FIE

HBREET X 537 810 FE D BR AL

—RIHEMIZ BN T, 1 HD D bH DRI OHBAENETT 2 LW HBIEY X4
WD Z LTI <HeMmbN TS, ZOEY XA OSBRI BT 7A@ %I
ThivTE Y| LY X LDOHERHTIZHRE ORI L e D46 & | IR ORI D 720
FMHETH U RLERFET DN GFET D2 NS> T5 (van Doorn and van
Meeteren, 2003), 2 (X TiE, EEERSATFCTREFT 2 L BRENAHIANCET X 9

2720 B EEEHI OB D B D BBATEOMATT 2 X A IV TITRESEET LN
Wt STV % (Bieleski et al., 2000), N7 Tl # 18 & G10 HEOBITEIZBIT b
BEM ORI HICHEITT 2R U X L& T 2 R STV 5H A (Evans and
Reid 1986, 1988), Z D N7 OFAFE Y X LIZRET 5013070 < | Sr 1R e & ORI
B BN 5 TR,

Fo, WL OPDHITBNT, ERDPIEZRE LB OREZHIETE 5 &3 58E
W7 SNTW5D, Calendula arvensis Tid, {ELBEIZRALDZARONERE LizL 2
A BATEIFAEIC IS S 47z B RICH D TH#EIT L7 (van Doorn and van Meeteren, 2003).
FETHATATH, ERPHEEITH 2 L0, BT 2 0REICL VRIS D
WENEIN D Z L3RS STV 5 (Kaihara and Takimoto, 1980, 1981a, b), /X7 OFEF
DNEFEHITED E VO MEITELZ R SN TORND | AN FITBWT HIEFR L2 5
LAY DOREAHE L CWDATEENH D, FBHT2HOBRICI T, T DB
LR DPBEBEZTDLZEBEZLND,

IV FEDER EDOTZDIZ 2N ETE S OMREN L SN TEY | FHITIEE OELOH
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Gek R L L CF L ARHREAICTH 5 F A iileiRiEE (STS) #I1XLH &7 2 mY
REFFIOBIE, £ L THELO LWRTEOFRZR ENEA TN D, Lo, U1V fEICE
J D HOZESL, HEENY) D IO 2 2B IIT D, ZnET
I, BEREVIEOFEY OB EREICHLEET LI LAMESINLTEY
(Hendel-Rahmanim et al., 2007; Kaihara and Takimoto, 1980, 1981a, b), JtEREHIZEICE T 5
ZRRTAEPERICEE L 525 2 RTINS, 65T, ATV BV THER
HDW R EONBREENBAIEIC 5 2 2 88 & RT3 5 Z L%, B 72 B PR R o B
FIZH DRV DL AR & D,

INETOHE A OWFFET, Mgkt s I EThH T AR Ry Rilxvn
T RSN RS (XTH) OEa 3 8LE L Bt L OMERE & o
BB R EN T 5 (Yamada et al., 2007a, 2009b; %4, 2012), S 5, KF ¥ %
NTHDHT 7 THRY b NTHRORREEICB N TEERER A2 RI2T L NRE
ENT5H (Maet al., 2008; Xue et al., 2009), > TINHDOHX LRI EIE, RTD
BIE Y X AW T EERKEEZ R LTV D AN E 2 bivd, KEDOMFIFE T,
FEANTYIEE AT, ERHRE Y X5 EHFE L OBIREZFEMICH LML, &5

(CEDFHEMERAT L Z L2 AR E LT,
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MBS KOG E

HREPEFREICE X DHE

SRR
HEBRFT 4=V REEEE V7 = T =L FTHEEBE SN TN DT
‘TVTF 4—v—~>" (Rosa hybrid ‘FEbesa)) %\ 7=, BIIEAT —IILI T O &
INIRE LTz,
Stage 1 DIFAHOES 7Tmm RE
Stage 2 DIFADELE 12 mm FEE
Stage 3 DIEANPIE S, H 7 ORI LIEFROEARTED b D REE (BHAEE AT
Stage 4 H 7 0NSehnE TREAICHEEL ., BN ELZRIFIRITI > TRV REE
Stage 5 AMUIDFEFBRIFIRIZ T2 > TV B ARTEE

