Sh TS EILND,

1.7) HERAMALIC 31T D IRAE LA EARAE
INETICH, EHOHRRMET T, B, Bl MIERROHEEER DL, Mgy

NI BITARISHBETEL EVIHIFRZETELD, EREIC LIELEAVWLAT
X, BETHEFEEBICETAMEICBWTY, B4 2 EYREOERERERNCUT



DE DR EN TV A,

BRI, A A X ORI TR, ERENIC & 23S T2 A 5 1S A HIT S ~
BEBIRE TN LIRS, BB L ML _TRE <25 - LB MIC A
TU % (Tabaci-Aghdaci ef al. 2003), D Y| FERISFOEEMERBI LS BB+ 2 - L2
FLTND, Ele, 2= ) Ox RREOBRMILE HO-BI%E, BREOR L &
WRETHERDENIE, T2 b—2R0F 7 1 ) —ADFET 2 &M THE LI5S
ICIRFETHE S B IR T 5 Z L 2R L TR Y, SRARICH VT L BETHEO HE & g
FEOMICEZERZBERSH B2 L ERLTWD (Leborgne ef al. 1995), Xbiz. Kgz
ABA ZTINLAIM &35 T3 & | MR L T, [RRBIMEQE % 177 < T b BT
BRT DI LA T D (Chen & Gusta 1983, Koikeef al. 1997), ZD L 5. hosk
MR THREBMIE L FROIGENRZ 5 2 L b, B+ HE 5 8T
N THFELTWAZ EAHRI S S,

S HIT, BRI DWRERETDE, RO R b L RTHES, MROREBREIC X
STHBERTSIL b1 2oT 5 (Sugawara & Sakai 1974, Withers & Street 1977,
Ishikawa ef al. 2006), Sugawara & Sakai (1974) & Withers & Street (1977) 3, A4 3 7 %
VAT ORBRBREBREERICL ) BRRET IR, FEHORY. D\, EE
HREHOMIRA, ZRLUGEOREBRMOMMIC LR TEHVEFEAZE O L 2R LE,
7, Ishikawa b (2006) X, 7 2 €5 T ADEHRMEIEZ BT, BEEREDE, H5 T,
WODDREA b VAT (GRETRE, EiE, #iHE) A REREORKLEEL
TS OMIRIZB D TR RD I EEHOMILTVWAD, kL L S, MER
BRICIRTF L TR b L ATER R ZBREIT, vad XFXHERETLHALNTND I E
i (1-6 22, Takagi er al 2003), HEFHHIAATRT A b L AGEHEEIT, £ < O T
BEOR N RAREBBERRLTVWBO0b LAY, L, ¥OX)hEBHCHRER
PRICIKIF L7 R b L AT R DN 20020 T, < OHS THRASA T
VARSI TN,

I-8) HEMHIRIZ BT DRI B D EIT & M5 E

ED X I IZAREMEDBE VS A + LV ATHEIC BT 200 E BT 5701, £E
EBIEOHBEORBEMDVERH D, TOEBIT, MM AEESRIC L 3R oH
méWARPHRIZL MY A AOMRIZL > THREL, ZOBRFICBCHIRORER
KEL ERSTWAEEDHTHD (Fry 2004, Inze 2005, Sampedro & Cosgrove 2005, Fiorani &



Beemster 2006), F7/2, b Ewa T, ENENOREERT — O TR &4 5
IEERRE S (Rymenler al. 2007) T LBy TWABE EBID, #50 OEEEANG % v
TEMFGE D AN L ATRE OB SRR LTV DD b AT B ME L 7 X 0
T % (Kadota er al. 2005 ; k). #AMR/YEIIABMEMOETIC L v HIE S H TR Y . KM
EEDIEDERITEN T, MRABIEREOSECE LT, ¥EMN, ho. LERAX
REMBRZETH D,

ABR AL, HERL SR T4 U7 RABAAAS, B OMIAIAS & 722 » CHIMAS B A 4T\, Hi L Lo
SRHIAIZ 72 % E TOBRAE VD, MIEMIZ M, GL, S, KT G2 o 4 i ohns,
MEITIRARSHAEL 0, MRSSET S, Gl #ii: DNA OENERLE<T. M0 &
SIBREAREIIBBE SN, L L, GlHE SHORICITREELNNF = v 7 a0
» F3%H Y, DNAEFEEZ T 2544 S MRARMOETICRE N H BB, MIaE
BOEIT 2L S E 2 HIEBESEET 2, S #iI DNA OBERMNR - A8 TH 5, G2
BITFADHOEREIT OB THY . ZOBICBTHLF 2 v s R MoED .
T2 BIR TR & AR IR ET DA B > T3 (Voet ef al. 2000 1 1),

I BT 2 MIRE M OEITBIC BT B RIL, # 33 X PR+ HVTH
BRICAT LTS (HTH L4EH 20000, Gl #8105 SHI. H3WME, G2 Hne M Hi~D
BATE Vo 2 iBRAH O ETIC B O TROLKRES 2 £7-F 01, %1 7 Y > (oyclin; Cye) .
BN YA 2 ) AR F—F (cyclin-dependent kinase; CDK) T# 2 (BT & 51 2000),
COK ikt Y v/ AvFA=r7ard L orxt—¥¥D—FRT, § H~0ETIZBOTIX
retimoblastoma susceptibility (Rb) # /378 % U VBT 2 2 &, MEBI~DOETFIZBWTIX
HAREDOEITIZ B D Myb EOIRER T2 MAP ¥ F—EH A7 — FEEETE &
& ~>T, MBEAHOETEHEL TCHWAEERRFThHI ., FOFRMILIZIEEED Cye
LORERLETHS (ATHLEH 2000), ¥£7-, CDK OfFEMIL, CDK @ Y -k (Morgan
1997, De Veylder et al. 2003) <° KRPs/ICK (Kip Related Proteins/Inhibitor or Interactor of CDK)
LD RITHIBEIEND Z & THEIZIThh T\ (Zhou et al 2003, Coelho et al. 2005,
Verkest et al. 2005, Weinl ef al. 2005, Bisbis ef al. 2006, Nakai ef al. 2006, Pettko-Szandtner ef al.
2006), &I T, &iZ, HBAMOEITEF TH 2 CDK RUE OFIiEIZ EE72 KRPs/ICK O
FEWIC BT BHRENC VTS 5,

O CDK {E, WL 2D RIZBWTEER-CEMD CDK LiTRA-> T3, #EhHo

CDK O¥UIBERHC~E L, o/ RFXFTET 2/ BEFI 2 CDKANS FET6
FAFITHBEEN TS (Adachi ef al. 2006), $72, CDKA i3BERLOD Cde2/Cde28p & Rk,
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HlaE ) % i LTEEMICHER L, Gl 5 SH, BUL G275 M Hl~OEFIZ b - T
V%5 (Hemerly eral 1995), —J5, CDKB I3f#i#i %5 497 CDK C CDKBI & CDKB2 @ 2
WRICTEHEND, . ZORIUIBDILEHO CDK L 13RA 0 | EOK LI RET
Do PEY, CDKBIIZ S #1%:6 MBI 2T, CDKB2 1L G2 it M IS 21 RE4 2 =
EDRBN TS (Magyaref al. 1997, Umeda ef al. 1999, Porceddu ef al. 2001, Menges ef al.
2005), £7-,CDKB {3 CDKA & R4 0 BELEO cdciede28 T8I A% FAR T & 220 120
MR RR LR AT 5 b0 LEZ LN TV 5 (Imajuku ef al. 1992, Fobert ef al. 1996).
CDKC (I 24 XF 2T OREEBTHEEEMHBRIH SN2\ E L HiT, ZOME B
TRAEDMR, Y a—bhORE, RO, ERICHERHLZ L5, MISSRRIE T
IECHEPOREIIEES LTS EEX LN TW5 (Barroco ef al 2003, Cui ef al. 2007),
CDKD k¢ OF CDKF i3, Ehp=CB% EEoD CDK 7& {3 7—¥ (CKA) L HFEME %2 &+ 5 ® 7 T,
KPR T OFEM AR OZ L AR STV 5 (Shimotohno ef al. 2006), = 0 = L & . CDKD.
KU CDKF (3HlERAMOETICEOL 2R F Th i L Z X bN5H, TOEMTOVTILR
HTHDH, S5, CDKERHEL~, R, LEOHERICEET S 00, Ml iz
DHLEZLNTWSD (Wang & Chen 2004)

FRCLIE H DA TIERR O i e I 1T, KRPS/ICK MWEERBE 2B T35, BT
. INK4, KU, Kip/Cip &£\ 5 Zo>D Rz -7~ CKls (CDK inhibitors) 7 7 3 U —STELE
T 5, INbiE. Gl #/S HUERM7A: CDK L REE L, MIBEAHOETEmH LTS

(Toyoshima & Hunter 1994, Lee e al. 1995), ., m4 XFXHoBNThH 7ED CKI
#R7F T D KRPs/ICK (KRPI-7) MR- 7= (Wang ef al. 1997, Lui et al. 2000, De Veylder
et al. 2001, Zhou e al. 2002), Zi 5 ® KRP/ICK I, CDKA, # %\ i3, CDKB iEMHAEE
THZERBEINTNS (Zhou et al. 2003, Coelho ef al. 2005, Verkest ef al. 2005, Bisbis e
al 2006, Nakat ef al. 2006, Pettko-Szandtner ef al. 2006), X HiZ, KRP/ICK 77 I U —h—
DT D KRPIICKI 3 %\ NI KRPVICK2 % 1BRIFEH L1z 3 u A X+ A iEcht, #ila
BROETHEESND Z & THROY A ABFIL, FORRE LT, EOENELT
DI EBGISTND (Wang ef al. 2000, De Veylder ef al. 2001), Z® X 912, KRPs/ICK I%
CDK DY 2 Z & CHEAMOETEREL TS EE X LNE,

1-9) HREE#E A b L RAGE
£, EYOAERIT, MIRSRICL AHAEOBA L BA, BEICL DY A XDOH
RICEVHREINLTWA, ZOF T, MAOSENTHRESIC L BsIcHi ShTw5,

REBREOENBA ML RARECHETH LB 5L, MRAMDETER L R
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FICHEELTWD I ERRNCTHENS, IFFE, AL R kL RISEMHICET 58
FANL Do é‘ﬁ’L’Cé’ 7= (Wang et al. 1998, Kadota ef al. 2005, Pettko-Szandiner ef al. 2006.
Rymen et al. 2007), I Z4E, > v A X+ X3 KRPVICK] #IGF DRI ABA LERIC L
DHEEIND LV OIMENHD (Wang ef al 1998), £7-. TAT 717 7D KRPs/ICK T
& 5 KRPMt 5+ DB H ABA RELE THE XIS (Pettko-Szandtner e al. 2006), =
NODRERIT, A b L A~OHEIR B BBEINTIT 5 728, KRP/ICK HSHINA % 452 00 SR & 17
KREBESETWD LW RERERB L T3, FYEoas B0V T, &R
Hge S FUTZBFIZ CDK il % 38 <35 % KRPI RO KRP3 G F OFBAEE X h 5 —F T,
Pegergn bl 25550 KRP2 B FORBITMF SNBZ L 2R L=, FELIL, ThLORR
Ao ARIRIZ X 5 A E OB R S E R S TV B A& R LTV 3 (Coelho ef al.
2005, Rymen et al 2007), & 51T, X Nz DIE#MIRE AV V- Kadota & 0% T, B
AP ATHEBARTFRO DN T AF v R (NTPCIA. B1X. NiTPCB) RIGT
OREBBAMLAIO M~GLIIE N TTEL 2D, FREMBLTELR b LRI BHE
HOANLT LA A BE RO, FIBVBERRIETF (T AV E VBt F o F—F .
APX, BF, INEFFF o _NFH 7 —F  GPX) ORBELMPEBIKELTEL RS
ZEETRLTWS (Kadotaet al 2005), LIEDEFBEAELHB L, R ML RBEICHT SIS
B &R OEITIIEERZBREH D & & bIT, 2 KWABER CHRERMEIET S &
WHIXYHLELAS R FLRCHEET A EDICEBMICHEEARESE LTS ELEX
BB,

ZD X DI, W OREBRMIE B TSR LA ORFSEIE, B AR A SRR A &
TS, Ll KRBEOEFTAMESLE LTHBWLNR TV A Yo XF X FO5EH
R % Ao MR VA~V TOREITIE, HMIEICHE_ER B LN TWS, AR TRV
1A RF A FREBEEEAMIE (T87 ¥K) TIXBRE Y 74 BT, HiE#EE & & )b (Takahashi
et al. 2001) R° ABA 77V (Yoshida et al. 2002) \ZB 4 2 &N T3, #H% 12, Yoshida
LOWME T oA R+ XF T8T HEH/ABAZ 5 ABA WE L 7-RRIZ BT KT A4 30 8D
=N, F R Y B LEESE SNFl-related protein kinase 2 (SRK2) 23&%:5 Z & 8 5 H»
WLz, 72, YA X XTHEDEERNT, ZOF 0By a— T 58728
B3 E, ABA 20 LT EBFESEEEFOREARTES AL L LI, BREEHCEBITS
TILOBYNIEE Sh5 2 & T, BAEILA~BAERKIEENBLICHNS 2 L 2T
LTwd, UL, BRIEETORT, ®REMECEDIBEIRER TN,
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[-10) ARFEDORK

LETRATEREL I, 204 X T ZHEWEE B AR REHGERIC 513 5 T
HEFERB ORI, MBMICITOR TS, LiL., R0, WA EEEHEE O
B, 2 LT, BoNEMREFIE L TGN S A THICHK S5 72 hOmMEN T 7
B FEMWT B E TIEE S TR, MEKC L, Be 2R -, 8. &
UL BESBELTEY., Thb0RRE 7S 0OEBICET 5555 DB DB m A
FUSHHENEAT 2 2 L1 & » TR THEE A OHBAR b > T3 T & b2 DR
D=2LEZOND, TOMBEEMRL., FREMEOHE A, &5\, BB TSR
B L. SR BRAETE £ 8K S € 3 BT A BT 572010, M BT 2RI R
BISE R L, BRIMLOREBR CREATAB LT ELENSHE LB, %
T AR ARRRBLOETFAESH ThH i uf XF X1 L5 S n - 258 (T87
B ERANT, ML ~LIC 31 BIEREHEIC X 5 AT SR £ B 5 A+ 5 - &
EEHE L, ABETIE, 2 SDRA - REEN GFMmE U B0 oMy A
W, EIRARIC X B URTHIEO T8, MIAPIEER ABA 2 ROLE) . (KRFHEMERET O
FREEH 3 L <AL, BB S REBIIZ L > THIBSh 52 X 281550 L
oo Efo. EREMET BHENMH 2 HEHOMI T, MIEBSEAICET LTS T
EERRTE LD, MRBABICEELEEEREENHLE s #HLMNZLE, oo THE
BRRERIL, A ERE I BEAREERTH D &V I LUV D & &R
LT3,
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IL #EHE ik

-1y £FFHiE

T87 BEERTRMAIL S 2 A R X (drabidopsis thaliana L. Hyne ecotype Columbia)
seedling B R DRI TH 2 (Axelos ef al 1992), AIEMITHMAIT, BICSTRIERT A )
LRFREEC ¥ —H T ) SEREBRITE 7L — 7 L 0 82t LT 50T,

AR RAIERIE M (JPL Medium, Axelos er al. 1992 : $RRIZTTRB®) X, 200
mlD=ZFT7 T2 40 ml A, A— b7 L—TIC L VBBAEEITH = & THEM LT,
ERMRAZENT 570 0OIBREIL. 20ml FFTRAF v 7Y L SDEEEE S v & —F
ATZ7TEHVERY, 1V AEA—F—ThEolk, YU It Aviad lmmDAvia
LTRSS L TER L, YU bRl v a2 S THVRY, &Y
YVEINOmMO=ZAET T ANFHAIT. TAIRAATOESELBA— 7 L—TC
SO BELEERITV, EALE,

RE(CHERRITIE, 9, 27V —0 U FRNTIOREL VT 12 BRIESE L- g% ma
A L7z, BEUYENZMAE 2 ml 2B L2z AdL, 74 IR TOESEaAR
%, 23°C. EFEAREN (#9100 pmol m? sec™). 120 rpm TIR & S35 L7-, 7=, 5534k
D=L, I FZIFx—2arREICLBREICMEZ T, BREM L TR L,

T87 553 B i

A kw2 A (500 mi) A+ w27 D (100 mb)
KNQO; 3275¢ myo-inositol Ig
CaCl}, - 2H,0 22¢g glycine 20 mg
MgS0O,*7H,0 185g

KH,PO, 085g

14



Abk>Z B (500ml)

ANy g VT (100 ml)

H;BO; 31g nicotinic acid 50 mg

MnSO, - 4H,0 11.15¢ pyridoxine-HCl 50 mg

ZnS0, « 7H,.0 53¢ thiamine-HCl 40 mg

Kl 0415¢

Na;:MoQ, - 2H,0 G125¢g

CoCl; * 6H,0 0.0125¢g

CuS0; * 5H;0 0.0125g

A kw27 C (500 ml) 100 mM Y >~ buffer pH 7.0
FeSO, - 7TH,O 139¢ 0.2 M Na;HPO, 30.5ml
Na, * EDTA 186¢g 0.2 M KH,PO, 19.5 ml

