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An Approach to Revealing Regulatory Growth Mechanisms in Chrysanthemum morifolium

— Ethylene and Gibberellin as a Signaling Factor in Growth Regulation—

Katsuhiko SuMmiToMo

Summary

The plant hormone ethylene suppresses flower initiation and internode elongation in chrysanthemum (Chrysanthemum morifolium
Ramat.), as does the application of ethephon, which is hydrolyzed in plant tissue and releases ethylene. The effects of ethephon are
unstable, and vary with cultivar and time, season, and method of application. We describe the variation in response to ethephon due
to temperature, season, and cultivar. The seasonality of extension growth and flowering capacity, growing temperatures, and genetic
background of chrysanthemum made the effects of ethephon unstable and variable. Lower temperatures enhanced the suppression
of internode elongation and flowering by ethephon, as confirmed by the consistently higher rate of ethylene release and greater
slowing of plant extension growth and flowering at lower temperatures. After the summer plant growth, it became more difficult for
ethephon-sprayed plants to elongate and flower, because they were in a low-capacity state. Cultivars that easily form rosettes, and
show suppression of flowering, arehighly sensitive to ethephon. In such cultivars, ethephon induced the formation of rosettes and
completely prevented flowering. Since rosette formation and suppression of flowering could be linked to dormancy in chrysanthemum,
this indicates that ethylene might be involved in the induction of dormancy in chrysanthemum.

Temperature plays a significant role in the annual cycle between growth and dormancy of the herbaceous perennial chrysanthemum.
After exposure to high summer temperatures, cool temperatures (<15°C) triggers dormancy. Cessation of flowering and formation

of rosettes by cessation of elongation are characteristic of dormant plants, and can be stimulated by exogenous ethylene of ethephon
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and 1-aminocyclopropane-1-carboxylic acid. Thus, the ethylene response pathway might be involved in the temperature-induced
dormancy of chrysanthemum. We used transgenic chrysanthemums expressing a mutated ethylene receptor gene to assess this
involvement. The transgenic lines showed reduced ethylene sensitivity: ethylene caused leaf yellowing in wild-type chrysanthemums,
but the leaves remained green in the transgenic lines.

Extension growth and flowering of wild-type and transgenic lines varied between temperatures: at 20°C, the transgenic lines showed
the same stem elongation and flowering as the wild type. At cooler temperatures, the wild type formed rosettes with an inability
to flower and entered dormancy, but some transgenic lines continued to elongate and flower. This supports the involvement of the
ethylene response pathway in the temperature-induced dormancy of chrysanthemum. At the highest dosage of ethylene-releasing
ethephon, wild-type plants formed rosettes with an inability to flower and became dormant, but one transgenic line did not. This
confirms that dormancy is induced via the ethylene response pathway.

The plant hormone gibberellin (GA) induces flower formation in several long-day plants, and exogenous GA can partly substitute for
chilling treatment in cold-dependent plants. Both chilling and GA are required to promote flowering of the short-day chrysanthemum
as observed in many plants. Chilling and GA requirements for the flowering of 4 cultivars were examined, and their genetic variation
was shown: those that required GA also required chilling for flowering, but those that did not require GA showed no chilling
requirement. GA had little effect on the increase in expression of CmAFLI1, an APETALAI/FRUITFULL homologous gene from
chrysanthemum, under short-day conditions. With regard to LEAFY in Arabidopsis thaliana, GA promoted the expression of CmFL , a
FLORICAULA/LEAFY homologous gene from chrysanthemum, and the upregulation of CmFL required GA in cultivars with a chilling

requirement. Therefore, this GA requirement can be attributed mainly to the chilling requirement for flowering.

Key Words: Chrysanthemum morifolium, ethylene, gibberellin, flowering, rosette, chilling requirement, dormancy
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X 7 (Chrysanthemum morifolium Ramat.) (X 7 ¥
THEDE AL FELEEAREN TH L. DAEIZE W
T, 2006 FFI2IF4EM 203 BADF 78 ) TE A2
SN, EFEFIZ 1000 EHIZEL (BARKERMEHE,

2008), WLEELRLXTHD. BEHWREY fL4E
1, 19 ALK DS 20 HALIZANTTT 2 ) A THD B
72, ZOBMYONEESFERIND &, F 7 O
Wz HEMREIICE > TERT 2 2 & A 5 (Duffet,
1957), 1930 4EACHEFEICIZH EMHEIIC X 2 % 7 OJE4E
BAAE ST A3 B 58 & 1172 (Poesch, 1931, 1932, 1936; Post,
1931, 1934). Z O#HflTIE 1950 FACI2 T — 1 v /S IZE A
SN, Wk x RS EEERRDPEE T HICE S 72,
Wik oY) FEDEEEFEIIE, I HRBITET 5 FKF
IHFH SN TEZDIIR L, BRERY 25 KRIEIZ2 T
ThEO bz AEOY) ) FEAE TIE, TLARRIZZER
BRI o THAELLAEFMMICEH 2 LELE L aWE
Fon, mEIZUMMCHWONTE ., RIERBICIET
AN XYY AEHSEASEA S, BRI T H s
ENZBWTLEBEE Y o — FEERALNS L9
W27 o7z, BPMERRALD T3 ICHEA TR h o772,
IR AT EIC 2 5 R VIR IIZ BV TE R L
Y= FHERIEY = — FADTEIRIZZ D IC < WEG IS
BWCEK L 20tk RHFERO/NFFENEICL S
T, MF o700 9HMET Y, SAMREX Y, 7THIKE
FIMOEBRDLVDOLEMT I PEREN, L REHT
RWEET LY o — FEEHEE L 72 bAEOY Y 1B
FrE, INSOHERICOEL 2 W %2 FH LEFEA
I, BrOKIIHFCIEX 2, BEKEs, ¥
LRSS O E TICEMTHEE L, Mo b4
M TIE, BBV TEICHRZ HOKE 2 2 BRI
B b2 8l E o THEMICHESTbITEL. 20
kA e HRIBMED R 2 F 7 HFFE ST b
DIL, HFIZHZ A,

=, 1974 FFICHERBLONIHE—ICL > T F
YEBLOT A N H O FAEAEERICRER R S N
TV —=F 7 PODENIARIEA SN, F—HETo
R EAGROMEN & Bis LIRS Nz, L 2h
A, bHREOEFOEN - B HBEMIL, RN TR
HEERIT) L TREEEEL o7 bbb, HARH
BEORWEZL, EHFHEOZOWEIC L 28 H L
IR E 7 05, PERENDSEHIIC R Y, B 7 bl
TR E L CHHI S/, 22 THOAEICBITAHE
—HiFx T ORI FEARRDOREIZINNT T, EFOEImIC
Lo THRIERIE L 2V iEOF RSB S Lz, ZD
KR, BIKF 7 ORI EREFET THRMEEELIZ W
HEDSH B 2 & s &t (Kawata and Toyoda, 1982),
CORMEEROEMRF 7 A BFOEEICHVS Z LI
LoT, BREMTTHo THETLMEDY Y LD
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bNE L)k o7z (B8, 1997). BfE, A 7L —F
7 RWF 7 AETIE, F—RIC BV TERT 7 LEF
7 R MAEDLETENTT 5 2 & T, BEEEITOR
TWwb (fRH - THR2, 1984; JIIEH S, 1987).

Z DXL ThAERE O JEAF i 5k A AR 2R
SNT2H, WE D D IR FAERIED LIX LIE%
T 5 ENMEICR o7, SFEETREY TH DX
T, FIMELHGLREBER LK, BEDREOM
HE4METTEFESL L, FBKICBIAE - L7228k, EFZ
FLAEELELCOY Y PRERLBA TS LW —i
DEFYA 7 VEFERD) RS, BRI BNTAS
N5 ¥ 7 ORLEBIERSIE, SEEEREY L L COR
B2, HESOBRBEERIIN$ 5 ERMIL & LTS <
OWFEs 7 Sz JIIHS (1987) 1%, £ O %=
K7 7 ORI, ZOR%E - #H ST T AR
FETERVHELID Y, ZOLOWEIZIIERTFES
a5 2 CORMGBIENRET LT EARLE. 20X
I IHRAMRIRC RIS 2 2 L2 L o TREARED
SATEAERANOBATHIH S 2 BRI, DAEOE X
FlZEp B Cld (4] s h, BAREHTTIE, 2
DEFRMEIZL > TBA L MPMEZHEHT 205
DFHFEMHTTHIFEME T, REERZHFTES
EEZOLNTWD., F/2, BAhLL0/IEMICIE, Ho
HEMEFME T Ly F2EKL, BELZLR
BHEHRONL. ZOHRITDOHEDIL X R T
& [ty Me) EFps (N, 1970, 1975, 1980; fil
H, 1959), B4 27-:00KRIHAZTHL LEZHN
TWh., COHKREZM#EST L2012, RO, 5
BIC L 2 AERE H50IEHF L OGE S HRORIR
WEAFT DS (fRH - PER2, 1985; #EIT - J&, 1974; /I
P, 1975; E K S, 2007). F72, HEEFOERICES
SHELRFNUE, Zou¥y FOBEE & O BLEL % )
HTEZZ LMD, ZOBROFEIZITERLHE BHS
LTWwa e s s (UNTH, 1980; KA S, 1984; Kk
5,2008). 2D X A IZIREIIKTT B AF S S,
INSOMAEER L EFHEEM SNz &
W&o, BUEX 7 ORFEEEIIBBORAREL TITh
NnNTna,

W4, v a4 X F X (Arabidopsis thaliana L. Heynh.) %
Lo ETHEFIVIEY T, REFGZ AT 5 8(E
FAFEESN, ZTOFB - BERERAT~ LIRS L L <
W5 EHICENLOMRICEDS X, EFIVEY DAL
% DWW B THEFRIBOAEII X 71 = X L AT
ENODOH L. FkD L) X s OLEERREEY L L

TOEFRMEL, F7 0 OBEMNEEICL > TR S
N, TOBRMETOREBICEREERNDSE DO TRE L
ARIFL TR EEZLNDL. Thbb, F7I2B0T
AENDVbWwa [hEH] 2 [aty Mb] Lwoiz
HRICEEEG T 58T OB, KESLHERE V-
TRREERIZL > THICHBE SN TR EEZ BN,
L2L, ¥70&FRHEICBITAEIN AN = A LH
535 BETI2onTiE, FEACBHISLTWARVD
PHRTHLH, ETVEWOMRETERL, ¥270EF
WIS BU 2EBPX T AL %2RHAT L 128 -
T, HLVAFREBEMAES L EEEFREO 2O 0%
R RMRA S 2 eI cE 5.
BIETORBARE L, EFICBTLERELED R H
EHELTWBEEEZLNTWE DD ERVE ST
HhH. FYARNVE S LIL, WA EEEGEE ET 572
DIERET B TALAW T, (RIEEECEBIERZ XIT
FTHIOEW, HIE F—FT v A MHA=, D
Ny, 7TV, 2FLVvy, TV ATEA
Fo 6 FEEAMES RINVE L E L THOLNLTNS, /-
ENHIZETLHDE LTI Y AEVBAEDH L. UL
) oident- VXL T UEKELOIEWTH Y, BE
120 fEFHLL EOFBRAEPHER SN TS, Z0l3EAL
FEGHRARICBT2HHAHITH Y, FEBRIZEENT
AL T2 0 BHEETHLLEZLNTBY, #
RAER, M7RFFE AEFMe EOEERERBR
OHIIIZE b > TnD, IRV YiEA YRy T )V
U VR —ent - 1T L OB TESR SN GA, TV
T A, B, KERL, TRIFUEES L2 L1285
THEARINDL (Fi7, 1991). TF L Y IZFEFEO R
RFEF D53, R, FHEORE - &1k, 5Tk
% EDE L GLORENEG L Twb. &EMEYIZE
WTC, TFLYEL-XAFF =Y =S TF /) VIV AF
F=v =173y ru7any 1- VKV -
FL OB THEAKS NS (Yang and Hoffman, 1984) .
IS L AR EEGE, wEARG, KR &R
VIR COBREAPL AL > TLFHEEND (Abeles
etal,1992). TNFEFTHFZIZBVTIE, YXLY VB
L F VU PEFBIIRIETEEBIIOWTHRET 2 S
n, UL X BIEF LB L OE MR ORHEEH
(Harada and Nitsch, 1959), =F L 12X 51630 kB &
CZEMEOIHEM (Tiia et al., 1969) A3 S Tw
L, INHLOHMREFEHL, GA, BIUTF L v 5AH
Iv T+ OSTH A RPEA L L OB SN, ERIERE
WBWTHHEN TS, LaL, ISP HALVE
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¥ 7 2 HWox 7 OFGEAEEZIT) LT, bhED
BE:oEin, SHREEHEIREZEETH 72 T4b
L, FHWBEO 720 OWEBENPERIZZE S 2 &1
Lo THADPF LIS NS Z &R, fEFEIVNE R
%, AbEOWKR»ENL, FRABmFETIIIEEIEL %5
GEDERICE L MBERTEELZETHDL. —H,
Eh ORI THARET 2 BHKF 7 o IZidming
BT T b BIAEERIE LIZ VWil ES %5 (Kawata and
Toyoda, 1982). Z OYFEAFOEKFT 7 2 EFOAFEIC
AwaZElllkoT, ML T Tho TS mE
DYVIEPEOND L)ool ETHN, TOERK
XML U CHE I LB B s e s A S
B F FAFEGLLEET S I EAE RS T CE
L, WY EEDHA L, 207208 ) ML L7z
FHEUT T, SHEMTH D X7 OEREMNIZEER
L LT 225, #ERIZIEF I LIEE T L LATREN
T % (Cockshull, 1976). FFICEFKF 7 anfli T, B
W IC & 2 RH ST TR ORI - 558 A 5E
LRFTwZermssncnsd (B, 2000).

IF L VIEF 7128V THEF bR E MR % JH5
% (Tjiaetal, 1969). F 7z, T+t 7+ »IZHEWHKEN
THMLCZF L %5453 52 &h 5 (Warner and

Leopold, 1969), L7 L YALE & FEEIZ, ¥ 2712BWT
LA ZME QMM % 5] Z#2 2 3 (Cockshull and
Horridge, 1978; Kher et al,, 1974). TIN5 OHMA % & &
2, BEREZ 0SBV TR, BoREL L
T57012, TF L URERIT YT 4 v OEIEFADE
it 1~2EA TbN TS (B - BH, 2003; &)1,
2000). L2 L, Tt 7+ YOMPIEIARET, MmEP
BAT B X OB O TEIC X - TED B Z &0 &
nCBY NS, 1985 Ik - L&, 2007), ¥F7i2B
5 I8 T+ AR B R, BREFER RO NI
W2k TEBTLLEEZLNS.

