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F1E BREEW

TP ANLT DOV A B (Hydrangeaceae) 7 VWA J& (Hydrangea) ODASAKE 7=
ZOBMEDHEM THD. TPV ABIET T BT A U BT TH 40 &
HERSMLTEY, BARIZE 14 EmAEAELTWD JIRES, 2010). 77
VYA (Hydrangea macrophylla) <°¥~7 V%A (Hydrangea serrata) 1% H A [H
FHETHS.

TP ARERINC S —r y NTEASNTZDIE, 1789 FicTyakT - NS
ZARARPOHFEIZE > TWebDE R Y RUOF 2 —YERICE>To b D &
s UNEHES, 2010). 2 FZIZIET AV, R 7 A~ H
ENSEAZN. 1900 FRICIET 7 v A TG ENMThI, KEOFED
& DOIFEEMT, FEOV L7 AOREHRIEAO RN EH SNz, 20D
%, A, 704, X —, TRAU D THERAITHEMEL Sz, B
KCWR SN L, KRERRICARICEAIN, BEET U0, KT
YUT EMEEINENTOFERERNSE - 7.

AARICR T 287 %A ofitimix, ENEE 2] fisoidkist (HAEE
EFe G astEr, 2016) 12X 5 &, 2000 42 166 J7#kTdH - 7= Bk &I
2007 FELAREK) 220 7 EREIE THERS L, 2015 4513 223 HEkCTRe b 2\ Btk & &
727 (Fig. 1-1). F7=, BARAZEIL 2000 £0 12 {5 6282 H IR L, 20154
1% 15 £ 3792 JT I L 7= (Fig. 1-1). $&%adih B OBEREFEIC 505 T VW
A DFEIEIEL 2000 D 1.4%I12%F L, 2015 F1X2.6% & 720, BEERSWILE A
Lo TW% (Fig. 1-2). 2015 FFOHFFH P REETIE 7 7V —F—27 v a vy
¥ N (FAD 2T 2887 VA O E 7R FEH] O HfFEIG 1L, BE DS 35.3%,
FERGIRAN 30.4%, BrERDS 12.7%, TIEEN 6.1%, € L THARRN 44%TH S
(FAJ sl stat, 2016). —J5, GIVfEDUHEIZ, 2015 40D FAT TR &K
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41 AT, 2012 FE DR 1| FARRRERML T\ 5. 2015 FFO TSI 1 E
5943 TR THDH. 7L, BWAPBIREDK 60%, SFHTIE 83.9%% (5 TV
% (FAJ tis#tataid, 2016).

WARRIZB T 28T OV A OEFEL, VI TAVRRA 2T T LD —
T—val i E L TEASNTE . 1980 I E0T (BLEMT) o
JRRE G &R OB TTIRICD 2 ZOAEENBREAZBL, ThEh7 T
D= LT 4 Y=L, T bDOMTEEFIH L CHERX &
HHIX 2 LIS 7 O A OEMBER S vz, £, PiRRRERBRSIC
BWTH 1999 I AFEE R Z BlAh L, 2015 4FI2 SRS Sk S 7z VBB X P CF
O AR>S ‘E5EB5R (IED, 2015a, 2015b) 2LV, RIRAICEHR
INPER STz, 2015 SEDOMAREN O T V9 A EREE 1T 16 4T, EERITH
2fEMTHD WARREERBRIGNEEE .

T A OERIZIE, B e, gk, B, Ht, AfandH 5 (Fig 1-3A
~B). $iEE LTAEEINDILOIE, HROBOHEIYE L TOFEREL, V
7 BRIFREDKIT0%, T B 20%% 5D 5 (FHERE 46 & i stat, 2016) .
L& UTBIE T 2550%, 23 < A3 RIEUE U7/ CREffifE & FREn D . $£72,
<A OBRBPMIOE LT8R 5 AASREDBEREELFF OO b H 5 (Fig
1-4). KD AR, RFEMCTHLIROANEZEL 2, ALY
2 ABINMEE 4D, 4 H TRING 5 A FRPRHmMOY—27 Tho. £/, EF
IOV IELE LTOTENESE Y, BERIITFE, KEICITALED X 5 B
B LT=7 U A &5 (Fig 1-3F, G). BEFITZRIKET oA F
T T 4= T VA LRI D.

TV A O, FaBIOFAOMLAETIH ) DX, WTABFELT v by
T=UAROTNT 4 =V 3-7 v at A R (Fig. 1-5A) TéH % (Asen- Siegelman,
1957 ; Asen &, 1956 ; Hayashi + Abe, 1953 ; Lawrence &, 1938). ZH 5D
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FOREIIL, T by T=2Mx, Ty by T = EMHAEERT AR
FFOT IV =0 hA F v LMBIAFED 5-0-1 7 =4 A VT W (Fig. 1-5B) B
X, 3-0- 1 7 = A A vFx ) (Fig. 1-5C) O&E®E, S HIIZiE, Zhb0baw
RO pH 23B89 5- LT % (Kondo ©, 2005 ; Takeda ©, 1985a, 1985b, 1990).
TIVT 4 =V 3- T3t A RERIE, pH 2 3 DL N OSSR CREZET S
— 5T, pHM 4 L EDBEETIE, TAI=ZUAAFT U BINS5-0-17 =44
VX FREXFL— T 52 L THAEREMAT S (Ito 5, 2009 ; Kondo 5, 2005 ;
Takeda », 1985a, b, 1990 ; Yoshida &, 2003). 5-O-7 7 = A A /L% F D 5
YEIRTH D 3-0-1 7 = A A N FT I, ZOFLb— FEETDEHZRS (1)
M, 2013). 2%V, 3-0-7 7 = A A VFFHBOBEREHNHEIZIX, ZoFL
— MCED2HFAROFANRTHED Z & THRANFKAT D (Ito ©H, 2009 ; Takeda b,
1985a ; Yoshida &, 2003, 2009). 75< iy OAEfECHIm KO m 7T 2 D
SINTIZ Ko T, MIREPIRIIZ W CH A ER MBI 2 & T, 7 U 1 Ofkx
RACERHBLT 5B 25 T5 (Ito ©H, 2009 ; Takeda &, 1985a ; Yoshida
5, 2003, 2009).

2 DT VHA OEEITHEET 2 HEFMFIC I > TRk T 22 LmbT
W5 (Allen, 1943). 7 U A Zghfb & U CTERIAERET S ETIE, EAEZLEEIC
FEIELENNETHD (E - f4H, 1972 ; Kodama &, 2015 ; IAH b,
1974 ; BAt 5, 1981 ; FfE D, 1976). ZHNETIC, E#ELAMEKRT 2EMOME
B, BRELOBE, HEROT LI =y L0 £33 ) CEEIEE O 512 X
HIEDOREADPRASL LN TND (T - A, 1972 FAH D, 1974 ; Bk D,
1976 ; RAY 5, 1981). T I =0 AZ@ERVE— FEAL TR L LR
TEHREDORENEL, —HTNAI=TLE2 L GURELCERER 7 L2 FK
ELTERELETHHEONEA LTV, F2, H pH BMEWEEEE TIX, pH 28
BMWERE LD XV FHED oL HEATH IO/ % (Allen, 1943