BTDR by s 2R EA— b L—TF

T87 H& 4
AbvZ7 A 15 ml
AbrvZ B 0.15 ml
AbvZC 1 mi
AhwZD 5ml
A b7 VT 0.5ml
vitamine assay 005g
casaminoacids
sucrose 758
100 mM YV E buffer 0.5 ml
500 pM 1-NAA (o -NAA) 1 m]
MQ X ml
€284 500 ml

KOH T pH 5.7 IC##t%, A—h7L—7 L7,

100mliZART 7

BB HIT, WU agar & 0.6% (wiv) (KRB X 2MA, A— b2 b—F Lk, £
DH., BEFEH L v— b (B0 x 20 mm, IWAKD) (L LiAHR, BESETE U —0wx
FRICHE L, fER LRIz R RA% 12 B B OMIES 200 AV, BEEAE
YT (#9100 pmol m2 sec™), 23°C THE L TH#L -, #RIIN1 » B 1 @B,
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11-2) BB s AR E v
EHBROREITITROL 512T -7,

40 ml DIEHUT 2 ml DA E AFLTHIC L, HEBHIA 3 BB ICAEREZNE L,
=T, WECHER LABROBERZRETEED, 1 mlOMQAkET 7hu— Mo EL
TIIRRRIZIR L. 30 BOR/SF a— 2R (V-503, SEHELS) % BV THRAIALE X h /- it
DEEEZBEBFRFICIOMEL, Boh4dFEREZa hn—n (o FARL) L L
2, WICKBRK (B OBRERZAET D20, B L TVWABASEIES 1 ml
BORYERICRL, 22 br— VK L FRRIC 30 PRIRS 1AM L 20 EES HE L1,
EBRETHEOLNALERE LA o —ATHLWEEERELEK Z LIZEY ., iROE
BEZHEL, th2 75 7L TRROBE#MRERE L, £85I 3 BRVEL, 20
W ET—FELTRLE,

W, BONIRERL Y B EBOHE AN ROV O 2 HsEy,
FIEMERONAIAEBROL2EBOMMAE - A4 EMMEY. 20RCELhAIFD
BEROBMBEZ SR L2HME2EEHE LT >0 R~ REBMBPRE LT,

II-3) {KiRMLER

ZODRBRo T RER GFEME O EERE) = TR LM E 2°COATR S
23 (CU-351A, TOMY) iZ AL, 12 BFREIBAHA/12 BERARSHA S F (BH3 59 150 umol m? sec™) .
120rpm T—EHFRE L SEETH 2 LIC L VIRBAREITH -,

11-4) RAS A A 1

HAEMEEERREEZ AV CRIELE (TidsiR), RLE LITNA), KE2 R X
T CA2) A8 L7 %2 2 ) — o _UFHNTS0Oml 77 RAF v 7 Fa—7 I AN, 5k
AL O (LC-122, TOMY) 2BV T225g TS HMEL L, MRE B swi, 2V
—URFRTTH Y ML AR B %, BEAE SOml Ah, BERfICLY
M ZE BRT A0 L THIROKRE#1Tolk, TO%, HBUELSMIC L 0 ML B
L, V=R FRNTREERRELE, JOBREESEH 3 BTV, MEACHELE
FEER O BRV, BEEAQEILEFAWT, ih LR EEFS2BE (90mm) Ok
B E A OKDEIRY BV, B, $iAmRiciEE B LAz, FalkkkEd
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to%wﬁ\iﬁ%%ot15mr7§z%y7%;—7m%%mw(Mg)%%%fﬁ
mmms,MmﬂERKmﬂm)%%wfﬁbkotc&wf\ﬁkﬁuﬁﬁwﬁu%ﬂ
LIC@BBERMN 20 &8 5720, 0.5 3 em BEIC Gl - B A 2B 4 F = — 7 paic
BE 2y A HCTAR, 300wl OEEFIAKE I 72, 506 B Il L8 R B (S R X
TRA&DHEER Y 7Y o 721,

WsIE, =8 7 — kil Lz 2 75 57 Y —+#— (PRO COOL BATH NCB-3400.
EYELA) # FWTiTol, ¥ TADASTETFRF v 7 F2—TF%2°C T 15 B4 L%
an—ayLitk, REZZTHOLMOLUHDBHLTBWW-2BELY Y FAF v 7 Fa—
TORBE NS Z WL TFa—T7HOBRESH L, HKkEfTFoT, k%, -2°C
TEHR2EMA ¥ ax—F L, REOBREE D127, FO%., 1B 2°C
DIRHEE TIRE X T, BREBEE THEILESE. MDA -T-Fa—T2R ML,
Fa—TOMIfWeT s )=V ELERY, BHBET | ABEVTEAL-, BB, B
Liciila % 7 U — 2~ FPTH LR (100 ml =& 7 5 X 242 20 ml O T87 ikiALs
HEAI, A= F7Lb—TLBLIELD) KL2BBLEZ, FDROBESETHERE S Y
2o BRESEIHMIBOBERY LR L FERICEWEIETS 2 L THREMBEER L,
BRFERE R CTHBEAEE T2 02 EFY 70 L THBROEETES RE L, 4
FHRIT, FRRMAE 10 BBOAERZAFE L, 0O°C ABOHEHFMEOLERS 100%& L -
EROBRBERKICBIT2AERE%THETLE,

1I-5) ¥&E ERIER

7 EH R OSSR TR F M F N ORI WO TRIBAE 21TV, T elod_ btz
GBI L Y MR A EUR U7z, [EUY L7 100 mg % 1.5 ml O= v ~2F 2 —FIZ AN,
TyRyFa—TILBREZBRICANMREZEEL, 77 2F v pestle 2 BV Tl Z
e U7o, BERE L 7-MBEIZ 500 Wl @ 80% (viv) =& ) — AV EMATTFAF v 7 pestle
WTE BT Y25, NEMEREL LT 200 pg fucose ZHAM# ., & 512 500 pl @ 80% (vAv)
TH =N EMATTYDELE, Bih% vortex L, MALLE— T 0o 7O,
80°C T 30 ;pMB L7, D%, wO58E (20400 g, 543, ZiR) 17V, EEEHO
Ty Fa—FICENR L BUR L7 EiE#R 80°CDE— b Ty / TRB S F0O%,
1ml D 80% (vv) =& ) —&Mixi, ZO®RE (FTHRE) 23E®VIELE, F0H%.,
BRI E-IBmIZ, A¥ /—N: Zardilhs  MQ KRR (400 pl : 400 ul : 360 ul)
MZ, vortex L7z, X562, BODHEE (9,100 g, 10 43, EiR) LT, EEZEHOxT » X
VFa—FIER LT, TyReFa—TECOE— T ay 7icow T, MbiEER
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W& T, PR B MQ KA I mliz Eelnm s L. 0.2 pum membrane filter (Millex®
-LH. MILLIPORE) T L7-# . HPLC (SdElifEs o< 757 4 —) THHF&1T-1-

(777 2 : Shodex Asahipak KS-800. i 0.8 ml/min. Z3#7E$R 90 43, HPLC %8 : T
SHIMADZU %, #x2 = b : LC-I0ADVP, A—hA > ¥ =2 #— : SIL-10ADVP, } 5
LA =7 :CTO-10AVP, 7R EEHFHRHAR RID-10A, > AF A2 h B—F : SCL-10AVP,
T —H VAT 5:CLASS-VP), ERIZ. H O L BMY & 4 5 88 (AR T sucrose, glucose,
fructose) DRBHRETROBSHEAV TR TRE, FRICHTHE— R B FHE
IR - TR,

11-6) $EE EIEINEE#h ORI B OBE381:

Sucrose & i\ THEE BB MOER %17 o 7=, fERUF 1T, T87 HRiAtsHh & fE+ %
BRIZ. sucrose A BEMRFIEHO 2 58 3%) IS T5X 312500 ml 729 15 gz
otk BEEREFROERTE 1-1) 28) TERLE, £, Mmiaotks @y
% (D -1 B8 CrEEEE 7ok,

1I-7) ABA 2BORIEE

FE IR USeH B A OB AR AR AR L, W51 LB X v il A | L7, ER
L7-ABfR 03 g 2 AN ER TR S &%, L IBE2 AWV TRRE L7, RiRe L= fEiaic
5ml D 80% (vv) A%/ —NEINZ, & BIZHRELTZ, 15ml 75 AF v 7 Fa—7 iR
BEZER L, 1 R4°CTIRE 5 L, RE 5%, BOSBE (6,000g, 104y, 4°C) L. ki
EHLWI ml FFRAF s Fa—TIER L, TE (v b)) I280% (W) AF )
—AEMATRE L, 18R 4°C TEE 5 L, BU, &EO098 (6,000g, 104, 4°C) %
Ty, B2 ER L 15ml 75 RF v &/ Fa—TIZER Lz, B, 80% (W) A%/
—EMIEEZ 10m 2L, 3512, MQ % 143 mlMABEROTF ) —NVEEE 10%L
Lice ZOH 7Nt 4ml % Sep-Pak (Cis. Waters) 2 L., M5 ARBRFIZEN L7,
EHIZ, Iml @D 70% (W) A # J—/L%& Sep-Pak IZiTZ & TRV I AEEIR LT,
BHRIAERWTH L TARDOA Y ) —VERWEH%, AMBIC I NOEBEEZMLZTpH % 2
~3ICRARI L, MQ 22 £E% Sml & L7z, ABA OE &I, ELISAKit (Phytodetek ABA,
SIGMA) {ZREhTWaA 7 e b a v Tol, £72, Kit TEAShTHaHEIE, ¥
YHET AT I (BSA) & trans, cis-ABA OFEEMEIZHTILOEZRAWTEY ., trans,
trans-ABA {ZIXBUG LW Z M40 Tvvd  (Weiler 1979), BAEEORIEIX~A 7
L— kU —#— (Multiskan JX, Labsystems) % A\ T 405 nm TiT- 7=,
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11-8) RNA ik

TR A0SR AT B 0D BE IR % RS 1 ALERIZ o > CIEMR L AR T Lim, 2 - 2B 100
mg YYD .75 XF v 7 pestle & B\ THIAZ 2 WER: L 7=, RNA Ol RNeasy Plant Mini
Kit (QIAGEN) (TiRENTNB 71 b aAllf VT i,

1-9) KRB EMEET OB (LT EY RT-PCR 42)

€ #HY RT-PCR |1 Kit % fi\ T4T> 7= (Advantage RT-for-PCR Kit. BD Biosciences; PCR
Kit, Takara),
HWEeRT A4 ~— ORI TO@RY Th 5,
DREBIA (At4g25480.1)
Fwd-5’ ATGAACTCATTTTCTGCTTTTTCTG 3’
Rev-5"TTAATAACTCCATAACGATACGTC 3°
COR15a {At2g42540.1)
Fwd-5’ ATGGCGATGTCTTTCTCAGG 3’
Rev-5’CTACTTTGTGGCATCCTTAGC 3°
RD294 (At5g52310.1)
Fwd-5°’ ATGGATCAAACAGAGGAACCACC 3
Rev-5’TGCTTCTCGTCGACAAGTCTC 3°
ACTIN2 (A3g18780.1)
Fwd-5" CTAAGCTCTCAAGATCAAAGGCTTA 3
Rev-5" ACTAAAACGCAAAACGAAAGCGGTT 3

EIR AR A% DL AR D> Bl L 7= total RNA 1 pg & ¢e RNA % PCR 7T A
FolFa—TTEY, WREAKTEEREL 1252 L7, KIZ, 1.0 @D olige dT) 75
Av— (KitiZEFFEN2HHA) 2z, PCRXGH (Gene Amp PCR System 2700, Applied
Biosystem) # VT 70°C T2 fMBA L, £0%, KLTRB L, ZOFa—7ITRE
i (KitiZEENARMO 5% reaction buffer 4.0 pl, ANTP mix 1.0 pl, Recombinant RNase
inhibitor 0.5 ul, MMLYV reverse transcriptase 1.0 ul) #x. X754 I KO REFIL 7=,
BF0#, PCR RUCHEZ VT 42°C T 1 5[, 94°C TS5 HHEMEA L%, BLICL>TFa
— 7 DRI TV DREFERICHE S L, PCREY (cDNA) 1T 80 ul OMREKEMAT
WEL 100ulicL, EXvF 4 oI TRML:, BG# (cDNA1 pl, Ex Taq 1 ul,
10x Ex Taq Buffer 5 ul, dNTP Mixture 4 pl, ACTIN2 77 A = — forward & (¥ reverse & 1&i%
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B pM, BEATS0 WIZART v 7) #MA. EXyT 4270 L 0 L7-#%. PCR
B % VT 95°C - 154y, (95°C - 30 Fb, 59°C - 30 %, 72°C - 14y) x 3044 Z . &)
ETHEE, T2°C 547, 4°C- o TRILEIT o, FIGHET LimH Tt 2% 7 Ha— 24
AMERWTEIRBEITV BIETRREAMITL 2T A (BioDoc-t™ Imaging System.
Funakoshi) # FIV>TARHT 7o, cDNA BEZ EMICHIZ57-», BHENS EBX TRE
FBEZ/2 D FIRE T cDNA 2K L, HUPCR L ERIKEIZ1T5 Z LIz L RER L=, AR
RBEREL%, HHBRETOZ 74— 2BV TLER L-#R CRIKRLTHE L. 94°C -
55, (4°C- 458 BT TFAv—DT =—Y > 7iRE (CBF¥DREBIA 51°C. COR154 54°C,
RD294 56°C) + 45 %), 72°C - 243) x4 7 48 (HBIEFIEENLEN 24, 28, 32), 72°C -
50 #C o TRICEATS 1o, BRIKEE., BIEFRENBEML TV 1 2 L 5RIR L,
REBEMEBEBEOLE 21T 1=,

[1-10) 44k AV =7 L A fE4TIE

AV T LA FRAT I IR SATEOE N BB L A SERTRRIR AR ZERR ISR L. 7 2 L o M3k 44k
FNVIAT VA BN TIToT, BITICA WS 7T, S8, st os &M
Z NA, KR4 1 B (AT CAD RUCA2 B LI LD TH D, T DOE#MIEI G ik
LGk & AT RNA 24 L, EXekE & BOLEREIZL Y RNA OSE 2R L1,
F YV IT LA BRATIIIRIL L 72 3 %27V (biological replicates) 22V THTVN, 14 7 ic
L 3 [EID#R YR UESR (technical replicates) %1727z, AV IT LA ~DAALTYFA X
ERIZ. TV MO A AT 723> (http/Avww. chem. agilent.com/Scripts/PC
ol.asp?IPage=494) |ZHE-»> TiT-o7=,

AT BT LA T ZEUTOREERH T LISV T E21T o 12,

1. B L% 7 (Cys5 Intensity) D3 7 FAAEDFELHEI>1000 Th 5,

2. WL IO T FABEN 2EULIFEINDI LD, HDWIE05FLTIC
il E s Lo,

3. GeneSpring (7L b)) #RWZMTTMIILE 3 Yo7 Ahb/ohi rest
P-value D 23<0.05 D D,

¥, AV ITT VAT —FiT AmrayExpress database (2% # L 7= (accession number:
E-MEXP-1347),
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1I-11) #AE DR bis

MAEMOFBEIIEIDNA R Y 25— o OIER THET 7 4F 43 > (Wako)
EFAVTIT 272 (Menges & Murray 2002), FEHH (4% 15 B E) OBEEMESY 1) T
RLLCIBERICB L7, MBI TICA via MCH S MR % 5 L\ iR (40 mi)
WCREE L, DMSOWIBRE LT 7 47 4 2 U U & EM LT (EBEE 30 uM). IR . &%
RRARMFT T 20 BERIEERT 5 2 L THREAN2EES W, £0%, 50 ml 75 2F 5 ¥
Fa-TIHERRIEBEIRL, & EERE O (LC-122, TOMY) % MvT 225 ¢ T 90
WRELCLEEEROBRWE, 8612, 774743V U2 R2ICEO RS o, Wik
H0mlZRNTHERELGBEOOBCLY EESTYR<HREER IEEY IR LT, g,
By by EFHWTESICEESEBE TR BRE | 40 ml O LWk B8RS, 20
%, BERERHTERETAZ L THRARERBLEES,

1I-12) fRIFR{LOF ML

MRS F O RRLITHISAMRREN T T ( v —& A2 L E /M RT-PCR RUE AR
EORFEIZL D FHE L7,

-12-1) #EREHHRRET T A v —% Ao E BN RT-PCR

Histone H4, CDKBI;1, CDKB2;2 RIFRKRPVICK2 2% hFN S, G2. M RUGl Hin<
—H—#EFE LTAWE (Menges & Murray 2002),

HNBNEE T T A ~—DEFIL T D&Y Th 5,
Histone H4 (At3g45930.1)
Fwd-5’ ATTCAAGTTCCTTTAGAAAATGTCAGG 3’
Rev-5’ ATACTAAACAAGCATCGAGAAACTG 3’
CDKBI;l (At3g54180.1)
Fwd-5° AGAAGGTCGGAGAAGGAACATAC 3’
Rev-5' TCAGCAAAGATACAACCAACAGAC 3’
CDKB2;2 (At1g20930.1)
Fwd-5° TGGACAACAATGGAGTTAAACCC 3°
Rev-5' AGACAAGCAAAGACAGAGATAGAAC 3’
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KRP2ICK2 (At3g50630.1)
Fwd-5" AAGGTGACGTCGTAGGAGATTATG 3°
Rev-5" TCTTCTAACTCAGCTTCCTTCAC 3°