F 7 IIBEAEEREY T, TOEBIIEEHELA A
5% (Battey, 2000; AFS 5, 2002; /NFH, 1980). &4
LEICHTCoR - RHEN T CTHEELZEMELZIT-
72t%, BROFLH G T TIEF AL LEAES 5 & [IEEC,
BROFI L ) WAL DS54 5. WAkid F 3 72 ARIRIREE
WA, ZELVWEMREOKTICLoTaEYy 2L
TEZEEATT & R WIREEIC 2 5. RIRIREE Ok OE
FbB L OEMELZHGT 27201010, KIREE)5 Y
T Y (Schwabe, 1950), i Z K A% 72 S 7z 1k,
FOREDO LA L &L QICEMELFEHT 5. Vegis (1964)
ILAEEMZ B 2 EFOFHEILE LS B

LUEMERNDTHCWTHIPL WS, $4bb, fE3F
SRR B L OEMERDAE WV & I IZAEFTRE 2R
FEFIPAANL <, WICENSDME N & ZIIEIAEBF R IR
R REE L. 20 Vegis (1964) DOFL%E X 7124C

302 L, EROAEFOFHENZIET HDIE, I
TEFESLRES), EMERDBLIOATRECTHL L\
5.

Tabb, F7ICBWTRIRICHES L 2BoMkIE, £
BIREPMRNEAETTOEMEL, {EF5LT2 (N
1975) 2 &h, RIRICEBT 5 2 &I X - TIEFML
BB LOEMERNIPET L LD, —F, HEiRlC
B L7z ho TR, EHEMITL, fE3F5bLic]
{7 d (AR5, 2002; /P, 1980) Z L7205, iRl
BT 5 LI & o TIEHFSHMLRE 1 B L O RMEREI A
KF32Ewz5s ZomEmmEBIC X EFMLiEB
LOEMERDOKTICE, WEME DL Z LIRS
NTHEY, BHEBRIERLPICEFEMEENB L 0%
MERENPMET T 202D 25 —HT, TNHOKTD
FEALEHLNLVEED H D (AL, 2002). =t 7
IR AAEFESEB X OEMRICBY A Ko, FE
RHEICE > TEDLLZ ENS, KR T IFERICEE
THI Lo THl&RE SN DEFEMEENB LU
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1) £FBENI 7+ VIR T RIEFMEE L UEM
RICBITBRIGICRIZFTRES LU ZOEHEH
Xy kA< Y, BHTE, kAo (G
mifE % ‘Reagan’ ) DFEARE % 2004 4511 H 1 HICR 2
Bt (7 bnREZERT RS Loy) 2L 23k
B (HES0 cm XHE33 cm XPES 14 cm) ICEM L,
R E = by AN THEE L AZ HRRRICE S S &
72 20054E2 H 14 HICE&TOME AT AME (BES
B TSI PP T, 15°C i 25CHL R0 1B B L, Bikk & L7z
COBMP O LA LY, HONT AR LS 3 ER
DEFRERET CEFTSE, EFRENT L7+ V12
X3 BAEHF LB X OEMEICB T B U KIT S
AL
SHIHICHMAERL VML A PO 3 v~ X360 (Sun
Gro Horticulture Inc) # 7 L 72 128 )RtV b L A 124
L7z, BEERLZFEL275cm 79 AF v 7Ry MiZ
FEMEASEETL, %MdH720 1 g OEEILEZ L 72
(13N-16P-10K, < AH\ > ¥ b —F VIEE 17570 ;
F v v EER A A, SR EITRERMEL 10 25 12
WIZETHETLEEDOT S ARENTERL, 4A5H
1212 B H R, 25/20C, 20/15C 8 £ U8 15/10C (B
JWEHD) A L 7o NSRS AR LB H LB % Bl i
L7z, B E st (FL40SW ; =ZEER) #HHL
Ry MEROERICETRERE (PPFD) % 200umol
m?st LD L) IEIRE L. ATLAREANOR AR
(2, 200mg L' Ot 7 4 YIEW (ZALIV 10 A5G
FErRA A, BAHI L LT 0.025% TritonX-100 &4) %,
ZNZNOMRE X BT EmTE 10 R3O EHED T4
(ZdaiL s £ T L7z, FRY) ORRICITERK (REH &

L T 0.025% TritonX-100 &4 ) & ZZEHA L, *HHIX &
L7,

X7 OISR B L OCEMERDOFHLE, B
LTt 7 4 T BAEF LB L EMEICBITS
BB DZFHZEE % AT 5720, i Bk % W55 i
FEHTOENERY 7 AR THFREL, BERITEFOEIR
WCEB LRI LEROEREZBEYELITo72. 7H 26
HICERAEL 128 RtV b L A 123 L7 SSHRE % 6k 1
T, 8 H24 HIC LRL L Mk 12 KM H &, 25/20T,
20/15C B L UV 15/10C (B / 5 301) (il L 72 A4
SEIMA LEHUEZ MG L7, AN LRREMRAREC
FEEREFEHOI Y7+ VLA 4T 72,

NLTRREMAR B L O At 6 H o FEERE T
I, BRI L2, BESHREINH 2L,
FERAL T BRI S AT S N hr o 7RIS D W T B
BT CERHLBEL, L MMLOF ML X URREHERK
AL FEBRRTRIICEEMELRET L5720
NLRGEWAREOR FARBZEL ) LIF43EL S
oM E (4-5 HME) 2% L7z 2520C TEHEL
7ZIXIZ BV Ei R OR AT BN L 7.

2) 4B RELN I LT+ VNEBEOIFLVEREEICR
BT RELE LU ZOEHEE)

It 7 VEIZ X BB X UM E o i
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PR L, AFRENRTE T + VBB O T L U RE
RIS HELYRAE L. FL20FHEEH»RAETS
7o, FEIEREZ CRAMOERET- 7.

FER1 EFMOBREE T TRk E MR L, 200546 H
18 HICFRRE L, 128 )Xt ML AIZHF L7z, FSRE % 8k
PR, MRE 2005 4E 7 H 13 HICHEBR 1 & FEDORL %
SEMOEFTREREDO N TAREICHA LEH LY
FaG L7, NLARENOMARICITER 1 & Rk
L7 YR TS NLRAREMARO, 1, 3, 7,
14 BXU21 HEIZ, ZETHHZREREAEZ 1K TR
L, 5L U sEaORlE It Lz, SRIL 722 TH
FEEZNER B30 mL ORERLERICAN, 23T,
PPFD200umol m” s IZHIfHI L7214 » F 2= —NT 1
MR E L 721, SEARToRGE ) v I HWT
I1mL L7z, SBL 72RO L ViREE T
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Fig. 1. Effect of ethephon, temperature, and season on days to
visible flower buds in chrysanthemum. Days to visible flower
buds of control plants (open bars) and ethephon treated plants
(gray bars) after transfer into SD phytotron. When plants were
transferred to phytotrons, one spray treatment of ethephon (0
or 200 mg L") was applied to plants. (A) ‘Sei-marine’ started
on April 5. (B) ‘Sei-marine’ started on August 24. (C) ‘Azuma’
started on April 5. (D) ‘Azuma’ started on August 24. (E)
‘Reagan’ started on April 5. (F) Reagan’ started on August 24.
Values are means * SE (n = 10). * NB, no visible flower buds
during experimental period.

H26 HE0iT-72. 8 A 24 HICATAREAWALE
HLM %2 BB L, Ry 7 4 VLB AT, 20%
DIFL UEREPINELR. ZOFERICBVTIE, A
TAREWMABZLTBLO 14 HHOEERTH RN 7.
FX10 kR EEFREHOKE L, ALAREMHARL6
BHICERERT L, EB1 ERERBICERERS 2R L
7z.

2. & R

1) EFMEBLUZMRRICRIZFTEFTREDHES &
UZDEEEE

It 7 o VEMHEOBE 4 A5 HICALRREIH

L

15/10°C 20/15°C 25/20°C

Percentage of flowering
N A N X 8
o ©O o o o O
L e

100
80
60
40 +
20 +
- - L0

15/10°C 20/15°C 25/20°C

Growing temperature (light/dark)

Fig. 2. Effect of ethephon, temperature, and season on
percentage of flowering plants in chrysanthemum. Percentage
of flowering plants of control plants (open bars) and ethephon
treated plants (gray bars). When plants were transferred to
SD phytotrons, one spray treatment of ethephon (0 or 200 mg
L") was applied to plants. Data were collected 6 weeks after
transferring to phytotron (n = 10). (A) ‘Sei-marine  started on
April 5. (B) ‘Sei-marine’ started on August 24. (C) ‘Azuma’
started on April 5. (D) ‘Azuma’ started on August 24. (E)
‘Reagan’ started on April 5. (F) ‘Reagan’ started on August 24.
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Table 1. Effect of ethephon, temperature, and season on increased number of leaves after transfer into SD phytotrons in

chrysanthemum.

Growing Increased number of leaves after transfer into SD phytotrons
temperature Treatment Apr. 5 Aug. 24
(light/dark) Flowering Non-flowering” Flowering Non-flowering
‘Sei-marine’

15/10°C Water 21.9+ 0.6 - - 28.0+ 0.6
Ethephon 31.8+ 0.7 355+ 0.4 - 319+ 04

20/15°C Water 20.5+ 0.5 - 19.4+ 0.7 37.0
Ethephon 26.4+ 0.8 - 41.6+ 2.0 42.8+ 1.1

25/20°C Water 22.1x 0.5 - 19.8+ 0.3 -
Ethephon 25.1= 0.6 - 30.1= 0.7 -

‘Azuma’

15/10°C Water 241+ 0.3 - 223+ 0.2 -
Ethephon 342+ 14 36.5+ 1.5 - 358+ 04

20/15°C Water 26.7= 0.7 - 21.3=04 -
Ethephon 33.7+ 1.3 - 446+ 1.8 48.0+ 1.7

25/20°C Water 252+ 0.5 - 225+ 0.3 -
Ethephon 279+ 0.3 - 35.4+ 0.6 -

‘Reagan’

15/10°C Water 19.1+ 0.3 - 22.8+ 0.2 -
Ethephon 20.9+ 0.2 - - 32.9+ 0.2

20/15°C Water 18.8+ 0.3 - 19.6+ 0.4 -
Ethephon 19.5+ 0.3 - 25.7+ 0.2 -

25/20°C Water 20.1+ 04 - 20.8+ 0.3 -
Ethephon 22,6+ 04 - 26.3+ 0.3 -

When plants were tarnsferred into SD phytotrons, one spray treatment of ethephon (0 or 200 mg L") was applied to plants.
Values are means + SE (n = 10). “ Sampled 6 weeks after treatment started.
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Fig. 3. Effect of ethephon, temperature, and season on internode
length in chrysanthemum. Internode length (mm) between
the fourth and fifth leaves above the leaf that was the topmost
expanded leaf at the beginning of treatment of control plants (open
bars) and ethephon treated plants (gray bars). When plants were
transferred to SD phytotrons, one spray treatment of ethephon
(0 or 200 mg L™) was applied to plants. (A) ‘Sei- marine” started
on April 5. (B) ‘Sei-marine” started on August 24. (C) ‘Azuma’
started on April 5. (D) ‘Azuma’ started on August 24. (E)
‘Reagan’ started on April 5. (F) ‘Reagan’ started on August 24.
Values are means * SE (n = 10).
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Fig. 4. Effects of temperature and season on ethylene production in shoot tips of chrysanthemum. (A) ‘Sei-marine’ after treatment
started on July 13. (B) ‘Sei-marine’ after treatment started on August 24. (C) ‘Azuma’ after treatment started on July 13. (D) ‘Azuma’
after treatment started on August 24. When plants were transferred to SD phytotrons, one spray treatment of ethephon (0 or 200 mg

L") was applied to plants. Values are means * SE (n = 3).
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Fig. 5. Effect of ethephon, temperature, and season on
percentage of flowering plants in chrysanthemum. Percentage
of flowering plants of control plants (open bars) and ethephon
treated plants (gray bars). When plants were transferred to
SD phytotrons, one spray treatment of ethephon (0 or 200 mg
L") was applied to plants. Data were collected 6 weeks after
transferring to SD phytotron (n = 10). (A) ‘Sei-marine’ started
on July 13. (B) ‘Sei-marine’ started on August 24. (C) ‘Azuma’
started on July 13. (D) ‘Azuma’ started on August 24.
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Fig. 6. Effect of ethephon, temperature, and season on days to
visible flower buds in chrysanthemum. Days to visible flower
buds of control plants (open bars) and ethephon treated plants
(gray bars) after transfer into SD phytotron. When plants were
transferred to phytotrons, one spray treatment of ethephon (0
or 200 mg L") was applied to plants. (A) ‘Sei- marine’ started
on July 13. (B) ‘Sei-marine’ started on August 24. (C) ‘Azuma’
started on July 13. (D) ‘Azuma’ started on August 24. Values
are means * SE (n = 10). “ NB, no visible flower buds during
experimental period.
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Fig. 7. Effect of chilling pre-treatment and ethephon on percent of flowering plants (open bars) and days to visible flower buds (gray
bars) in chrysanthemum. Chilling pre-treatment, 3°C for 30 days. One spray treatment of ethephon (1000 mg L) was applied to plants
at transfer into SD. HT, unchilled plants without ethephon. LT, chilled plants with ethephon. HT+E, unchilled plants with ethephon.
LT+E, chilled plants with ethephon. “ NB, no visible flower buds during experimental period.
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X7 IEFOSREET CRMMAEBTTAZLIZE -
T, fEFHLREI B L OEMERIMFKTL, €0k
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OIRT 2779 (/NE, 1980). —75, 3 M LLEARIR 12
BT B 2 L& o TIEHFMMLRR ) B L U EMERR I
mED, EiEEIC X BB L R EOMHNIL
BIES % (NP, 1975). #FrAED ZhrmfEiz B
TRIEEBIX TEREBXIZ 5L B L O
BB SN2 £, SR TEIREBX TS
I EE L7 2 LIS X o TR B L O MR AT
ENTW/ZEERLTWS, 2LTC, ZOFEMEBIC
£ DAL B L OZEMREOIHN LA & 7 i FE [ 255
Roohi: (7, 8K). ME, “fo—¥%, K
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W, EBR AT, FLVWEMEOKT %
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Fig. 8. Effect of ethephon and cold pre- treatment on internode length in chrysanthemum. Internode length
(cm) between the fourth and fifth leaves above the leaf that was the topmost expanded leaf at the beginning
of treatment. Cold pre- treatment was given to the plants at 3°C for 30 days. When SD started, one spray
treatment of ethephon (1000 mg L) was applied to plants. HT, unchilled plants without ethephon. LT, chilled
plants with ethephon. HT +E, unchilled plants with ethephon. LT +E, chilled plants with ethephon.
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one spray treatment of ethephon (1000 mg L™) was applied to
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EMERNOKTPHEERBETHY, FHiHED X
ENHLDOETFIZEAEALN LW TH S I L AIR
Sh7z. EinEBERICEREE T ICB NS Z & THE
T AEFSLORIE - #H L EMEOMK T, KiFEE
BOABMEERELLAT, F7OEEOFHLHICE
WTHEBMI R G THh 5. CORSEHEEIIRLE: H
T F B XUSRM 94-4008 13 BEEE O ALIZ S SUST
L CTHLLEEZOND.

IF L EF 7BV TEOFLEFEL, 2O
IR RELMEMZELH L EDRENTWS (Doi et
al,, 2003). ARFITIE, TFL T AEFMEB LU
EMREICBIT OGS K& 2 RERZE D S 2 L &R
L7 AR 2 T b 72 20 o 7o i BRI BV TiE ‘D
TFE R 94-4008 O & HIfEF LT, EMFED
ZELWETZRTO005H ), HiREBZOKIIBITS
I 7 4 YO RO BFEM I TE 2o 7
IRLEE 24T 5 2 & T 9 MAEE COMRDTHER 5 7% ALK
BxERL, BORWEMELZRT L) ko7 15
OBRIZZ T+ YR T, T 7 5 SR 5 K6
DR ZEZFE L 728 25, ZOMHFMMLE L OZEM
RIZBIT2RISI121E, DT &9 K& 7 il 2205 A
SNz, Thbb, HTFE TIEEBRMMAPICIEES
b3, HIT\HTEEy P2 L7, Rkt 94-4008 T
Oy MERIEASN R 5720 DD, EMENMET
L, FEBMIREAPCEFE ML 2ol A v S,
HEOLE, ME . kA uo—, HEOE BX
O R CIEE OB L0, BE
DHEIE L7, ALY TREMENKTIEHLTNT
HY, BAKIEANOREIIRO SN o7z, TNHOD
MRLD, HiREBICE - TFESEEDB L OEME
REAIPME T L3, WEOZLICHBICKIET S H
TF B XUSRM 94-4008 Tld, B35 bB L OEME
2B AT T+ VISR 5 RSP HFICHENS Z L8
RENT.