3



Chenery, 1937). 512, 7AI = ADMMIC k> THAEIREGT S L 5127
% (Allen, 1943 ; Chenery, 1937 ; Ma &, 2001). 2V VBRI L - Tk
ERFOTDHEHIT/D RRED, 1974). ZOWEEZFMA LT, FUMHECTR
RHAEEOEIOT DI IICEET LI L BITON TN,

BIGRMFIC L DIBEHIEHOARE L, TEPORBEET VI =7 AORE O]
WEELE, SEORAICHLELRT NI = AOWINEOH|E &E 2 5TV
5 (IrHG, 1974). T7bbiEflx, THENLDOT VI =T 5 F 0 ORI E
DFENE N FIBIA~DOT VI =T AOERICL > T LT D EEZ LT
% (Allen, 1932, 1943). 3 pH MMEWEREE Tid pH 3@V EREE X 0 b A[fAME
TIVI=T LA T ORENEGL 2D, VUBIIT AV =0 L& REbT 518
EEFD, BETOFMITIpH L L BICTENLT AV I=T ALY VRO EDR,
AEMET VI =0 AOREICHEL 52 % (Allen, 1943 ; #AH 5, 1974). 7272
L, BT pH X7 VI =ULBINY UIEZFI USEMAE L THEELTYH,
EERBDOLOSITMTEIC L > TRRLBEHZ N L5 (Allen, 19435 T
A, 1972 IaH B, 1974), XV LENRIEAGTITEHOGTIERRD A TWND.

AR SCREE T, 7V A OBFRICEY e CHERBM OREICE
T, [R—MmfEZE U i K ORISR THEE L2GA T, (EaNRLE
IR A IZRBLT 2BIRFTAORELE RAFCT 270D T VI =7 LD O
BEIIDDPDOOLTHEL THAZRAT 20ENFET LI LA AM L. £
7o, BB ILHRFICHEHLLTHEFAL D WIIREEZEL CRAT HmMED AL
TW2% (Table 1-1-1). ZHHOMFEICBW THEANRLEICHRET RN EZH 5
MZTHZET, TV OB HIEORBICERTE S EE 272, fi
ZIE, BEIICE5 T2 EZEOR THADOEICE-> TEILT 2 ERENT LI =
UATHLIEEICE, TENSOTALI =T AORINEDEVSREE LTS
EEZOLND. Fn, TOEEN 5-0-1 7 = A A NFX TR EOFBLEW T
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HOLGAEITIE, ENODOEGHIEEREE L TVWHEEIbND. TNEND
AEIZ BT DILEWOFMBIZ S 2 & T, L RBRRESREERET S 2
EWTEDS.

Z ORI LFRSIEDSE 2 BT, MELEE T AL )RR THE Lz
TEFRCHRBORED 2 WEFAONL &, AEREORED D \VTEAD
M ICEENAF MBS Z I LTe. ZORR, TAI=v L2500
FTHLDOFRALHEE S DIRFEIC S, B L OSRMEITfE O EaDZE L & OxfIS 01358
DO oT. ZORMENDL, TV A OIAIBURMOERZ DS LT
WD ATREME A& 2 T

T VYA OHERBUIEET O RERIT, 1. T T =0ET 0=
UL, 5-0-71 7 = A A NFFT O AL 52 D8 RE2F>, 2. HHEND
SN2 EHZ LG L L b, TORIITED pH IS, 3. Bt
BN RICEENDBICHBEPRD HGND, LV ol kiR oEBE 272, Zh
SOMEAZLOWE L LT, VrBeMieBEADIIE T2, & 3 HTIE, F
L REN AL EICHEE S 2 MFEMOEL (Table 1-1-1) TH LN F, £ %
MEHZHWT, BB FICEEND Y v OGEOBAEZIT L. Z 0k
B, FOONFIZEENDV OER VRN L, S5 VBREFOARE
BTN T 4=V 3-TNay R, TAVI=ULAAFVBIY, 5-0-07
A ANFTBOX L —  NEHETLIZEZRH L. 26 0RERIZESH
T, UUBMRT oA OB ZHET 2ERTHL I L amT 5.

FT UL, HEORIERFICRESH AR EOAE KA L%, ki
WICEEL, EHICHKEFICIIFAICERTSELORE, B L O0FEREH
BT 5. ZOT7 VYA ORFEOMLAITKE LT TS, LI, 794D
HEEOtaz 26, KEOAEKEa L5, MEaERa LT VA1, &
F, REMERARE D 2o 5. afbantiix, Bl v 7=
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CURT U MUT =R, ZOFMIT 3-0-0 T = A A NF BTV =
U AEBEE LA ST D (Yoshida &, 2008). 7 A OFktaftfa
b RELSNOERE, FREANRHSH (Table 1-1-2). T O OKEDFOHEZ
RS 5 Z L1X, MOT O A DZEREEOa Ly ha—/LEARRIZL, KiE
EFEDTZ O DRIFEINOBRFICHRTE 5 O LB 2 7. AFFEOH 4 T TIE,
Rz 2Rkt 2 PRI, FEEAIZEDLLERIZOWTIHELZITY, KAITEA
TR D AFEOEGHIEEE SR L TWDs— T, B litmd 53E

MG L TWH Z &AW LN LT
S BEIREBRELT, HilneT7 UV A O BgE LR L. 20
T, TV A OHEWFHINEL LY, BRESCAEEIZBT 2 A RO RED

9z
BEEExm U,



Table 1-1-1 Hydrangea cultivars or lines used in this doctoral dissertation.

Stable red cultivars or lines.

HHI9

Ruby Red

Stable blue cultivars or lines.

Blue Sky HHI1 HHI12

Variable-color cultivars or lines.

Frau Yoshiko Frau Y oshimi

Crossing parent of the population used for analysis of relationship between sepal color
and phosphorus.

Kirakiraboshi Frau Y oshimi




Table 1-1-2 Hydrangea cultivars or lines used in this doctoral dissertation.

Autumn color cultivars or lines.

Kirakiraboshi Jougasaki Bodensee Frau Y oshiko

Autumn color cultivars or lines.

Frau Y oshimi Peach-hime

Autumn color cultivars or lines.
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Fig. 1-1 Circulation amount of the potted Hydrangea plants. The Japanese flower

association statistics report 2016.
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Fig. 1-2 All potted plant handling amount of money and percentage of Hydrangea to the

total potted plants. Flower auction japan statistics report 2016.
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Fig. 1-3 A variety of sepal coloration of Hydrangea plants. (A) Pink coloration, ‘HH19’.
(B) Red coloration, ‘Ruby Red’. (C) Purple coloration, ‘HH7’. (D) Blue coloration,
‘HH17’. (E) White coloration, ‘Royal-white’. (F) Green coloration, ‘HH6’. (G) Autumn

coloration (Red coloration on green coloration), ‘HH19’.
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Fig. 1-4 Picotee type flowers of Hydrangea plants. (A) Red-edged sepal, (B)

white-edged sepal.