IR BAAATE ., 3 MR 2 L0 30 BRI THIM 2 = v U F o —7ICEML L, HEhg 3
THEE S E7otk, -80°C TIRAE Uiz, fR1F LIz A BV TR ERS RT-PCR # Lk Ui
WL DITole, BT T4 <=—DT =—Y  ViBEIT4 T 584°C TPCR BE%{To7,

1-12-2) FHROHERTFEE

BRI REOHFE X DNA # N GHE D propidium iodide (PI, SIGMA) & % eRmEs (o
AT LABRHEE BX51, OLYMPUS) % B\ CiTo 7o, FFRHEMAE, 3 B0 30 B E
Tx oy R rF a—7ICEUR L2#aZ 1 ml @ 10%35/4< U o (in PBS: 137 mM NaCl, 8.1 mM
Na,HPO, + 12H,0, 2.68 mM KCI, 1.47 mM KH,PO,) #M0x. 1 ML EERICBV TEIEER
M5l &THIlAEZEE L, BESNMIREELOH (225¢, 5 4. FiB) L. L#F
ZRRELE, £ZIZ 1ml @ PBS # M2 & L1-%, BUELOEE (225¢. 54, %) L.
LFEERETLIZLETHRA=Y VERRICEYVROE, F255 20w OBBEEEF LT
R F a—TWHL, FBE 05%I272 5 X 91T RNaseA (Invitrogen) Z##ML, B2y
T4 IR, B EMNTITPCOe— 7B v 7 £ TRNA MLEIT -, RS,
PI % H&REE 40 pg/ml THWIML, EXo T 4 0L VBRI L%, EXEET T 15 oR%
ELZ, ROT, 1 ml PBSIZREBL, EDoBE 225, 547, ®iB) L0 BEZRET
5T & THSBBRIEL Ui, ZORBRIFELE 3EfTo /2%, 20 )l @ PBS ICREE L, HOGEA
WeEx VT DNA ZBE L7z (L 535 nm, ¥{E1E 15 nm, WX 580 nm, 7 4 L4
—¥ v b U-MWIG2 (Olympus)), BROEEORAEIL, BEHETHEIhZ-MBORHLE
HHORE 2 (K 1L,500M) THAIZ LICLWEHLE,

1-13) FRIFR{LARMD 2 - RIBOE

FAHRAES (S, G2M. Gl #) F OB L/-#ie%, LikL7- (I3 3R KEF v
N AFEIRE - L,
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[-14) BHLARRRIC 3517 B ISR S M5 T O S TARAT

NA, CAl LFE L7 {5 MMEPHOEEZEMBEHN» S RNA MBROILIESE SR E T
(CBF3/DREBIA, CORISa, RD294) DRBURHT % Lk Li- FIEICHVT o7 (1.7, 118
BH),

I1-15) FFALARREIZEI1T 5 ABA S BOHIE

NA, CA0.25 (BAF CA6hr), CAl, CA2 #AER L7-ZHIBE MO RMIEN S ABA S B
DREZ Bk Uiz FEBEICEVT- 7= (J1-6 Z88)

1I-16) RIRR{LABREIZ 31T DHEE BORE

NA, CA0.25, CAl, CA2 B L -FMERAHMNOEEMBRMHLESEORES LR L
FEIZEWNTo 7~ (15 38),

U-17) Ri2 - = HBREAEIC 11T 5 Bk

NA, CA2 438 L7 & MREHOERMEH b BT OFM%E Lk L= FiEici T
> T: (11-4 iﬁﬁ)c
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I #5253
II-1) KRB HAE O R B bR

T87 W EE MR O AR BB A R L7z (R 2), WHREER IO R ih#IL 3 BlE L
TTRERBOWHETZ7IZLTWD, TORE, % 10 BB CoOLERMMTI &N
272, I A5 14 BT TAERIIABBICESMNITREM L, LvL, TO%RERD
EECLTL, ABBOEMIIE AL RN, >7, THOORREL Y, AEREH
TIEBWTIIERFALGER 0~10 BAFEER, 11~14 0 THXIEEFE. 15 BLUBAER
HThot,

II1-2) GRAET DAl

EHIOHIITREOREREOMBTH Y . FEH R U EUETER O MAT I e~ FE4M
RABLBBINGE (F—2EIF LT, 2ok HiRECHIETIE, ERICIERS
BHWEMT T ENERTHAEL bR, AT TIIHEE & o SUER oM
RIS D BT 21T o7, YA XFXT T87 BBH R MIAMEIRITS A L, AT
RTLDEPERLMNITH00, HEH (A% 8 B H), AEoumY Mg 1288)
DRI DRI E OBBETHEO T 2 HREELZ A VTN L7 (2 34,
B), £ OFE R, FHEM O TRIEAEIC L 0 BRETESEAT B Z L2350 -1 (K 3A),
FEH O TIL, NA K T-4°C £ TH 100%DAETFERETT— 5T, -4°CH5H-7°C DIRE
FIZ BV TAETFELNE 10%E CEBMIIZED Lz, LivL, CA2 RBRTIE, -8°C 2R
THH 50%DAETFREMER L Tz, AL, FEHOERMKR TIUERAEE 2 B
BT D Z &iT k0, FEIEEIEIRE (LTso) 2549-6°C 12 6-8°C FTEL 2B Z & BB LD
Ligofe, BT, -7°C IRV THEH O MM SN O MBI~ EICETENE
Mofe (P<0.05),

WA O ML AMRIBALER I K o THRBETHEZ A S 20 L BRI, MU oM
FLRIBALER 24T o T b EATHME K Liedo 7z (R 3B), NA X T, FH¥8HE & F#k-4°C
% TH 100%DEFEE R LT, SEHEREBOMRICENTYH, 4°C 2 5-7C DRERIZR
WTH 10%E TEEFEERRD LI, -6°C TIIAFEN 77%E 720, HFEERRVLOO
BEB O L REFEREVMERMZTR LIS, NA K& R#k, CA2 LB TH-7°C TH
10%E CHEBFERRD L, LTold NA K, CA2 K& bil-7C Thotz, fEo T, SEUEHES
O T, RIRAAEIC X D EBETHEOCHERKIZR NN LALLM E 2o T,
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II-3) W& ROEH

LED X510, FHEH & e PoETE ORI IV T, EIRNEIC L A
DERMBRL D Z 26 (K 3A, B), Zh b Zo0pEBREOMIIC 5T 2 ISR R s
MRZDIEPTFEEND, TIT, A X T A THDECRBECER TR LL,
MO KICBEERER L H > TV D 2 ERH LTV S (Levitt 1980, Wanner & Junttila
1999) AR O FEHEREE BOBIZ OV THIT 21T -7 (E4A, B, ), NAKIZEIF 3
PHBEMHEESR (R0 —X, FAa—ARVTA2 h—RAESBEOAEH) 13, SEETEN
(A FEHORRHMB THRICE 272 (P<0.05; B 4A), FHEMOMII BT 5 245
B (5.56 mg/g FW) 13, <TEU8EHOMIICRIT 2 2HA R’ 214 mg/e FW) O 25 2T
Holo, KELEBRIZBVWTRIEShALESEL, BB EHoMBcE< 2 AEM
2L, HFIT, CA025 (6 BERifE) KUY CA2 B TIRAEIFEH TEM-7- (P<0.05),
ELIC, FEHOMIBIZI T 28-S EIX, CA025 B T—@IICHA L (P<0.05), Fhil
% (CAl RUSCA2 S08) TIINAR L RRREE TRV T3 I LBA LM E 2o, Ll
FFEEEIER OMIE TIHMEIRLEBRIC BT A2 RO, A~ LN IKRAIE R
TIIRE s hoto,

KIVRBOEBRBIIBTA2Aa—R, S —RARITNLYI h—ADEFNEFNDOEGE
RN L (K4B,C). NA EOFEMOMIE TIT, BT L3 EOBSBICHEDENR
Rofiehotz (F4B), Linl, A7/ u—RE T La—2RE&ik, NA (R72—2R:227
mg/g FW;, 7 /L1 —X: 178 mg/g FW) 2Lt~ CA0.25 8L (R u—R:3.7] mg/g FW, 7
T —2Z:3.70 mglg FW) %RICHEEICHEALE (P<0.05), EHil, A7 o0—2RERIICA2ZA
2 (347mg/gFW) S THEWEREM#F L, —F., o — A8 81 CA0.25 LML NA
K& FREE TRATAI LRS- (CAL 2.05 mg/g FW: CA2: 1.57 mg/g FW), 7=,
ZAg b2 EEIR, BELBEBREBETETEATAb00, KELEITBRESNE,o
7= (NA: 1.51 mg/g FW: CA0.25: 1.11 mg/g FW; CAl: 1.18 mg/g FW; CA2: 1.15 mg/g FW),

BRI OMIR TiE, [RIRAEEREZE LT, A7 2—2 (NA: 1.66 mg/g FW; CA0.25:
1.82 mg/g FW; CAl: 1.88 mg/g FW; CA2: 1.88 mg/g FW), Z/L-2—X (NA: 0.25 mg/g FW,
CA0.25: 0,29 mg/g FW; CAl: 033 mg/g FW; CA2: 0.43 mg/g FW), R, 747 F—R (NA:
0.23 mg/g FW: CA0.25: 0.23 mg/g FW; CAl: 0.42 mg/g FW; CA2: 0.35 mg/g FW) O3 &Iz HE%
REMEFR O eho 7 (B4C), TE-> T, BEMOMZO A TIERBITISE LIpFE RO
KB BT LHphal,
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II-4) BEEINC X 5 EisfitE

ER U7X 510, NA ISR T, S5 il oo ia 1 1 35208 8100 4R 17 He ~ HmAar o ks
EEP DM oT (K 4A, B, C), RIBLSMER TIZ, BA RS DV ST AR
ERREZD, TRIZHEDT AN —BHEBREND L EZ2 605, £-> T, NA KOBEE RN
ST ECETEH OB B THEEHOMAM L » 4072 2o T D 2 LS, {RIBAS I
DINERIG 2 IR LRERMERE R LAVWER TH2 L b EZ X ONE, 2T, Hiho
A7 —AGREBEE (15%) O 2{EE (%) ITL T, MEERMLE cieE Li-maolk
BALERIC & D WAt B EFTMm L (R 5),

FEATORER, BEE B2 I S S 7o TR EUE TN £ TR LsiRic kv T HIER L
I XD HEMEDOHERIZBE S e o7 (K 5), -4°C E T, NA (-2°C: 90.5%:; 4°C:
81.3%). CA2 ML (-2°C: 88.0%; -4°C: 81.9%) & HiZ, 80%LA L& EWVEHRZERRLE, %
72, -6°C AT DIRE K TIE NA ROV CA2 AL & 112, S0%LL T DAFER L 725 1= (NA-6°C:
43.5%; -8°C: 7.82%, CA2-6°C: 45.1%; -8°C: 30.8%), -8°C T CA2 {LEBDHEAGIL NA HIARIZ B,
~NEF, THEAEXTAEANRE IS, FEZEEROL T,

11I-5) ABA 5 E&OEE)

A XA FHEYECRT HEIREIIC X S EET O I AN ABA SEBMNE
ERBRHFIZFRIZLTHBZ EBMENTWS (Heino ef al. 1990, Lang ef al. 1994, Mantyla et
al. 1995), £ T, bR &N/ Z oD REEOMEIC BT 2 EBEEMOBVWE & 5IZH
RE7H, BIRNEBBRIZEB T HEEMIEN ABA EBOFEH 2 fIF L= (E6), NA K
BOW T, FE A EUETER L 0 ABASENE N & B0 -7 (BEH:58.8 ng/g FW,
SHEUETEM - 39.0 ng/g FW; P<0.05), F7c, ERRAEZITH &, FHENOMIZOA T ABA
SENERTAHEMABRE SN (FEHR ; CA025: 77.8 ng/g FW ; CAl : 86.0 ng/g FW ;
CA2 : 964 ng/g FW), L2>L. MEHEAMH TEHZTOL > REMERIZR ol

(CA0.25 : 379 ng/g FW ; CAl : 35.6 ng/g FW ; CA2 : 543 ng/g FW), - T, {KiBNHEIB
FRIZEIT 2 HIHEN ABA S EOH A LFELHOMROAIIEBWNTRI B Z LB aho T,

I11-6) KR EMREF ORRLE)

LLED X 5 23R8 & SO REIC R 5 h SRS AT 5 4 BA(LFRISE DE VI
Mz T, S FEMFRLRRENOHREZEDD Z L EFHEIL, uf XFAEmikicd
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T&< %ﬁ&%nru\éi&ﬁ%ﬁﬁ&iﬁ{a% (CBF3/DREBIA, CORI35a. RD294) DISiRALESE
RICB DRB L ¥E RN RI-PCR EF AT L (07, BAMIC, HEL. o
RAREHA & b IT, RIB RIS BT 2 BEFE R FORELEIL, CAl AL CRELN
B2 &2, CA2 RBIIHT TRETHE WV HIRE— b hoTEY, BETEELT
Wite Ll KVEMICRRT 07 7 A L& BT 5 L, CA025 &5\ % CA2 lLEBIc ks
WTORBSREIIFHEHOIE D AU L 0 LR A T L BHIS ML R e, AT
FAMTIX, CBF3/DREBIA DFBHFHEHOMALICIN T CA0.25 LLBH 5 CAl LEOET
R &Iz, —F, EHIEHOMB T CAl LEOLTRRBSAD L VI FORELN
o, FHEMOMIBITIIT D CORISa DREFIT, CA02S DB THR SN, CA2LEE THM
212, LU, HHOBEFEROMIETIZ, CAl 48 TRENKERBINI-M, CA2 NIB TR
HABETDEAER L, 512, RD294 DRBUL, CA0.25 K& % CA2 AL T 8w
DT E~FEHOMIDTH O Z EMRRFIT LN,

1-7) 44k A1) =7 LA fRAF

FEROERERIT, KIBFEE#EET (CBF3/DREBIA. CORI5a, RD29A) OFEMAixt
BHETENC L ~NFEHTEC 2> TWAB I E2FRLTWAR, ZhbOKIEFEE R
FIIABOERE OB BN TLRHAL TWAH L EERETHS, £ T, KIZ, 4k AV
AT VvA (TP M) 20V, FEHMOMRO L TRBIC L > TREAALEH T 5 H
BFEZRBRACERITT 2 2 L8R (K8A, B, £1-6), TORE., HFHEHOMMIZH
TEETHEE G245 H20i3msl (<054 Sna#|EFHEE 1,607 R 1,625 EH
HIEBHLMNE o7 (KI8AB), ZTNOLOREEBTDH L, CAl RUCA2 LBITHE L
THEH D03 S 285705 1,225 BR1U0966 B, CAl LB DA THES 5\ g X
NEEETH 53 RS E, £ LT, CA2 NBOH THEED 5\ Tkl S 2 8E1208 329
BU601 BH 5 Z & o3yhol,

A OFRFEGEIY, FEMOMEE CA2 B2 Lick kT2 (K3), #o
T, FERMEOMKICEE LS Ohd# TR, DA< &b CA2 EBLRTICIERI L -
TEBL, Fr37BV~VTOEHRT (H20) BHEHZLZ6LT0nEHbD L
Ezbhd, IR EEELTCELIENE2{To L 2 A, CA2 ABLANIIRE TEERT 5
B FIE, B L7z CAl RO CA2 L8z 438 L IR CTREEH S\ i s h s 1,225 @
K966 fEO#E T & CAl NWBOHTHRIRTHEDL L VITINFI S L 5 BEF 53 RTS8
EOREBEFHREET D, S5, FEYMOMBOLNEEMMELBAIEHZ &b, CA2
MEBLANEREE T2 RETO O 5, FEHOMBOATEREIZE » TEBT5&ETF
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(%0, *EFFEH O MR TR IR QSRR TRBET L2\ RGT) AR H
KIZHETHDHLEEBZLND, TIT, BEHOHKROL CREED+ 28GR L
I2& ZH, FHEMOMIBOS T CAl BTN CA2 M43 L TIRB TFEH 2V 1E s h
LA 43 R 26 fH. 2 LT, CAl AHOZR THRIRIZ L - THED B Lk & h
DBEFB INEARVGSESH D Z EMBaha7- (3 14),

I, T & DOEE T8 % The Arabidopsis Information Resource (TAIR) F—# ~— 2 %
AT, PRENDIBEBICESHNTHELE (3 1~4), FOMITOER. CAl K15 CA2
AT 368 L TIRIR THE SN 2 B{GF1213, signal transduction BEH®{E T (At2205940.1,
At2g39360.1, At2g46600.1, At3g55450.1, Atdgl7530.1 R UF At5g12940.1) 2 6 AE Tt
% < \IKIZ metabolism BHIE{L T (At1g56670.1, Atlg73010.1, At3g02040.1 & UF At3g58490.1) .
transcription factor (At2g40140.1, At3gl5030.1, At5g51190.1 K1} At5g61600.1) . transporter
BdiE (s T (Atlg76430.1, At3g22600.1, At5g03555.1 R TK At517860.1) K TR protein fate i
HEB{ET (At2g24540, At3g13820.1, At5g09800.1 K& UF At5g64660.1) MENFH 4EH S T
EMGhols (F 1), CAl LEBOAZTHIRIC L Y FHE S 2 8(5F T, transporter BHdig
{5F (Atlgl9450.1, At1g22550.1 R U At4g39390.1) 75 3 il & & £, % < . & O4hiZ 13 metabolism
B B{EF (At4gl3350.1) ., cell rescue and defense B {5+ (At1232090.1) . cell wall B3
EEF (A3g56000.1) K TF cell-cell signaling B {5 F (Atdgl5800.1) AEhEh 1 EH
o7z (k& 2), £/, CAl R CA2 A CHE L CIEBI L vl & h 328 (ETF T3
transcription factor (At1g08320.1. Atlg30210.1. Atlg62370.1, At5g06710.1, At5g59000.1
¥ At5g59460.1) 7% 6 {Bl & B H % <. metabolism BB F (At3g24590.1, A1519290.1 &
X At5g62740.1) #% 3 {8, translation BIEIE{E T (Atlg77840.1 K TR At5gl2110.1) 23 2 fETH
o7 (& 3), CAl LB DA TRIRIZE ¥ Ml S A 8B TITIIBEEIC S < Mfl & h 8B
FHREL 7 Y —id7e <, metabolism PHBIHE{EF (At5g46180.1), transporter PBSidi#t{sF
(At1g63440.1) | signal transduction BhEB{ET (Atdgl7890.1) B UX development BEELiR{= T
(At4g36630.2) BENEFNR 1B TH -7 (K4,