% L DLAEERPIZ BT, RIRIREEIZ %2 2 81121
HERCED R EEDE T A SNS (Horvath et al.,
2003; Ruonala et al., 2006; Vegis, 1964). F 7 OKIRE A
LR TH Y, EMEOKTRMRE, B35l
DT ARLIMAIL, EMEOEIRICEYOE Y M2
B LAEF AL TE R 2, KIRIREEE 72 5. REERD
8 - T 7 VEELEXICBNT HTE LA
#t 94-4008 TH LN 7z0 ¥y MR LIEF L TE 2w
RBIIKIRTH Y, 2L OmETALNIEMED
KT RREDORILEIL, RIRIZEZ > TRET LB TH

HLEEZOLND, 2D LX) REMEOKTREE ORIE
EIRTHEANOT YT 5 VIBIZ L 5T, A~V
D—HOMEBL LY T E O&fEETIE Tty
MR LA LT E 2 WIREBDSTFE S, IRIRIREE &
ofz. MOELOMETIE, YHAXFAXFTALR
5 &9 h—RN RIS Lo B L OEMEOKT
(Achard et al., 2007) Z/R L7272 THo720 0D,
DOFEFIE T —1 v 32 T H N (Betula pendula Roth.) @
RIRZEFZHL (Ruonala et al., 2006) 2 % 41 € (Solanum
tuberosum L.) O~ 4 7 0 F 2 — )N — D KR (Suttle,
1998) IZBWTZF L YOG HE SN TWD L) (2,
FZZBWTH LT L Y ARIRFFFIZHE S LT 2 RE
PEREL T 5.

B2E FIUOKKRFEEIIHIIZITIFLY
BRIZERDEE

FETIE, TF LV yFEERTHL L7+ VRHIZ
LoT, F7OKIRKFIZFEHWIZAONLITEY P 2B
B L CAESF LS T E R WIREEDSTFE S L, ¥ 7 DIRIR
ICBWTZF LUy 5 52 EVRIE Sz, RET
i, T F L UEHEER B L O L v IRES S E T
M2 X7 2HWT, F70KRICBITFZZFL Y OH
GasMMILEH E LT

B1E ITFLUABREACCICEBTEHFD
it - ZBRROWFS LUAE Y MEHDFEE

7 3L EAELRRMYTH Y, BAREHTTIEIELNS
B TCORHEH T CHRELZEMERTo 721, X
DFLH ST TIEHF AL LFAE S 5 & FREZ, PRoAH
L DEEEET L. [RIROBERTICE o TRBUZE b 2%
CHRIRIREEIC 2 1), AEF eI &2 2k ) & & b2, ZfH
EPZELETLTEEY F2EET S Zouty b
TEHUE, B OHFEITHT TOREM O F 7 41 ) feEEC
BWTREGRBWELRLH, INETOMRIZLST,
MEREOME, FHIERICL 2 HEGE HHr0ITFLE
DOWER ORI L > Ca¥y MEK% [I##T X
52 ENYLPIT o T D (R - T9/8, 1985; BT -
J&, 1974; /NPH, 1975).

oy FEBHRLHREEECAEREFEERETLOT
37 <, AFICBWTHEORRD IR IZHRE 6 <
Thbb, Frou¥y VERIZAF T (Fragaria X
ananassa Duchesne; Sgnsteby and Heide, 2006) KR &
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9%

RIS, BERKRIRBELTHL w25 KRIRIZEF
Vo X 22 WEREE N COATE R MTREIC 3 5 BRELE IS SR T
H Y (Vegis, 1964), RAMWIZ BT 2 KIS & 7]
B2, Fr7o0¥y MEEIZATOMRIE T TXETES 24
xR LR T 272006 TH L. F 7 TIIEFIC
R S 2l L 7R A, E %Mk 15C LT o
FIREHEICEBT A LICk s Tuty MR HE
Enp (%1, 3K, AR, 2002 /NP, 1980) Z &
Mo, TOFEIIZMEPHRCETLTwDEEZERD
N5, KRIEOFHFEIZB§ 2 4B AR AR 2BV T
FECEZE S CB Y, BT T (Populus tremula L. X P
tremuloides Michx.) TIIKIRIZHEHIZ L > THFE S I,
FTORREIZIZT7 4 N7 aadB5 L, CO(CONSTANS)/
FT(FLOWERING LOCUS T) il x 0 ZEMEDEIEE &
OIRIRFE O 2 FET 5 2 EBHL2ICENT WD
(Bohlenius et al., 2006; Olsen et al., 1997). F 72, i+
VE Y BEKRIEROHIEIZE D> TEBY, NFTIIT TV
DVUBEOMEG R EN TS (Horvath et al., 2003). T
F, I3 T ANOKRIRFEIZIZZT L VARG
LTW5bZEHNHS2IZENT (Ruonala et al., 2006).
/2, VA ATAEDOYA 7 0F 2 - N—DKRIEPZF L
VLo THEISND LD, SELEEREYIZB W
TOHRIRFEIZBIFALF LV OEGIRBEENLT VS
(Suttle, 1998). FiFETIX, TF L v EHTHLH Tt
Tx VEIZE 5T, F 7 ORIRFFICHFBICASNS
O¥y bOBEIHFESN, F7ORKRICBNTE ZF
LS T AT EDVREENZ &G, AETIEE
DOBGZMERL L O & Lz, RETIE, WMWENICZBT
HIFLURIBRME, 1-73I /v rarasy 1- VR
VB (ACC) PEHEMEB L UEMBEICRIZTTHELZRA
L, ACCIZL»Tu¥y MEAIREES NS Z L2l
LML, TF LI K BIRIRGEE 2 R L 7.

1. MREKURHE

7T AUE (G 5 RS A, 15C ik 25°C #
H) WXBWTEBLAREYY A~ Y Y OB,
SIfLBEZ LY, X o3y 2y 2360 L7 128 K
VP LACH L, BAESEL2FEELAZ75m 77
ATy 7Ry MIERE & EITL, b2 1g0kk
WVEREAF % B L 72 (13N-16P-10K). #k BT RERED 75
AMENTEIRL, EHEN 425 5BIE LK% 8
e H &, 20/15C (BT / W500) (il L 72 A DA RE
WA L7z, SGRICIZEEET 2 R Y M EREO AR

JeiE T HEE (PPFD) 78 200umol m” s™ & %2 % & 9 12
FEH L 72, ATRREAOHA L FEIZ, 10 F 7213
50ugul” D ACC(Y 7<= T IV KU v F U v 8 o Hrl&tt)
K (AR & LT 0.025% TritonX-100 &4 ) % %TH
AR 10ul i FALEE L 72 #7210 O ACC MLFEE L, £
NZN100 B L U 500ug THo7z. MEEIXE LTHEBK
(BAEH] & LT 0.025% TritonX-100 &4 ) % i FALEL L
7o, ZX AR L2, ALRKRE~OHA 9 HH
BICERERT L, 38 L2BEEERE L. WIRT
HERWRTE oML, BAMEET TRHEZBIE
L, et EZRE L 72, EBRETHICATASR
S ARE OB FAEBIZE L ) 16755 8 HEL 65 9 HEDEIH
E (89HiME) #RlEL7.

2. BRELUER

ACC LB X2 31T 2 AE3 5Lk 213 61.5% T
D, 89HIMIEIZ101 mm TH -7z (2%). ACCHL
BUZ X o TIEF MU E B L OEIBREOE LW KT A
A5, 100ug D ACC % WLBE L 72 [X o 15 35 0 LR 4k 3%
13 15.4%, 8-9 Hifil &1 2.8 mm (294> L7z, ACC AL
EAIING 5 L AR LA B K O = o P 1358
{70, 500ug @ ACC % ML L 72 X Tld 4T O
FERIA R AP S AESE b d, 8- 9 Ml RiX L1mm & & D),
EMEPFELIKTLCEY Yy b2ERLE. XoT,
I 7+ ETTIERACCIZE-THhuty M2
B L CAESE LS T E R VIRETHFE SN D Z L HUR S
n, TFLUPF 7 ORIRFRICHEG T2 EDRIES
niz:.

Table 2. Effects of ACC on flowering and internode length of
chrysanthemum ‘Sei-marine’. When plants were transferred
into a growth chamber controlled at 20/15°C (light/dark) with an
8 h photoperiod, 10uL of ACC (0, 10, or 50uguL") was applied to the
shoot tips.

Total ACC dose (ug/plant) Percentage of flowering plants ~ Internode length” (mm)

0 61.5 10.1+0.6
100 154 2.8+0.4
500 0 1.1+0.1

ek

Data were collected 9 weeks after ACC treatment. Values are
means +SE (n = 13). **, Significant differences between effects
of ACC treatments on internode length (ANOVA: P < 0.01). *
Length between eighth and ninth leaves above the leaf that was
the topmost expanded leaf at the beginning of treatment.
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E28 STSHREFMEELUERRICKIF
28

Ve —|

VX HAETIEIA 78 F 2= N—DRIEITZF L
WEoTHFEESN, T FL A EHIER 2, 5- /)L
RNVF VT VIBIZL 5T A 7 0F 2 —/N—DIRIRH
Pl S NHEZEAMEE S D 2 & D, KRIRFE~D T
LY OEEIRENT 5 (Suttle, 1998). HiES L O
BIEiClE, T2 7+ Y BLXOPACCRHEICE->THF 2D
RIRER B IC A SN AT X Y N FIBE L TIEHEML
NCTERVIRENFEIND Z LR aEn: (B2 &
B, ZZTiE, ¥FIZ7OKIRICBITALZZFL VDM
HaWsPT B0, TF L AEREERF 4 iEE iR
$EE (STS) 253 kB L O EMREICKITTHE LR
L7

1. MREKUREE

BEEEs FHON BIO LA o—H (GELLHE
% ‘Reagan’ ) % 2006 4F 11 A 1 HIZMEIR Y =)Ly
ANZER L, AZFEOHRMKIRICHEE S 72 2007 4 4
As5HIZINOLOM2ALE LA LD, AbOIv s A
360 x FEH L2128 RV ML AIZHFLA. 4H 26 H
W ZEZERE T A TR U735 (ME 50 cm X ## 33 cm < i
Eldcom) ICEMREEEML, 77 ARE (RIS FEH
BT, 15C N 25 C 5 1B W THMkE LTH
HLZ INOOBMKICEMEDY 7HITEIZ0.2 mM O
STSK&EMZ 1m* H72) SLE EAKLA. HEX
ELTHEDOKEKREZELEPAKL. 6 H4HIZZENR
FNOBRLVIF LA LY, 2 T I Y7 Z360 %7
WL2128 RV M UAICHH L., BERH2RE L
75ecm 7T AF v 7Ry MIEBEHEHKLITL, b
720 1 g OFIERE AL 72, £ X 14 HRe L7z,
RETFELY 1 EMEROT I ARENTEEL, 6 25
HICHPEEL D 6cm 0F S CTEEERLL, RS 12 1
WHE, 2015C (B8 /B0 12HlE L7 AR EIC
B LA L & BAG L7z, BRI BT 2 A L
AR NHIFEE O PPFD 2% 200umol m? s™ & 72 % X 912
MEEF L 720 0 3RS, FEOREM LD 54 LM
Boa ik Lo Bz kL, ATAREMA 8 Mkl
ERZEREB L OB OERAMAE L. - 8E R
SNZHZFFEL, TR TRICEEN RO LN Lo
TeRRIZOWTCIIBEMEE T CETHABIZ L, EFEsbos

Ep X ORERAER A L 72

TEFEFLB L OEMREIIKIZTT STS OO FHIL
B EET 572012, ERLOBIMET STS WLBL A ki L
THIABNTHR L, BHIFEFOSRIERL 2%
D8 H27T HIZH LA L7z, BRBEk T L72k%E 9 A
I7HECATLRRZICRE LEHRELH®BL, kide
FlkOHE AT 72,

2. f& R

A E— T, BN STSLH (STSX) B
& OV H LB o Bl HSAESE bR 1 e B % T
T, EOXIZBWTHEMESEF ML (553 %),
FHHDI TiE, 6 H25 HXD STS [X, STS AL X
& B ITARE LA EIL 85.7% TH - 72, 9 H 17 HIX
TIIAEFE LM R 221 STS #ELBL[X T 42.9% 12, STS
X T 64.3% M LFEELE AL NT2D, £ DT
I3 STS #EMHF X 12 < HRSTS I X T/NE Do 720 fE
FHAL L 72 ERIC BT 5 N TRAREMAROBIMEK
A LEI 2R . 6 H 25 HIXIZBWT ‘FHFHD
71 DA ACEI AL STS HELILIX & STS XD [ 127
A ON o7 (B10K). 9 H 17 HX T, STS
HEWLER X DA LB 1% 15.3 Hi CTd > 7275, STS [X
TIX 1228 L %Y, B~ STS I L - THEFES
b S 7z, ABFESAb L 2o 728k TIE, 30
ERIC TS STSILH OB IIA S N dro Tz, A
O —H OfEFSMLEIG X, 6 A 25 HX Tld STS /AL
HIX, STSXEHIZHI0HTH D, EFADN Do
7. 9 17 HIXTIE, STS AKX TIL88HITH -7z
A%, STS X TIL 104 HiTH ), Bk~ STS WHIZ X 5
TAEEGE IR S 7z, L7eds> T, ‘FHEDOI 12
BT STS LB % MEHE A 14T - 72 BIkR & 0 15 5 - dk
TIE, SiREERICFERSEN T TRAT HEHF 5 MLoW
TR S ND Z EATRENT. FO—FT, ‘LA u—
YT, DM TIEDH D ASTS W X - TIEFES
b3 Hpil S 7z,

STS LK IZHB VT, 6 25 HXIZ B9 17
HX CIIMBOZEMREA L, i FHoJ) Tidz
DL WEETH -7 FEILR). A u—¥ T,
6 H25 HXBXU9 H 17 HIXIZBWT STS LHIC L %
HHOEE~NOEZEIAONE P72, FHON I
BT 6 H 25 HIXTIESTS MALHX & STS KD EE
WAL N 2o 7228, 9 H 17 HXDOAEFES{L L 72
iR TId STS MEALHX 12 5 STS KIZBWTEED
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K&rolz, 9H 17T HXOAEHF 5L L 2o 7284 T
BMXEDIZERITZ2am T &2 ) iBEe ¥y %
ER L, RIRIKEEZ /R L 72,

3. F &

AKWIFETIE, =5 L A EREHA STS % B i 12 e
L7280 513 5 N2k o L35k B X O EMEZ
EL, F7I2BVWTH Ty H 1 E (Suttle, 1998) TR S
N7z &) LT L AEHBEERNC X 2 RIRFIHIE A3 A
LNEDPIZOVWTHRAE L. FHOJ) BILY &4
O—H LHi, BiRICHEBT AEOk (6 H25 HIX)
T, B0t L UEMEIZBIT S STS OB IE A
SNaholz, F7I2BVWT, BiRIGEB L/ TIXE
FoLREI B L OEMERNIPMET L, &ikicHEEBT 5
ORI MBS L OZEMESIH S b 2 &
ARENTWS (F1E B 2K AR5, 2002:
/NTE, 1980). ARfFECTHW 2 BEICBWTY, Hmil
(ZHEB T D HTOMR & RO E R —DEFRERMTICE
W, fEH b L UEMELFHE L, FELH S S
TEERMREL (B3R, F£10, 11K). A o—H
WBWTHEIRICEB L2 OH 17 HIX) T, &S
BT DRTOMRIZ S HREREMET L7278, fE3ESL
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Fig. 10. Effect of STS and season on increased number of leaves
after transfer into SD phytotron in chrysanthemum. Data were
collected 8 weeks after transfer into SD phytotron. (A) Reagan’
started on June 25. (B) Reagan’ started on September 17. (C)
‘Shuho-no-chikara' started on June 25. (D) ‘Shuho-no-chikara’
started on September 17. Values are means £ SE (n = 14). ***,
Significant differences between control and STS (ANOVA: P <
0.01, 0.05).