12



OH

HO,
HO

Delphinidin 3-glucoside
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5-O-caffeoylquinic acid

3-O-caffeoylquinic acid

Fig. 1-5 Anthocyanin and co-pigments in Hydrangea sepals.
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F2E TBEHCIDZTOVA OHEEOFEMDFRE L 25
A3 < N DTG BEE R 53 D AT

1. 365

TV A OEBADOIEEIL, Yo/, R, KA, FE, ARSELR (Fig.
1-33A~E). 7 VA O T 2 TEEFIC L > TRk T2 2 L3 mbh
TW5 (Allen, 1943). 7 ¥ A L8 pH DMERWRE TAT LG EITIE, &
WERBETCTAEB LGS LD b, BAB otz RET 5 L 512725 (Allen,
1943 ; Chenery, 1937). Z OMEIISAEE L TERAES D ETRIEICZ > T
. WS OPORFETIZZOMWEZRMMA LT, FUMHEICEREATRAS
HHZ LT, EEMOSHLER > TWNWD., RETIE, 7oA 28kt LT
EREEST D L CEER, [EOZEE L TRBE S5 L B, 7
YA OO AT b 2 BHR % AT E 7o 7.

TV AOEADIAEZHES DI, WTNBRILT v T = BFEOT IV
T 4=V 3-7at A4 R Toh%D (Asen - Siegelman, 1957 ; Asen &, 1956 ;
Hayashi + Abe, 1953 ; Lawrence &, 1938). fEADFMAIZIXT » by T =1Z
Mz, 7v o7 = EMABERTLIHEEZRF ST VI =0 A1 40 iR
FD5-0-HT7 =2 FAANFFTHBLY, 3-0-1 7 2 A A NVXTBROGE, S5
X, 2 OILAEWERK D pH 3B 5- L T\ 5 (Kondo 5, 2005 ; Oyama 5, 2015 ;
Takeda &, 1985a, 1985b, 1990). FREIFIRALIED pH 3 3 LA FOSMTHREAT
% (Yoshida &, 2003). —FHEITIEIIED pH 7 4 LLEDOEMET, T Fo T
SURTNI=ZTLES0- D7 oA NF T XL — MERT DI L THRA
+5 (Ito 5, 2009 ; Kondo 5, 2005 ; Takeda &, 1985a, b, 1990 ; Yoshida &,

2003). TILHDELEDORER, 5-0-1 7 = A A NI FBOERAETH S 3-0-7

14



T2 ANVFTRIZL ST, ZOF L — MEEWHRR L 0D LEALIOAT
% (Ito &, 2009 ; Takeda ©, 1985a ; Yoshida &, 2003, 2009).

ZIETIT, KR AT 2 FM OIS TOMEORR, HbrRo
TAI =T AOREEITT NI =7 AORELE B Y »BEIEE O i 512
EAIADREMDPRAA LN TND (FTHED, 1972 /2H 5, 1974 FEfE D 1976 ;
EAS, 1981). O ORAORENL, AVEMET VI =0 AOREOHIE &5
ZHNTWD., ZHUCTE > TT VA IZHRIENT, B o5 MO
ICERET DT I =0 MRENELL, AENE LTS EHESh TV, -
2L, AEERBEDOOSITMEIC L > TRRLIBEHL N L5 (Allen, 1943 ;
JHE - RRH, 1972 E B, 1974), KO LERZRICEHIFEIO FIEIRD HiLT
W5, FOTDOIZR AICBWTHEADORAIEMEIC T 5T 2EB LW LT D
Z& T, WEROZENZEIEEZIT O 2D OMAIGF LD LB % .

BEFIT, TNETT VA OBFREEITHIBRET, HELEFICEDLL T
B WIRALLZE L THRET HMmEL /L TS (Table 1-1-1). £7z,
TSI L > THEARFENLEAICENT AMES A LT 5 (Table
1-1-1). EetEtHE L 7 vk U LR LAl ORE S 5 WITEREADO N
SHICEENDREMER Y2 IR 5 2 & T, FEEHICLDT VA DOit
BOFEMEDIRIN & 7R HEREN R TE D B2 7. ZOHEFENLZER O
DFREOHHNEHFEONL FICBO T EESIc k> TE LRV &, B
FOBE L OMEELHRT 52 LT, BAOLEMIZFSGLTNDZ LR
TIENTEDHEERT.

Ito © (2009) 1%, < AOECMBNOGRB L7271 N7 7 2 NEHWT,
R pH & R ERER IOV TFE R T 21T o 7o, ZOHEE, B
HHE 8 2 WIS < &Rz vz pH ERABEKR O E v b, 7 b7
SUNEML TV OREL EMEEICHETE &2 b5, LanL, AHFZEIC

15



BWTIE, ZL ORI EZIT O 720, 52 TETH LR AETHES 5
WEB L &R Z W TiEERA Lz, TRICRKLT, 7Avi=vib%
BONTNORCEER S OGRS, FiR ORI S ERDZE & DX
JSIRFRED BIVIR Do T,

2. MEBXOIE

1) TR

Hydrangea macrophylla ® 4 ‘it fli¥s 3 OY, HA R 2265k 5 7 A %6 (HH 2Ht)
D 6 RO EFE 10 FEO LR « RAfiz il L7z (Table 1-1-1). PAHHFHAEIZIS N T
S LT ARG E mfRIE ‘Ruby Red” (1 B A JER, WA AT, “HHY,

‘HH13* , ‘HHI9 ® 4 D& - 26, HFOLEMMEIL Bule Sky’ (O
SABEMAR STt o # —HEA), ‘HHIL, ‘HH12® @ 3 D MR - R,
AIZSSLFEIE ‘Frau Yoshiko™  (MEEJREZE, MiARKRERT) ,  ‘Frau Yoshimi’

(R, PiARRERS) , ‘HH2® © 3O - ZTH 5.

2) HEEHIE

201346 HIZFLAL, 7HICREL2: E—FEX1: JFEL 1 OE L%
ANWT75em Ay MIsk BT L, T RARETHEF L72. 2014 4 2 H |2 Table 2-1
(R LT A U GRER) Fiidmit (HFeM) [ChlE Lz Av
T, Rem By h~EREL, 7 AEETHLE L. BESMFR, ETF®ROF
B REDS AR 3°C, #URUREE 18°C, BN O BAME £ THRMKIRE 15C, #iX
IREE22CE Lz, EMBITIEMIEE ZH L7c. 7l U HEERE L OSMFIE,
Peters 15-30-15 (HYPONeX JAPAN Co. Ltd., Osaka, Japan) @ 1,500 {i%, EetERs:
DX, Peters 20-10-20 @ 2,500 {5k 4 1 MHIZ 2 B 5-2 7=, £z, EBME
BER LR CIER 1 A% 5 10 HEB S ITHEET L X =7 AfEHKZ 300 mL-

16



pot! DA 3 ENETE L=, BHIE L7= 5 HICEMRTEN S A EREL L, SHrH O
Be L=,

3) B ADEE, WINA~Z ~VORIER L OBAMEEBIEE

BN OBZEE (L*, a*, b*) I3 AZEF (CR-200, Konica Minolta Co. Ltd.,
Tokyo, Japan) THIE L7z, F 7z, WL ALY N UE 5 Y6 EER (UV2450, Shimadzu
Co. Ltd., Kyoto, Japan) C 400 nm 7>5 700 nm £ TOWSEEZRIE L7z, AEnL
F OE L E CCD B A T 2 %55 U 7= BEi%EE (VH-8000, Keyence Co. Ltd., Osaka,
Japan) & HWTHEIZ L=,

4) < o pH HIE
AN R 48% 1.5 mL iRBREICED, " FOAEZE L TEON-HETIRE

pH A —%4— (B-212, Horiba Co. Ltd., Tokyo, Japan) Ti|iE L 7=.