I11-8) 3R 2 ARA O LS

M LA RO TR O A EESERMICEKRT A L6 (K2), Aol
FEHIC RO THIEOBEABREI >~ TR EBEZ6NE, DF 0, ML THlk
SRBPBANATON TV D ARERZ 2 b5, MRSROBEICRITHE VA, FHEY
& TBEBMAIC I T DIRIRLEE I L 2 WBETEOHKIIEEL TWaHahb Lk, £2
T, MIRAROETE Z>ORRERE GBI L, HRSFHOBBEOEWEMRET Lc (K 9A,
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B). BAEMIRIC BT HAIRE T OB EIL, SEENSRG T T A v — (S # : Histone H4 -
G2 1 : CDKBI;1 ;M 1@1 : CDKB2:2 ; Gl #] : KRP2ICK2, Menges & Murray 2002) % flu 7=
FEEN RT-PCR &, RO, HASRERFESLACTRHE LA (R 9A, B), RT-PCR Off
K. FEE (TR 0~10 B) TrEstEUBREs (% 11~14 B) 122, £ ToMIE
HRRMNBREFORANPE 2ABANTENE, HIZ, S, G2 KU Gl #Mlv—H —RinT
DHEBIL, ME 2 B2 D 6 BOMTHEMBEMC L& o TV, £2, =
NETHELE L CHRITNCAV MR (BR% 8 BE) Tk, U <RRATC o Sy &
LTHWC M @M% 12 RE) K, Gl flov—h—RBIETFHRERA LTV (1
9A), L. FAAREOREN S, HEY CHEHEMAN L ~FLLSUPEI LTS
HMIREARE 2D T ERP LML o7 (20 189,48 :180;6H:255, 88 :1.24:
I0H :083;12H :051;148:0, KI9B), AL ODORERNG ., T OB 5
HOAMLI FEA_HRRGRPEACET LTV A Z E B LM 2o,

I11-9) HBAR B HA o> R 3R (b oD B4

bl L7e X5 ARIRAERIZ X D B TME A KT 5 FAE B O AT I3\ T HIBRE #As
BACETL T (B 9A, B), 2% Y, MEEAH & EIBLMIC X AHEREOTEEL D
BT LBRAH D B 005, £20, MAAHLIERREEOBEEHRECTS
2, ETAMEEZ RV THEARORBLERS -, MREHORBEOFTMI, &M
RERERN T 5 A v — 5 AV EEMN RI-PCR &, RO, AASEROPELEEE VT
{7~ 7= (K 10A, B), RT-PCR DF5F, Histone H4 (SH) ORBIIT 747 4 2 Y VIREE,
0~21 B RN 27~30 BERC BV TR &N, £/, TORBARE, 774543V
BRE# I TR LB DI LBy hot=, CDKBI;1 (G2 #1) D3EHIT Histone H4 D3
MASREE LB 5 9~30 Bffliz B\ ¢, CDKB2;2 M #1) DFEIZ CDKBI;1 ODFEBICL L
BT 12~30 BFEIC B W TR SN, ZhbMEETFORE Y — 3 dEEICEELC
B, 1821 B TRAO 2 IZETA I B0 o7, KRPVICK2 (Gl #)) OHEBRIZ
3~30 BREOEGHE TRE SN, 18~30 BRI RERSE RS S5 - LR ENRE

(X 10A),

Sbic, BRABELAE LR (2 10B), HRAEEHED LTV 58053 15~
21 BRI T ELARAIT N (15 FRRET - 2.17% ; 18 BRI - 3.33% ; 21 B @ 6.26%) L7=#,
B iChb Uy 30 B9RD (1.07%) CRUEVABEE feofe, LLLORREN D, Histone HA O
BERF OB RDT 74 F 42U VIRER 3 HME S M, FANHERRLEL 25 21
R GIM . RO, AARDBEEMNEL 20, KRPYICK? ORENSHAIND 30 85ME
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GlHi&HFELE,
I1-10} 57 - 7R A #IC 35 0) ARIB SR ME T O R

Ria-or-iiRAHOMEE By, BRLEFZICET 3 IEEFESRET
(CBF3/DREBIA, CORI5a. RD294) DFEH & 47 f#) RT-PCR L% BV THEHT L 7= (11 1),
NA KTl T LI 2 TORIRFEREFORRERRE IN o7, —F. CAl LF
BIZ, 2TOMBRAMOMBI S UERAFENBEFOREBBRINS, LiL,
CBF3/DREBIA R} RD29A DFEIHUL, G2M T~ S R Gl HI0MIITE L 25 - kA
MR ENTe, —H5. CORISa DERILS HOMBTHEREL TR, G2M BRU Gl #
DMRIZEBIT2REIHEhof, ZOZ LG, HFEICLVBREANE L L 5ARITRA

DM, AT L7 = o0 RIEFEMERE TFORBITEARERICHBEANDZ = LA ST,

M-11) Rz 7-MIEHICHT 5 ABAS &

Feipo TR B B OMIa % Vv RIRAIEIBRRIZ BT S A ABA SRARIE L (T
12,13), NA XD ABA S &3, G2M #i & Gl DM TIRRFULIC AW EEET (et
15 HB) OMig L FRE Th o7 (EFHH: 14.8 mg/g FW; G2/M #1: 13.6 mg/g FW: G1 #1: 18.5
mg/g FW) 75, S HiCrifh OMARICLE<E L 2 A AN BB &N 32.7mg/g FW), L L,
IRIRALIRBIRICHIT 5 ABA T SHIOMA TIZMART 5 Z Lid/2 < (CA0.25: 25.2 mg/g FW:
CAl:22.5 mg/g FW; CA2: 23.5 mg/g FW) . G2/M Hi DA Tlidi 4 548 %75 L 7= (CA0.25:
9.3 mg/g FW; CAl: 8.5 mg/g FW; CA2: 3.6 mg/g FW), —5. Gl H1O#ME T, CAl LB THE
fa ABA 2 BME < 22 HANBE I (CA0.25: 12.7 mg/g FW; CAl: 278 mg/g FW;
CA2: 148 mg/g FW), L72L. RFA{LHIRE% F v 7z ELISA 512 & 241127 ABA & &0 HIE
31 EEROERFBRIZIIZIOEVES Y, RBLRICEE L ABASEOBVAEESN
TLE D, 2) ELISA # A= ABA S BOBEIIHEISC X 9T, TOME
NEEIOERT LIRS 3)ABA SEOREK AN TV ARERITHEBE THOW B 20,
1 THRAR7ZFIAROEBWNIL D ABA ZEOE(BBEFICHENATLE D, doluadhbie
HEDEEHICHERH B Z LM ahot, EFEOMBEAIX, & ELISA £RMICB L TE
IOHRENRETHHZ NG, ZOMBEEBADRTHH, NAKD ABAERE 1 &
B2 L TRIBUEIBRE TD ABA DERELHMETHRTHZ L & L (B13), 0
R, Gl #i0 CAl B E 1T HRIZB W URIRICISE L ABA SEOHABER SN
7= (NA: 1; CA0.25: 1.19; CAl: 2.16; CA2: 0.81), F7=. SH#iL G2M O HME CILERIZIE
B LT ABAEBOBHKITEZ 572012 E23ah-7= (SH]; NA: 1; CA0.25: 0.87; CAl: 1.06;
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CA2:0.89, G2/M #1: NA: 1; CA0.25: 1.06; CAL: 0.95: CA2: 1.43),
HI-12) R 7oy 2865 5

Rieo TR R L Lo b 2 v T, (RIBAASIER I I 1T 5 lar w2 & o #)
ExEIT-T (B 14, 15), NAKIC BT A ERMEEER (R20—2R, ZFAa—2RUT
7 b REROEED 1. G2MBIOMAE (6.60 me/g FW) (1ZH< S MOMIS (14.3 mg/g
FW) RU'Gl HIDMIME (14,0 mg/g FW) THEICE 272 (P<0.05; [ 14), {EiBMmEH
KRWTHES WS EY, G2/M HOHM (0.25 d: 7.22 mg/g FW; 1 d: 6.06 mg/g FW: 2
d: 7.61 mg/g FW) (Tt~ S HIOHMAL (0.25 d: 13.6 mg/g FW: 1 d: 13.7 mg/g FW: 2 d: 15.7 mg/g
FW) RO Gl HIOHIAE (0.25 d: 13.0 mg/g FW; 1 d: 13.0 mg/g FW; 2 d: 13.2 mg/g FW) O#If
THICEL 2AEMAEF Lz, UL, KEAEBERIZHET 2 @RS Rl Kix, i
trLic2ToOMRAMOMR TREIN b1,

WITRBALEBRIZKIT DA B —R, YL a—ZARVINY b—ADENRENDER
ZRRYT L7 (B 15A, B, C)  NA KIZRITA SH (A7 3 —Z: 121 mg/g FW: ZLa—2X:1.75
mg/g FW, 77 b —R: 0418 mg/g FW), G2/IM#] (A7 o —R:596mg/g FW; # L a—2R:
0.570 mg/g FW, 7,17 h—X: 0.0726 mg/g FW) RUGIH#] (R/ o —2R: 121 mg/g FW, 7
Am—R: 160 mg/g FW, 77 b —A:0324 mg/g FW) ORI ET 3 AP AT EteEs 0 %
FRAMNE. A/ 0—RThot, £, 2TOMBEHOMRIC BT 5 EKRLEBREC B
Th, Azn—ASE (SH 025d: 11.6 mg/g FW; 1 d: 11.8 mg/g FW: 2 d: 13.7 mg/g FW., G2/M
M 0.25d: 6.46 mg/g FW; 1 d: 5.42 mg/g FW; 2d: 6.30 mg/g FW. GI1 #i 0.25 d: 11.3 mg/g FW; 1
d: 11.5 mg/g FW; 2d: 11.9 mg/g FW) X, /L2 —X (S # 0.25d: 1.61 mg/g FW; 1 d; 1.51 mg/g
FW; 2 d: 1.60 mg/g FW., G2/M #1 0.25 d: 0.650 mg/g FW; 1 d: 0.507 mg/g FW: 2 d: 0.808 mg/g
FW. Gl # 0.25d: 1.44 mg/g FW; 1 d: 1.19 mg/g FW; 2d: 0953 mg/g FW), R, A7 h—
AEE (SH 025d: 0367 mg/g FW; 1 d: 0.336 mg/g FW; 2 d: 0.35] mg/g FW, G2/M #} 0.25 d:
0.112 mg/g FW; 1 d: 0.126 mg/g FW; 2 d: 0.502 mg/g FW, G1 #§ 0.25 d: 0.294 mg/g FW; 1 d:
0.290 mg/g FW; 2 d: 0.307 mg/g FW) LV EICEN-7, LiL, 2 TOMBEAOML T,
RIRLBIZ LB R 70 —RA, SAa—ARVTI NI F—AZBROBRIIBES Ao T,
- T, HMBRARICEKTE L KIRLBIC LAMEEOBKITEZ b2 Liigha T,
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MI-13) 72 7= HARE M 3317 B s b

INETORERNG, S, Gl OISR L v KR FEERE TR S RE+ 5
Z& (K1), Gl oM Tk, AP ABA AKX T AEMERT (B 12, 13) =k
B 50072 ) AKIRIGE %78 & 720 G2M B O HIBIT H~RIRAERIC L 2 SEE T O HE Aohs
BZDWHEMEAZELLNS, TIT, RE->7-MIASOME (S. G2M. Gl #) ol
EROT, ERAENHICBIT 5 RBEMEORES 1T o7 (K 16-18), FORKE. 2 AE®
RIRALEZIT 5 2 & T, 8 KU Gl MO CHEATIES BT 2N EE AN, SH
DR THE-9°C DEWFIREIZ BT NA EOMAIT i~ CA2 BB CABERRE o=
(NA: 8.65%; CA2: 47.3%. [ 16), E£7=, GI HOHIL TIL-4°C, -5°C DEEEIREIZB T,
NA KO~ CA2 SLE DI THEFRAHE S R S5EMER L= (H18), -4°C @i
R TIRIRE LR &5 & OAIE D 50%A ED4fFRE R L2, NA KT 55.9% T
DO L, CA2 AERX TIE 90.0% & BWAEFETH -7, £/, -5°C TiZ NA RO#kE
BN 37.2%% TIETF L7223, CA2 LB H 1T 7= MBI T 62.0% & LB W A FR Y
HERF L7z, TRLUITORERX T, KIRAEAN% &5 5 OMM S EFEDN 50%UTF & 2o
B ETFRILEIL NA RO (-6°C: 12.3%; -7°C: 15.9%) 1Tk~ CA2 {LB % 17 7= #ik
(-6°C: 35.3%; -7°C: 37.9%) T@E< 2RBEMER Lz, —F. G2M BDHIRL TiafRtr L7
ETOFRFREXIZE VT NA KO (0°C: 100%; -4°C: 44.3%; -5°C: 26.2%; -6°C: 31.8%:
-7°C: 19.6%) & CA2 BB HfE (0°C: 100%; -4°C: 59.4%; -5°C: 37.2%; -6°C: 36.4%: -7°C:
32.1%) MITREREFFEOBVIR NN o7, LEORERNL, S HEV Gl HOM
FE TIRIRALER I & ¥ AT RS M EZ R T2 L B3 aho Tz,
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IV, B%
IV-1) Bkt

YA AT T8T MBS AR & T, B, RO U R AL OO IR L
BIZEIT DRBEMEORBIZONCHEEITo7 (K 3), NA ROMMTIE, -6°C 030
T, AERFER O LTso SFHEM & b ~E L R A HEARF ENh, LrL, CA2 afs Li-
&5, BHMOMIDZ T LT 25-6°C 712 5-8°C TTWA LI, #-T, FEMoMmar
TR L D IREMME A KT 2N 2 BT LB LML Rat, ThETO
BT, EHEREEORERBEA R b LR, H5 VI3, SRS R RS
ERIETEVIBENRLZEN TS (Sugawara & Sakai 1974, Ishikawa ef al. 2006), Sugawara
& Sakai DFHE T, BA I UH PHLT OBEMRE FRHRE LB OWES, HE
KEBWTER2D ZLBRENTIN D, —7F, Ishikawa HOWEL, 7 0S5 AOHEH
FUCEIT DA MU AT (BRETE, ERER CBG) . RO WEREEMN, oy
FEHOBRAN L EFHOMBPICB N TRRTBZLE2R LTS,

—RTD L, MBEIL RAEoREREOMIE (X0, HEM L EEHEENLE
BH) BEVWR P L RMMEEFOZLEEZRLTEY, BEAE Ly vhL Lk, LL,
HMEOROBRPDORD &, WERE, HD 0L, A L ATHERENB AT 2085003, A
MRAHEOEARTETHI I BRI EIND, ThiTEA I VIV HFERBRIZEBVT,
FEMAOME W 5~8 B B) 13, MR R, FASREOHAREEICE T 585
BThdI eMRENTED, TORMOMBITHIESHESBACEZ > TWEEELH
D (Henshaw e al. 1966, Withers 1978), Sugawara & Sakai D45 CliL, Z OEFHAO MM
THERTDERR LR B E0L, A 3 0H PH o FEHEBRRIZBW TR S
HHOMBRAEBRFICELTHAZ EARBEND, EBEIC, Withers 085 T, Mifay
BB Z » TOHIEH & B RFERASER T RHOMICBEBES S %
LT3 (Withers 1978), F7-, 70 E 45 ARHMBETIZ, #RE4HL 0B ETIR
HMIEBNOKSEEPEL L2V LEL ST, AEESERMICEE KT S (Ishikawa ef al
2006), ZDOFERIE, ZORHOMIRIZEITALEROEKRIE, HRSREIZLABDOMHET
HBEZEETELTNS, MRSHBBATHDELEZOND ZOHTR b L AR
BEICHEARTAEMMATENTI Y (Ishikawa ef al. 2006), 7' 0E 75 AMERMIMIZEIT 5
HRERTFDE, HD V0L, A PLATED, HRSREOMIETEH Z2oTW5EELDL
N3, b, FUoSRARIE BN THHRAR L BTHEOBRAT I TN D (Waeral
1984), ZOME T, RICRLEBRELIIRRY, FRAaRESE RN TE
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ARLRTHT BBEERBCARD T EEFRLTIND, L, HEERIC ST 5 EmRE
ROBKITERRDRGE DI MM 3 R E) L0%IC GH~9HE) Rbhn
DI, ZORATIIRAKLE VI AHMBAOHEIIR T » T b3, A%5280004
DRMIOHBMTHLEBLLND, O b, HEASESETLTWARHICEOT
b HEORBIOMILA A b LA LS R TS L, AFECEOTEL. IE
IRALERIT L B BT OB KIZ IR A B BEA 22 S O MM C O 28 S 7= (R3,9),
7, RBIILE LB RETIOEA L BEOMIE BOMI TE. 57 &b, Bal
M OHEARCRESN TV 2 REBBICEE LE R b L AGHEO L@ L. SR
(I HR B ICBBRT B HIEE R 5 5 Lo L R SR D,