B AEMABIIILAEAON o7, £ O—
P AIBWTUE, STS IZAEF S LMsIEH 2R3 (58
10X) HBeahdolz. —H, FHEOI) OfLFHbs
S OEMRIIIEE LA A SN, Sl L
7B CIRALE L IR SN ERITRE KT L, fE3F
Lo 2BiEizaEy s 2BE L, RIRKEEZ R
L7z, ZOFEFMEB L OEMEOIGNIE, BRIk
L CSTS #ML¥$ 2 = & CTHEH S, STS X Tl STS
HELFR X B _IEFUERE L L OEM R E D5
72, FHFON BT LERE, Ty HAEOIA S
0 F 2 —N—= DRI = F L R ERNC X > T
ENb (Suttle, 1998) LI i2, F7I2BVWTHhFL >
VI BRER) 2SR AR % B3 2 TR 2 /RI2 L T 5.

BI3E IFLVERZEEEGFEBRAFY
ZRVWREEE TF L VFRIER DR
BA

Table 3. Effect of STS and season on percentage of flowering
plants (%) in chrysanthemum.

Date of transfer into SD phytotron Jun. 25 Sep. 17
Treatment Cont. STS Cont. STS

‘Reagan’ 100 100 100 100

‘Shuho-no-chikara’ 85.7 85.7 42.9 64.3

Sampled 8 weeks after transfer into SD phytotron (n = 14).

A Reagan on Jun. 25 B Reagan on Sep. 17

O Flowering plants

g 25 | B Non-flowering plants 25 b
2 L
= 20 20
215 ¢ 15 F
=
g 10 r 10
2
v 5t 5t

0 0

Cont. STS Cont. STS

15 ~ C Shuho-no-chikara on Jun. 25 15 D Shuho-no-chikara on Sep. 17

£
= 10 10
gb *k
=]
2
g 5 5
Q
N

0 0

Cont. STS Cont. STS

Fig. 11. Effect of STS and season on stem length of
chrysanthemum. Data were collected 8 weeks after transfer into
SD phytotron. (A) ‘Reagan’ started on June 25. (B) Reagan’
started on September 17. (C) ‘Shuho-no- chikara' started on
June 25. (D) ‘Shuho-no-chikara’ started on September 17.
Values are means*=SE (n = 14). **, Significant differences
between control and STS (ANOVA: P < 0.01).
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A=y RY T ANDIT L IR S m TR 2
MW BWTIE, KRIRFEFRHETHLEHFHETTD
KIRZEDOFEEPIH S NLEZ &b, F L ida—
0y XY 7 ANORIREIES 5 2 LWL ST
% (Ruonala et al., 2006). ¥ 7 OKIRIE, A EIRISE
BLAE, HRFGETICBIANE L TEAETLI LD
5, MEICL-oTHFEINLLEEZEZOND. KRETIL,
IF L MR ERE TR 2 ¥ 7 2 FEBRICHERA L, £
NS OIEF LB L UEMEIZB T 2IREIGE UL %
L, mEICL>TRHFEINLF 7 ORIRICTZF L 98
BIG-LTWwan Z a7

1. MRELUAEE

1) tefnrret

X s “vA~x) Y BRI FLULET Y —#
{=F mDG-ERS1 (etr1-4) & 5\ mDG-ERSI (Nr) %
BAT ST LN Lo TR SN BB THIEZ ¥ 7 Rt
(Narumi et al., 2005a) Z# M3 L7z, 2O DEA S 7z
TRIFL LTy —#ETIR, YEAXFAFOE
RIF LYVt T Y —#EIET etrl-4 (Chang et al., 1993)
BLO N~ (Solanum lycopersium) DEFETFL L
+ 7% — {5 T Nr (Wilkinson et al., 1995) (ZfFHEd 5 —
REERER Y, 7 ONELFL Y LE T —#@|iinT
DG-ERS1 (GenBank accession no. AF547624; Narumi et al.,
2005b) @ cDNA |[ZHEA L TR SN2 DTH Y, i
Z N mDG-ERSI (etrl4) 3 X O"'mDG-ERSI (Nr) T 5.
S No. 10, No. 19, No. 33 3 & U No. 45 13 mDG-ERSI
(etrl-4) BARMTH Y, HifENo. 21 B & U No. 27 1%
mDG-ERS1 (Nr) BARHKTH 5.

2) RESLUERIFL Y LY T2 —ECFORERER

Y TVE A LPCREMNT, AU BX
DBIZTARZ F 7 RO ZETHBIC BT 2NELT L >~
L7y —BEFBIPEALLERIF LY LET
¥ — BT OB AT L. BRI ARE (BK
5 REHERE IR, 15CHR 25 CHR) 1ICB W THEEE L2
A Y BIUBEFHEBREZ X RO 2 — b
JEul ¥l % $REL L 7. RNeasy Plant Mini Kit (7 7 > #k
&#E) B L U RNase-free DNase (F 7 7 ¥ #RN&#h)
A, BERFAZE O FIRIZHE - T total RNA % flii L
7z. Transcriptor First Strand cDNA Synthesis Kit (17 3 = -
AT T ) AT 4 v 7 ABRKEH) 2V, BURS#H
DFMEIZHE > T 500 ng @ total RNA % #HHl & | CififinE.

Table 4. PCR primers and their sequences used to detect DG-
ERS1, mDG-ERS]I(etr1-4), mDG-ERS1(Nr)and CmACTIN.

Gene name Primer Sequence (5'—>3")

DG-ERSI Forward ~ ACTAATTCAACACCGACAGC
Reverse =~ CTCAATCAGATGTATGTGCCA

mDG-ERSI(etr1-4)  Forward CCATCAAGGCAGTGGTGAAC

and mDG-ERS1(Nr) Reverse  TTGAACGATCGGGGAAATTC

CmACTIN Forward ~ GATGACGCAGATCATGTTCG
Reverse =~ AGCATGTGGAAGTGCATACC

L ¢cDNA % &% L 7z. 15 5 1172 ¢cDNA & DNaseFree 7k
T5 AL, SYBR Premix Ex Taq (% /1 5731 F#%
A&t @ 15ul KGRI 5ul @ cDNA # vy, J 4 b
YA 9— (A2 - FAT77 ) A7 14y 7 AAE
) X o TERY TIVY A L PCRENT AT 72, F
7 DT 7 F viE{nT CmACTIN (GenBank accession no.
AB205087) % &% v 7V OB THILL NV OHIE
e L CH W, %#{5F DG-ERSI , mDG-ERSI
(etr1-4), mDG-ERSI (Nr) B & U8 CmACTIN @ 1§ |2
3, ENENEARIIRT T IA4 =2 Hn/ NIE
IFLyLEe Ty —#RTFLEBEALLERITL VL
7y =T & X L CHIES % 729, DG-ERSI 1
& o 3 Kl 75 A4 < — 1L DG-ERS1 o 3 K IEFIR
FIMOEFNE S XMER L, F72, mDG-ERSI (etr1-4)
B £ U'mDG-ERS1 (Nr) ¥WEH O 3 Kbl 77 A ~ —
IENOS ¥ — 3 & — % —FN IS Z/ER L7z, PCRIZ
95C T 20 W oM G %, 95C, 5 #H— 60T, 20
Bi—72C, 15BEOG% 40 H1T7-72. DG-ERSI ,
mDG-ERSI (etr1-4) 3 £ 0" mDG-ERSI (Nr) DL
NI, FNEFN CmACTIN DFEIHL NVIHT 5k s
L CHITE L 7=

3) EOFELRIGICKZITFL VESZHDORTE

XU DOERIHEREDOLFL VIZL 5> THILT S (Doi
etal, 2003). CORIEEFAL, #EEFHIRZF 7R
MOLF Ly EZWEEBELZ. A< Y BLD
BRTFAHIRZ % 7 A PSR AT 7 ARE (BRIE 5 e
WE TR, 18T N 25T A ICBWVWTHE L, %K
MB30cem ERDEIICKERMEL D EE 6 RIPFEL 72, X
BT CICEDHET LD 10 cm DINOEX RF L, 200
mL DA F VAR E AN R 300 mL O H T A%
IR L, 79 A%AESEER23C, HAEE70%, 12
Wi H B oEMNICHA Lz, 3t
VT AR R BV CEBRG OEMNZ BT S PPFD A
10umol m* st & 2B L HICHIES L7, 2ABXICA
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9%

AR e e L7z TR 10 H B ENICRE L
7S0L 727 UNTF Y YN—NIIH T AERERHAL,
WLL'OTF L v % a8 BEMALEE L 72, LEMZITH O
1523C, AR 70%, 12 B HELMOENTH S
AR ER Lz, WafmEsRt (CM-2600d; 2 =% 3/
VER—=VT 1 27 AKRKEH) 2 v, ko, 10
BLUOIBHEOEDOKR TMED L, a* B LU b* %
FE L. EOHALEEIL L & b* Offi% a* OMixHET
o 72fl (L* x b*/ |a*|) TmxL7 (Doietal., 2004).

4) £FRENMEVEZET TOEGFEBRIFIRRD
EFMEBLUERR

200646 H1HIZ “tA~Y ¥ BLOHEEFHIR
¥ T RO TR & RIS 1% FEIE L 72 BB 1 il
L, PASHARAT 7 Aln= (R 5 FEHBE ) 12 n»C
BbkE LCEFEHL . PBRY 7 AENIREAIR
A18C & Tlul o =B IR L, &i2S 25T 123 L 72 F§
IR L2 10 26 HCC NS OB E W IF LIS &
D, APBEIv 7 A360%FTHEL/Z128 XLV LA
L7 BEEELI 2B LZ275ecm T I AF v 7Ry
MIFERE 2k BT L, FRLoR=BANTHRE L, REHZE
WAL o721l H17HIZ, 11BHHE, K
Mm% 20C, 175C F /213 15C—EICHlA L 23 BDA
TREEIZHX 85 10 2 MA L7z, SGFIZIZE0
fTZFAL, Ky F#ERIEICHBIT 5 PPFD 2% 200umol
m®st LB L IHBH L ATAREMARL A
HICEREZKT L, BEORBELZMRAL. BEFRD
SN Do7RICOWTIIBEMEE F CRTEE B L, 16
FboFEEFAEL 2. EBRUIE T OZMEEZTRS
7o, NLEABREMARES L OFERE TR ER YN
E L7

5) TE7+ VHEGFHEBEZAFIDEFSMEELUE
BRICRIZTRE

LAY Y BIUHEGETHIEZ X7 RN 33D
BRED207HE7HIRICIHLAEEZ LD, 128Xt
FLAHL7Z, 7H 30 HICEZER L2 FH L 72 7.5 cm
TIAF v 7Ry MIERW R T L2 HEEART T
Al (A 5 R R BT, 18TCnii 25 CH#H5) 128
WTHE L, BREN42S5MICR 728 A 7HIZ,
8IEM HE, 20/15C (B /Mgl) 12w L 72 A TS
SICA L7z, BFEICEELT 2 ARy MbREO
PPFD %% 200umol m” s* & 72 % X 5 12 E L 72, AL
AEEMA L FEEZ, 100 7213 1000 mg L' 2t 7 +

YARER (ZA VLV 105 FRESER S RER & L
T 0.025% TritonX-100 &) % EEDS 512 b T
Bl L7z, ofBRIX & LCZRKR (&R L LT0.025%
TritonX-100 &H) % i 2 X & #%iF 72, %I1X 16 fEfE
AL, NLRAEWMAR 6 ABICEREZRT L%
EOHEZRE L. BEIFROONL o 2RI DOW
TIEBEMEE T CRHABIZE L, EFMboaEL AL
7. EBHIMAPOEMEEZRARD 010, NLAREH
ABEB X O EBRRTEICEEZRIE L7

2. & B

1) BEFHEBAFIRRAICET S DG-ERST, mDG-
ERS1 (etr1-4) & U mDG-ERST (Nr) DFIRERT
ETORMEFHBEZ F 7 RZKICBNT, BRIFL ¥
Lt 7 —#HETOREAPALN, FORHL VIR
E A ES RSN B12K). AfEZFL Y L+t
T —BIEFOREBL NI b7 BN
5L Nod9, No.33 B LU Nods TIXRIEETH Y, Nolo,
No21 B LU No27 Tldmho7z. wmOIFEHL NVOE»-

A
0.8 [ M mDG-ERS!(etr1-4)

o6 - mDG-ERS1(Nr)

Relative expression level

02

WT 10 19 33 45 21 27

B S
L] DG-ERS1
0.1 |

0.05
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0 1 1 1 1 1 1
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Fig. 12. Q-PCR analysis of mRNA of (A) mDG-ERS1(etr1-4)
and mDG- ERS1(Nr) and (B) endogenous DG-ERSI in shoot
tips of wild- type and transgenic chrysanthemum ‘Sei-marine .
Transcript levels were compared directly after normalization
against a CmACTIN loading standard. All values are means =+
SE (n = 3).
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7eNo2713 “vA4<1) Y DR 21 OB ER LT
2) BEFHEBAFIVRBICBITIZIF LV EZSHDET
A% 0, 10 B X UV18 HZD L* X b*/ |a*| HOZAL %
BA3BNIIR L7z, L* X b*/ |a*| ftl3IUER% 10 HH £ TI2
FRe,IIEIML 7z, DU 10 HE X ) 8oL~
WMELZAT > 721%, A=) Y O L* x b*/ |a¥| fHIdE
HEINL, T LU —F, #ETHER F2 R
B DL X b/ |a*| OB IMIE DT THY, TFL
VOLERGE D B R Rz, SOk XY, KRT
FL v Lt T — 85T mDG-ERSI (etrl-4) & %\
mDG-ERSI (Nr) %8 ATA5ZLIZLoTF L Vg%
PR T T2 2 EARENT,

0d-0
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Fig. 13. Changes in leaf colour of wild-type and transgenic
chrysanthemum ‘Sei-marine’ on days 0, 10, and 18. The value
of L* X b*/ |a*| shows the degree of yellowing. Stems were
exposed to ethylene (1uL L™) for 48 h starting on day 10 at 23°C.
All values are means = SE (n = 6).
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Fig. 14. Average daily air temperatures in a closed glasshouse,

where stock plants of wild-type and transgenic chrysanthemum
‘Sei- marine’ were grown during summer.