5) < ANELSy @ HPLC 5347

< 700 mg & 2 mL @ 10%EERE T 24 BpEHH L, & 512 1 mL O 10%HEER
T3EEH L. fhHHRICE END T v by T =2, 3-0-0 7 = A A V5T g
BEY, 5-0-11 7 = A A V¥ FEEIZOVT HPLC (Agilent1100 system  (Agilent,
USA) (T Agilent 1200 DR > 7 Lt /A G HOEZ) 2 W THIE Lz, #l
ESAE ODS-2 77 2 (250 mm X4.6 mm ¢ ; GL Sciences, Tokyo, Japan) , ¥
0.8 mL-min, 77 AR 40°C L Lic. IEHIAEEE, B8 A (1.5%Y )
EWBEB (1.5% Y VR, 20%HEERE, 25%7 & h=hKVU/L) OREGHEL 40 43T
A 73 80% - 0%, B72320%-100%& 725 =777 M TRA L.

TR YT =2, 3-0- 17 2 FANKTBB LY, 5-0-0 7 = A A VT TBO
PEHEW)'E % 7 ) 2> (Funakoshi Co. Ltd., Tokyo, Japan) 2>5 8 A L, HPLC Off

17



B & 74 A A — F7 LA g2 AW TR AT M VDRI K -
TRIELZ. 7T b7 =0%530 nm, 3-O-1 7 =4 A VT LON5-0-4
7 = A A VX FERIT 330 nm OWOEEIZ SV TER L.

6) TV =T LK

AN R 85°CT 12 IFRIRz S/, 50 mg DW (¥ &) %o
TVEIZED L olo. ZTITHEE 2mL Z AN, B L TR (L LZ. 4
fRWR A REBRE I L, | MAEEEZ 10 mL N2 AR L7= b D% ICP 3t &

(Varian 820-MS, Carifornia, USA) (2 X Y 5534 L7-.

BT —21%, 58BN KO Tukey DL EHBHRE 21T - 7.

3. MR
1) B oty

‘RubyRed’ , ‘HH9  , ‘HHI3 , ‘HHI9 O 4 GfEI%, 70 U k%
T LmMEE L, EH O TR LGB IV T hREZ 6 LTz (Table 2-2) .
IO OMIEOEMEAIE, HELRFICED ST 336.8°-359.5°DRED EFKH
SIS Lz, xR CHIRT D L, T U HEREE TR L ERIC
P TRERPERS 2 + TR L7 BRIT a* iy 3-14, b*EAS 4-11 BPT5L L b
(2, EAHAD 4-11°00 L, HFEamrRT 270° ([SED0W e,

‘Bule Sky’ , ‘HHI1’ , ‘HHI2’ o3 &{fElE, EbHL0ERELEIZBVNTY
HFRICEELL., Znb0REOEMMAIR, HBELFFICHEDLLT, 288.0-
303.7°DHF EO IR Lz, lHx ORFETHKT 2 &, T ) HEEE
T CHEE U7 BRI S TR 28 1 CHs L7, afaM s axiic—E

18



DZAITERD BRI 2 T2—05C, b¥EN 2-6 A L, FEEZ/Rd 270°02685
AV

‘Frau Yoshiko’ , ‘Frau Yoshimi’ , ‘HH2 o 3 dhflI3E#% oS X
STHRANPRKELS B LEESETH Y, 7uh U HEE L CHRE LEGEI2X
PR, BRMEREER L OHE LGB I3 as A lz. 2o MmO G A
(X, TV VMR L CHEES L2 A I 344.7°-357.2°, MeiERi R OB L
HBAE 307.20-314.7°1C 04 L. Hx O THERT 2 &, 70U HERE L
THEE LT BRI A TEAPERT S - CHS L2 EIRIE, a*fl23 13-18 & b*fE
14-18 W95 & &b, @A 3004590 L, Fz/Rd 270° (230
7-.

2) M < AR O HERL

LERCMETH S ‘HHIZ , ZEFOWMETHS HHIL , BILOHEAN
AL LT WA TH D ‘Frau Yoshiko” O3 < i, Wi biE e %
TUCHE D B OERIZE D 5T, ¥ —7a g OfMa TR X LTz (Fig. 2-1) .

3) ML OB ANRT Sv
RERGBHTETHSD ‘HHIZ OB <A OWINAT F L ORRKERIEE & 1%
TT1 U PEEE R L CHEE L e A1 535 nm,  EAPERERR L CHkER LTS A 1T 544
nm 7207z, TVA VPR ORI Lo s O & bl U CER RS EE TR L
73 < A iZi, 400 nm—600 nm D FEBD W DI & 600 nm—700 nm D FE D
W SEEE DEEINAFERD iz (Fig. 2-2) .

LEFEMETH D ‘HHIL OB < FOWIRA~Z F VORI &1
TV U MR ORI LA R 582 nm, FRMEEESR - CHES LA 1T 584
nm &R L7c. H7p D858 LA THER L7e s < oz, WA~ Z fro

19



W BEE 7 E O TR b vZe - 7= (Fig. 2-2) .

EEANEL LT WM TH S Frau Yoshiko” D3 <y OWIL AT kLo
R Feik, 7 v U PERESR - Ol L7251 543 nm,  EMERSZE - TRk
B LA 576 nm 2R LTz, S50, 7AW VPR ETHIBELENS A e
Hoge U CleMERE % + CHk% L7223 < A2, 580 nm—700 nm DFEIIZ 1) 5 W
JEDZE LWEEINAFE S iz (Fig. 2-2) .

4) B < JpH

RIS D LT, ZEREMTE ( ‘RubyRed’ , ‘HHY9' , ‘HHI3’

‘HH19’ ) ® pH £ 3.94.3 2, ZEH R ( ‘Bule Sky’, ‘HHI1’, ‘HHI2 )
D pHIZE, 4.0-4.512574i L7z (Table 2-2) . LA ZAL L9V i fd (“Frau Yoshiko ',

‘Frau Yoshimi’ , ‘HH2’ ) O pH i% 4.1-4.3 OFPHICHA L=, 28 D pH

2%, AR L ORI biRho T,

ENENDMIEICIST D7V H U PR 1 CHs LR &, metEisE T
B LR D3 < F o pH OIEWVIZHOWTIE, WO SREREOTIZHE N TS,
AT HEWTFRD Dol B O pH I, B ORENM « rIE ML
OEE IR bR o7z,

5) TNV =rEE
TRTOFEKRIZCB TN FoFEARIE, TNV 4=V 3-7/Lay RT
bofe. 7Ty M T = OE BT, BHRLSEHICED O TRERGHFETIX0.16-
0.59 pmol-g"' FW (2, Z2EH AT Tl 0.08-0.35 pmol g FW (2, fEANZEIL L
LV L FE T 0.25-0.74 pmol - g FW (204 L 7= (Fig. 2-3-1A) . 7> by 7 =
Y OEEIZIIER E OMBITERD bR o7z,
ZNENDMIEIZIST D7 VT U PERER LTS LBk &, BetEREE 1T
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HELFEIEON FTOT > "o T =0 DEEIZHOWTIE, IEANREl LT
WERFECTH D ‘HH2 LDIAMZIE, WIS FEIZBWTY, AEZRIEVITED
bNhotl-. T M T = OEEIZITOEOZLEM « a2 L AL

LI o Tz,

6) 5-0-71 7 = A A VT BEE

i

>

5-0-71 7 = A A NF T WEOE EIT, 5% LR O b P LERAMLTRIZIB
TIZ 1.0-3.5 umol- g FW |Z, ZEF ATV TIE 2.5-7.0 pmol- g FW {2,
EONE LT WEFEIC B W TIE 1.5-2.7 umol-g!' FW (245346 L 7= (Fig.
2-3-1B) . 5-0-71 7 = A A )NF T OZEIL, ORI R2AEZITRD
HNRNE DD, LEH SR SO NFE L D SV Em S o 7.