Stage 6 #&.0 L T\ 25 IR%E

HEMNBEEY XAICEZ2DEE

Stage 3 THAE LT\ T & AT T Rz, 11 em OR SI2H— L TKH
TEXZUVR L, TO®RMA A KITIR L, 25°C - 55% FHRIRAEL - St &1 R i
220-240 umol/m2/s DS C2 v —AF ¥ > 73— (BioTron; Nippon Medical & Chemical
Instruments Co., Ltd.) NIZEWz, HEDBEY X AICEZ D HELTHET 5720, &
FENY A 12 REFEIBAH - 12 RERIREHI OO B R C 1 1 7 U IREF L72t2, (D12 K
B - 12 RERIREH, @24 BERIREHT, @24 FERIAMIO S CRFF L2, £ AR DOZEA
DEAERBAIE Y XL E-2 D505 5HMET 2720, U0 164 12 W A & CREF L7214

(Z 18 B H RICHE LA 2B LI, BRTEDORRT & 30 0B SITA X — VU L,
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EORKEREILONROERE GMUDIET 6 Kz bR\ =i5y) %, Imaged software
T LG 2 L CHllE L7z (Fig. 21A), 72, B 6N EDO R REL DO
b, REREZRD, KERIL, WEZ B n BT AEOEREZ Wa kT 5 &,

REFE=W, ./ W, DR TR,

NIEROFEY X b

Stage 2 TEAL L7o/NT % &b ZHhiz 572012 4°CT 24 KR EF L7, {EFZAE
DO E S THNTIZE A Lz, Blo 7B DI A2 A A KIZIR L, 25°C « 55% FExf
ML+ 220-240 pmol/m?%s DFEIFTr B —AF v U N—NIRFF LT, fEFRREOHT
% 30 B EITA X — LR L, Imaged software THgi L 7= Hi{g & fifhr L CIEF7
DIKRIE (R Z2HE Lz (Fig. 21B), £z, o ERORKIEDZEID,
FRREHRA RO T, BERIT, W% A n B 2ERIEE Wa &5 &

iR #R= W,/ W, OTRD T2,

SDOWENBEEY XaicE X e

Stage 3 TERAE LT T %, AT XTI RV, R 11 em 12— L TKFT
XEYVRE LI, TD% 0.02% (wiv) 8-t Rax ¥ /) U URIEEZ &1 1% (wiv) 7
S —AFRIRIZIZ L, 25°C * BE%FAXHEE DL T/ r—AF v L N—NIZE W, Z
DI, 71 —AF % 3—H|Z LED === (3 in 1; Nippon Medical & Chemical
Instruments Co, LTD.) #iXiE L. SOWENEI D EDBRIEY X LI E 2 D58 % 71l L
Tz, 10 184 24 BWeIREHCLRFF L7t OB EE (BT, @REst (LED:v— 7 %
£ 660nm), @F ) (LED:v'—7 I K 445nm) % 12 B H B, B REE 70-75

umol/m?%/s DS TR LBIIE~DEEL B L=, BT % 30 pB X2/ ¥
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— Ui L, Imaged software CTHgse L 724 2 gt L CHEO R KERZJIE LT,

Fo. BONTADRREFZDOEANS, ERLDO X I ITHERERD T,

BIEY RALETITERY Y, 27 A0y, BEOXTH BEFDORE

EBRATE
Stage 3 TERAE LT\ T &, AT TR RV, 2R 11 em (2HE— L TKHPTX
YUV LTz, TO®%BIA A KICIR L, 25C « 55% FHXHRE - 220-240 umol/m?2/s -
12 R HROEH T v —RAF v U N—NIZE W, BIHIBALE 1 Kefilte (BATEAHETT
LCWAIE L IEHIBALE 1 Ref% (BRAEDME L LTV DI I8 5 Db A BB L, &

RZE38 THE SETRMENT 5 £ T80 CThRiFLT

sqRT'PCRIZEL BT 7 T7HRY v, =7 2R, XTH BinFORBFET
THRETOHRLXOET, 3 MO 2/ (RhEXPAI, RhEXPAZ,
RhEXPAY & 4 f8$H0D XTH (RRXTH1, RhXTH2, RhXTH3, RhXTH4) 737 v —=
YTENTWS, TR, 2 TOBREG T 2D X ) ICHREIEOEWERSY T A
TIAR—ET U FRATTA v —Zikat LIz, £7c. NI MBI 2 HOT 7 TR
U v (Rh-TIP1:1, Rh-PIP2:]) BN/ u—=U 7 SNTEY ., TNOICHRNL T I(4 ~
—Z%a%Et L= (Ma et al., 2008; Xue et al., 2009), 7277 A ~— & SUSSKMEIZLLT

DERBYTHD,
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RhEXPA-F AACCTTGTTCTGATCACCAACGTC
RhEXPA-R CCAGTTTTGGCCCCAGTT TC