3) BEBRERMG T COEGFEBZIF IV RMOREF
B LUERER

F 7 OGN B L OEMERDIIERICE RS
52 ETIRT L, €OROFEIRSEHTIESF LB LU
MESMUTL, v¥y MEJEK L CTEFEMEA TR L 7
DARIRIRRE L 72 5. REBRTIXHHARY 7 AZENIZB W
T B4~ Y BIOHEETFHIEZ X7 6 RiKOBME
*EFICEMESRICES S B 14 % AL
JEENORL D 3 BEROEFRESRMET CEFas
JUOEMEZEFMLA. A~ Y BIUEETH
Bz ¥ 7 6 Mk, 20C TlILeMErTEEMb L7 (56
15A, 16A, BX). A~V Y TIZEFTREISMET
T 22O NAEE LRI T L, 17.5C Tt 75%,

A BI15°C ©17.5°C O20°C
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Fig. 15. Effects of temperature on flowering and stem elongation
of wild- type and transgenic chrysanthemum ‘Sei-marine’ .
(A) Percentage of flowering plants and (B) stem elongation at
15, 17.5, or 20°C under 11-h photoperiod. Data were collected 9
weeks after ethephon treatment. All values are means = SE (n
= 8-10). Asterisks indicate significant differences between wild-
type and transgenic lines at the same temperature (ANOVA: P <
0.01).
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15C TIIEEdbizA b e o7z, —F, EBIREDR
WEMET T EETHEZ X 7 6 RHOIEIFEST LK
i A A BRE L, 17.5C Taeffssite
FESLL, 15CTH No. 19 % FAKT10% (No. 10)
75 100% (No. 33) DIEAEAAEIESILL 72,

20C Ti&, No. 10 Z b { B THIRZ F 7 5 RO A
TEREEMABOEMEILX A< Y LEDN Do
72 (8 15B, 16A, BIX). No. 10 Tix ‘A~ ¥ I
HREMEINS oo EFREOKTE LI ®
1<)y OEMEIIKTL, 15C TIEEMEIZ4cem
EnD, HiFEEy bR L 175CTIE kA
)Y EEETHEZ X7 6 R OEMREIIEITAS
N o7, 15C T, BTz X 7 A8 No. 10,
No.19, No27 B & U°Nods DEMEL LA ~1) ¥ &
FIRICHELCIKTL, a¥y FEEELZLDOD, No.
21 B U N33 OEMEIX B4 <) Y XY KREL,
oy NOEKITASN R,

4) BEFHRRZF VR No. 33 DIEFESMEE L UEM
RICBIIZIT 27+ DFE

“LAwY) Y TIE, T VLB & o CTREF S
IbBLOEMEIIH SN (FE5E). Tt7+ Vi
EREL R HIZoNZFoWHEE 2, =7+ v
1000 mg L™ S & - CTIEFMLET, HRizmiia ¥y

Fig. 16. Effects of temperature on flowering and stem elongation
of wild-type and transgenic chrysanthemum ‘Sei-marine’ .
Representative (A) wild-type and (B) transgenic line No. 33
plants, 9 weeks after growth at 15, 17.5, and 20°C under 11-h
photoperiod.

MR L7 (BE171X). —75, BIEFH#IR2F 7R/
No. 33 Tl&, T+t 7+ VILFLC X BIEFS LR R DK
TIEA OGN No72. No. 33 12BWTIldt 7+ L
WCE2EMEOWHI G /NS, T+ 21008 LD

Table 5. Effects of ethephon on flowering and stem elongation
of wild type and transgenic line No. 33 of chrysanthemum ‘Sei-
marine’. When plants were transferred to a growth chamber
controlled at 20/15 °C (light/dark) with an 8-h photoperiod,
one spray treatment of ethephon (0, 100, or 1000 mg L™ was
applied.

Ethephon

content (mg L) No.33

Wild type

Percentage of flowering plants

0 100 100

100 31.3 100

1000 0 100
Stem elongation (cm)

0 21.5+0.3 226 0.3

100 114 = 0.8 20.6 = 0.8 **

1000 6.6 = 0.2 15.5 = 0.9 **

Data were collected 6 weeks after ethephon treatment. Values
are means +=SE (n = 16). **, Significant differences between
wild type and No. 33 at the same rate of ethephon (ANOVA: P <
0.01).

-4 :jr
Ethephon 100 mg L'} Ethephon 1000 mg L™!

[ _WT |

L]

8 Vaicr

i
L]

Ethephon 100 mg L~!} Ethephon 1000 mg L™!
[ No. 33

Fig. 17. Representative (A) wild-type and (B) transgenic line
No. 33 plants of chrysanthemum ‘Sei-marine’ , 6 weeks after
transfer into a growth chamber at 20/15°C (light/dark) with an
8-h photoperiod and treatment with an ethephon spray (0, 100,
or 1000 mg L™).
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1000 mg LT LB X |2 BWT <Y ¥ 12 5RE
MRIIKE o7,

3.8 &

F 7 OIF LB L UEMRIFHLE 2RT. £F
PR L ORI OFEH ORE IIEF 5L L OEMEL -
ETAEELENTH Y (AR5, 2002; /N, 1980),
A B L RIS T IS BN 2T, %
MEPSEELTCOE Y FEEE LAEFESLSTE 20
WREIZ 25, ZHIEFZICBITAIKIRIREETH B L %
AbNh HEZFLVBIPZE T+ 2L, F2I1C
BWTIEESbB L OEMEZEIHI$ % (Cockshull and
Horridge, 1978; Kher et al., 1974; /NG &5, 1985). Hi#E T
X, T 74 VHEICE o THRY T Y N EBRELIEHE
ALTERVIKIEIC 2 B 2 EAVREN, E5ICKETIZ,
IF L VHTBRA ACC MLELIZ X » THEH /b X OV
ROMHIAFHE SN, EREO ACC LI X - THIZ
0¥y bR LAEF S TERVIREE o7 (5
2%). TRODKEIE TFLUFFrORIRFES
TS 5 Z L ZIRL TS, AE TR F L K&
BIETHIEZ ¥ 7 2, RECL > THFESNL X2
ORIRIZIE, —F L V12 X 2 1EHREED S L Twb 2
EERGEHL &9 & L7

BIZTHIEZ X7 6 RIEICBV T, A~ V)
12K ERIF L VB BROEO LR S, =L

VIRSEAMER LT\ SRS EETHMR 2 X 7 R
T, ZRIFLVLETY—EEZTVHREBEL, TN

HEIFL VLTI —BIETOREEN A7) 12
CBHER_BMLCWA ZF Ly Le 7y =@ AT 74
TLFal—F—L L THEET S (Hua and Meyerowitz,
1998). ¥ &abbh, TFLUVIEHFETF T FL UL E
Ty —IEEREICH ), L VIRE R EER L &
WA, IS L VAR T TIRANEE LS T L YRR
IBEFET L. Lo, BETHIEZF 7 ZMIIBNT
IF L VBEZHEORTZESRIFERE LT, EAL
PRERIFLYLET Y —HEETORIIZTTIERL,
WIEZF L > Lt 78 — @8R T ORBIEMT 52 L1
YoTZFLy LTy —% vk p L, iEMREE
bbb IFLrLEeTy—DEEVHNT LI LbE L
bb.

A< Y BXOLF L AR MR TR 2
¥ 7 RO E L O EICBIT 2 BEISE 6
ZEHNT 5720, ERENMICH ) SIRICE S L 725

AR5 IEEOERTRERE T CAEEF S, L35t
BIUEMEZFELL. A~ Y BEFERED
T & & DI B L OEMEIHI S, 15CT
Fa ¥y bR LAEF R TE R WIREEE 2o 7.
—F, TF L AR R FHIE R ¥ 7 R TIRAEE
HESENEET T, A~ X EwiEEFEs
LGRS L VEEMELZRL, B¥y PEEEL ZW
FEBARED LN Tabh, 5L VREZMERE
FAIMEZ F 7 R TIE, SRS L2 BROREIRTIC X
BLAEFELB L OEMEOWHIAEH SN DL Z LAVRS
N7z, ZORRI, BERTIZL > THESNLIEFS
b8 L OEMEOIHNZIE, TF L ¥ %25 L EREE
WE5 5 EERLTV5,

IF L AR EEL TR Z X 7 RfkicBVwT, =
F L BB OO EACTEE 2 R S IR 22 1 A
SN olzdy, WIS 2L 0bB L UEME
BT ARSI RE 2 miEEESA LN, FTHR
#t No. 33 \ZAEFIE PR ST T b AEF bk
BFECETEY, FAEMREORTIEDLTNTHo 7.
BRBYUOWEIFL LTy —HEFORBL NV
124, R ENALN (B 12K) 5, Zhb &4k
HIREDMROGRAE T TOMF B LOEMEIZBIT S
SRR II R ZRABEIEA L O 5N h 72, Aida et
al. (2008) 3% 7 OEMLT-HIRZEWIZ BT, FHAL
72 GUS Bz T O3HEB L O GUS i E & 7z L &
2, MEHEROMICENZMEIER L, LA GUSIFHHEL
~NVIL GUS IR FOEBHERD S /X7 BAOFRE)HE
WEoTHRFDLZEEZRLTWAS, AIFEIZBWTYH,
BALLZERIFL VLB T Y —EET DGO
PERIFL LY T Y —F 87 OEFEIHER KT
L, EHFBREIMCOEMET TORFESMEB X OEMEIC
BT 5 BIZFHIR R F 7 RGO RBITIOENZHG L
TWABTREME D S 5.

TIF L MRS TR 2 % 7 R HE No. 33 T,
B5CHEMETTH @EESEFEMELuty b2
T, O ARIRAIIH SN RKBAEZR L F70
KIRIZBWTEBICASN 2 0¥y 2R LIESF5
LD TERWIRREDFEIZIZ, =F L v EHREERDH
BLTwb 2T 457012, TDNo. 33128
DIMETF L OB R RE L. =T L SRR
R 2 ¥ 7 2FTId, =F L UV EZEoKTICL S
74— BNy 7R, L Y AERBCRAELL
TWAHRENEZ NS, 22 TEZ L7+ Y2 H0
TIF VLB ETo 7. Tk 7 5 Y I3HWERRIZIIX
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9%

SN, pHOZLIZ XL > CTHRL T L 2T 5.
FOILF L TR L BB 2T 5, i
EEHRONGw GE4K) Zenrb, Tk7+ 225
T kA< Y BIUTTF L USRS SR 2
FUICAEOLT L VI AT o728 E 2z bz &
A=)V Tk, BigEOTL 7 + YIBIZL>TrY Y
b AR LB LT & 2 WIREEDS TR S, RIRIREE
L7z, —7, No. 33 TlEzt 7+ Y2 & BAEHF 51k
BLUEMEOWMHNIINS L, BiREOIZ L7 + LH
IZksu¥y MEBRIEAON o7 ZNHOREX
D, TFLrENLEREENF 7 OKRIRICES LT
W52 EDHERR S N

IF U MRE WA R 2 ¥ 7 /T, AFR
FEDI T AIEFEMIC BT B G & EMEIZBY
ARSI R 7 > T\ 7z, No. 10, No. 19, No. 27, No. 33
BXWNo. 45 TlE, ‘A=) v ELEFRICETRED
KT HICONEMEIMET L7225, EFESLEEED
ETIE “BA~) 2 12 BREL, FRIZ, No. 33T
(3 15C &M T THAEFDLEAERITEET L 22 o
2. IS ORI, EFREMRAEHTTEAET S
EMEORT LIEFpboWdlo ) b, 7L SRz
HEOMGIZE o THRBEVI VB SINEZ L ZRLTH
D, ZF L ENLEREETEMEQIHI LD 1L
ESLOWHENR G L Twblwz b, I—avss
TIANTIE, EHIZE > TEMEDKT B L ORI
OEEPFEINDL. =F Ly IEEZEEE TR Z
=0T T HNTIE, FHSEAT CEHAER E FRRIC
EMENMET I 200, KRIRFORBIEZHES NS Z
EDD, TFLUIZEHICL > THEINLIKIREDOE
WERAET 5 2 EAVRENT WA (Ruonala et al., 2006) .
F 7Tl RIRIREE & 72 2 BHIZTESFE O AE3F 5L o 3]
BLOEMEOWRIDZET L, KIFFEOKRIEL, W
FHOHTHTEFOF LIRS LT L v 2N L7
WIREICL > TRESINDZ ERRIBLTWES, HKRSE
HFTIE, F73MEOEH» OB RELEET
TEXOTHFEMMEF LT 5. D%, BHEMHTTE
XTI FEL, BITE, #FELRE, BEKIZIIHE
T2 LFIEES, EZOEF I VRESBENL. FROZ
BIZX o TRAIEE & 2 CARIRIKE L 220, WHSEHT
THoTOUFEMEL R, TOZLFF 7 PHLT S
DI RICEE LS TH L, b LMELBHGL 2K
DD D T H S0 T TIEFSMETIUE, ZDH%D
ZOIRIC & o THEZZITRTE L, BEMEDEITERE
THEEATE R %5, RFEOFERIL, =FL 2L

PG E IR - B H ST CoREF 5L % W] L
FhIRETLHE LR T LERL TN D,

IF L MRS EEE TR 2 7 Tl S
DHIREME T CORIRFE;IH S e, g d v F
AEDYA 7 0F 2 —)N—DFKR (Suttle, 1998) < = —
T XY T HNOMKIR (Ruonala et al., 2006) (2B T
IRENTWDL L)L, TFL v ENL7EIEEN X 2
DRIRIZBWTHEG L TWAZEaRLTEY, =F
L VIS SEATEARMY CTH D ¥ 7 AR EIKIRE D K
THEBRICBVWTEELZRH 2R L T0DH 2 L 2Rk
LTWw5,

BIE FI/DORFDLICHITIBIXLIY
DIZEIDEZER

WRRIREEC 72 o 7o0kAS, BOEME LIEFHLTE S
REBIZZ 57201013, KIRICEB T 2 2 L LETH D,
O L) BARHMLB L OEMREICB T 2 RIBERIEZE
COMPZBNTHRLN, ZORISIZIZAEY S IVE ST
HHYNXLY) YOBEPREINTNS, KETIE, F
7 DIEFESLB LOEMEICBIT2REB IO XLY
YORBARAL, WMEOHELHET L. T, fEF
AL BIT B IRV Y OREREICOWTER L7z,

B1E (ERERMEREDOIEFMEICETS
INLY) VEK

% ORPIZBNT, IRV VdREE RS S Al
EE~NOBITZ %S % (Lang, 1957; Pharis and King,
1985). EHAHW oA X+ X+ TlE, YXLY D
EEHRB L EMIEEROEEAEEZ N, HEIXL
) U WREEEDP O AHERNOBITREHE ST S L
(Koorneef et al., 1985; Wilson et al., 1992), F72NET X
LY YOETIZE o TREATTIIREER) S A
ENOBATPEEL, BHTTEBTIRI ST
& (Jacobsen and Olszewski, 1993) 2SHH & 222 & LT w
L. REAREDNOHAHARENOBAITIRIRE B2 L
&35 7N F X ) (Thlaspi ravens L.; Hazebroek et
al,, 1993), "WV I FF a3 (Eustoma grandiflorum (Raf.)
Shinn.; Hisamatsu et al., 2004), % A I ¥ (Raphanus
sativus L.; Nishijima et al., 1998) BL I 2 )%
+ (Brassica napus L.; Zanewich and Rood, 1995) T i,
BRI L 728, BRSEATICBW TNV ¥
EAEROWMBSASNS. F/2, F2—1 v 7 (Tulipa
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gesneriana L.; Hanks, 1982), A b v 7 (Matthiola incana
(L.) R.Br;; Hisamatsu and Koshioka, 2000), 27" > /N4 F X
7 (Metzger, 1985) B £ 1'% 1 2 > (Nakayama et al,,
1995; Nishijima et al., 1997) Tid, KiREBERZIZIEFES
b2 VIFEMREICBIT 5 VXL Y L 2 B2 HR
FISEAMREESINSL. DEIORLAZE ), IRV~
IR HAY & 2 IR ZSRPEREY) O A K S 4Gl
HEENOBAITE HELZBERY S 5.