IV-2) B BROLE

e A XF A ERMRRE THE SN R ERICERE LSBT OBE AN, YO L3
BRI L5 b0 THENEFHLMIT B0, FHEE L MIER I oML &%
RALHE L7 & EORZBEOEEICOWTHN L (K4A, B, C), £ESEIL, HFEMOM
RRADIHITINT, CA02S B T—RIICHRTEZ L BHALME 2o (M4A), TOFE
B, SN2 —R0OEEEFEFTHEL T (B14B), v X+ X & BV 76t
D, FNa—RAIRA REBRTINVE DY T FAGEEHIBLTNE Z LR850 T
V% (Arenas-Huertero ef al. 2000, Yanagisawa ef al. 2003), Flxi¥. 7 zo— RFERT e
RERIF gin6 TlX, ABA 7T A OHBERFTHS ABM ORBEBRLNRLIRD
(Arenas-Huertero ef al. 2000), F£7z, FAa—RF, =F Lo v M HAOEELFIEETFT
HDEIN3 ORRERET 2L T, ZF LUV FAEZAKBELTWA Z L BAL ML
85 TW5 (Yanagisawa ef al. 2003), ABA R F L I 7FAlL, BEESeEkinIEE
MR P U RATHEOHKICEE THAHIZ BN TEY (Lang ef al. 1994, Mantyla ef al.
1995, Tamminen ef al. 2001, Zhang ef al. 2005, Lee et al. 2007, Tang et al. 2007, Wu ef al. 2007) .
AR TR EINTRBAEERICE T 52— BRIV a—REEOERIT, ZhbOEY
RAECREICL DA B L ATHEDERICE S L TS0 LI,

—F ., BEHMOMIUTEIT DAY m— AL, KRRLESHEEEL THICRWE B & HER
LTW= (E4B), oA T XHEpE TR, X7 v —RXERNAKIC X 5 R & 5%
FREEOBEEBCILIZEY, BREFTOBMCFELTVD L EFFRENTND
(Uemura & Steponkus 2003), F7-. £ ORRITARFE THAT Lo (Fra—X KU
ZNZ h—R) LOBWI Lo TR, RRAEEE THEMOMBIZEKITE A7
O—REBRMUOBELVEEELTVDH I LI, BRMEOWKICHEERELTHD L
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EZbRh5,

KM%Fﬁotv4¢ﬂ7v4%ﬁT\%§%®%%%ﬁﬁMﬂLt%6EHK%ﬁ%
BINDWETFOPITHED F 7 0 AR—5— (Atlgl9450.1, Atdg39390.1) #EH L7 (&
2), ZOBBEFIZaI—FENE TV AR—Z—AEMPOBEOR Y ARIIBE LTS
EFUE. BER OAIL L BOS FER O AR L~ BE O TR D IATIE N < Ap o TV B =
EHEZILN, IOZENFEROMEE TR LN AR KICEE L T2
RN H D, o, MHEOMBRIEETIHORVAREEISEVSBRVETRIE. §R 7
7 — RS TR TR U 7oA TR AT O AR BB S h b o 12 RR I
ROBENLENCTERT 2006 Ly, SHEoERMOMIR TR, MRSZomE s
FEHOMIBICTIL XL 225 (H9), #0—F T, ABRIEHALTHWEZ M (K2),
FBIETEAOHAR TIZ, MIROEL HECLVEERSERLTVWALOLEI LIS,
FIRRDRZIR - RO TILHRIZAIERT 3 (Dolan & Davies 2004) Z L5, #IaPIE
TOMBREOCED 2EEM/NEL<A0, MRECHFETDA S n— A2 L 5 ML M
ANERE DR TEE Z 2 EBEE OBFICR§ 220803, MAREOBENREZWHEMOMLIC
A& b bR END, . BROBXMERERERSI ba v PYTRED
MM/DERE 2 MBBSEFICH L), TORRLLT, MBR/MBERTEMHE LI b L
nzv, AR Ko CHI/NEE ISR EIC “BEE” ShHZ LTy, WA
RDMBELDEMEPEZ VT RD2IELZLAONG, LD & AREHEAE
BOMIBIZ BN TR 7 1 — ZFEIMC L BFHEERARZ SR 2> T ahd Lk
AR

B, FEF TITERBAEBEREBICBITA 747 F—REEIT, N, B Y
HHEDHZB W THEKRTHZ LIFBE SN o7 (K 4B, C), ZOREEIIFTHTSH
A, FHRICE T ABBEGEOMKIZIEZZIAZ PR EFEE L TRV EEERE L S
na,

IV-3) BEERINC X 2 Wik

AHAL D NA KIZ 330 N T R EOE REHI O MBI 3 55 5 O MR L~ IR N O & BN 72
WZ EBGhoTWD (K 4), (RIROBIC L 5 BRAETHE DA E 2 2FEH oMl T,
IhECRLEL DICEEMEZEAIEIEDICEBRLEZ b bk~ R EHNR U
FAEPFRELBREI > T5D, ZRLDOECRTRLF—DHENEZ5LEL160
%, fEo T, NA ROBE BN M EEREB ORIV CHEMoMiaL Y 6072 <koT
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WA LR (4, ERARICE S IR LOTEHRLTLE V., BREHHENH A L7
WERTHDEbEXDND, I T, HMIPOAy o —RERE®E (1.5%) O 2 Hi)
(3%) 12 LT, BRI & CTHE % L 7o MR IRIRALERIC & 2 Bt % 5545 L 7= (10 5),

RRATOOFE R, BE & AN L 7o 53 C ot SO R  CHEE L - MIEIC W T b IR ALER | &
HEFETEDERBBE SN0 o7z (B 5), HHPISHRIN L 7= A8 258 1 MM 1o B Y
BRENTVLEDIANATH DA, THETORET, HHUTORSBEFPHASEEILT
HRRAN ORISR LERT 2 Z L AUREN TS (Jitsuyama ef al. 2002, Tabaci-Aghdaci ef al
2003}, Jitsuyama Hik, 7 AT H AOEHRMIDELE R 7 0 — AEHTEIRK LT84 . MG
NOBEB LR LEORKR, BETMESERT A L2HLMIILTWS, #E-T, &
FRITICB W T OB A 7 o — A S CEUE RN CR% L7- R TR S B A L
TWDEREERBY, DFE D | RERFEHOMEAMEBAERIC X BREREAEA Ll
FR, ERISEICHERT AN F—RBRRLTWS b TR, BETEL R s
HEEEOLOILKARHDHZ EIREINS,

IV-4) ABA £ BOEE)

ABA BB LI/, KIBELEGERIIBVW THEEYOMRO A TEKT AEMSER SN
7o (H6), udXFATEMEEROIEHIEIE N T, RIREIHRIZ L 0 #lare ABA
EEPHEXTHIENRMLNTVWS (Lang ef ol 1994), La L, oA XFXFHEHiEkiC
B 2 KRBHE THFE S h 2HIEN ABA EROBRIZ BN THA0IZH L, AT Tk
BRI 1T 5 ABA BENT CA2 08B F THRSHICHE KT BEM &7 Ui, fiiE T,
ABA BB RAEE L T4 BRE~LRSEINA I LT L VERRE~Z L LR L 7T
WDBEEEIND EEZ BN TS (Jackson 1993, Wilkinson & Davies 2002, Christmann et al.
2005), TEMME L IXES T, BizofoF A 7O - 4 - BEFOREER 2R /v
FBHROBE, HYETIIMAT~EE S50 ABA &% En T, KIBLEERETE
BHTChH D5 MBRICER LIcDh b Livvy,

Ei-, AR TH v 70T LA EBROFERIZL B L. ABA SRUCEb AR
{GfO~-2>TdH D ABAl (At5g67030.1) A, FHEHOHMR TIHRIRLE 2 B £ CEBEICH
WINLOKZ L, SEEENOME CIHMERQAE | ROATLMAFEIhTWahokz
(ArrayExpress; accession number: E-MEXP-1347), ABA! 1E, A EN/- ABAICKLVIEDT
A= RN 7 EZITHI LT ABA AEEMHLTHZEPAHMONTEY (Barrero ef al
2006) . RECETEHAOMM T ABAI ORBENRHER Shivoit, FEHOML Ik~ ABA

36



BRI LDAORBERSH D FEMEATBREND, T LA, SHEONTE O M Tk
BIZL D ABAGHPEZ bR WERER->TVWAI ELET LN,

SO, MECEMMOMALIE, ABA SRENTT TR BEMEZRKSES D
(CHER ABA VT MBEE RV TV AR LR AN D, BEMOMRTIE, P ag
XA FrE R L Rk, MRS B ABA MBI L 0 SR AT S (S 2006).,
UL, ATEUEFEOMEL TiE, 5Pz ABA 25N L T, BUSTHMEILROE & FiasE
Thoro (@i 2006), MRS ~EIL 7= ABA X, ML HaviE, HRENIcHS
LETH—IC L @BHEL., TV I T ANGEENTHEA R EBBENEML AN S

(Razem et al. 2006, Shen et al. 2006, Grill & Christmann 2007), HIRSSMC F & 7 ABA A8
MRRICRYAENRTHNEDED, HBHWIE, EOLIITLTABA Y7 HABREENT
WEDIZOWTHRTARE ZALEWD, HIlEED ABA L2 77 —%XKBLIE oA X
FTATHEMEIZEBNT ABA TGENEEICHE LRV Z & (Grill & Christmann 2007) %3 %
D&, MIIEAIZ ABA IRV IAEN, MIEDO L7 F —ERIGE L TWAERENEAE,, &
HEFRMBASIC I\ T, ABA BRIARRIC X HHIALA ABA OB, HEE, K UL
OELSOHBTRESNTVWAZ & (B 2006 2E28bds L, MEEMBOMET
ITHIBEN ABA Lt 7 ¥ —DBEN KDL TV A7, #AANIC ABA HSEH LT b R
OB bRV ELEL LIS,

IV-5) {KiB3FEM R T O RBEE)

ABF S CHEAT L 7o {KIEF S M B {sF (CBF3/DREBIA, CORISa, RD29A) OFEiL. &
RALEIC L FFEE, RUKHUEER L LICHEEIhA Z L 89hofz (B 7). LdL,
SEEFESIT N THEHOMIA T, ZOBEBREITHR, BEEMIIEL 2AERAE
g3/, CBF3/DREBIA B3, HHEAATIL CA0.25 M6 CAl BT RINRER X
AT 03 RHBUEF R O ML TiE CAl MBO AT LR S higd o 72 (K 7), CBF3/DREBIA
i, vua P ATEYEERREE LB b EE S, S b, CBF3/DREBIA &R
REMEEREZ AN L Y BT XICEERBE 2 T5Z LM ah- T
% (Gilmour et al. 2000, Yamaguchi-Shinozaki & Shinozaki 2001), 7% #Ma TlE.
CBF3/DREBIA MERLBHMICRIFET L LIZE»> T, THICH JENRETFOESEY
NEEL, TORE, FHEMECOHKIIFEE L TWARARENEL LN D, ERIC,
CBF3/DREBIA DREBFHFELHE L T, TOTHENRET TH S CORISa R RD294 ©
I, CA0.25 8 Tl xSl iiic L~ FELOMB THRER L TWB I LMRINT
WA (K7, £, HEGFOMIZIZIB T, CORISa BT RD294 OFBLA CAl KT CA2
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METRBRERZ L TS0 L, AHEUERAM O T CAl BT o~ CA2 Ll ¢ 7
DRANHET BEABKR SN (@ 7). > ad T XFHEHHEIC ST, CORISe
BT RD29A BIGFid CA025 A THREL, CA2 AEE CTOREMEE SRS = L 14y
735 T % (Ishitani er al. 1998), LA EOFRIT, *TEEREHO ML CIERAMRIT L v ik
MEPEK LA2WREO—21C, Zh 6 OEIEFEEEETORE « EREES . Kk
LHEHOMAL L THLR>TWBZ EERLTWBEDNE LA,

IV-6) 44k AV =T LA

BLETlA~TZ & 51T, RIBAE R IT 5 1256 SR CxF B a0 MRARIC tE~
KRB EMMAS T (CBF/DREBIA. CORI5a, RD294) HERELTNAZ Ehd, (ERIC
HNTORRESFEMAME CH Ao TV BAREREZ RS, LiL, ZThHDER
FEMERE . SEUEMHSOMRIZB D THEBLABIC I A RBEFERRONE L0
b, BEABOEWIZT THES & M EETEMO M BT 2IREBREMOBVEZBAT S
ZERTERY, EHI, FERRLN I ZODKIEHEEREF UM, KIELEER
THEHOMROATREISEDTI2BET. ThbL, BeFRBEOVATLALLTO
HOEB P HELNOMBEOL TR ON D FRMEOCEKICES L TH A THREREZ LN
Do

FIT, Mk ) IT LA 2BV THEEHOMROL TIRIBERGT CEBT 58 F%
WA AT Lz (K8, & 1-6), {EIRAIRIZ L - THETEA BT 2 FHE B oMRICE
W, IKIEFE 2% SNAEEFIE 1,607 {8, IKBME (<0.5#%) BT 1,625
BFEEL, FE, ML bRREESTAZ NGk (K 8), 7z, FHiEHIHR
BT BEETES CA2 LEETHAT S Z &0, MEMMEERKICEEREETFIIL2L
&b CA2 LBLIATICRBAEB L, BiRED THE Y U I BOERBB I >TB LE
ZAbivd, THhbb, CAl, kU, CA2 OFWLETHED HVIIIEI S 2B+, RN
CAl MBOHTHFEES D WVIIME SN2 ®ETHS, FEYOMIEIZ BT 2 EIRLEB#KIC
RONAEFEMERRICEE LT B L0 EEZXOND, T, HEHEIFHEROMIE
DHTHEIND TS, TRHOBEEFHO IS, FEHOMBTOMBBRLEIZIL-T
EFET2RGTFESRBIEORETHERKIZENRFEELTWELDEEX LD,
OLIREETRROUBILL >~ TRAPEDTIBEFHERELLLZA, KTk~
BEREEEGRETHOPIZIE. BontBOBEFLAFELRNI EXHLNIR-T
(CAl & CA2 iLERDIE 7 TFHE : 2.7% ; CALl M TOD A5 : 0.68% ; CAl & CA2 LED
57 T« 1.6% ; CAl BB TO LM : 0.49%, kK 14),
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RRAHIBE THEEMICHEE I N BEFHITIE. signal transduction BEIHRAG 7%
transcription factor & o 1oy 7 FMRED B THRET A RIETF21%< Ront, Signal
transduction BOMEAR T O —DIT leucin-rich repeat family protein (At5g12940.1) HTETE LT\
12 Leucin-rich repeat family protein 13, ¥, ABA RUEHEEE L VoSl R F L&
VIFTNICEELTHAZ EMRMBATVS (Chini ef al 2004, Osakabe er al. 2005,
Shanmugam 2005), 7=, ABEYT TR SN 7 transcription factor DHUZ | erhylene responsive
element binding factor (ERF, At5g61600.1) M#h 7=, LIRIOME TII. ERF OSHIL, K
i, ABA, BB, HDVL LV ol bka RIFEBMHRA ML AT THESh, =
DEFHDRECRT VALV AV MIRETHI L TA ML ATMER ST 2 2 & ARG X
T35 (Zhang ef al. 2005, Lecet al 2007, Wuetal 2007), “h 6O 7 L1, SEOM
TR, A M VAMREERMET DDl E R v 7 TV ERERBATEE (LIS hThBs L
ZIRRLTNDHDDE LAY, E512, BRENI L1, W< D50 protein fate Bl
EFOFEHMOLATEREFES LTV, ThoOBETOBEL, KRIILERIZK T
DAREOFERICEE L T B0 Lty EEIZ, LETOREDh T, 2% F o
E3 Y A —¥T# % SIZ1 # ICEI (inducer of CBF/DREBI expression) @ A E A MLE I L T,
IEIRBIIC X A BHEHMEOBKRICEEL TWAZ L2 aho TWA (Miuraef al. 2007), sizl
RISERIETIL. CBF/DREB] HRER T O TS & HIRMRIEF (CORISa =2 COR4T)
DEBMABE L, EORE, AL EEERESMET T, 20X )i, KESIAE
BT, o HOEMRBEC L VERBECEST 27200 MROBERS L2 ST
HLEZOND, #oT, AR THLNRERIT, FEIBOMRIT, MO
W, RIRICIAIS 5 7o OMRO B RS BEAAITON TV A FREE 2RI L TW 5,