98°C 14y, {98°C 10 F, 54°C 30 b, 72°C 20 #0134 ¥4 7 /1

xth-f-RT-1 TCTTCCTCTGGTTCGACCC
xth-r-RT-1 CCCAATCGTCTGCGTTCC

98°C 147, {98°C 10 #, 55°C 30 #, 72°C 20 #4137 %1 7 /L

Rh-TIP1;1-F CAT TCGACGGAGCCTCCACG
Rh-TIP1;1-R CCA AGAGCATTTCAATTTAAAGTAACA AA

98°C 147, {98°C 10 #, 55°C 30 b, 72°C 30 #0133 %A1 7 )L

Rh-PIP2;1-F TTGAAAATGACGAAGGAAGTGAGCGA
Rh-PIP2;1-R CCGGATCAGAGAGACCTTACGAG

98°C 14y, {98°C 10 F, 55°C 30 7, 72°C 30 F125 A1 7 /L

Q-TCTP-S1A GAGGGAGCAACCAAGTTTCTG

Q-TCTP-AS1 TGTAGTAGGCAAAGACCAAAGC

98°C 147, {98°C 10 #, 55°C 30 #, 72°C 20 #4133 %1 7 /L
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S

ARV RRICE X DR
HRMBEEY XLICE2DE

10 % 12 W A & CRFF LIZBROBIERE S (EORREROREE) 11, KH
KT D EH LA AIIBAR% T I —2 2025 U X020 iR L (Fig.
22), Y1V LA @R TR LGS, RERITHEBA# Y KT U X b % JEi
(Fig. 23), L/ L., B —7 O SIXHEIFR & &I LT, Fe—2/o
JAEG 24 BEE] L 0 < Apodz, —J7, A CTREF L72BI D FEORRIZIZ Y X L708
Ron ol (Fig. 24), fd)o 12 B A R OHIMIC K EROZE R L5 (BIfED
HEAT) BEOLNTD, ZORITIENMTITZERITH T AL 48 FEHZ AT E Tp o< D
EBRAE Lige T 7=,

WIZ, BROZAEHBAE Y XL G2 2 82T 5720, U0 6% 12 FFF A &
TLRFF L72#1C 18 IEH H RICB LA b A2 Bl L7z (Fig. 25), 12 EHIH R THRFFL T
WD T, RE SRR TRIE O ER LHAOBIA% T <lce—2 282 5 U X
LAEMOIR LTz, LU 18RI ARICE Lizd 2 A, Wl (UEith 70 KefH, 105 KF
D) SCHMIBIAAE % (LBt 78 FERIFHD) IZREER O EA R A 57 (Fig. 25),
18 MM H RIZBIT DERERDOE L —27 ODMEI/NS WO, ZORHZIFAEPIZITH & &
STWAHIEEbD, £z, T XTOHESRMIZE T, WE % BtE L 7= K #] DO

TR R RN LA oA R 57z (Figs. 22, 23, 24, 25),

NIEFDOREY X4

NI E 12RHIBRTREE LIS ZA, BIVAELARR, Bl RITRE IS T HIBR )
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b LS Lo BIBia% T lce—2 22 2 U X6 %# 0K LTz (Fig. 26), Fiz,

IR N TH, WL Z B L 72 OB TRGR R BA- L7,

BIEY RALETITERY Y, 27 A0y, BEOXTH BEFDORE

sqRT-PCR I X V| BAEDSHELT LT DI (BIMIBHAA 1 RR) & BIAEME R LT
Dk (WHIBRAS 1 ReflfR) 1810 5 XTH, =27 AR v v 77 7R v (Rh-TIPL 1
B L Rh-PIP2:]) O THBEZF~7= (Fig. 27),

T AN Y AR OFBUT, BERHETT L TV D RFOAETR & BIEMFIE LTV D
FFDfEFR & T, HEVENAONR) o7, XTH Bz FORBEICEAL TE, 2 AH
OB 1 FF% TRANE TS T2 s Loz, —J . Rh-TIPI1 &
Rh-PIP2;1 ©FBLEIL, BAAEME 1L LTV DRI TRITEDEIT L TV D RFIC RSB &

W< 720 HiEZR AN RN,

HDOWERBBIEY X A5 2 2 HEBOMAT

iz Atk Rk, FEEERKI L, BEY XAI25 2 588 E2HH~7- (Figs.
28,29, 30), ZDfER, A TOMLIX T, ARFRITNFHHE THIEED 5 _ER Ukdd B 15
BT CICE—27 22 5 ) AL Z#0 R U, Bl CREFLIZEIVES U XL %
RUTED, REROEOEITMOMILXIZ L~ S < Foe—7 MoOEM < 72
-7z,