F 7 TIEKBEBERED S A RNOBATIZEH 2 L3
ETD. FLEITRIZBVC, BT E BILURK M-
4008 Tl&, EZF o iml I KIS L 7-pkidimin - B H
FHTTRFSADRTE LR VIRE L 2o 7228, RiRICHE
BB TSR PRIE L, HiE - FHEHT
TOHMFLLA GB7, 8[K). 2%, * 7 OgaEE
EDLAHERANOBITIZIE, BHZTTh KIRER
QUETHDLEV) ZEDNTEL., FI/IBVWTHKREE
EDOHFEERNOBITICBIT A XL ) » O&E %l
NZINFITOMELY, ZLOmETIEY ALY L
BUZ X o> TRHAGMN T COMEH L2 FHETE 2\ (Kohl
and Kofranek, 1957) & @, L3501 H ZR D % <
RIRER DA ZRTHEY 7 il Cld, KiRICHEEL T»
BWHRICBWTH UARL ) VI K 5 TR LR
BCTEXLIEHIRENTWAS (Harada and Nitsch, 1959).
L7235 T, RHHEYRPIEZEREHEY TRIN TN S
£, ¥/ DOFBEENSEHPERNOBITIZH N
LY UHEEL, IRV VIEEHIC X BB
TACONRAE & R BARTH 2 Z LR SN D, AKH
TlE, 7 ORBERED S AHAERNOBITIIBITSY
N v OFREEHOLNIZT D212, YRV B
MK B ATESF I N 33 B 2 A L 72,

1. MREKURHE

Xy FA o4V, efu—W (RREA
‘Reagan’ ), ‘¥ 7 4 B X Uk 94-4008 O Hkk L Y

2006 F9 H4HICHHLAEARZ LD, X b I v T A360
EREL/Z128KBIV ML AL FEBHIEREE
¥A2FELZT75em 75 AF v 7Ry M2k EIFL,
T A= (BRI 5 KR, 15T Nk 25C #50)
TEHLZ HdH720 1g OBELE (13N-16P-10K)
EREL72. 8k BT 10 HRICY RV VA RBEEH
=3I+ — ) (Rademacher, 2000; UCZ; A3+t 7 > P&
A ERA A AH) KiER G0mgLY) =Kk
2729 10 mL (UCZ AL¥E & 0.5 mg) TIEREEL, [

\2 25 mg L' /KB Z5EWAM L2 1AM, P
OMx 12 R HE, 20/15C (B8] / BE80) (28 L 72
ANLRFZITWA L, SHLUE G L 72 JBiFIziE
HHCET % F AR Y N #FKTE O PPFD 2% 200umol m” s &
A LS. ATRRENOWARIILHE
25 mg L' @ UCZ KB % E3EHA L7, AN TRREA
DWANEE, FAE2 4B L6 HEIZ, GA, (VXL
U AR R A S EE MRS 2 1R
ZFNEN0, 0.025 0.25 25ug ETEFIZWMEL - %
B, GA 13 10% T % / — VkiEw (BEH L LT0.025%
TritonX-100 &7 ) & L CETHIIZ 10ul 3O L,
BRI P O# GA; ILEi R, BB FhEho, 01,
1, 10ug THo7z. KDY OFEOKRIZOWTIL, 3CTHK
A TASRE (BB 12 e + BEHT T 4 BERD) I 2A
L, 8 MR A 1T - 72 ARIRE, BN IE R
I #3216 @ PPFD % 70umol m®s™ & 72 % X ) \[2# G %
FWCTBIRES L 72, RIRALEE#2 25 mg LT @ UCZ /KA
YA L, LR ORIRLEE A (T D 7 o 72 X & [k
DEMFONTREZIMA LEHABEEZRG L, Fko
GA, LH A T o 72, F-WMXIZBWT, UCZ & GA, L
HEfTbwikd EBICHR L2, SRHEXH72) 14
MREEE L7z, ALAREMAR 56 HHICEBREZAZT L,
387 L 7R e L7z, BEDRRO b o 1o kk
IZOWTIE, AT CEHEZBISEL, [LFMMLoF R
AAE L. EBRETROEMEATNL 2012, AL
RR WA B X O TR ER ZME L7z,

2. & R

UCZ B LU GA; # ILH L 72 2o 72854 (I UCZ £
GAIX), U714 BIURM 44008 T, fRiEMLEE
b ofzX (EARRK) 125 MRIRLHE % 1T -
7oK (RIRIX) TEMENENEN IS5 B LU 68 EKA
& G RIC X o TEMEPRAES N (B 18 X)), —7,
G A4 T, AR X o TEMEIMEME
ENH, EREXEOEIDLTFIATHY), L0 —
B CIHMEIRE I MR ICEEE RITS ol F
ZIZBWTC, UCZIZE > TINLY VHEABAHES L,
WETIRLY Y LRUPELRT TSI EH0N1 F
7oA IZL o TRENTWS (Zheng et al., 2004).
RTCOBEIZBNT, UCZUHIZ L - TEMEITIZIZ
FIEL, BRiguty FEERL (818 19K). 2o
ZMHEOIHNL GA, LBIZ X > THEL, GA, L&D
Bme L ICEMRIEIMLZ. YT a BLUORK
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Fig. 18. Effect of GA, and chilling on stem elongation in chrysanthemum ‘City |, line 94-4008, Reagan’ and Nagano-queen .Shaded
bars represent unchilled plants, open bars represent 8-week chilled plants. Error bars represent + SE (n = 14). GA, (0, 0.1, 1 or 10ug
per plant in total) was applied over 6 d after UCZ application. No chemicals, non-UCZ- and non-GA; -treated plants.

94-4008 Tl, GAjlug BEL P 1l0ug x WHE L 72550
BEIIBWTH, RIS RIRX TEMEAK
&L, T AT BRUSRK 94-4008 DEMEICBIT S
GA, ~O S, IRMHEIZ X > TEE - 72 (5518 ).
VT4 B LURM 94-4008 O UCZ 4 GA X2 B
W, AR X ORI L L 2 d o 7228, RIRIX D
BRIGAEZEE L, 2 2 SFEEAESFE - LIC B L TR
FTRMETH o7z (BE20K). P74 B LUK M-
4008 Tl&, UCZMLEL|Z X - TAEZFHLIZIH S oz,
C DIEF AL D PIHIL GA, LBLIZ X - THE L, GA,
PR O & & S ITAEF T ALIEA R m L 72,
T4 B LUK 94-4008 DMALRIX Tix, GA, % 10ug
WLER L 72356 T AL EAERIE Z TN 71% B &
0214% Tdh o 7225, KIRIX TIE GAs10ug LI X o
TR L b AEEEFE b L. YT BIW
FHE 94-4008 TUE, RIRMLELC X - TIEZFEHMLIZ BT 5
GA, DRI EFE o7z, A u—%" BILY 7
J o4 Y TR, ETOMEXCEESMLL, BFS

FE3FE1b
AL TIRIRES R 2 RS e dr o lz. Thb 2 MEOZEM

FBIZUCZICLoTHfl s N (5B 181X) 25, fE31b
IR SN o 7z,

3. %8 &

* 7 OAeFESbB L OEMEIIIKE L FEHAE A
S, FNSIEEICREBLTHEICL > THIESN S,
B1EORLZEIIZ, MIOFHOREIZROFEHIZE
JBMDIEFLEE D B X OEMER 2 e T A EE
LZERNTHS. EFIERICEBT LI LICL > TKT
L7-Ae3F M bie D B L OEMERIE, KiRIEET 2
CHIZkoTHETS, 22TH, VYFa BXUR
#t 94-4008 TE, (RIRMLFLIZ X o TIREF LI & O
BOK& sz,

UCZ MLPEF%1C GA, LB 4TH 2 L2k o C, ZME
EYNLY VIZKRELMKFL TV D Z EHL IR >
72 (518 IX). I F CoOmfFETIE, REMEIZL -
TEMERDPEE > -0k, BT CalnEMEY
RYTERICIE, AAEYRLY YL s#inLcwnb 2
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Fig. 19. Plants grown in SD with or without the application
of GA; . (A) Unchilled line 94-4008. (B) Chilled line 94-4008.
(C) Unchilled Reagan’ . (D) Chilled ‘Reagan’ . GA; (0, 0.1,
1 or 10ug per plant in total) was applied over 6 d after UCZ
application. No chemicals, non-UCZ- and non-GA; -treated
plants.

EWS, NATT oA EoTURENTEY (Tompsett
and Schwabe, 1974), ERRWLEIZ L > THAEI XL ) »
LALHEEIL, EMEEZRETLEEZEZONE. 25
12, 22 TIHEKIRMEIZ &L - TEMEICBIT S GA; ~
DRSS EE L 2 L2 WS L @Rt (730
nm) HEHC X 5 T2 OEMEICBIT 2 GA, ~D G
WA ED, TS L o TEMEIMREINS Z LAHVR
ENTwb (Hisamatsu et al,, 2008) X 912, fKiEIZ L -
THROWAET XL Y LANVET TR YNV VRS
HHEED, ZMEIMEHESIND LHEREIND.
AL BT B IR ZE SR T m AR R 2225 4 5 1L
72 (820 K). 7 OFH Z L OALIE5(LEET) % 5FAl

L7zWi7e (AR5, 2002) Tk, v 71 BIUORHK
94-4008 1ZAEHF 5HLAETI I B\ CHIME R A B A 7R L,
U bz FETE 2R Th o7z, — 7,
A O BEO FH A BEERELT
EESACFES TR R CH o7z, Thbb, (B35
LEEIIIC BT A FEILEL, EFESIC BV TIRIRZE K
PED AR THZEIZA SN, EFHLIC BT 2R
KeEDBEHEATRIES LA kA= BLY FH
oAV TR, BB BIT S YRV Y EBRIE A
bNY, —h, fEFSLICBWTRRERED 71
B L URM 94-4008 TiZ, fEFHLICBVWTI XL ¥
FRMTH o7z, IRHOFERLY, F7I2B1T 5 KR
EVRLY) Y OMEAERIC X % 5EERED S AR
DRATZ AT 2 HIHBEEOFMIZH L c S hTw i
Wb OO, fEFSUIRRESRZ R S RV T, &
FEAGFHD O EFHERANORBITIZ D XL ) JRAE L v
CEDPHLNII R o7,

X7 OREBAREDPSEMERENOBITIIFH 2 LE L
T5. BRHFMHTTIIIANRLY YEIZ X - TIEZFE 5
LAFETET, YNV Y VIIFEHORBEIE RS %
v (Harada, 1959; Kohl and Kofranek, 1957). £ H#HE¥ T
X, BHFG T TOREERED S AGERE~NDOBRITICH
HLTUNRLY) VEERAEEMS 5 Z PPN
T\>2% (Pharis and King, 1985) 2%, Z1id¥ 2728w
TRV UPEHORBE RO W L LMK L 7%
Vo =7, GAy IMRIRESR O —H L 2D, VT4
B L ORI 94-4008 DARIALIL % 1T 2 7 o 7RI B
T, BAEETIED 205 GA, 12 & o THEFMMEATHE S
7z (520 ). MREBIZE > TNEY XL ¥ LR
VASEENNY % (Tompsett and Schwabe, 1974) Z & 725,
GA; DMKIREDRO—HRR L o 72 LHHATE . Ly
L, RALEIC X o TIEFMLIZ B 5 VXL 2I2x
THRUGHFHALMICEE L 2 Ehs, IRV VES
B LIMARIR A & o THIE S B TE3F L DR H
HBHEEZERONDL. F 7 OIEFHICBIT HIRRERI,
vaAXFRXF, FFLF (Hordeum vulgare L.) B X
W L F (Triticum aestivum L.) (2B HHFE & HH
PLTws, YuAf X5 XS, TFHAFBLPILFT
X, TERHHIRFCdH 5 FLOWERING LOCUS C (FLC)
& %\ X VERNALIZATION2 @SB MEIRIZ & - TH
MENDZEIZL o> THEILEH# Z %5 (Cockram et
al., 2007; Dennis and Peacock, 2007; Michaels and Amasino,
1999; Trevaskis et al., 2003). X512, Y04 XFXFD
FLC OFH L ~Nvid, RIEICEA L2258 %
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Fig. 20. Effect of GA, and chilling on flowering in chrysanthemum

UCZ application

‘City’ , line 94-4008, ‘Reagan’ and ‘Nagano-queen . Percentage

of flowering plants of unchilled ( @ , broken line) or 8-week chilled plants ([, solid line). Data were collected 56 days after transfer
into the SD growth chamber. Error bars represent = SE (n = 14). GA; (0, 0.1, 1 or 10ug per plant in total) was applied over 6 d after
UCZ applications. No chemicals, non-UCZ- and non-GA; -treated plants.

WZONEBIYIZHA LTV 2 EAIREN T A (Sheldon
etal., 2000). ¥ 7 2H 2D X 9 ZACEIIHIN T2 L
VARV K DAL L BT R BRICH B &
R L7236, 74" B IURA 94-4008 1BV T,
IR T8 LT OB TIRAE BN R 256 < R
5 720% 8D GA WE A 17> T —# L 2 (b3 %
FETE VDY, ARG B L CAEBINEI R - 25i8
B L72H A1, A LEREIC L E % GAy =AY A
THEVHHHENPTRETH D, 72, “LAu—4" B
O FH o4 0, CoOIEEIHIKTERE L
WHETH B EMET S E, TS0 MEIEFIMLICH
WCTRIRB L YRV Y ERLEE LW LT
&b, L7zhoT, fEFMUcBIT YRV yE0RY
IZH BN 5 TEH 2, FEHFMLIC BT 2 IR ZER D
mE DR K CTh LW REEAE Z Hb. T HICH
LML, YO XFAFRAFLE, TLFTR
ENTWDE EIIZ, 4H%F 7128V O IKIRSIZ B

TLEEF LIS PICT 2 LEDNH A .

F|28 INL VY VI FLORICAULA/LEAFY
MENEIGEF TH S CmFL DFEIT=(EE LITEHF
HMLZFET S

FUALFRWICEERIEEREEDTHY), H<EDH
ERIGZFA L7 AEoRIEIIT O TW 5128 2hb
59, X7 OTERHIEERE O 75T EW =0 7 AT 34T b
NThhwv, IRETIIYES XFXFRFrFavyy
(Antirrhinum majus L.) (2B WT, KEAED S ANHAE
BENOBATIZB W TEE R EEH © R IEFRAGER
T FLORICAULA (FLO), LEAFY (LFY), APETALAI
(AP1) B X O'FRUITFULL (FUL) "5 R 3N Tw5b,
FLO 3% ¥ F a v U OEFEEELRFTH Y, LFY X
YuA XFXFICBIF DL FLOMEEET TH S (Coen
et al., 1990; Weigel et al., 1992). API iZ> 1 A{ X+ X F
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DIEFERHBIZFTH Y, FULIZAPI IR % 5%
% H 9 % (Ferrandiz et al., 2000). T4 X F X F |2
BWTIURLY) VIZLFY o Jut— 4% — =gt L,
LFY OB Z2WIME®EHL I LI2L o THEMZIEHET S
(Blazquez et al., 1998). F7-EHAY K27 4 F (Lolium
temulentum L.) [ZBWT, IV IEREHEEGTF
FLOWERING LOCUS T D) & —#EI1ZAE B & LT
fEf9 % (King et al., 2006; King and Evans, 2003). Z it
b, IRV K BB DRAEDTE R Y AR
TERCEELTWA I EERLTNA.