TNENDMIEICIST D7V H U PR - CHs LR &, BeMEiEE T
HE: LTeBIRONR L D 5-0-01 7 = F A NVFFTBOEFEDENITONTIE, W
THORFEICBNTYH, ARREWVITRD b hoTlz. 5-0-11 7 = A A )L FF

FRDEZEIZIX, AR OLEN - WAM L OBEITERD b Tz,

7) 3-0-1 7 = A A NF¥TE R

3-0-71 7 = A )V F T O & &I, B8R LRI b FLEREAMTEIZ I
T1%25.0-38.0 umol- g FW T, ZEH A FEICF\ ) TIE8.0-11.0 pmol- g FW IZ,
AN LT WISV TiE 22.0-38.0 pmol-g' FW (2404 L7= (Fig.
2-3-2C) . REHFOQREEICEIT D 3-0-0 7 =4 A VX FBOERIL, o
EHOEGERIY BARIE o7

TS U RS b CHEE LR L, ER MR AR TR LR DR F o
3-0-11 7 = A A VX FHBOEGEOENNIHOWTIL, ZERGMTETH S ‘HHIY
LAMZIE, WFROGEICEWN TS, AEREWVITRO b o7, 3-0-11 7
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A ANKTOEREITIE, BEOLEMNE « AN E OBEIIRD Hivied-o
7.

8) TNAI=ULER

T =T LAOFEE, HBEEFMICED O FRERARIEICIB N TIE 7.0-
13.0 pmol- g FW |2, ZERTT OBV TIX 8.0-20.0 pmol-g” FW (2, {66
AL LR W LR IC 38U T 8.0-10.0 pmol- g FW (24347 L 7= (Fig. 2-3-2D) .
TN =T AOGEET, SEFEORICHMERAEZITRDLNRNHDD, %
H RO )7 A Mo AR L 0 &y ME A B o 7

TV U PERS R OB LB &, RPERSER TR L ER O3 o
TN =T LADOEEOENIOVTE, WTFNOREIZBNTYH, AEARED

FRBD Dol T =T ADOEEIZITAEOLEN & O/ FEX
LYY aWAYIRIY

4. HE

B L SRFICE D b T REMICHRAH D WVITHFAZHET 20BN T,

TV Tr Y VERERR RS LT EURIC ST, BaPERERR 4 CARES L7 BRI AN <

A ORI Lz (Table2-2) . S 51T, B DOBRINARZ bbb R
P RN RIERMUA~OBENRBD bl 2 & ITz, KERAMETIIRER
TEIR OV OBIMA RS bz (Fig. 2-2) . WThos—2 4, fitkiisE+
THREE LR ON L FIE T A H U MR+ Tl L7 BIRIC T, Hao
BENBNZ EEZRL TS, 7O TIRIFZEAEDOREDR, REDEITSH
S>Th, EOBITHEFMFCEELZITTND E-BbD. ZOR, {EaNRE
LT VRO FTEZ > TWAHIEAEFREIUIRET 2 ERE O 72 <
b, REMICHEAZBATIREONRFITBNTHLEI TS L
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Bxbb.

A [BIHER SR RO B T, 1 2IER R OB OHI TR ST
Wiz (Fig. 2-1) . HERFIC K2 BEOENDOIRK & 72 2 HEOEMIZ, BT
DECHMTELTVDEEZLNS. ZNE THIRIC L 2B TRALEN
LU TWIEMFEIZONT Y, HEFMENREEICE 2 D885 AR AR
BRODHHEF RO THRAE LR, ZEMICHEAERAT DD
AIZBWTY, DM REMDPEZ > TNDHZ ERRINT.

HEEORBICET2EHEZL LT, W<HADpH, T by T =V, 5-0-17 =
FANKTEE, 3-0-1 7 =2 FANFTBMBLOT VI =T LOEEEHT-
(Table 2-2, Fig.2-3-1A, B, Fig.2-3-2C, D) . BRI LT WRFETH 5
‘HH2" o7 v M7 =raaEB I, REZEMETH L ‘HHIY D 3-0-7
T 2 A A R FEREREUIMNCIE, R TOERZICBEL T, 70U MEEELTH
B U AR & Fe Pk is 28 £ TRl LI BIEOENIZHOWT, ToOmBICHER
EWIFRO bR o T,

ZNETCTHERMEOEWNZI LT A O A0 T, HEFOT LI =
U LADEFVEDOE NI DN A ~DOT VI =0 AOWIL - EFEIZL > TEL
HEBZ LT (Allen, 1932, 1943 ; [ - fivAR, 1967) . M < 7 Ok
LMk 7w N 77 2 MOSHIZ L 5T, MENEROT VI =0 AT
VEBNT VA Offx RIEAFBUCES LTV D T EARINTND (Ito B,
2009 ; Takeda &, 1985a ; Yoshida &, 2003, 2009) .

— RS (1976) 1%, HEAMNZEL LTV ‘Frambeau’ #APEHC, Hi#+
D pH % T, OB T VI =7 AOTIEZ S L THEGZ R bEREAIC
LS HIZSGAETYH, HEHOT VI =T AGEIFIINL TW R0 722 & 2
HLTWD., SEIORR D FEOLEMRZ RO 10 LfE - RHEIC K D TR 0E
WERBOEIZBNTY, MiEDH (1976) L [FAEEOR R4 157- (Fig. 2-3-2D) .
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ABFFRIC L 5T, 2oV o bl L 0 EEICIFET D 2 RSN,

Takeda © (1985b) I&, 7V I=UAET v b T =V ERIBEOGETHH
BERALIDILEZRLTWND. KR THATMEICBW T, 7=
UAIT T =D 105 EOEER TR Ao bt S v (Fig. 2-3-2D) .
INOLDORBEON FIZBIT 2T VI =Y AORIEHRIIAHTSHS. £ ThH
TRV T U BFET DA GMILORINIZI T D TV X = U LD JTEMED,
TR > TELL T A LFEREEEZEZONS. LEDZ LD,
T I HESFMEOBNZ LD T VYA ORANENT D EERFERNEZ, T
= LUSNDERITRODVNEN DD EBZDHITEST.

BRI THH LT T RTCORG DT T 3-0- 7 = A A NVXFEEOE BTN,
ZEF OSRETCB WV Tl o SRR X 0 K - 72 (Fig. 2-3-2C) . 3 < 7 ® pH,
TAI=ZT LA FUBIWN 5-0-0 7 2 A A VX FBOGEIIAE/LRETRO S
720y, BEF RO T AMLO GFE L O @ VME 238 - 72 (Table 2-2, Fig.
2-3-1B, Fig.2-3-2D) . Yoshida (2003) (7 EfmFEO N < FITREMLFEIZ T
D pH A2 & A L CWD. —J5 T, Toyama-Kato 5 (2003) 15 &
SR & RSO N < AR pH IZWT N 4 BRETH DL EHREL TV D.
L7203 C, RO pH MEIED pH % 1E L KL TWARWAREMEN H D =
Eb, SH%OWFRIZENT, Ao pH L AEAORBEMEZ B 50T 5 LB
H5H.