LIETOHE T, Hamnah Bid, oA XX FEZEMICRT 2EREIGIC X 2 B
HEOEKEHDOBEWVICELZEER#ELE LR 707 LA THELNERIHLIER T
BT 58{5 78 % E(C Fisher exact tests Z FVTH 55012 L7z (Hannah er al. 2006), & Z
T ABEICRN T, FEE LS HIERE O WM ORIBLEIBRE T, 7T GER
FROBERICET AREFRBICELSEZ > TWAEMNT DT, Fisher exact tests % A
WTRREE L7c, £OREMTIE, CAl B THEINLIBEETFEREL L, £OR0FHEY
b5 WVITH BB OMBOA THEEINIBEFREMEL%, BEPTOAFES
N5 FAEECEbD 5 B{EF (signal transduction BEi#3&{% + + transcription factor), &
O, AR FRERZ B 5 #{G5F (protein fate BB T) A RHEUEMIIC LR EBICTEL
o TV BN ONTHENTE, TORE, o7 FAMEEICED 5 ®IE T (P<0.05), R,
IR O FRARIC D 2 B 73 (P<0.05) 13, BEH THEELZ 2TV H I EDBgMo
Tz ZOZEMNDLYL, BEHMOME TR, EBRLBIZL Y, KBS 7 FAERE, KT, #
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ﬂ’a!ﬂ)ﬁ’ﬁ%ﬁi?’ﬁ?ﬁ'fﬂiﬂﬁéhé 2 & THRE AR S TS i R AT,

RRLEEZ 1 BT >72B3ICRY . FEAOHRO L THEE SN 2 RIEFROBI
transporter BELE{S T (3 {8) ABHZ < RHENE (R 2), =20 transporter it
F® 2B, 2187 sugar, KUY, sugar-phosphate transporter family protein Tdh o7z, ZiLb 2
BOBEFHIFENOME TOHMEBLBII L - THEIND 413, FEHMOMETO
HBBE S HIARIBLBIC A L7 TR O R (R 4) LB L TWB0ME L,
YA XFATEBETHON TS E 30, KIRT TR 5 WEk o SR KR
D—ERTH D Z & (Levitt 1980, Wanner & Junttila 1999, Gilmour ef al, 2000) 2% % 5 &
T 5D transporter BHHEE{E-F IR ~ORE DI AL (BH) 5L, TOHRL L
T, BEHMOMBE TOARLNAIRBLBIZL AHETECHERLEVWIBRBIIHFLELTH
ZIEBEZLND,

S 6z, 1 EEEID7eA, cell rescue and defense BEBIZF O early-responsive to
dehydration stress 4 (ERD4, Atlg32090.1) AFEHOLTRERBIZEVFEIhTWE (&
2). %< @ ERD fomily BIF OBEEIZ OV TIIRIEARA TH DM, FE, ERDIS 7 ABA
YT NDAOHBR T THEZ LB LML 57 (Kariola ef al 2006), = DEEIL,
ERDI5 ZiBRIFH L1 oA T AT HHE T ABA IO BME AR L, #Romes
AP LAMEMET T2 & 2BEMC LTWD, EDRIS ITEFEMMEIIR LTRICHEEL
TNWED, WERMTHDEL D ERD family BIGFHA ML AV T EE, RO, R b
L ATHEHSICES LT A I LR EZ b RIFRCTRE & ERD4 L S0
BIFHAPLRGE, RO, TEASSICEES L T2 WHEENHRI S h 5,

IO D B CTIKIRAAEIZ X > THEFERICIEH & 5 58{EF 0 FIZiX, transcription
factor 73 6l & Bx b & < TFME L T2 (3 3) , & D D—DIT scarecrow-like transcription factor
(SCLII, At5g59460.1) M7z, SCL T, RONECHBHIRFEROTRESRIEE TS
ZEDBRmBENTYWSD (Wildwater ef al. 2005, Dello loio et al. 2007, Welch ef al. 2007), F7-.
F OAEF#EIL, SCR 7 KIP-related proteins (KIPs) O#l, 3 3 i, cyelin D3 (CYCD3)
#FFMT 52 LI L, RETINOBLASTOMA-RELATED (RBR) @BO#Mifl&5| &£ L,
HIRBE AR EITIRD T EICL B EEZX LN TS (Wildwater ef al. 2005, Dello loio ef al.
2007, Welcheral 2007), Z DX 5 2REEFTIRIETF 7 7 IV —D— >R FHFEM O
TIRBIZE VI S D Z L, MREA#O Gl #5 S BT TORITHAKIRLSLERE
TEETZZLEFLTVEOMb LAY, EBIC, PyErai R TH, &
R L ARIER O GL#ID G SHI~, DI, GZHAL MBI~DETTHERIET S
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SEBB S E A>T D (Tardieu & Granier 2000, Rymen ef al. 2007), (KRR ICR S
TR TIL, MR DA LA 4 B RE IR T 2 3| 2 82247719 T2 < (Prasad et ol
1994, O’Kane et al. 1996, Zhou ef al. 2007), DNA M43 &#2~ &5 (Breen & Murphy
1995, Molinier et al. 2004, Pitzschke et al. 2006), 51O HIAILHAR R 0 AT R AT
BTN DIZ®H (K 9) ARIR TR L EEERICL > T3 ERI X5, L7 DNA
DR & RE DNA ORI & MK E IO IS X » THRRICERE L TV B AIREMAE 2 b
5,

IRIRSE 1 BOARTHH SNARETII 4 EH 71285 (2 4), FREICE T THS
BIENTHB LD, Fh, TAFTAOBETICE L TSR b L RIS &
DRENHALNE 2o TVE LD oT, I TELN-BIEFIIHEOMED %4
TIRBAEIC &> TEBT 570, RIBEHEEMICT L A OBELE > TV B L0 THS
EEZLNDN, FOEMIOVTIE bR ANERUETHS,

AN D, BEHOMIAIT, > o X+ HHEMHE & EE U RRE S RS T 5
T EAREN, HREMMEEZEASERLDIEMLELATL2BEROMBLEL TSI L
BEZ LN (H3,4,6,7). ZOZEinD, FEMOMBOA TIERRIZ L > TEST 258
GFHEOP T, oA XFAHEBEIZBNTHERRICRIBIC Lo TEHT 2 8EFi1
EHOEKIBIEBIC EE MR- TW\WA I LN RI&EhD, 2T, %ﬁﬁwmm
DHTERBEETI2RBEFA VR A T AT HEHEOKBLAERE THLRBOLE 2R
MBEIDIZONT, A ERTHBEZ20 v uA X+ XM EORGEFRRAT — 4 ~—
2 (http://cold stanford.edu/cgi-bin/data.cgi.

http://rarge gsc.riken.go.jp/microarrav/microarray_expgene.pl BT
hitp://tabacum.agr.nagoya-u.ac.jp/dart/ma_expression.php) # AW\ T, FMETEHELNI-FER &
B L (&S, 6), FORR., FEMOMIREKIRLE L LFSICHEEINR{ET T
54 {8 34 EORRTF. M SN BB F TiE 34 BEOBETH 15 BB a A X5 X FHEY
FICEWTHLEBLTRBRICL > THE, Ho0E, HHlahTna I hbhot, #
(2, KB TH¥E &5 transcription factor % (¥ protein fate BELE /AT THEMA T4 4hiE
IERB THE I EAHALMERST, £, %< @ signal transduction Bdi&E{ETF.
transporter B &= 7, metabolism BIHIE{ET, BTN cell rescue & defense BEE{GF 6.
FEE CIGIRIC & » THE S Tz, Il I iz@{s+ Trk, 2 TO transporter B i#1{5
T-. protein fate B 7. R, translation B @R T A HME THE L TR S TW
7. FHEHEIOME TEMILENTWE Y 7 EERE (signal transduction B#E{E T, &
TX, transcription factor) & #ABOEAERK (protein fate BhEE(= T7) 25, WEHEIZHBNTHK
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MaptB L TERICL > THEEINTVWAE I L2 E2 AL | HEBOME L EMEKTO
RSB AR SBORBEH LTV B 2L BREEND, —FH T, 1< om0
BIETEHELTE, AR CUERED LW Z ERRINTHWS, hdDBETFOH
t243. Ras-related GTP-binding protein, KK, scarecrow-like transcription factor (SCLII) © X
D eI BB D B F AR S ats (Wildwater ef al. 2005, Chambard ef al. 2007, Dello
loio ef al. 2007, Welch et al. 2007), FHEHIOL < DM TITANAE Y OETABA 7o R IET
HHLHEXLNDIZSH, FHEDHFS T LIS L TR VBRI~ T, {EIEAH
BN S 2 SR ENRECEN - ARESZ L b5, UL, Zhb0B(kid,
RIEBER AT 2B LRGBS M TRIETE 2 VVIEL S BT 2 B E
REMTHLO b Ly, RBZ, AFETELN#HRT. $8E8 (S. GaM,
AT\ GIH) TR Y 7T REOBEMA R - T B Z L 2RI L TWA (E11,12,13),

IV-7) IRFBEIC BT 2RO LR

Sl B OB HEAE 00 3 BB AR C ik, ARSI L TR B AR IR D Lok
DIBREY 5, AMRICB VTS, XEEFIO M TSR REAIZITOR TV S A4
MEBR S NTe, Fi, MRSRBEEOE VA, AMROFHEH & s EERMEYIIC T A1ER
EBEOENEERL TV A0 LY, £IT, SHEEARICRETI%RN A
BIEFICRTH7 74— AVIZEERMN RIPCR IER VHE A SBEORIEEIC LY | K
RBRIZR T 2HIERBOES 2T L. (K 94, B), MMEAROETIZ, FEY (R
# 10 BET) KRBWTHEEAER (A% 1I~148) LOVBATHIZ EMNREN-, B
(2, R 2 B G 6 BOMBRIZEON T, SAERBICERNLBREFAEREAL TV
LEBIZ, BRAFELE L B> T, L L, SETRHRAGNTEERIZERICA
WIZHIRRICOWT RS &, FFEHOMIE (MR 8 B B) TR0 R
12 B) 2l G HIOBEFRBRREL RoTWEHOD, S, G2, MR Gl #0&(E
FRRAIZALSTZEVIRONE 27, AAZEEIL S AEOMIRICBWT 12 RE®
MR L D ELAeoTvd BHE :124%, 12 HE : 051%) Z&%2E22¢E, MElo~—
H—& LCHWERETHAERSREIMNC L, BIOMREL S L, SEEEBOMBTI O
REPMEML L TV D0, dEffoMiaTh M lo~——RBIEFHPERRLEDL
DEEZ LD, MBID~<—HF— & LTHW: CDKB2:2 13 G2 #16 M BIC i TRIT
ZBIEFTHY, MP~OETIZEETHDEEX LN TS (Huntley & Murray 1999,
Mironov ef al. 1999), LML, PaA XAk s BVWi-fEd 5, CDKB &laFo—
DT D CDC2b VIAREAFDOEIT T/ < . Bl FEMEOHBRPLREZEIIBL - TS
ZeBmENT WS (Yoshizumi ef al. 1999), CDKB2:2 AFaMIRIC & B> T A 0T R
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ATH S0, MEEREHOAMITIZ, M SIS OMILE Y~ — 7 — BGF OB AT
&, RN ARSREVEI LTV AHMBOEAMEME CHI L2 E 2 5bE 5 L.
CDKB2:2 O+ FEBLAS M BRI O MIARIZ F6U T b LB O3, CDKB2:2 i diy
Bdh DUVMIMESICTHEE L T A EEERE L bhs,

IV-8) fAeE 4 o> Bk

MREYERMET D LE2RBIRR, T 4742l VOEDLARKL TSI, 21, &
U, 30 BERBEEIC S, GoM, R UK. Gl MIOMIARE < 725 = L BH LML ot (F 10),
AADGREL MO~ — 7 —REFHEER LTV EL 2o, “OR TR,
Menges & Murray iIZ X D BE SN b DL —BH L T (Menges & Murray 2002), “hE
THBOMRERIZET 2MECE L, FRROBESH L33 BY2 #ilax B TiTh
LTV 5 (Nagataer al. 1992, Samuels ef al. 1998, Kumagai-Sano ef al. 2006), BY-2 #RiE DR
WFRIL, 7747 42 ) MAETRBEET 2B TH T0%DER D EERHE
., EFRICROI LHBDLND, i, (WOEME) O HFE IR VT L
BAEMORRREARADNTEY, WThb, HENEORFHEICEDI LT3 (Dolezel ef al.
1999, Planchais e/ al. 2000), 124 X+ X FOEFEMIICEBNTHET 745 42U U E2HAN
THIRREH O RFLIZARZI LT3 (Menges & Murray 2002) 43, # O R FEE o E
LB LD TEL . B, MMI RUSMM2d 5 1 > 2 BV ST, B b
THH RUBDOERDHELMERETEZ TR, BFETELN-RFELBROBEARASRE
(6.3%) iZ ML DHEMFERL > o A X F X B RMIR O Rz 2727 4 (MM1 R TUIMM2d)
Lo biEhoTs, RFMEDELLEFAZ LICE L TIISEOBRBETIIH S8, AHaOs
FBBIZBOWTRLORVBAICZ DA% 6 A EOMIRICBIT 2R SHEIT 26%ThH
D (B9, 774742 /I LHEFERICZOED 2 2L EOMBRASRMICR LN
el bEEZD L. AMRORABICRIIFEH O THRE SN IKIRSE O E &
LTHAFRTHIEEZEZLLND,

IV-9) R lz#RBEHIC BT HIERFEMELRFORH

Ripo AR BHICRFL LRz BT, KRR T#IC BT 2 ERHEEET
(CBF3/DREBIA. CORI5a, RD294) ORBA LB L7 (11), 2 0#%E, CBF3/DREBIA
ERRD294 MR, S R UGl HDMIRICE T GM MOMIEL » b&EL< 25 Z & hn
hot, vaf T X FHEMEICIWTIZ, CBFYDREBIA DML SIZL X 5 ICE ¥
NRIBDAEA MU L D ECHBEBERTVAEZ ERMENTWS (Miuraer al 2007), L
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UL SIZI OFREBIMRIRLBIZ L > TER LAV D Lk, L5 % & 5V IE BRI s
ﬁbnru\m%zennxéu AWFIEIZ BV TIL, CBF3/DREBIA MEBIT. S. R
Gl HIOFFE O 2 RIRAME L 7= BHI BRI L T, Thit, S, RUL Gl filcBun T,
BRTTEI % SIZLIZ L 3 ICEL D RAEA MEBEHIL LT B -0 LR &nD, —H,
CORI5a 3 CBF3/DREBIA O FHIZH 2BHBLE T THACLEDL LT, TORBTSHO
HTE L R> Tk (@ 11), Zhid, Gl BV ORIGERE & L - BERATThh
TH ST, CBF3/DREBIA # L /30 HOAREN ST~ D o TWAEBELEZ L
NHMB, LI OO THEMBEGF THD RD294 OFBII Gl HTLE A>T E D&
EBEETDHLHNOEERHLONL LR, EX0NBBERO—2E LT, CORISa B&
DATTA L TH Gl BIZBWTH TR TN ERSF L5, v ng X+ X
THEMETIE, CORISa iHERENLBR TR TS 4 v &7 7 2 #—T#h % STABILIZED!]
(STAL) 2N LTRT A Y TH#RT B ERBDH-T D (Leeer al. 2006), AHFFET
W2 CORISa D75 A = — |3 mRNA OAZ BT 5720, RS FRETL
TORVRAA: mRNA LR EN 20, SHAIICHE~ Gl IR TR, 7 o< F LR
L TOWSRETHSLBEZ N D70, ST OFEERIT S HUT~ Gl HicmilXins
@iz D, ZTORRE LT GLHT CORISa DREABIEL RoTWBDOME LI,

IV-10) RAz-7-/ERAHICEITS ABASE

F72 o AR E MO & AV UBRIRAEIBIZIZ BT D ABA S BOEIC W THEN
L7z (R12,13), ZORER. Gl #D CAl LEIZH T ABA ERAHAT M RE
Too THETOHRENE, Gl ORI OBBOMARIZEE~, A b L AT 5B
TIBEL B 2 L BRRBREN TV D (Withers 1978, Kadota ef al. 2005), Kadota & O ET
X, MRREH A RFML S ¥ 530 BY-2 Ml AT, FEMOMIR ISR LR £ 9T
D&, Gl HIOMBICB O CIEEMEFERIAAL LY AF ¥ 70 TPCI OFEBEAMOEH L 1
NEERTLIIL AR L, . Gl MOMIZTIX TPC1 20 LT, MIRALLY 7 AR
EOBAENMLOBOMIRE E_Fm RD E E LI, HELBREEFORBRLELR
HZEFRLTWS, TPCl #N LIEAA Y D LADOKRAITRRICE > THLEZIAZ L35G
LTED (Lin ef al 2005), {ERIC L HMIAE N7 AREOHE XD Gl HOARE CE <
o TWAAEERELZ bND, EbiZ, AAVPTAYTFAL ABA V7 FAORICIRY
0 A b7 BEET S EELLN TS (Allen ef al. 1999, Kim ef al. 2003, Zhu ef al. 2007),
Bl i, FLAAEIC ABA RN D L MRE AN T ABEAEIT S (Allenef al. 1999)
TERUNL Y LT INCEBRETFTHD CaM domain-containing protein kinase 4, 1

(CDPK4, 11}, CBL-interacting protein kinase 3 (CIPK3) % KiE L7-Z28R%E R{E Ti1 ABA
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IR EFORANBFARUIH~NHE T - L 85N TV S (Kime! al 2003, Zhu ef al.
2007), AHINCE T G MIOKIE THRALEIC X D ABA ZRAHIK L1 0. I58IC L
AN T LAOREFHIZTAMIE D ABA OAFEATERILS NI =D hE L, £7-.
S HIOMKD NA KT ABA EEMUOBEHOMIAL LB RaT-DlF, 7745421
ERER, FIEHBICERB LI EREETH AL LAY, BRI, EHEEEOM
RO ABA ZRIEIFABLICAVCZEEYOMELICIIT S ABASRL I LB < A5 & 25
DoTD (EEH: 148 meg/g FW, BRERIE%: 205 mg/g FW, F—ZiLm LT, K
BB I Y ABA S ESHAT SRR, BERAEEICHEET L HS I SR+ 50 L
WEDHRBEA ML AZI LT ABA ERROEHICE D LD TH LG LV, EE,
BHEA LR ABA BRROBETEHEL, FOMBEL LT ABA SEFHASHES
(Xiong ef al. 2002),