Lietal. (2009) & 7 1238\ C FLO/LFY 1 [F & =
¥ Td» % CmFL (GenBank accession no. AB451217) 5
X OAPI/FUL # 7] & {1z 7 T & % CmAFL1 (GenBank
accession no. AB451218) % [f7% L7z, AHE TIE, F7
DRFBEED S EIHARNOBITIZBIT LY XL 0
BEXHS NPT 572012, IV UBRIN6 DL
TEHGEIR T D FBUN AT T 5B % T L 72

1. MEBEXUEE

¥ Ao —¥ (FEFES Reagan’ ) BI U
SAAE 94-4008 DR L D 2007 4E 7 H 17 HIZHF LA % &
D, AT Iv 7 A360ZFREL128 XV LA
L7z, BRLAW A EESE L2 FEL/275em 77
AF v 7Ry MISKREWFL, 79 AEE (K5 B
Wi ET, 15C N 25C#is) THEBEILZ:. b7z 1g
OFENVEIEEL % 5 L 72 (13N-16P-10K). $k 17 10 H %
1250 mg L' @ UCZ K& %R v b7 10 mL 38
# L, [FEZ 25 mg L' @ UCZ K& % £ 38U L 72
1A, #HE 3SCoOMBATARE (I 12 KR +
WA IR 4 BFRY, B PPFD70umol m” s™) (ZHEA L,
8 HRMRIRMIE % 47 - 72, RIELEEFE, 25 mg L @ UCZ
R % ZIEH L, 12 R H &, 20/17.5C (BHH]/ BF
) CHIE L 2 A TRRE AL, SHLEZ B L
7z WBIIZEIEST Z VA Y MbEREO AR R TR
% (PPFD) 7% 200umol m”s™ & 7 % X 9 (264 L
7z WRARE FEAFE2, 4B X U6 HHIZ, GA, F 1k
B2 FNEFNO0 T /203 25ug ETEEBICMHE L /2. 7
B,GA; 13 10% ¥ / — VK (BAEH L LT 0.025%
TritonX-100 &4 ) & L CTETEIIC 10ul OB L, #
H720 O GA G EIX, TNFN0DH DL 10ug T
Holz. UCZB &V GA, L Z1Th % ik b R
ML, FUHEX 12FkE L7z BEDPHRINZAEZE
FkL, FATARENOWMAROEINES S L O

BE2HR572012, NLRREMARESL X URA 4 B
BRI, ERBLOEEFIE L.

GA, 78 CmFL 3 X OF CmAFL1 ® %8BI BT+ 2%
APAELS. CmFLIZ 41373 /7 a— KL, kv
INT 75 ¥ 7 (Dendranthema lavandulifolium (Fisch. ex
Trautv.) Kitam.) (2387 5 FLO/LFY H[F&{zF TdH 5
DFL (Maetal, 2008) &7 3 /FRL XV TIT%LLLED
HFEED A S5 (Liet al, 2009). CmAFLI 1236 7
I/EExa—FL, ¥7I128)% API/FUL #H# s T
T& % CDM8 (Shchennikova et al., 2004) & 7 3 /L
ANV T 69% UL EDOMEIEDH S 5E (Li et al., 2009).
KEERD O HEHARNOBITIRI o TV AL, 2
NODOBIEFOFBEPEMT 5 Z EVPHERINT D
(Lietal, 2009). &512, INSDOMIETF 2RI/
BIZFHIBEZ oo f X FXF1E, BREIFEEEZRT I L
BhroTwnd (F21M). ZhoD#EIZTOREIN%
HARL72012, NLRREMARO, 7, 14, 21 BLV
28 HHIZ, WHX D720 48EA 5 5 mm OETHL % $F
B L, RNeasy Plant Mini Kit (¥ 7% B &4) B &
UF RNase-free DNase (¥ 77 v #Rai&Ht) & Hv, Bk
FAFEOFNEIZHE > T, total RNA ZHh L7z, K>
7V & 1) 500 ng @ total RNA % $#! & | T Transcriptor
First Strand cDNA Synthesis Kit (0@ > 2 - ¥4 7 7/
AT A v 7 ARAEH) RV, BERFHE O FIHIZ
o TG L cDNA & &1L L7z, #5172 cDNA 1E
DNaseFree 7k C 5 fi5 (2 A U L, 5ul @ cDNA % SYBR
Premix Ex Taq (¥ 1 7 /54 F ¥ &) @ 15ul G
R, A M40 F— (B2 - FATT7 /R
Lo TERBY T VY A A

T4 v 7 AR EH)

Fig. 21. CmFL and CmAFLI induce early flowering in
Avrabidopsis thaliana grown under 9-h SD photoperiod at 20
°C. (A) Wild type. (B) 35S::CmFL transformant. The terminal
flower (arrow) is visible. (C) Left, wild type. Middle and right,
35S::CmAFLI transformants.
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PCR#NT 24T o 72. X7 DT 7 F ¥ {5 T CmACTIN
(GenBank accession no. AB205087) % 4¢% ~ 7 IV &
BIZFHEBELNVORMIEMRE L THW &#ET
CmFL, CmAFLI B £ 1 CmACTIN ® ¥lg121%, Zh
FNE6FIIRT T IA~—EHNTIT-72. PCRIZ
95C T 20 W O ZE MG #%, 95C, 58 — 60T, 20
i —72C, 15 ¥ DS = 40 [147 > 72, CmFL 3
L O CmAFLI O3 L X)VIEZENEN CmACTIN D5
BL VoMb E Lz 5612, % PCR KBRICHE

Table 6. PCR primers and their sequences used to detect
CmFL, CmAFLIand CmACTIN.

Gene name Primer Sequence (5'—3")
CmFL Forward  CATTGATGCCATATTTAACTC
Reverse ~ ACACGGATCATTCATTGTATA
CmAFLI1 Forward CAAGCTCAACCATCAATAGTC
Reverse =~ TGCAGCACATGAACGAGTAG
CmACTIN Forward ~ GATGACGCAGATCATGTTCG
Reverse ~ AGCATGTGGAAGTGCATACC
‘Reagan’
1
A CmFL
0.8 —e—No chemicals
--A-UCZ

0.6 r—o—ycz+Ga

0.4

0.2

Relative expression level

Relative expression level

0 7 14 21 28
Days after treatment started

WTENZENOBRETFORBMITILOREME 1 L% 5
X HITHIE L7,

2. BRELUER

UCZ B LU GA, LB % Th %o 72X (I UCZ &
GARX) I2BWVWT, “tAfu—¥% TRALIGREHEA
£18.6 H, %% 94-4008 T3 23.8 HCTHHE L2 (57 5).
ETEEIC BT D CmFL B X U CmAFL1 O 5813, EH
FMTFTCIRMEW LNV T 4B BRSNS (Liet al,
2009). AHFZEIZBVTH, ANLRRENOMAREIZIE
INSDOFHL NI 72 (BE22 X)), WHEMET
TIEMERTORBITE2BHEI L, W &WEo # UCZ
#: GA X2 BT 5 CmFL OFBIE, NTLRREBMAZT
6 14 HTHAL 72, WD & MRS, SRt 94-4008 12
BWTUCZ I L 72X (UCZ [X) TIXAEZF LA™
S, CmFL OFEBIIMTA SN2 h o7 R 4-
4008 O UCZ 3 & UF GA, ILH % 47 - 72[X (UCZ + GA [X)

Line 94-4008
B CwmFL

D CmAFLI

0 7 14 21 28
Days after treatment started

Fig. 22. Effect of GA; on the expression of CmFL and CmAFLI in chrysanthemum. (A) CmFL in ‘Reagan’ . (B) CmFL in line 94-
4008. (C) CmAFL1 in ‘Reagan’ . (D) CmAFLI in line 94-4008. Changes in the gene expression are shown as calculated value relative
to the maximum value in the same Q-PCR assay. Error bars represent + SE (n = 4). No chemicals ( @ ), non- UCZ- and non-GA,
-treated plants. UCZ ( A& ), an application to soil (0.5 mg per pot) and spray treatments of UCZ (25 mg L™). UCZ+GA (O ), GA; 10ug

per plant in total) was applied over 6 d after UCZ application.
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Table 7. Effect of GA; on flowering and extension growth in
chrysanthemum line 94-4008 and ‘Reagan’.

Treatments No chemicals ucz UCZ+GA

ucCz - + +

GA, - - +

Line and cultivar Days to visible flower buds

94-4008 238 +0.7a NB*(>90) 223 +0.6a

Reagan 186 +x0.1a 278=01c 201=x03b

Percentage of flowering plants

94-4008 100 0 100

Reagan 100 100 100
Increased number of leaves after transfer into SD phytotron

94-4008 19.6 =05a 203*+05a 23.6=09b

Reagan 153=02a 158=*0.2a 168=*0.3b

Stem elongation (cm)
94-4008 26.7+1.8b 06+01a 31.0x06Db
Reagan 23.4+14b 0.7+0.1a 279 £0.7¢

Significant differences determined at P < 0.01 using Tukey s
test are indicated by different letters in each line. Values are
mean * SE (n = 12). No chemicals, non-UCZ- and non-GA,
-treated plants. UCZ, an application to soil (0.5 mg per pot) and
spray treatments of UCZ (25 mg L™). UCZ+GA, GA, (10ug per
plant in total) was applied over 6 d after UCZ application. “NB,
No visible flower buds.

BT B HEETEHRIL, BUCZEGAX LHEETH
D, UCZIZ & B LD GA; 12 & o CTHfE L 72.
F 72, CmFL OB UCZ 8 GA [X & R0 L 7.
£oT, YUAXFAXFIZBVTIXRLY YHPLFY O
FER AT 5 (Blazquez et al., 1998) £ 912, ¥ 712
BWTYNLY Vi3 CmFL OB 228 L, 18301k
ERET LI EAURENT.

A O —H TIZUCZIZ & o> THEEHRIL L 7298,
SRR FEE L7z (BB 75). CmFL O3E8lE X O8N
ERIIBWT, UCZIX &M UCZ#EGAXDOMIZIZE A
EEB ol D, FHEEDO N LREENORE
A UCZ X T UCZ M GA X & BRI AL IE S L1k
ForlHfians. EUCZEGAK TIIATASRE
O AT 18.6 HIIZ 153 BOFELY ER L5EHE L /2.
—7, UCZIXTiE27.8 HHIZ 158 D %% B L %HE
L7z, TO#RIE, UCZIZX > CEDORERMMEHNKT
L7zZtzaRLTwh, UCZIXTIEEUCZ M GA X &
IR AESE b 2 BIAG L 7278, SEDRBMREAKT L
Tl ORENBIE L/ LEZONS,

T i il |2 38\ T UCZ #E GA [X O CmAFLI O %3
X, ATREEANOWARIZHEINL 14 HEICRKE 2o
7. kA O—H" OUCZIXBLUUCZ + GA XTI
CmAFLI OB EME X2 SR 1EMEBENR TRAE

T o7z, SRR 94-4008 O CmAFL1 D383ix, UCZ + GA
X CIEMREXIC < 5_1E[, UCZ X T2 A E
NTENETNIRKE L -7, MBHEIZBWTUCZEE
X UNUCZ + GA [XTld CmAFL1 OFEEBAINLIRIE L 72
bOO, HF L FEREOFEBL VI E TEL 7.
L727%55C, CmAFLI OSBRI IIARIRE 8 & 48 H 4
UHRLETH LD, IRV V2L BEEBII NS L
VIR N,

WEEE

F 7 IEOPEORXEEIIBNTROEELILXTH
5. INET, HEBLMREICHT ZAEFRIGIZOW
THEL OB RSN, BonMEAEZERLT, &
HEIC X 2 BIAEFET B £ O LEER W~ OMRIRLELIC X 5
EME - BIABIRE & v o 7 A F BIAEHI AT AR S S
T&7 $72, WYRVECVPEFTICRIZTTEE LS
WTHRED R SN, GA, BIUFTFL VAR TH S
I T+ DS, R RER L L CERIAEREICBWT
FIHENTWS, X7 5 VIZfEFEMbB L OEMEY
i L (Cockshull and Horridge, 1978; Kher et al., 1974)
BRI RE Tl E A LN X 2 BAERE 2 B s
LTHWONLD, ZORRIIALETH 5 Z D HE
ENTWD NS, 1985 80K - L&, 2007). # 1%
Tk, T 7+ Y OMRELH ST ERE L CRELC
HEHL, R22EFRESET S I URRLIREICE S
L72BRIZBWT, Tt 7+ LISt d 56358 L U
MEIZBIT 2 OGO 247 o 72, AFIREAMR S04
T, 7 Y& BAEFES B L ORME W]
WP o7z, 2o bid, KR FTIIEEMEB X
UEMEMIRHI S NS Z L2, T2 7+ VUHKE
HIHIC D) ZF L U FAEL, =F L I X 4R35
LB LOEMEOWMHIS RS FER L0 EZ N
b, Fi, TT7x T BEFESMEB L UEMRIC
BB UG IIFEHEB A S Nz F 7 OEFIIFE
Wb L, #2233 EMMU MERICERT LI &I
Lo TIEELB L OEMEIMEE SN S DY (Schwabe,
1950), M EFICEMMEICOZ ) miRIc 88 L%
WZI5C LT ORESEG TIZB 2N D L3 L EMEN
KT L, fEFEsMbim s (P, 1980; Schwabe,
1955). Vegis (1964) \IZAEAERYIZ BT 5 4F OFEH]
L%, fEFESLiE B X OEMERDEZ HW T L
TWwh, $4bh, [EFHMMLEENB L UEMERIIE
WE S IEABT R ZEEFRHAL <, HIZENS DK
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W XIIIAEBTRAIRERHEAIRE L. InEF I
BCEws L, EFICENMERICESRT LI LIZL-
TAEF LR B L UM ERDAMKRT L, WRSE4T
TIIAEFALHIPH SN EMENZF L RT T 5, L
HTEx2, H1ITHEIHTIEIMEL T, HillcE
BL72BORTIEESRICEBT 2R OMKIZ 5T, [

CAFIRESLRML T T AEFHMB L M E 2] &
n, BROMFHILEEN B L OEMERRNIPKETTL2 &
MRS Nz, T &9 ALl B L O E M ERE
NOFFHEES T 7 + VICHT 50 E L, Hik
(B L CAESE LR B L O EM BRI T L 728k
T, Tt 7+ YI2X 55635 MbE L OEMEOHHIH
BHEIZ L ZENHAL PR 72 51,
L 72 COTRIEMLAEN B L UM BRI O T I35
HMZESALN, ZNLOKTHFEETHDL HT T
TlE, Tt7* VLo TIEFSEB L OEMEF O
ML SR I S, v ¥y b ERIEE LIEESE
MTELRWIRREIZ R o7, L7z o T, =74 2%
T HAEF B L UEMEICB T 5 51E, HRoAEHS
{LREI B L O EMERT OZE)EE§5 2 LAVREN
7. TNSOHMR LY, T 7+ YIZXBAEHFMLB &
OEMEOIHNIHEIC L > TRESLTL, FFAL
il CH o Th, AFREIMRN G T ROHA SR E
WL RIIISEE A LR, BRILEEICBWTIZE
BEYLLENHLLEEZOND.