ZoLE, BEOEEITZENENONIX TR > Tz (Figs. 28, 29, 30, 31, 32),
EROEZ T 2 &, AEEEZ RS LUV EDOBIEN R B F < 2> TR0 | L
60 K% CHRIXZDOMOUEX A2 KE < Ealol, RELLHFANZRE LT

ETITAEEEZ RS L2 0 fEICE_BTE BTz, 7, RELZ RS L8l ET

80



ITALEE 148 FEfEE CTH AEEA RS L7010 fEIZ e~ NS L Ip o T2, ks
TIRFFL7ZUI D AEIZBIERN I DB TR . A 148 FFfE% THAERDZ OO WLE

KIZHE~RF L L /IhEL 2o 7= (Fig. 31),
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B

ARV RRICE X DR
HRMBEEY XLICE2DE

NTOBIEE, BT 50D —ERE ORI R L, ZO®%RITEE TOFHOM
BEKIET DLV U X AZBIETZERREEN TS (Evans and Reid 1986,
1988), LirL., ZOBRITET 2FEMRBIIEIE 2L E TIThI TV, £ 2 TET,
LT NTRELZUIO AT ZEH L, BAE Y XL OHEFHIEEDN LI E D i,
O) 0 fEZ 12 eI - 12 PRSI DS T CIRFF LBIEE L7 & 2 A, 810 IEDBATEI

e T BRI D BRI O R E DRFREI A I T L CHEIT T 2 U A a &R Lz (Fig. 22).
SLER 72 BT D B — 7 13 E DO B — 7 (12~ NS o Te iy, ZHUTZ ORRZ
FHEDIZEHEZ > TV D2 L Bbivd, 1> T, R ELIEINR < ABHBEOZE A
BIENL, ERRLS THHEY XL ZHRFTEL BN,

% DREWNBAIEY X L% 7T 2, U XLAOMEENEH Y R 202 X0 EHA I HIE S
NTND b0 L, U XLOHEFHZERTE (OB FbY) 20 BT HHONRH D
(van Doorn and van Meeteren, 2003), #fH U X A3 4 - e o & TTH
M9 5 = L3 v > T 5728 (Jones and Mansfield, 1975), ] 0 £ & @i B - sE#it

WEHAD S T CHREF L. N T ORIEY XA2MER U X AL EHEAICHIE ST D
P AT AT COREE L7280 0 fEIX, RO N R 572 EOBLR R b
boo, PFEICY XAl s (Fig. 23), A Y XAIHBEOL Y by 72 L
DR 77 A 8= =) Beed b, U XAEHER S 2 2 EEICIRIE 2 A
AU D2 ENHDT-% (Jones and Mansfield, 1975), gt THREF L7280 fEIckiT 5

ZAL BN & OISR 72 < Zp o T TeOIZA LT b D &b s, —J7, ke <
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TRFF L7cO) O ABIEBHIE Y X 2R S 72 < 720 | BAMEIE—E DO CHEiaIC T L7
(Fig. 24), 7> T, NTORMAEY ALEFMA Y XLOHTHIEISN TWD D TiEARL |
U XL OHEFRHTIZBAIE U X L OMEFHCIZ—EMM ORI NE TH L Z LRGN E
mol, 61T, 12 FFE A& CREF L720) 0 fEI0ERe s 5 Cfrdr L7281 0 18 & [RIERIC
BAME Y X LR 3 & O BRI CORFF L 72Ul D FEITHE~E LS B 22 o
7= (Figs. 22, 23, 32), 6> T, N WSHIBHAL L 2 RIHET 2B & 2RO rRetEn & 5.
BITEY XD AT =X NEIEFEHB M E Ao TOZRWD, HGEAIIZIE T, POLIRE)
KEHIH%R GEpRE) LA ¥ —7 2 —REBRELT, UV RLRHET D E-D
ND, IR L2 AT OF Y RO BB G 2" 2 e nREIhTERY,
File 77 =/ (geranyl acetate) DfigtH &ITHEAGEARE &M TIXY X A% RT Y, Ml
ST O U X AR T % (Hendel-Rahmanim et al., 2007), fE-C, BARFOY Y
B 72 EONRIE, MO BRBIGIIHEEZ 52 WD ZEnTREIND, L