IV-11) Bl iRERIBIIsHEE

B2 o 1o fERR AN RFR(L L7z MR £ (RIR AR L1358 O T M & B 258
WOWTHMT L7 (K 14,15), ZOREFE., NA RIZBW TR, G2M HAD4HAIE S #Hh 20
X Gl HADOMIIZ b~ FIPINE & B D i o 7o, AAROMRAMORFLIL. EEH0
MEERWT, 7747 43U VICE YV HBRARELEL S7-%, 5 LS BT
HIETIT>TVD, 2FE D, MEAOHEZENIERITEVHR (Ex A 2005 2270
—ZAEEREEREH (Thbb, Fiftle JPL ) (BB LTV AREE RS, o
LMD, FCREHICERE SN IR T, RN T oD BE & BRI ER D A TS
EBREZDEBZLND, L, 7 0vF S E L-KEICH 2 M BIOHIF T,
HBEAN~OHEEZR VAL TZDICSLER NS AR—F—DRETFRELAIMHEhTHE Y
DEEZLND, EBIT. M B~DOETI= ALY —OBERBFIEHE N EEZONTEY
(F 1979), GI/S DM TRV IAEN-MENOIIMBMOEBTICEL, MEShdE
EZXDILD, ZOZLIZE, MO TIHREEMMES 2> THH00b LRy,

F o, AR CIE, £ TOMBBARICEW T, KIBASEIC L A/0ENES BEORKITE
BAneholz (K14, 15), Zid, MEEAMAMKEFSEMORES BERICEE LT
WHBEHEZRIB L TV ADO S Lk, LaL, ElRLizX Sz, RIBQEBIC X 5540
F ABA 5 BEOEKXITHIEASICEEL TWS (K12, 13), LETOHET, ABA 3HIRA
PEBEPEAIED I LD45D - T2 (Sharma ef al. 2004, Nagao ef al. 2005), ¥ /3%R
4TI, MRS ~D ABA OFENIET 7o OS5 &R L, MIRNESROBXE
BlEfErd, Ihbnz &b, AHEICHBVTY, HBESICEKE L= ABA ZBORK
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L DI R ROBAAEZ 5D L E2 N5, AMFICHENT I OREEESE
BENRVERIR, S L bUTFO onEz bhi, —oB1E. BkLEL 5.
%E%%ﬁ%kéﬁ%tbu774?4:Uyﬂ@%btmmm\%ﬁﬁwﬁgkﬁﬁ%
%K%%%énéc:nm;UMWWA%mﬁmﬁﬁmhﬁin\ﬁ%&tf%@ﬁ%%
BABLDEEILOND, ZOMNOEE BN, EBLEBRICHIT SN
BEEEMAOFMHRLEEZCL T 506 LAY, “oBI. ABEORASRIL 63%T
HY, TRUADHROE EEFHORMET LI ETHOLEEILNE, S0,
RIRALERIC £ 0 2 2 MR TR TR, 2EOMIE 0P CIRAEVEIE % 5HT
WHIZTERV, ABADEBRIZELISAE, 29, HiERBERISEZBAVTH-THEY, £
DRI 5 LIEEE THIREOCHILEM T 2 ABASEOEKIZH LT HBEL
SBRHTZLEZLND, —FH T, HEROHE TRARDBTHREL TR - 2583
BOMABREBEOREEROP TRHELEILL Lo TLEY., BT HANEE LA
mofe@inb Lien, Dbk 2FRT, ERLAEIZL - T ABA SBOBANRES -
TH, TN L - TEIERIINZEBEZLNIHWEROBASBHENAWT L&
bMD, EHICHEMRFESLETHS,

IV-12) Ripo -#ERIC BT 2 HEETHE

CHETOMATIL, Gl #E S BIOMIILEBICNE LT, KEHEEEETFHER
BIDZ &BnnoTing (H11), &6, KIRIISE L-HIERN ABA & &AL G
HOMRTEZ AEMATFINRTHS (K12,13), 29, SHEKG] HoMmiai, G2/M
BOMIR e, RIBASICRE L, BETMESEAT2RERAE L NS, £ 2T,
(RIRAAERTRICHB T 2R~ - HRASOBROBRMELEREEIC I VERLE, *
DFER. S BIR T Gl HIOMILIZ IV T CA2 QUBH1T 5 Z L IC X Y BT AR A8
NEE SN (K 16-18),

S MMM TIHMEIRAE 21T ) Z & T, 9°C CBWTABERNEL o7 (K 16), S
DML TIIAEAT L2 RIB 8 &+ (CBF3/DREBIA, CORI5a, RD29A) MEHER LT
W= Z &, CORISa DFEBH S HOMBROIZTHEEL TWeZ L2 b, thofmiaE o
FUTHEAZ K DRBFEMERETS S BOMBROATEERIAL THE LR8BI LND,
ZORER, ZLOEEFEMDO S R EREE L, FREKOESVBREN-9C TH
EREfREINLb0LEZI LD,
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Gl MOMIIZISIRAQEE1T 5 &, 4°C~-5°C ORER CHBEBEORLE M2 595
PSEBEIR X BT, 201 R+ RF R TIE, 4°C~-5"C IR G L 0
BE D 1 2T D expansion-induced lysis (EIL; I-3) Z3F8) < loss of osmotic responsiveness

(LOR; I-3) B2) ORANBETHRERTH D &R Mo T3 (Uemura & Steponkus
2003), ZOHEDRINT, NA OENGEBIN: 70 N 75 R h 3 RA--IRECHERE
SEDE, ACITBWTEIL DRELEBRLEL 2D, -4°C~-5°C DIEEX Tt LOR D3e4:
D 60%MT 2 L BRENTWE, £, ThoOEEOREAIT CA2 MEBAITH = &
TERISNDZLBGHo T3, HoT, EBHFEIZIVT CA2 LB #1T- =458 T NA
R OHIIRIZ HE~-4°C~-5°C DIREROAFRIZEVARR L0, Gl S04 B0
HY2ZLICX>TELL & LOR OBERMBEI SN LICEB300hb LAy, UEDX
2 IARIRALEIT & 2 WA THEOR KIS EOMBEAMOMBTE - v | SMISEROMI
BRZSTRBIEEICL Y, BREESEENSEIREIENVEES D L NREB I,
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IV-13) BEEHR

INETHESTERLL I, voA XFAFEE AV C, EREIRIC X 2 dEsmE
OFERBPRBRTM RSN TE TV A, LrL, HECIE, e RA o588,
Mk, MRAFELTEY., ZA6DRR-> L ORFHERICHT AEEOEN. 55
WL SRRIEEISH T BB RISSHEERT 5 2 LIC k- T, SMABETHER KD
LHABEL> TWA LD LEZ END, Z0O L5 REMENE> TN 2SR
BETEZSELZERESETLE Y, EBRHECHRE 22 TLOmRIE B LT
Do TDXEIRTLARET, BEGHEL ALK S IDENART 70 —F ORI
WHREZLEES>TOWRGCOBERTH B, ZOMBEIRY B, AFETIIoq X
T AT T8 BRREERM A AV T, WRETHEOEKICHEE LA TEE A2 BB hicon
THEAT LT,

AR D, A RFTXFTEREBICBVWTY, Yag X+ XHEYE L B, EiB
M ZIT S Z & THIRPMEZEOHE K, MIRN ABA SBOBK, & 5vil, KRS R
BFORAPEZDBZEBHLNERY, vuA XFXHEWMEKE oA XF XF %M
ROKBESEEBIIZ ORATHRIBTH LI LW 9ot 2F Y, KBYbIC & 5 i
MED BRI L~ VBV THRIZRETH DL EBALNI R, —F T, =
A 70T LA EZRBWRETE, EREROATREZES T 2B EFHOLMNIMBRARO
ETICALIBEFENODH DI EBSh o7, DFD, oA XFXHEWEOHM
B L~V BIT BRI, MBEASAEE L T3 AR S, $EMELTIC
EIC BN

AHMEIC 31T HIRIRAAERIC L D HETHEOFET, HERMICEKFEL TR Z L2y
220 (K 3), EETHEAE AT 5HEHOMIRTIL, MRPNIES BOEK, #MIRA ABA &
BEOBA, HHWL, KIBHEME{EF (CBF3/DREBIA, CORISa, RD294) DEWFEIRM
RondZ BN (R4,6,7), e RBOEBEICRNTH, ERBHEIC X
D AR PV BES B DK (Koster & Lynch 1992, Wanner & Junttila 1999, Kamata & Uemura 2004)
AN ABA ZEOH K (Daie & Campbell 1981, Chen ef al. 1983, Lalk & Dorffling 1985, Guy
& Haskell 1988, Lang et al. 1994) | & 5\ 3, {KIRFHEM R T OR HFEE (Thomashow 1999,
Chen et al. 2002, Fowler & Thomashow 2002, Kreps ef al. 2002, Seki ef al. 2002, Hannah et al.
2005, 2006, Leeef al 2005, Oonoet al 2006) BEEZ 5, DF 0, EHETHE SLER
BIEASIR T L ~LIC BV TEZ > TWSISETH D I L BTRREND, ERiC~ 17
o7 LA L, AFEHOMB TR O LIKELEBRE TEE T 588G FOE X,
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YA XF A FREBEOERIBR T b FEOTBART - L A gmots (#5, 6), =
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V-2) Summary

Many temperate plants acquire their freezing tolerance upon exposure to low, non-freczing
temperatures for a certain peried, which is known as cold acclimation. Studies of cold acclimation
process have been extensively carried out using the Arabidopsis thaliana whole plant system.
Although we have been able to accumulate much knowledge in responses of plants to low
temperatures, it is quile possible that overall outcome of the increase in freezing tolerance after cold
acclimation is a result of complex, close communication between cells, tissues and/or organs
occurring uninterruptedly at low temperatures. Thus, determination of responses of individual cells
at various aspects including physiological, structural, molecular biological ones is clearly desirable
to understand the mechanism of plant cold acclimation comprehensively. For this purpose,
suspension cultured cells are an excellent model due to the lack of inter-tissue and -organ
communications. In order to characterize the responses of Arabidopsis thaliana T87 suspension

cultured cells to cold temperatures, in this study, I carried out six experiments as described below.

1) Changes of freezing tolerance of Arabidopsis cultured cells by cold treatment

First, I determined a growth curve of Arabidopsis T87 suspension cultured cells during the
course of culture period by measuring fresh weight of cells. The growth curve indicated that cells
were at the lag phase from 0 to 8 days, the log phase from 9 to 14 days, and the stationary phase
from 15 days or later. To analyze whether Arabidopsis suspension cultured cells respond to low
temperature and increase freezing tolerance, I next determined freeze-thaw survival of the cells
before or after cold treatment using lag and log phase cells. As a result, induction of freezing
tolerance after 2 days of cold treatment was detected in cells only at the lag phase bul not at the log
phase. Especially, the freezing tolerance after freezing to -7°C was significantly higher in cells at the
lag phasc than at the log phase. Thus, cold responses of Arabidopsis cultured cells were strongly

dependent on the growth phase.

2) Physiological changes of Arabidopsis cultured cells during cold treatment

It is well known that endogenous soluble sugar and abscisic acid (ABA) accumulate during cold
acclimation in Arabidopsis plants. Thus, I determined whether these physiological changes also
occur in cultured cells during cold treatment. Accumulation of endogenous soluble sugar and ABA
did occur only in cells at the lag phase but not at the log phase, These results suggest that the cold
acclimation process resulting in induction of freezing tolerance occurs both 1 Arabidopsis plants

and cultured cells at the lag phase.

b4



3) Changes of gene expression of Arabidopsis cultured cells during cold treatment

Expression of cold-inducible genes is tmportant for induction of freezing tolerance by cold
acclimation in Arabidopsis plants. Whether the expression of cold-inducible genes (CBF3'DRERIA,
COR15a and RD294) is also related to induction of freezing tolerance in Arabidopsis cultured cells
was determined. Essentially, expression kinetics of these genes during cold treatment was similar in
cells at the two distinctive growth phases but the extent of expression was apparently stronger in lag
phase cells in some cases. Although the extent of cold-responsive gene expression seemed to be
stronger in cells at the lag phase than at the log phase, these genes were eventually expressed in log
phase celis after cold treatment to some extent. Because these results did not quite correspond with
difference in the capacity of freezing tolerance induction, genes that change the expression level by
cold treatment only in cells at the lag phase may be additionally required for cold-induction of
freezing tolerance in Arabidopsis cultured cells at the lag phase. Thus, I next performed a
comprehensive gene expression profiling analysis with an Agilent 44k oligonucleotide array for
determination of genes which are up- or downregulated only cells at the lag phase. As a result, [
found that there were 54 cold-upregulated and 34 cold-downregulated genes, respectively. The
expression of these genes commonly changed during cold acclimation in Arabidopsis plants.
Furthermore, genes with estimated function in signal transduction pathway or protein modifications
were more upregulated in cells at the lag phase than at the log phase. These results may indicate that
these genes contribute to induction of freezing tolerance by cold treatment both lag phase cells and
Arabidopsis plants. However, there were genes that changed during cold treatment of Arabidopsis
cultured cells at the lag phase but not in Arabidopsis plants. From these results, lag phase cells likely
have at least two cold-responsive pathways that are common to and distinctively observed in

Arabidopsis plants.

4) Determination of cell cycle phase in Arabidopsis cultured cells at different growth phases

Cell division is essential for growth of organisms. Because cell division is strictly regulated by
cell cycle progression, differential freezing tolerance depending on the growth phase in Arabidopsis
cultured cells found in this study may be associated with difference in the phase of cell cycle. Thus, I
determined the frequency of cell cycle progression of Arabidopsis cultured cells at different growth
phases. Lag phase cells had high frequency of cell eycle progression than log phase cells. Therefore,
it is suggested that different freezing tolerance depending on the growth phase observed in this study

is likely related to the cell cycle progression.

55



5) Cold response of celis depending on the phase of cell cycle

To analyze whether cold response is affected by cell cvele progression, | next examined the gene
expression and physiological changes by cold treatment at cells with different cell cycle phase (8,
G2/M and G1 phase). Cell cycle synchronization was achicved by the addition of aphidicolin to
stationary phase cells. The extent and timing of the synchronization was confirmed by specific cell
cycle marker pene expression and mitotic index. Cold-responsive genc expression was higher in
cells at the S and G1 phases than at the G2/M phase. Furthermore, accumulation of endogenous ABA
was detected only in cells at the G phase. These results are consistent with the notion that cold

response of cultured cells is dependent on cell cycle in Arabidopsis T87 cultured cells.

6) Freezing tolerance of cells depending on the phase of cell cycle

Lastly, I evaluated the freezing tolerance of cells at different cell cycle phase before or afier cold
treatment. Increase in freezing tolerance after cold treatment was observed in S and G1 phase cells at
-9°C and -4°C or -5°C, respectively. However, there was no effect of cold trealment on freezing
tolerance in G2/M phase cells. From these results, cells at the S and G1 phase responded to cold

temperature and increased in freezing tolerance.

From these results, it is suggested that in many aspects, cold acclimation process of plant occurs
commonly at cellular level. Furthermore, because S and G1 phase cells highly responded to cold
such as high expression of cold-inducible genes or accumulation of endogenous ABA, induction of
freezing tolerance in cells at the lag phase may be dependent on the response of S and G1 phase cells
to cold. Furthermore, because plants, which consist of many different types of cells, are too complex
to see the influence of cell cycle in cold response, it might have been not revealed the cell cvele
regulation of cold acclimation process using the whole plant system. Thus, cell cycle regulation of
cold response that was determined with suspension cultured cells in this study will provide a new

insight in understanding plant cold acclimation process.
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Figure 1. Schematic presentation of the cell cycle. Each cell cycle phase (red)
and check point (yellow) are indicated.