Takeda & (1985a) 1%, HEAMMEDN S FITRAMTEICST, 7o b7 =
YOERIGEWVTIEN L, TAI=TAE 5-0- 07 2 A A VT FEROEEN
MmN L, 3-0- 07 = FANFTROFZEMEN L AWME LTS, £/, Ito
5 (2009) 1%, HEMFESREALEOR 1 BEICOWT, BB L
7u RN TIANEANT, FEOMEOT VI =T A A 4 U RENREOMIE
E0EmNZEaRE LTS, AR T/RLIZELDIZ, KUFFEOR R TIL 3-0-7
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T AANKTRRIZT N, L BRERENRD LI (Fig. 2-3-2C).

®HH (2013) 1%, 3-0-0 7 = A A NVFFWBITFHFOOROIINLER 5-0- 7 =
FANKTRET VR T =20 BIOT VI =AM A EOF L — MEGEE
BAMICPAET 2R EFHHOEERL, FAORIUTILZ-0- 07 =F A VFF
D& EREIEDMENZ ENKEITR D Z 2R TS, RUFSECTHWZAE
ERE LTV, FEMELY S 3-0-1 7 = A A VX T BOE ' F

M CH Y, MBMREE L THE LESE THEATHY, FAaMfED X572
FOITEI LR -7 (Table2-2) . ZDZ MBS 3-0-1 7 = A A LTk
T A OETEROFEEOENDFIK LR 5 EFETHDH Z ENIFIND.
AHFEIZBNTY, HFOMEICBWTT VI =T LL 5:0-0 7 =4 A V)
BROGENDEWVEAZED bz, 72720, —HoFAMETIIIND OF &
TR EMFEL VIR -T2, 2T, HRORBGICHERNME L LT, HFAammf
DBEFEOIBET, TIWVI=TLE 5-:0-1 7 = A NFFHBOGEDEH NG OMN
BERENTND LD EHERISND.

25



Table 2-1. Components of alkaline and acid soils and fertilizers for cultivation of Hydrangea

Alkaline soil Acid soil
Akadama soil 35% Akadama soil 50%
Soll " pRrOMIX BX* 35% Peatmoss 30%
composition ) )
vIv) Leaf mold 20% Leaf mold 10%
Pearlite 10% Chaffmold 10%
Magnesium multi- phosphate 3 g-L"! Potassium sulfate 2¢-L!
Fused phosphate 2¢-L! Fused phosphate 1g-L!
Pre-planting 1 1
fortilizer Badguano lg-L Superphosphate 05g-L
Maganp II” 1g-L! NK ECOLONG 2038-100” 2g-L!
LONG 413-707 2g-L!
pH’ 6.5 5.5
Peters 15-30-15, diluted 1500 x Peters 20-10-20, diluted 2500x
Fertilizer*

0.2% aluminum sulfate solution™

“ PRO-MIX BX (Peatmoss mix) is produced by Premier Tech Ltd., Riviére-du-Loup QC Canada; Maganp I is produced
by HYPONeX JAPAN Co. Ltd., Osaka, Japan; LONG 413-70 and NK ECOLONG are produced by JCAM AGRI Co.
Ltd., Tokyo, Japan.

¥ pH was measured in soil mixed with distilled water (1: 10); the mixture was shaken for 30 min before the measurement.

* Each fertilizer was applied twice a week.
¥ Aluminum sulfate solution (0.2%, 300 mL) was injected 10, 20, and 30 days after planting,
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Table 2-2. Images, chromatic values, and pH of the sepals of Hydrangea grown in alkaline and acid soils

Ruby Red

HH9

Alkaline soil Acid soil

Alkaline soil Acid soil

Sepal color

L* 50.0+3.7 37.2+3.1 39.6+2.7 36.6+14
a* 426+1.7 39.0£1.0 414+13 351+33
b* -1.5+35 -89+1.1 -10.1+1.5 -15.1+1.8
Hue-angle (°) 358.0 3472 346.3 336.8
pH 40+0.1 4.0 £0.1 39+0.1 44+0.1
HH13 HH19
Alkaline soil Acid soil Alkaline soil Acid soil

Sepal color

L* 463+23 441+£23 60.6+2.3 46.6+1.3
a* 49.1+0.5 358+1.8 38.5+23 474+19
b* -04+09 -14.1+14 -0.8+09 46+1.0
Hue-angle (°) 359.5 338.5 358.9 354.4
pH 39+0.1 4.0+0.0 43+0.1 4.0+0.0
Blue Sky HHI11 HH12
Alkaline soil Acid soil Alkaline soil Acid soil Alkaline soil Acid soil

Sepal color

hd &

L* 374+1.6 358+2.1 495+ 1.7 447+14 58.9+0.8 56.1+£0.3
a* 25.6+2.8 249+1.5 11.5+0.7 152+1.7 93+0.1 11.4+0.7
b* -383+1.0 443+1.0 -35.1+03 -37.5+0.5 -28.5+0.8 -327+04
Hue-angle (°) 303.7 299.3 288.1 292.1 288.0 289.2
pH 4.0+0.1 4.1+0.1 42+0.0 43+0.1 45+0.1 43+0.1
Frau Yoshiko Frau Yoshimi HH2
Alkaline soil Acid soil Alkaline soil Acid soil Alkaline soil Acid soil

Sepal color

L* 63.5+29 50.7+1.7
a* 36.0+3.3 227+ 1.0
b* -52+0.6 -297+1.5
Hue-angle (°) 351.7 307.2
pH 41+0.1 43+0.1

445+1.0 30.3+0.6
46.4+1.2 28.0+0.1
23+08 -309+23
3572 3122
41+0.1 41+0.1

522+48

37.5+28
-102+£0.6
344.7
41+0.1

47.6£0.6
27.0+£2.0
273+£1.9
314.7
41+0.1
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Frau Yoshiko "d Frau Yoshiko .

Alkaline soil Acid soil
Fig. 2-1. Microscopic images of sepal cells. (A) Stable red line ‘HH13’. (B) Stable blue

line ‘HH11’. (C) Variable-color cultivar ‘Frau Yoshiko’. Bars: 100 um.
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Fig. 2-2. Sepal absorption spectra. (A) Stable red line ‘HH13’. (B) Stable blue line

‘HHI11’. (C) Variable-color cultivar ‘Frau Yoshiko’.
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Fig.2-3-1 Contents of coloration-related components in Hydrangea sepals. (A)
Delphinidin 3-glucoside, (B) 5-O-caffeoylquinic acid. Red bars, stable red cultivars or
lines; bule bars, stable blue cultivars or lines; puaple bars, variable-color cultivars or
lines. For each cultivar, data for plants cultivated in alkaline and acid soil are shown.