LAEIORT OBIFEY X AIZBI LT, Evans and Reid & (1986) (J#fse i - et
HOmEMETT) XABWERLIZERELTEY ., —J7 Doi & (1999) (358 I - i
R DM ST TY ALANBIRIND L HMELTVD, WThOHE b4 RIORR &
IFH72 TR, TNOOEWNIMHEH LT ORTESC, FEOF B Shiy OB
RLTWDDOE LIz,

WIZ 12 K5 B B2 D 18 K] H B ~DZEA LA BHE Y XA H 2 5 8% ~7- (Fig.
25), & DOFER, 12 R B 5= CIEMEHIHE TR 2> H ZOREH] O Re 417 2 BIAE ST T L 7223,
18 IfA] H Rl L7212 Tlk, 910 AEDOBHAE IR ICHELT L7, 12 ] O RS #7538
eI SATICR LI GBI EBRIE Y XAk L (Fig. 24). ZORERS., BIEY XA
DHEFFIZIL, B DR~ DB 0 b Y L —EHH OB A LETH L Z L 2R LT

Wan EBbD, F£7- 18 Kiffl H £ CIIB#IERT I3 < BEIICBIfE N EIT L2 &
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B BEEIT O 2 A I 7013, I ORI A~OE 0 B 0 2 b EIFH® I ET L 5
IZHI STV DO LivZevy, Lo LER TR, B2 G R E 72 13570~ & B
SO FEPDO IR E EO XD AR DOEITT 5 2 A X 7R ZIRET D D
VWD Z EIXTE R, AR, 2 ReEESL, 4 RefEE T, & DIk 8 IRFfEJE ) &
Wo 7o HREMC, BEWIHIZ 15 SRR ORI 7210 Ot 2 B3 2 B Ak a0 52k 7 &
ZATD Z LTy R EBAME Y X & DB A LV FEMICHA LN T D RERH D,

I BT, 18 FH H R TR S NG fEIX. BHIBRMRERZ ICBIEDEIT B S
7= (Fig. 25), & DOMhD IR T & AR 2 B L 7= F) 00 B CRAIE D A T3 D 171 3 1,
HENTHEY (Figs. 22,23, 24), 21 HOFRER G IO RF NI ZEET 2EH &R 2
EERLTNDDONE LIV, 12, WL O OEE TIREO LA NHEICELE 5.
ZHZERHESNTEY, HFlAIE T AXRY b TiE, REO EFIZ XY BEMELE
END I LAFESN TS (Ichimura and Suto, 1998), fit~> T, /ST IZHBUWT b IEATESR
WZEEN TV HEBITRI S THEFRIRED E5- L BIEDOEITITR OO\ 7o T REMEDS

FBEADBND,

NIFEFDOFERY XA

BT NTRELLYID AT b IS TERT) & IR O R E ORI LT
WITT 2 U XLZmR L7220 (Fig. 22), B E721E08 < A asBImF 02 b 2 i L
TWabDEEDLND, £ TRIZ, BIVENLUY RS TZAEFRTHRROKE U XA
BRI INEREDDIZE 2 A, 12 il AR CREF L7 TIERIE. BRI TRIES D> & B
WA OEIFRI T THEFRIER D ETT 2 U X520 iR LT (Fig. 26), ALPR%
48 BRI D B — 27 13RS 24 BT O B — 7 IZHA NS R o oy, ZHUEZ O

RRZIZAEFREDBIZETE T LTS e L b s, L EORERIL, 7 OIEFR TR
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ODEAZFAML, ET-AFOREZHRICFERNTELZ 2R L TWD, 74 TIE,
REFENBRIEZRE L, FZOERITEOH LI ERELICEIVITHHEIND
(Kaihara and Takimoto, 1980, 1981a, b), £7=. Bl & B O R & DAL, gL
BOT7 4 b7 a NSEPEAELTWD LT 2HENH SN TV (Lumsden, 1991), 3
T DEFIZEBIT DHOZFICBNT S RO MBI TS FTHENE S 0 | A BT

LTWSRE R H D &b D,

BRIEY XTI T7ARYV vV, I ARV v, BEOXTH Bl FORH

BITE U X L3Sk fE & TR STV 52 (van Doorn and van Meeteren, 2003),
ZDAT=ALTFHEL SR BN TR, —MRICBAE L IR ERT D L &b
(ZAEFE DA AN SR T 5 BUGS T 5, AEFFMIRDIER AR X, BRI A 4
VIR EDORGIEFREE N EFE L. ORI OREIELEE Y | KBTWAT
HZETHERZESNDEEZX LN TWS (Yamada et al., 2007a; ik, 2008), X5
2. BIfEICR T A MlaO B R EICITHREOMEMED EF MELEZ NS (de
Vetten and Huber, 1990; Winkenbach, 1971; #iff, 2008; B4, 2008), #t->T/NT D
BITE U X AL, FERMIROIERICEEE 5.2 T\ 5 OfilaN~0RDEfE, @7KkD