76



0.12;
0.10 ¢+
0.08¢
= 0.06}
0.04}
0.02¢

Fresh weight (g/ml)

0 s A N X . 1 N i : ;
0 2 46 8101214161820
Culture (days)

Figure 2. Growth curve of T87 suspension cultured cells. Cells were maintained
in JPL medium at 23°C on a rotary shaker (120 rpm) under continuous light (100
p mol m* sec!). Growth curve was determined by fresh weight of cells
harvested daily for 19 days.
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Figure 3. Freezing tolerance of Arabidopsis T87 suspension cultured cells at
different growth phases. Cultured cells were collected at the lag (A) or log phase
(B) and subjected to freezing before () or after ( [1) 2 days of cold treatment.
Freezing tolerance of cells was evaluated by regrowth assay after a freeze/thaw
cycle. Survival was expressed as a ratio of fresh weight of frozen cells to
unfrozen cells (see text). Data were the mean and SD of three or more biological
replicates. Survival significantly different from that of the sample before cold
treatment 1s marked with an asterisk (P<0.05).
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Figure 4. (A) Changes of total soluble sugar content in Arabidopsis T87
suspension cultured cells during cold treatment. Cultured cells at the lag (black bar)
or log (white bar) phase were subjected to cold treatment (2°C) for 0, 0.25 (6 hr), 1,
or 2 d. (B and C) Changes of sucrose, glucose and fructose contents in Arabidopsis
T87 suspension cultured cells during cold treatment. Cultured cells were collected
at the lag (B) or log phase (C). Sucrose, black bar; glucose, gray bar; fructose,
white bar. Cold treatment was performed in the same way as described in (A). Data
were the mean and SD of three or more biological replicates. Values significantly
different from those of samples before cold treatment are marked with an asterisk

(P<0.05).
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Figure 6. Endogenous ABA content in Arabidopsis T87 suspension cultured
cells during cold treatment. ABA was extracted from cultured cells at the lag
(filled bar) or log (white bar) phase after subjecting them to cold treatment (2°C)
for 0, 0.25 (6 hr), 1, or 2 d. ABA content was measured using an ELISA method.
Data were the mean and SD of three or more biological replicates. Student’s t-

test indicated no significant difference between samples before and after cold
treatment (P<0.05).
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Figure 7. Cold-responsive-gene expression in Arabidopsis T87 suspension
cultured cells during cold treatment. RNA was isolated from cultured cells at the
lag or log phase before or after cold treatment (2°C) for 0, 0.25 (6 hr), 1 or 2 d.
Semi-quantitative RT-PCR was performed for DREBIA/CBF3, CORI5a, RD29A
using equal amount of RNA. ACTIN was used as loading control.
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Figure 8. Classification of cold upregulated and downregulated genes identified in
Arabidopsis T87 suspension cultured cells using microarray analysis. (A) Cold
upregulated (>2) and (B) cold downregulated (<0.5) genes. Genes were classified
into three groups: genes that were up- or downregulated throughout cold treatment
for 2 days (dark grey) and transiently after 1 day (grey) or later after 2 days (white)
of cold treatment.
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Figure 9. Changes of cell cycle during culture period in Arabidopsis T87
suspension cultured cells. (A) Expression analysis of cell cycle specific genes
using semi-quantitative RT-PCR and (B) Mitotic index during culture period.
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Figure 10. Synchronization of Arabidopsis T87 suspension cultured cells after
aphidicolin treatment. (A) Expression analysis of cell cycle specific genes using
semi-quantitative RT-PCR and (B) Mitotic index after aphidicolin release.
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Figure 11. Cold-responsive-gene expression in synchronized Arabidopsis T87
suspension cultured cells before and after cold treatment. RNA was isolated from
cultured cells at the S, G2/M and G1 phase before or after cold treatment (2°C) for
1 d. Semi-quantitative RT-PCR was performed for DREBIA/CBF3, CORI5a and
RD294 using equal amount of RNA. ACTIN was used as loading control.
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Figure 12. Endogenous ABA content in synchronized Arabidopsis T87
suspenston cultured cells during cold treatment. Synchronization of cells was
performed using 15-day-old cultured cells. ABA was extracted from cells at the S,
G2/M and G1 phase after subjecting them to cold treatment (2°C) for 0, 0.25 (6
hr), 1, or 2 d. ABA content was measured using an ELISA method. Data were the
mean and SD three or more biological replicates. Student’s t-test indicate no
significant difference between samples before and after cold treatment (P<0.05).
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Figure 13. Relative content of endogenous ABA in synchronized Arabidopsis T87
suspension cultured cells during cold treatment. Data indicate in fold changes of
endogenous ABA content compared to that before cold treatment (0 d) at each cell
cycle phase cells. Student’s t-test indicate no significant difference between
samples before and after cold treatment (P<0.05).
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Figure 14. Changes of total soluble sugar content in synchronized Arabidopsis T87
suspension cultured cells during cold treatment. Cultured cells at the S (black bar),
G2/M (hatched bar) and G1 (white bar) phase were subjected to cold treatment
(2°C) for 0, 0.25 (6 hr), 1, or 2 d. Data were the mean and SD of three or more
biological replicates. Student’s t-test indicate no significant difference in samples
before and after cold treatment in each cell cycle phase cells (P<0.05).
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Figure 15. Changes of sucrose (black bar), glucose (hatched bar) and fructose
(white bar) content in synchronized Arabidopsis T87 suspension cultured cells
during cold treatment. Cultured cells at the S (A), G2/M (B) and G1 (C) phase
were subjected to cold treatment (2°C) for 0, 0.25 (6 hr), 1, or 2 d. Data were the
mean and SD of three or more biological replicates. Student’s t-test indicate no
significant difference in samples before and after cold treatment in each cell cycle
phase cells (P<0.05).
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Figure 16, Freezing tolerance of Arabidopsis T87 suspension cultured cells at S
phase. Cultured cells were collected at the S phase and subjected to freezing
before (white bar) or after (black bar) 2 days of cold treatment. Freezing
tolerance of cells was evaluated by regrowth assay after a freeze/thaw cycle.
Survival was expressed as a ratio of fresh weight of frozen cells to unfrozen cells
(see text). Data were the mean and SD of three or more biological replicates.
Survival significantly different from that of the sample before cold treatment is
marked with an asterisk (P<0.05).
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Figure 17. Freezing tolerance of Arabidopsis T87 suspension cultured cells at
G2/M phase. Cultured cells were collected at the G2/M phase and subjected to
freezing before (white bar) or after (black bar) 2 days of cold treatment. Freezing
tolerance of cells was evaluated by regrowth assay after a freeze/thaw cycle.
Survival was expressed as a ratio of fresh weight of frozen cells to unfrozen cells
(see text). Data were the mean and SD of three or more biological replicates.
Student’s t-test indicate no significant difference between samples before and
after cold treatment at any temperatures tested (P<0.05).
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Figure 18. Freezing tolerance of Arabidopsis T87 suspension cultured cells at
G1 phase. Cultured cells were collected at the G1 phase and subjected to
freezing before (white bar) or after (black bar) 2 days of cold treatment. Freezing
tolerance of cells was evaluated by regrowth assay after a freeze/thaw cycle.
Survival was expressed as a ratio of fresh weight of frozen cells to unfrozen cells
(see text). Data were the mean and SD of three or more biological replicates.
Student’s t-test indicate no significant difference between samples before and
after cold treatment at any temperatures tested (P<0.05).
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Table. 1 Categorization of predicted functions of genes upregulated (>2 with P<0.05)
throughout 2 days of cold treatment only found in lag phase cells

Functional

category Number AGI No. Annotation
Signal 6
transduction
At2g05940.1  Protein kinase, putative similar to
auxin-regulated dual specificity cytosolic
kinase
At2g39360.1  Protein kinase family protein contains
protein kinase domain
At2gd46600.1  Calcium-binding protein, putative similar
to EF-hand Ca”"-binding protein CCD1
At3g55450.1  Protein kinase, putative similar to protein
kinase APK1B
At4g17530.1  Ras-related GTP-binding protein, putative
very strong similarity to RAB1C
At5g12940.1  Leucine-rich repeat family protein
contains leucine rich-repeat domains
Metabolism 4
Atlg56670.1  GDSL-motif lipase/hydrolase family
protein
Atlg73010.1  Phosphoric monoester hydrolase
At3g02040.1  Glycerophosphodiester phosphodiesterase
(SRG3)
At3g58490.1  Phosphatidic acid phosphatase family
protein
Transcription 4
factor
At2g40140.1  Zinc finger (CCCH-type) family protein
contains Pfam domain
At3g15030.1  TCP family transcription factor, putative
similar to TCP3
At5g51190.1  AP2 domain-containing transcription
factor, putative contains similarity to
ethylene responsive element binding
factor
At5g61600.1  Ethylene-responsive element-binding
family protein (AtERFS)
Transporter 4

At1g76430.1
At3g22600.1
At5g03555.1
At5g17860.1

Phosphate transporter family protein

Lipid transfer protein (LTP) family protein
Allantoin transporter

Cation exchanger, putative
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Table. 1 (continued)

f:tz;t(;?;a] Number AGI No. Annotation
Protein fate 4
At2g24540.1 Kelch repeat-containing F-box family
protein similar to SKP1
At3g13820.1 F-box family protein
At5g09800.1 U-box domain-containing protein
At5g64660.1 U-box domain-containing protein similar
to immediate-early fungal elicitor protein
CMPG1
Cell rescue & 2
defense
At5g04720.1 Disease resistance protein
(CC-NBS-LRR class)
At5g47280.1 Disease resistance protein (NBS-LRR
class)
Other 11
At1g05160.1 Ent-kaurenoic acid hydroxylase (KAO1)
Atlg31440.1 SH3 domain-containing protein 1
(SH3P1)
At1g53340.1 DC1 domain-containing protein
Atlg64330.1 Myosin heavy chain
Atlg67800.1 Copine-related low similarity to Copine I
At2g31865.1 Poly (ADP-ribose) glycohydrolase
(PARG) family protein
At3g01560.1 Proline-rich family protein contains
praline rich extension domains
At3g04640.1 Glycine-rich protein predicted proteins
At4gl13110.1 BSD domain-containing protein
At4g29950.1 Microtuble-associated protein
At5g39720.1 Avirulence-responsive protein-related/
avirulence induced gene (AIG)
protein-related similar to AIG2 protein
Unknown 8

At1g10740.1
At1g17090.1
At3g53270.1
Atdg15470.1
At4g23530.1
At5g16030.1

CHR3:003963674

-003963733

CHRS5:022851672

-022851731




Table. 2 Categorization of predicted functions of genes upregulated (>2 with P<0.05)
transiently after 1 day of cold treatment only found in lag phase cells

}:;ré;t;?;a] Number- AGI No. Annotation
Transporter 3
Atlgl9450.1  Sugar transporter family protein
At1g22550.1  Proton-dependent oligopeptide transport
(POT) family protein
At4g39390.1  Transporter-related low similarity to
glucose-6-phosphate
Metabolism 1
' At4gl3350.1  Human Rev interacting-like protein-related/
hRIP protein-related similar to
Nucleoporin-like protein RIP (HIV-1
Rev-binding protein)
Cellrescue & 1
defense
At]1g32090.1  Early-responsive to dehydration
protein-related/ ERD protein-related similar
to ERD4 protein (early-responsive to
dehydration stress)
Cell wall 1
At3g56000.1  Glycosyl transferase family 2 protein similar
to beta-(1-3)-glucosyl transferase
Cell-Cell 1
signaling
At4g]15800.1  Rapid alkalinization factor (RALF) family
protein similar to RALF precursor
Unknown 4

At1g23110.1
At1g68910.1
At5g49000.1
At5g66675.1
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Table. 3 Categorization of predicted functions of genes downregulated (<0.5 with
P<0.05) throughout 2 days of cold treatment only found in lag phase cells

f:tr;;t;?;al Number AGI No. Annotation
Transcription 6
factor
At1g08320.1  bZIP family transcription factor
Atlg30210.1  TCP family transcription factor, putative
similar to TFPD (GL.6681577)
[Arabidopsis thaliana)
At1g62370.1  Zinc finger family protein
At5g06710.1 Homeobox-leucine =zipper protein 14
(HAT14)
At5g59000.1  Zinc finger family protein
At5g59460.1  Scarecrow-like transcription factor 11
(SCL11)
Metabolism 3
At3g24590.1  Signal peptidase I family protein
At5g19290.1  Esterase/lipase/thioesterase family protein
low similarity to monoglyceride lipase
[Homo sapiens)
At5g62740.1 Band 7 family protein strong similarity to
hypersensitive-induced response protein
[Zea mays)
Translation 2
Atlg77840.1  Eukaryotic translation initiation factor 5,
putative
At5gl12110.1  Elongation factor 1B alpha-subunit 1
(eEF1Balphal) identical to elongation
factor 1B alpha-subunit
Signal 1
transduction
At5g45780.1  Leucine-rich repeat transmembrane protein
kinase, putative
Protein fate 1

At2g02360.1

F-box family protein/SKP1 interacting
partner 3-related contains similarity to
SKP1 interacting partner 3
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Table. 3 (continued)

Functional Number AGI No. Annotation
category
Other 7
At2g45280.1 DNA repair family protein contains
similarity to Swiss-Prot
At3g04260.1  SAP domain-containing protein
At3g09210.1 KOW domain-containing transcription
factor family protein
At3g48150.1  Cell division cycle family protein
At4gl8470.1 Negative regulator of systemic acquired
resistance (SNI1)
At5g13050.1  5-formyltetrahydrofolate cyclo-ligase
(5-FCL)
At5g40850.1  Urophorphyrin III methylase (UPM1)
identical to urophorphyrin Il methylase
Unknown 6

At1g09520.1
Atlg15980.1
At4g26190.1
At5g08400.1
At5g21140.1
At5g24350.1
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Table. 4 Categorization of predicted functions of genes downregulated (<0.5 with
P<0.05) transiently after 1 day of cold treatment only found in lag phase cells

Functional Number AGI No. Annotation
category
Signal 1
transduction
Atd4gl7890.1  Signal peptidase I family protein
Metabolism 1
At5g46180.1  Omnithine aminotransferase, putative
Transporter 1
Atlg63440.1  Copper-transporting ~ ATPase,  putative
similar to ATP dependent copper transporter
Development 1
At4g36630.2  EMB2754 (EMBRYO DEFECTIVE 2754)
Other 2
Atlg66840.1  Similar to PMII15 (plastid movement
impaired 15) [Arabidopsis thaliana)
At3g59040.1  Pentatricopeptide (PPR) repeat-containing
protein
Unknown 2

Atlgl3245.1
At3g44280.1
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Table. 5 Categorization of predicted functions of genes upregulated (>2 with P<0.05)
through cold treatment found both in Arabidopsis plants and lag phase cells.

f:;;:é?;ai Number AGI No. Annotation
Transporter 6
Atlg76430.1  Phosphate transporter family protein
At3g22600.1  Lipid transfer protein (LTP) family protein
At5g03555.1  Allantoin transporter
At5g17860.1  Cation exchanger, putative
At1gl9450.1  Sugar transporter family protein
At4g39390.1  Transporter-related low similarity to
glucose-6-phosphate
Signal 4
transduction
At2g05940.1  Protein kinase, putative similar to
auxin-regulated dual specificity cytosolic
kinase
At3g55450.1  Protein kinase, putative similar to protein
kinase APK1B
At5g12940.1  Leucine-rich repeat family protein contains
leucine rich-repeat domains
At2g46600.1  Calcium-binding protein, putative similar to
EF-hand Ca**-binding protein CCD1
Transcription 4
factor
At2g40140.1  Zinc finger (CCCH-type) family protein
contains Pfam domain
At3gl15030.1  TCP family transcription factor, putative
similar to TCP3
At5g51190.1  AP2 domain-containing transcription factor,
putative contains similarity to ethylene
responsive element binding factor
At5g61600.1  Ethylene-responsive element-binding family
protein contains similarity to ethylene
responsive element binding factor 5
(AtERFS5)
Protein fate 4

At2g24540.1

At3g13820.1
At5g09800. 1
At5g64660.1

Kelch repeat-containing F-box family
protein simtlar to SKP1

F-box family protein

U-box domain-containing protein

U-box domain-containing protein similar to
immediate-early fungal elicitor protein
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Table. 5 (continued)

E;r;;t;?;al Number AGI No. Annotation
Metabolism 3
Atlg73010.1  Phosphoric monoester hydrolase
At3g02040.1  Glycerophosphodiester phosphodiesterase
(SRG3)
At4g13350.1  Human Rev interacting-like protein-related/
hRIP protein-related similar to
Nucleoporin-like protein RIP (HIV-1
Rev-binding protein)
Cell rescue & 2
defense
At5g04720.1  Disease resistance protein (CC-NBS-LRR
class)
At5g47280.1  Disease resistance protein (NBS-LRR class)
Other 8
At4g29950.1  Microtuble-associated protein
Atlg31440.1  SH3 domain-containing protein 1 (SH3P1)
At1g64330.1  Myosin heavy chain
At1g67800.1  Copine-related low similarity to Copine I
At3g01560.1  Proline-rich family protein contains praline
rich extension domains
At3g04640.1  Glycine-rich protein predicted proteins
At5g39720.1  Avirulence-responsive protein-related/
avirulence induced gene (AIG)
protein-related similar to AIG2 protein
Atlg33340.1 DC1 domain-containing protein
Unknown 3

Atl1g17090.1
At3g53270.1
At5g16030.1
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Table. 6 Categorization of predicted functions of genes downregulated (<0.5 with
P<0.05) through cold treatment found both in Arabidopsis plants and lag phase cells.

Functional Number AGI No. Annotation
category
Metabolism 2
At5g19290.1  Esterase/lipase/thioesterase family protein
low similarity to monoglyceride lipase
[Homo sapiens]
At5g46180.1  Ornithine aminotransferase, putative
Translation 2
Atlg77840.1  Eukaryotic translation initiation factor $,
putative
At5g12110.1  Elongation factor 1B alpha-subunit 1
(eEF1Balphat) identical to elongation factor
1B alpha-subunit
Signal 1
transduction
At4g17890.1  Signal peptidase I family protein
Transcription 1
factor
At1g08320.1  bZIP family transcription factor
Transporter 1
Atlg63440.1  Copper-transporting ATPase, putative similar
to ATP dependent copper transporter
Protein fate 1
At2g02360.1  F-box family protein / SKP1 interacting
partner 3-related contains similarity to SKP1
interacting partner 3
Other 4
At2g45280.1 DNA repair family protein contains
similarity to Swiss-Prot
At3g09210.1 KOW domain-containing transcription factor
family protein
At5g40850.1  Urophorphyrin TII  methylase (UPMI)
identical to urophorphyrin III methylase
Atlg66840.1  Similar to PMII5 (plastid movement
impaired 15) [Arabidopsis thaliana]
Unknown 3

At1g09520.1
At1g15980.1
At5g08400.1
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