BLIETIEE 2, F7 ORIRFEICHFBICASN ST
Yy bR LIEFSEDSTE R WIREED, =27+~
Lo THEINLEZ ERR LT UL, F7 OKIR
FEIITFLUPEEGELTWAEIERZRIELTWS, §
ebb, WAEIRICEME L%, FREETICBANS
C L o THRIRASTHFE SN B4, IRERBMOEZ 25
B L OCEMEOIHIZSFES NS T TIE, =

Lo LB ERDPEEG L TWwa LRI
L. E2ETIE, vAv) VBRI FL VLT —
BIET2#EAT 5 L2 X > TR S #EE T2
¥ 7 (Narumi et al,, 2005a) ZFIH L, Z O % HEE
L7z, TF L AZx$ 20 bG % A L CEfs T
MIZ RO F L VEZHAFM L2 25, #inTH
Bz X 7I2BIT AT L VESHOKT ORI L7z,
CNOBMETHBEZF 7 BHTITEALZERLT LV
LTy —BETPEH L TWA I EDMRIN, 72
WIEZT L Y L7y —@BIZTFORIN A~ »
W BREL W, TF LY LE Ty — 3T A4
TV Fal—F—& L THAEET S (Hua and Meyerowitz,

e | 8

1998) 728, EnTAHIRR ¥ 7 R TIREA L AR T
FLrLe 7y —BEFOEHINZ, WEZFL YL
7Y —@BETOERBAEINZ L > T F L L e T8 —
oy HEmL, EHEREICHLLFL LTS —
DEENENTLEI L, L VEZEOR TR
EITHERTH L LHEINL. b0 F L /K
ZHEEE T Z 7 RSB DIEF LB L OEM
R, AHMEFRZLFEMETTHAEL, EF0ts &
OCEMREICBT 2IREICESZFFHEL 2. 1<)
YT, ABREORT E & HICAEF S LB L U EM
Erfifl s, 15CTiduty 2P L RIS
REeL Y, KIRREE R-72. —F, =F L VREx
PEBIZ TR Z F 7 R TIE, IBCHRETIZBWTH
EMEB L OEFMEAALN, KIRIZFE SN2
7. TFL YRV Y TAEDOYA 7 0F 22— —DIKIR
(Suttle, 1998) B XU T —1 v /3> T A NOKRIRIFEF AL
% {E#9 5 (Ruonala et al., 2006) Z & DB S 2% o
T, KEFEORR L), F7 0BT HIREICZE SR
REFEIZIE, =F L2 20 LBREERSE S L Tw
BT EDIRENT:. FTDOKRIRFEIZASNZ T Y ME
ARARYN 31T B IRIREF DI & FERIZ, ZETH 2R
EAFOMRIRP ORFEL, RICAERZHHT 72008
BHEIEGTH L. Lo T, SEEMYTH L X2
DRIk & A2 # ) R AEERICBWT, =5 L Y IdE
ERBE R L TCBEEZLND.
HRICRMM&SEICESE L 2RI, WiREHTTE
MEMET LARIEL 2o 7213, KERICEST 2
CEIL o THUEME LIEF ML TE 2REICR S
(Schwabe, 1950). ¥ 7Z&b b, wEi#EBIC & o TEF 5
b L UEMEICRRIRZFHFOL I IR E. I
T, £ DY B TEMESLIFHIC BT 2K
ZEORMAVREN TV A, TNLOMEMOHIZIE, KinE
BRI RV VEERD D IIEF LR EMEICB
J TRV T LGNS 0N H 5 2 L
o, RinEBROEF LS L OEMEORMEIZS
JBHTNLY OGRS T A (Hanks, 1982;
Hazebroek et al., 1993; Hisamatsu et al., 2004; Hisamatsu
and Koshioka, 2000; Metzger, 1985; Nakayama et al., 1995;
Nishijima et al., 1997; Nishijima et al., 1998; Zanewich and
Rood, 1995). F 7 2BV Td, IV VLHIZKIR
HWEOREL 20, [LF b xFET 5 2 LA 5 (Harada
and Nitsch, 1959), ¥ 7 OFEFHLIZE XL ) VH%id
CHELTwaEEZLNL, FIETIE, EFHLic
BT BARRIEREDF 7 2 il 2 EERICHH L, ¥7 0
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AEFIZBIT LT RV v ORE & RIRERYE & BES T
THE L7z, ZBHERIANLY VAEEHER Y =2 F
V= VI X ) &Il Sz ol GA; L
WCEDEEL, GA, LEEDSHEINT 512 oNEMEIRK
&L oz, TR, F7ZOEMENTANLY LIZ5EL
BIELTWwAZERRLTWS, 72, I CRiEE
BERIIIROWET XL LAV 5 2 L AYR
BN T\ % (Tompsett and Schwabe, 1974) 28, ARWFZE T,
S 8 L 72 R T EMRIZBIT S GA IS 5 )X
JEPEDEINT 2 2 EDHOL MR 572, Lo T, K
HICHEB LTI, DNV VAERERBIOYANLY
R A RISEDEE B S EI2 ko T, EAEBIAR
BT2LE26N5. [EHF5HLICH L CIIRZE R % #
el kA u—H g, BB X OTEFEEGER
F CmFL OFEBIHIMZ T NV ) VERMEEZ IR E Lo
7oAs, ARIRESRIME O SRR 94-4008 1F, FNHMHIZ YN
L) yERM R R L. L oT, fEFESMLicBI S YN
L) BRI IR ESR I LR B L CB Y, duA
X+ X F (Blazquez et al., 1998) L [FEEEIZ, F27I2BwW
TLINLY VE CnFL OFBEMINS 52 12X
DIEESILEIREST L 2 EDHS IR o7, ZhHD
KR LD, BUCEMEMMET LA E 2o 72478, 4
DI HE BT 5 2 & CIRIRER AN 72 2, fESF b
BLOEMENHERIREEIC R ZBICIE, XL U8
FELHEEEFR LT EHREND.
FERRREEA O F 7 i, SBiicE8 L Thkk
DIEFERALRET B L O EMERII TS, B bHE
WA COMRIRIT IS 2 L TR LBITE T 2 IR ARk
bNA. ODARETIIZOL) MfE2 BT 57-012,
SCHENZ & 018 N7 FEA A BHAREE L BIRE S &, fE
RLEEOIY T RBEIR L 72, EREEE L AR
MiFRBRE T CRERMET A2 LI2E - T, SiRIESL
7B OTEIRGEMET T ZMEMUTE TR S BIEL 7
VR SNDS (WIS, 2006). LaL, T
WICEE R L 52 BEE T4, F1ETIE, &
U128 L 7B\ RRDAEIF LR B & VM ERETI 28
BHEICKT 2 HTFE BLORM 944008 T, Tk
T F & o TR B L O ZEMEATEE (2] S h
c—75, i T EMEDET &R ERIE L
irolz FHAEYN T, 7+ X BIEFEMME
BIUOEMEOHHNI DT A THo7. INHDOT L X
D, EIICEE LR, RN TR LS S
NEMEDPHZF KT T 2METIE, =27+ vi2&o
TAEF LB L OEMED T CHfl S5 2 L27RIE S

N7, ZoZlid, izl #cBwTot 7+
YEMHEL, TE 7+ ko THEFSMLB L UEME
AR I SN D R BRI T 5 2 LI & o T, R
WCBWTHEMEMET LIZL L, TBIEARE LI
CWRIEZRFEMISEILTE AREELRLTnE, &
HIZ, F2ETITEETFHABZICL o T T L V&2
TS ELIET, FI/YVEOMERTOREHE
NTdHh5HEDOHALE WM $ 4 (Narumi et al., 2005a) 72
TR, RIRIREZ S35 2 LW TH D, K
G N THEMELMET 2Vhb0 o [{ka Xy ME]
SAEDVERIZEED D Z DL IR o 7.

7 OMIRER Z i 729 72O HEICEN & 50
12, 100C LT TH 5 & ST % (Schwabe, 1950). 5%
¥ 7 O J A RE fE RN ORI 12°C PL Rz k72,
WCETFRES 2V, TOX) REETTIE, EMESRH
TR ESR M & R0 il L, (IR ESR DS 72 S ¢
E-BFELZW. 200, EIETRLE fOo—
PR FH ALY DX, EMESCHICEE
FORZRE R WREI RO SN L. EIEOHRELD,
TEFESAIC BT ZARZRMEIZ DNV ) VR L5 <
ME L TWnhrZens, v=aF =Dy XL))
YHEAER T ERICBWTHHLT, Z6ilio
TAEIE LAY B S B R Z Bryb 956 2 & C, &
2SR % 872 70 o i & R ERAG I BRI T & BT RR RS
»H5.

AHETIE, F7OEBFRICIBIT MY FIVE SO
WAL, TF L Y I3EiREBRORIRIC LY FE
ENDRIREFHLEAREHLZ L, BIUIXLY ¥
AR E B I X BB LB L O EMEOMRME & FH %
BRICH DL EDPHL PRI R o7z, 2o &g, mEH
WD &Sz D S ARIR AR B % HilH 3 2 B F O 5
EHBRIE, NSO AILVE L DHBEI TV
LI EERLTBY, LHEEMYTH DX 7 OEFRNE
DI A 1 = X L D5 FHEMF RN E DR D L DT
b Fi, TNOSOHMREEEMAGHT L &1L, #
7 e AR BRI OB % B & O SO E B %D
LD LIFFEINS.

Hm OB

HYRVEY THDHITFL I, F7I2BVTIEFS
fbB L OEMEZIHIT L. =F L U BEHT LT 5~
LEKOERZ RIFT. Tt 75 V2L BiEHMEB X
OEMEOWHIARE L, MiEB X ORI X o> T&
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9L enn, 7 x T AEHESMEB L UE
MEIZBIT L 061F, BERERNSLHRONERIZE T
TETHEEZONS., 22T, ZOBREERE LT
AHIRE, FHRONWERE LT, RS X ORI
BT B 2 L& o TEET 2L MLAET B & UV Al
EREICER L, ZNoh Tt 7+ YI2x$ 516351k
BIUOEMEIIBIT AU KITTHEELZHS 2L X
9 & L7, ERFREMRNEMET TIE, HoftsFaits
JUEMEIHISNDL Z LA T, =+ 7+ QL
BoOTF Ly EENENMEC 720, T2 7 x VLI
£ BAEFHLB L OEMEOIGNIIEZ IR o 72, F 72,
B O GLRE B L OEMERTIVET L2
BT, =7+ VI X AEFEMEB L OEHED
WIS C e o 72 RIS, 9mfEEZ VWL T+~
W B UL o a2 2 A L, Zh s LB LR
NBLUEMERD L OBEELBET L. £ OmMET
&, =7 X BAEF ML L UEME O I —
W Cdh o 7255, BEZCHBICIR L, HiRki2 8
L 72 BIAESFE S LRE N B L O EMERIPE L KT
LA TIE, T 74 VX AHEMEB L OEMED
PAsR N, TD L) HanfETIE, k74 L
HIZIoTEMENELIERTLCaE Y P2 LAE
FHEDARRE 2D, KIRIREZ R L7z, Dbl & X
D, 7+ T BB LOCEHRICBIT S
B, BB, o5l s L =M ER

WCEDEET LI EPHLMIR Y, T2, fEFESLEE
NBLICEMERNDPELH LT VETE, =277
NI AL LB L OCEMEICBIT 5 MUSH%E < Bl
N5 ZEIREENT:.

SGARE AR Td B F 7 DEE LARIR % #: 0 K4
HRICBWTC, MEFEELREHZRZLTEBY,
EMMEFOEEICEB L 2%, 15CUTomREtET
ZBhrhs e, oty baEERL THFEMESTE W
REIZRL, ZNEFZIZBITAKRIREETHY, =t
T rBIPACC TV AT L VLEIZ L 5T
bFEIND. Thbh, WEICL-oTHFESINDF Y
DIRIRIZIE, ZF L D5 L CW 2 RMErH 5. F
FoJ) TIE, Wi BERORERSET CHEEINL L
LB L OEMEOIHNE, BRICTF L AAEHHEEH
STS %Mk ICMLIE S 2 Z L IC X - Tl S, F2712
BWTIF L e BHEH KRR %2 0] 5 2 1T REPEAVR
MBI RIS, BRIFLY LTy —@BnT2EA
L7cBRFHIRZ ¥ 7 2 EZBRICH, 7 ORIRIZBT
LHIFL OB ERAE L. BEMKSTFL VK

IS L CEOEALZRTOICK L, &R F 7 TIE
IF L ORI b BEDHALE S, T L RS
KT LTw $FAERKRE X5 L & E T
MRz F 7 RL, ABFMMEBLUOEMREICBVWTE,
LML &R L7z, AFIRE 20C T, mHE O
GAEB L UEMEICEIALN L7280, EFIRED
BKTIC &> THERKTIZOE Y F 2L TIEFSML
MTERVKIRIREEE 2o 72DIZRF L, =5 L VK&
PERE R T 2 5 7 BoRitid, fB3ESME L ZME L7
LoT, ¥7OEEIZLARIRFFEICIE, =FL 20

L 72 EHENE G- LT b 2 e M SN F
7o, BAERIKRCIIEEEO T T 5 Y UEIZ X > TKIR
WBIZ %278, TF L AR MERIE THIR 2 F 7 R
TIRAKIRREBEIFE SN 2007, ZOZehbd, X
7 ORIRASTF L ¥ Z 4 L7 ERIGEIC L > THES
b EPIRINT.

HIARNE Y THDHYNL) YIZEREWIZBVTIE
FALEFHEL, AR ESREOREY) T ik
TiRO—MABL 25, FHEYOF 7128V THIN
L) v B X OMRIRASRIE A E e & AGHAE RN ORAT &
ETLZEFRMOENT WD, 4 HEOIFESILIZBIT S
KRB LOVRLY VERIZCOWTHAEL, M=
RW7ZL7z T%bb, [EFMbils TRz LI L
LWV TlE Yy Ry v g e 9, i, Kii%
VLT LM CTIRFERIZONLY Y LETH - 7.
F 7128 B APETALAI/FRUITFULL #l[F# %1 TdH
% CmAFLI OF 00T TORBEMIBIT 5 VL
) Y ORI EhoTe. —F, vuaA XFXFOiEF
JERGRE T LEAFY & ARk, RIRZSRMED X 7 mnfdi©
\& FLORICAULA/LEAFY i #&{xF CTd %5 CmFL O %
BN XLV ) OB TH o7z Lzd-> T, HKE
AR & EFEERANOBATE L U CmFL O FBIHENIC
BIF5 VXL YERIE, RIRZER ERCBEENDH D &
Ezbhiz.

REXDOE ) FLOIZKEL, #IBYZITHE L TH
IR o o R AR AR B AT e R B R 3 S
BB B R L L B A, $72, ARBE%E
DEFTPHEN T EDIZEL ET, EHEITHE L T
W o 7RSI ATBUR N RS - Ean SRR FE AR AL &
WFFET AKR SEtdit:, SRHERE L (BUERMOKES R
MOKFEFMN SR HR) ([SRCEHOBE L ET 5.
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WMROFTIZH72) THRE, T 2o 7o fEh b R 3E
WA B B ARSI TE B, IR B 22 B B 006 v
Bt BURRHE AL RS R BBz ek et R
REEBES FEP L, SR 2 B S FE A Rod W
King flit:, 16 & WFZERT/ NEF R Fflict:, sl S8 5% FAENT
FEIOEDECHLEB L ETS. 72, WREOETIC
H72 0 THIITH 72 S WFZEFT I B A& A2 E CBIFLHE L
ET%.
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