FEPEDOZAL, OffaEEDMEIEDZE L EEE L TWS L b,

@0 BRA~DREOER

NIZIZRBT DEIPFIZIA 7 n—=ZATH Y | v 74E Th O TITITFITHTEIC &
bLRo TN A= TN =20 ERT % (Yamada et al., 2007a), 7 /b 2—ZX°
TN b= AFEENTRBEFESYE, FRAE L L ToT LR -, £ L THHE

FORIZB T D RFWE LT Tl 2L OBEFEAZHI#ET 577 vE LTo
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BE HLH-TVDEZ ENMBN TS (Koch, 1996; Rolland et al., 2002; Smeekens,
2000), fEFRARAONES B & B Y XA L OBEMEA, Evans and Reid (1988) &2 X
STHMRBENTND, MEICED & T OREGRITRBRAEAT —VICE - T
T LT I E 2 57 1 B ORR 2R ICHIE L7286 Tldd £ 0 21k
Ao Te, 6o T, LT oG RITMIIER 251 X 2358 ) & L TIIHaE

LTWEA, BHEY XAZEHEMICHISEZ T O TIERWEBEbh s,

@K DOFEMEDEAL

BAME U XL D XD ICRMBKDTNE LI BLRITIZ, T 7 7RI CORENREZ BN
Do TIZTRY AT UKF ¥ v ERETIND 6 BIIEE@M % R BETH Y,
BIEAE AT LT B 72K L 21T O Wit EREIIR D FRETHY | A F i34
LW, YV ka—L, RFE T UoE=T . BGLIRE, FAF, R UBELELE
ETBET TR UNEREAL S TS Maurel, 2007), 77 7R Y iE Major
Intrinsic Protein Superfamily (MIP) (ZJ& L. PIP (Plasma membrane Intrinsic
Protein), TIP (Tonoplast Intrinsic Protein), NIP (Nodulin-26 like Intrinsic Protein),
SIP (Small basic Intrinsic Protein), % L T XIP (X Intrinsic Protein) ® 5 >0 7 7
V—IZafEI ., Bk s & 2032 PIP I3MIfafEE, TIP (3#khafEE, NIP (LA
R/MEAE, SIP i3/ Ak, XIP ix IZJRTET D 2 EMH LN ENTNDS, £
Too T TR AXATF AR Y e EORRRSEMS pH 02z kv ¥ — b
OFPANHIE SN D Z & AHE SN TWw5 (Katsuhara et al., 2008),

NT T, 1RO PIP & TIP BAHE S TWD, ZHE TITTOBEICET S
TITRY COBENFHRLNTIEY | BEISEWIER TRIEAN LR T2 20, =F

U UL K A B L AL BB 5 Z LGS TS (Ma et al., 2008;
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Xue et al., 2009), £7-F =—V v 7Tk, {EOBANRT 7 7RV o[y U Lk
LIZE > THIEREZEND Z EDRENTWVD (Azad et al., 2004), /XT OBATEY X A
IZBWTYH, 77 7R CORBESCTHIRZERMICE 57— N OB EE % E 2 H

STWHE LIV,

@HIEE DR R DZEAL

HARELEE O (R AL Z AV B~ 5 & 2 R B O & BBHAE Y X AT BE 5 2 T
LAREME D E 2 B D, HHYMIREEL, ZRBEOZE, ¥V E, BLXOHERILS
MINEEICES SRR TH D, MIRaREIL, BlCR B CTlE—UMMIaRE TRERL S 41,
R R 2 44 2 D & — UGHIEEE O AN R [E 72 —UGMIRBE DS AL S D, —UfiiaBE 1 X L
1 — AREHEDN AL Z IR L, E O ~I B — AR F ol nwalcw N v
ALHP D TN D, Z O /b v — ZHHER T~ I o — X SIS ZHE TR
BINTEY ., Flobm — R L~ 2L — R X RITKERBE TRHREDWVTW
%o DTz, MIAEERHIET Z72DI0iE~ I — 208l BEhz, b LI
v m— AREEHE &~ X v n — R OREE U S R e 570, XTH I,
WA DO FEERA~IBA R —ATHDLX 1 I VT DK RE TR 21T
v (Fry et al., 1992; Nishitani and Tominaga, 1992), =7 AR v if, Brmn—2=
e &~ N U w7 AZFEE OB OKFRES 2 Ul 2 1%E] % F8> (Cosgrove, 1998),

INETONIEZ LY | BALITHENER D DFREEN B L, £lex s AR v
R XTH BNEFMEOERICENTEERER Z R T enrsnTnd (%A,

2012; &18, 2008; 4, 2008; Yamada et al., 2009b).