Values are the means + SD (n=3); different letters indicate significant differences

(P<0.01 by Tukey’s test).
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Fig.2-3-2  Contents of coloration-related components in Hydrangea sepals. (C)
3-O-caffeoylquinic acid, (D) Aluminum. Red bars, stable red cultivars; bule bars, stable
blue cultivars or lines; puaple bars:variable-color cultivars or lines. For each cultivar or
lines, data for plants cultivated in alkaline and acid soil are shown. Values are the means

+ SD (n=3); different letters indicate significant differences (P<0.01 by Tukey’s test).

31



BIE TIUNADOHBRBIIBITEY VBROBEE

1. 365

95 2 TR\ TIX, Hydrangea macrophylla D3 GIEHO 2 EMEF L OF M
ZH5TREREZH ST B0, 10 HO D D WITREICOWT, B
PEEEEL T U T TS LI ZERAMEDOREDH 2 WITFHFAOB A
&, WEMEORAH D VITERADON < FIZE EN 5 FABEA S & i L7z,
fEDEF L IEADLTENE, FEEABER D THLT M T =, TIVI =T L,
3-0- 7 = A A NVFFHEBIDN 5-0- 0 7 = A ANXTFTBRON FICEENDI &
BIOMBR D pH & DB EFEL-ER, TLHI2v A2 E0W0nThode
By DRI G, B L ORMFITHE S {EADEAL L DXIEDFRD & 787
-7= (Kodama &, 2016). ZOHGUIRID 1 DO FMFEIZHONT H G ST
5 (S, 1976). BEZITT PV A OfetaoalBEICiE, - 2 CHAE LR
GRS DO ERENE LG L TND LB X HICE ST,

T YA OO EMICE G T AR RERIE, 1. T T =0 ET
R=UL, 5-0- V7 2 A A NFTT RO E N\ EE G ONRERD, 2. 1
PORSEEN D EREZ G L L b, TORITHED pHICHEBE SN D, 3. 1t
BLENAICEENDEBICHBEDNE DO NS, EWVWoTEEFOEB X,
TNANIZTNEIT T =R 5-0- 07 = A ANVK TR, 3-0-1 7 =4 A )V
FFTMUSMNC Y, 7= UBaind & 2B ViRl SRk x b G F
L— MMEAT D (Ma b, 1997 ; Pierre * Stuart, 1933 ; Wright, 1937) . &5HIC
WU S 7= ) R, MO TT AR =T A B REETHEEZ LN TND
(W - K, 1974). oD Enb, U UBITESRE | Ziic3 2 L AR
Ehb. £, ERLETAI =T AR L— MEETHILEMOTR T, U
RIE EEA O S D . AR CE 2 AlEtE Y U EEORRE L, 13 pH 2

32



BWRETHINT 2 2 RO TNWD 2 EMnD, FHE2 AT 2 & AHE
T&5. &blg, MiED (1976) 17 PV A I2x LU VRO 512 X 5 R ¢
DIEONEHEZ B LTS, FIFEHBICBON TR VIO IR0 A%
HENAT RO TWD., ZbDZ &b, U URTEEFE3 26l 2 & 238
FFCE 5. EORRIZY VIRIZTT R CTOBERZHIET NG, TV A DB
COFEMICHET 2N REMEEZbND.

EEDFEMIZEIT D) VBOBEEGZH LT H720100E, HEEIFOE
WCTERRDIEERI LN AICB TV VBOEEZFHRDHZ LT, HEHR2
E3EMIZT I EARTRLEND D, PEZTILINE TICHFA L REABRELE
([ZH A SH D MEMORE CH LN, EADRLRD FEMAEZH TS, 22
T, HIETHE, FTHAORINCKITD U VBBOBEGZRT2HIC, Znb
D P EHDON < A M EHZHWT, EFE 1 & 3 &2 2 & i,

AR DI ABERKIITIMNZ T, U BOWEET THL Y DR FIZE %
NOEEDHTL, (Bl OMEEZRZ. £V VBRT Y by T =T
R=UL, 5-0- 07 = A ANFTMOMEICLIDHFRORAIZEZ 50K 4%, i
SRICEENDEIEITHESOCTHELL 72 in vitro 2 TR, {EEOHIEICEIT 5
UGB L. S5IT, 3-0-0 7 = A A VX FBOEEN DR L
PNHEOROOZGETHDL VI B E, H2EIGIEHEIE I BICBNTHHR

GELT-.

2. BB LOTE
1) AR
2015 B L TN2016 FF 5 AICHE LT "&b & bR (WiARRERHMLE) &
‘Frau Yoshimi” (V&5 =B L HE) O FBEH 95 EKDO N < &2 BB L 7-.
F B O ERUE, 2011 42 6 HICFEFHIC ‘& 6 & A, JEMHLIC ‘Frau Yoshiko’
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(Fig. 3-1A, B) DO#AGOE TRMEZITWF 2157, F 25BH4E L7 2013
FS5FICE 7 alIc e 5 ‘HY11-01-02°  (Fig. 3-1C) % HIEAALL F,
s

2) Fkbs Sk

FIBXO R ET-OFRIL, SRERED 9 A TaICY 1 kst TM-1 26
THEREMAICIEO EE L, ARZEN | FERE L%, FEELZ23E07 128 /)ikv
FL—IZRME L7, REED 3 00D 45t J@BA L7oHER 2 12 HIZ 7.5 em Ak~
RFL, MIEEE L., EMTELFO2 HIZ105cm Ay M T, 5 AL
FIfESE2. Wb 7 REETHRK L. 86 RITUROERE 1IX, FEL,
Y — N, JBELS, =T 4 & 35%, 35%, 20%, 10% CHELA L, AR
FTEBEVAZ3IGL, LoV A, BXOE L7 413-70 2% 2¢g/L, Nv KT T/,
BLO~I7 77N 2% 1gL M THEH L. MIESEHE, 75cm Ay FOF
w2y, m 7 413 (JCAM AGRI Co. Ltd., Tokyo, Japan) @ 70 HiRH % A 7 &
140 B2 A 7245 1 g, EAEBRITHIARNEEL Peters 15-30-15 (HYPONeX JAPAN
Co. Ltd., Osaka, Japan) @ 1,500 {5 % ¥ 2 [alfti f U7=. IREESME, M08k
FF40HA%ETCOBEREREDRKRE 18°C, HKIEE 22°CE L, LI EMATE
TORARIREE 3°C, HAKUEEE 15°C & L. EMD 6 BIE & THONRARIEEE 15°C,
BRIRRE 22CE LT,

3) B FADOBEE
AN T OEZEE (L*, a*, b*) [TEaZ 2R (CR-200, Konica Minolta Co. Ltd.,

Tokyo, Japan) THllE L7=.

4) < o pH HIE
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BIERFZBAME L CW RO AN A 4 #% 1.5 mL BBENT, B o
B LTtk % pH A —4% — (B-212, Horiba Co. Ltd. Tokyo, Japan) T

E LTz, BRHITHOE 3 EHIE LTz,

5) < FNEYSY © HPLC 04T

< 500 mg & 2 mL @ 10%EEEE T 24 FERFhH L, & 512 1 mL O 10%EH%
T3 BB L7z, 72720, B A ogBSAaBEmO%EIE, Aag 2R
TR L HRICEEND TV F o T =0,3-0-1 7 = A VX FREB L,
5-0-71 7 = A V¥ T EEIZ-OVC HPLC (Agilent1100 system  (Agilent, USA) (Z
Agilent 1200 DR > 7 LR HER A AGDOE ) ZHWTHIE Lz, BIESMX
ODS-2 % 7 2 (GL Sciences, Tokyo, Japan) , i 0.8 mL-min”, 40°C& L7-. &
S, WA (15% YD ) LB (1.5% U 1., 20%EFE, 25%7 & k
=hFUN) OIRAEHHEE 40 53T A D 80% - 0%, B 2320% - 100% &L 725 Y =7
7o vy N CIRA L.