AZEERTRRAEDEIT LTV D IF (MBS 1 BFITR) & BAEDME I LTV DR (W
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BAfG 1 FEREITZ) (2RI D XTH, =7 A0 v BXOT 7 7R v O@fs R &
I LE 2 A, XTH Bl &7 ARV VB FORBEIIHEV EZNR LA
moTeds, Rh-TIP11 & Rh-PIP2,1 OFBLEIL, BAIEAMFIE L TW DB~ THIAE
DT L CWBRRZE < 7o o7z (Fig. 27), NTEFICBWT, XTH &7 A/ v
DIEBLEIIBAEITHEN EF7F D 2 L0399 > T 52 (Yamada et al., 2009b), 4+ [E] 0
ERROMERTIZ, 1 HORZRDHEEICHE U254 CIEMRZR 231 bk n oo, 1t
5T, XTH &7 280 VAR ERRE SIS 528, BITEY X A0l

S FEVEELZVONL LR, LM LAEIOERTIX, XTH L=/ 230w

ITEETFORERELFHTE D L0 BmRy A Lz BEEDN L — b S AN
BT E R olehb Lt/ SRITEBIE FICRRNL T T4 ~— &G L, 3881
BEOECEMNTT 2 2 ENNETH D, £z, BIESHEIT L TV DL BITEMEIL L T
WDIKREOAEFR & T, MRBED SR E 2 ik 2 0B b 5 L b s,

—J5. BAfED U X4 T - f521k) & RA-TIPI;1 & Rh-PIP21 O3B EIZHBEN R
b= &b (Fig. 27, 727 7RV OERELIC L D KOBEEDOELN, 7
T ORAEY ZALZHIH L TV D AREMES R Sz, LovLl, Y rA XF X TlE 35
HOT 7 THRY UPRHEINTEY (Johanson et al., 2001), NTHEFITEBNTH
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a2 B M B ORIENCE 595 Z ERHRESIN TS (Devlin and Kay 2000;
Li and Yang 2007; Somers et al., 1998), /N7 OEFRIZZ I H DOZEEBFIEL TN D
DIHIED & Z A5 ho Tniewy, £7o, EREOMEFR 2R L7258 T, TR
HEAMTEDLZEDRPALNERSTR, AEIOFEGRTHH L7280 JETiEns < Aridiy
BRNTW RN, REERLHFEITER S LIRS, 32 0mEIC X - Tk
HMInlebDEBbins, 5%, AERICLDNHOZRE L VFEMICH LT 5720
DL FZBRWTEI D A6, TR OB a2 U CIREE DT 24T 5 WERH 5,

S BITAEIORENT T, SO 2 ORI XL - T, G0 HEDBAIEHRE K
LT HZENHLNE R o7z (Fig. 32), @RS/ CIREF L7280 0 46 CIXBH
EHE DR HIELS 72 o722 v n (Figs. 31, 32), YIZIXBIAEDOEIT 22 S & 5% R
WD I OIEbND, £o, RELXLHFOANZRH LUV LTIt 2R L
B0 FEIZHEA~BHEDN AL TN Tz, AR O FEERIZAE A L7z B RO SGIRITITEDCAT 2 4 1
LTBY ., ZHRREROEDEEN TN D, RENZHEDT 1+ M7 m b L HFENLZE

KOZ7x b b B NIMEERT L2 EnEE SN TEY (Devlin and Kay 20005
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Hughes et al., 2012), Z 9 L7 BRHMOMALEMDR, AR FICBW THERO
RENRLHF AN T L0 HERMEMRE SRR L, £ 0 X5 2w et 4 3l
T 572, A%ITLED LEEZFH L, Rk, F6X, &0k ENR EA ARG
DR T IRICIS L, BIEIC G5 2 2B LTI T 20BN H 5,

AREBRT, BT HOBERICEVEHENZ(L LT &b, ZOBRE mE R
FFEIFICRIATE D rMRetEn & 5 L b, —ikIZ, U1 FEORE XL IHIT 5
7o OIRIEZ L CEFT CIT LTV 5, BT CTEI D B4 RFFI 2 & BRIEDETT 23 il =
HZENEKRERTEHERENTWDS (Figs. 31, 32) 23, BEAT CHI Y fE 2 {RAFT Dk E L IF
1ET %, B, — IR T CREIFARE SN 7200 FBIEAE RO R RIZ LV EN (L
LTLED, £l AT 0V 162 RBIFKIE TRAETICRE 35 & £ 0% OB
Hil SNFERITITBN R 2o TLE H, RIETHATICRE STV a0 EI, StEak
ICA R EAEREIIRA T2 2 T, 2oL O RBER T AIGETE S0 B L
R, 6T, WAREIET A A OREICIHIC@H Z RIS TEY
(Kaihara and Takimoto, 1980, 1981a, b), /X7 (28T & BAEOEITIHNHIAIICE < RN
FET 200 Liv7an, SEEREEIC L 5BEOHIHE O S L, 5% T 2 D T <k

R D,

LIED X 51, REOHFEC LD STV AEDBHAE U X L OHERFIZ — & B O 1]
WLETHD LR N TAERDPHEDOZEEDEIMTE L Z ENW BN LR oTz, £,
BAAEY AL LT 7 TR OREGE L ORENE, £ L TRRDIBEROEEMM LIZY

{EDBRTETEI O ATREME DS R S T,
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Fig. 21. Time-lapse cinematography of cut rose flower (A) and a petal (B). We

measured flower diameter of cut flower and width of petal (50% of petal length from

petal top) every 30 min using Imaged software.
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Fig. 22. Growth rate of flower diameter in cut flowers exposed to 12-h light/darkness

photoperiod. Periods of darkness and light are indicated by shaded and non-shaded

areas, respectively. Values are means of 4 experiments +SE.
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Fig. 23. Growth rate of flower diameter in cut flowers exposed to constant darkness
after one cycle of 12-h photoperiod. Periods of darkness and light are indicated by

shaded and non-shaded areas, respectively. Values are means of 4 experiments +SE.
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Fig. 24. Growth rate of flower diameter in cut flowers exposed to constant light after

one cycle of 12-h photoperiod. Periods of darkness and light are indicated by shaded

and non-shaded areas, respectively. . Values are means of 4 experiments +SE.
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Fig. 25. Growth rate of flower diameter in outermost petals (A) and inner petals (B)
in cut flowers exposed to 12-h and 18-h photoperiods. Periods of darkness and light
are indicated by shaded and non-shaded areas, respectively. Values are means of 4

experiments +SE.
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Fig. 26. Growth rate of petal width in petals exposed to 12-h light/darkness

photoperiod. Periods of darkness and light are indicated by shaded and non-shaded

areas, respectively. Values are means of 4 experiments +SE.
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Fig. 27. Expression analysis of Rh-PIP2;1, Rh-TIP1;1, RhEXPAs (RhEXPAI,
RhEXPA2, RhEXPAS) and RhXTHs (RhXTH1, RhXTH2, RhXTHS3, RhXTH4) at
each time during flower opening in cut rose. 7CTP was used as the internal

control.
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Fig. 28. Growth rate of flower diameter in cut flowers exposed to white light (12
hour light/darkness photoperiod). Cut flowers were held in constant darkness for 24
hour before first light/darkness cycle started. Periods of darkness and light are
indicated by shaded and non-shaded areas, respectively. Values are means of 3

experiments +SE.
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Fig. 29. Growth rate of flower diameter in cut flowers exposed to red light (12 hour

light/darkness photoperiod). Cut flowers were held in constant darkness for 24 hour
before first light/darkness cycle started. Periods of darkness and light are indicated
by shaded and non-shaded areas, respectively. Values are means of 3 experiments

+SE.
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Fig. 30. Growth rate of flower diameter in cut flowers exposed to blue light (12 hour

light/darkness photoperiod). Cut flowers were held in constant darkness for 24 hour
before first light/darkness cycle started. Periods of darkness and light are indicated
by shaded and non-shaded areas, respectively. Values are means of 3 experiments

+SE.
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Fig. 31. Growth rate of flower diameter in cut flowers held in constant darkness.

Periods of darkness are indicated by shaded area. Values are means of 3

experiments +SE.
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Fig. 32. Changes in flower diameter of cut flowers exposed to white, red, blue light
and constant darkness. Cut flowers were held in constant darkness for 24 hour
before first light/darkness cycle started. Periods of darkness and light are indicated

by shaded and non-shaded areas, respectively. Values are means of 3 experiments

—SE.
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