TYRUT =V, 3-0-H 7 = AANFFEREB LW, 5-0-1 7 =4 A VX FERO
HEYEY)E % 7 ) 21> (Funakoshi Co. Ltd., Tokyo, Japan) 75 A L, HPLC O
Rl & 74 P EA A — R7 LA BHERZ O IZRIN AR 7 S LD Iz K-
TRIEL]. 7> b7 =203 530 nm, 3-O-7 7 =4 A V¥ BB IY, 5-0-
N7 = A A VX F I 330 nm OWSEEIC RSV CER LT,

6) 7= LBLOY Vot

AR R % 85CT 12 Rz S H 721, 50 mg DW &gl o 7 VB IC &
Dol ZTITHRE 2mL 2 ANE T L oY TR LTz, o fifiR 2 iR eE
2B L, 1 MAglE% 10 mL I 2 AR L72 b D % ICP %L/ W12 & (Varian 820-MS,
Carifornia, USA) (X VoW L7z, 7o, U IO 8 mL I/ F KEY 75
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UWEREIR % 2 mL 2 N2 72 D % 43 R (HITACHI U-2900, Hitachi High-Tech

Science Corporation, Tokyo, Japan) T 420 nm QW ICHEK S EE LTZ.

FoNTT =2 b L UGGy O BEREZ R 7.

8) TV NI T = URIROREBIZE- 25V VRO

0.1 M FEREFEEHR IR L pHA0 IS L 72T V7 4 =V 3- 7 v at A R,
3-0- 0 7 = A A NVFFTHB LY, 5-0-17 =4 A VKT8, AICl K&K E, N
SHIZEENDMIZHSEENLLLT1:25:0.5:2512725 L H ITIRA LT,
ZOWRIZT > by T =k LCY VEBOENE/LLTO, 5, 25, 50527
HEINCY VBT ST AR EINZ, BT N T = OREE 20
uM &35 pH 4.0 DIEEZ TR L 7.

Ito 5 (2009) WG LT WA OWRIRICE FN DR HICESET VT 4
=V 3-InatA R, 3-0-1 7 = A A NVFFE, 5-0-7 7 = A A V¥ T,
AICL BIR %, HEORIICE EFNDMHICESEEALTI:10: 131,
F IR OOWMNCE EN DS HICHESEE AL T1:10:05: 1 OEETRES
Lic. ZRHDOWIRICT by 7 =R LT U BOENE/LHTO, 0.2, 1,
20 fEICR D KIS VERT E= U MR ZE N, RAEINCT R T =D
TEFEA 35 uM &% pH 4.0 DIEIE &2 iR L 7.

ZHH DD 450 nm 2>5H 700 nm DOWLUL AT [ vE, R E R
(HITACHI U-2900, Hitachi High-Tech Science Corporation, Tokyo, Japan) (Z & ¥ |

ELT.
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3. iR
1) < ot
Fy B OAE AT, HEHEAPOREE TRAWEEN A 67z (Fig. 3-2) . &
HH AN TRVERO AT 288.4°T, AREAEIIRVMERO M AL 359.5°
Th -7 (Fig. 3-3) . AEIZBWTIE 288.4°-310°12 BT % oz # (4, 310°-330°
BT DA E A, 330°-359.5°10 BT D A RN DR L Lz, £ < Ofd
13 330°-360° 0t AH A % 5 DRI o0 Al L 7.

2) <A pH
DL RO pH 1L, 3.9-4.3 O#FIPHTH > 7= (Table 3-1-2-3-1-6) . <
DtaF & pH IZIXBEMEITER O Hiv7e - 7= (Table 3-1-1) .

3)) TR T = hE
WTFROEERICBWTHLEET Y b T =00, TAT 4 =Yy 3-7vad

A RCTholz. DTN, TAT7 4=V 3BT A RREENTWV
(F—=4EW) . 7 b7 =28 E1T0.005 pmol- g FW 725 0.64 pmol-g' FW

254 L Cu 7= (Table 3-1-2~3-1-6) .

4) FEABIHERR Y & AEEADBRR

a*fil & R EBEE Sy OBIRIL, T 7 4=V 3-7vat A R (r=054) ,
3-0- 17 = A A NVX T8 (r=0.70) , 5-0-7 7 =FANFXFEE (r=028) Bk
OV v (r=044) [ZBWT 1%KETHEZLRMBENGED 57z (Table 3-1-1) .
bMEILWT DRy & BHBITER O i oTo. AMAIR, 3-0-0 7 = A AL
¥ (r=050) U2 (r=034) [ZBWT 1%KETHERMABENRD LR
oo T =0 A, EARBIOWTNORS & GHBENGED bR iz.
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SIEOFERTIE, BEMOT v b T =0 OEROE VR RE -, H
DFEEOITT >V F T =2l 5:0-0 7 2 A A NFFTBEBLOT VI =7 A0S
ICE->THELD. F2 3-0-W 7 = A NFTHeL ) U RIZTOREEIET S
EEZBND. LERSTHAORS FIZBWTE, tofEaon ALy b
5:0-0 7 = A ANKTBET IV =T LOBNELWEIKIC, 3-0-0 7 =4 A L%
FHEL U VEEORERITEE TH D Y ORIV ILVGEIRIC A LT D & WIS
5. LTeno TARETIE, HEOEMMA 31000 F2m Lo Fa %z LI fEE
&, TNLADREFIZHONT, FEE(LEWIZ W TEEO M2 i L7,
T RYT =V OERBNERDE, T T = EOfAH D WVIEZEOME
BRI EEE MO EEN R D LEZEXADBND. £ TT My T =
DEEDZEN 2 fFLUNITR D KO R EEEZ 7 XITHT, EAENOREICE
WTEAMHA LR GERER YOS REE I LT,

(1) 7v F¥7 =48 0.005-0.01 pmol-g' FW (Table 3-1-2, Fig. 3-4-1A)
ZOTN—TNE S EENIE Lz, 5-0-1 7 = A A VX FROE BT, AfHA
310°LA T DML FIZHBWTIE 0.09-0.19 pmol-g' FW IZ554 L= —5 T, At
310°LA DA 2BV TIL 0.08-0.17 pmol-g! FW [T/ L7z, T2 = A
DE R, AR 310°LL F DA 2BV TIE 9.34-17.66 pmol - g FW 124547 L
= — 5T, @AMA 31008 Lo < BT 11.54-27.19 pmol - g FW 12454
Liz. HOONFICEEND 5-0-0 7 = A A NVFFTBBIORT VI =T L0
BRI, R REOD S FIZHARTE W R RIS LTV DT
O BRI,

3-0- 07 = FANFTOFEL, BHA 3100 TOR< FIZBW T 1.79-
3.40 umol-g' FW 15341 L7=—J57C, kA 310°LL LR < FicB W\ Tit 4.33-
7.27 pmol- g FW IZ0Af L7z, U v D& &I, M 310°LL FORL FicB T
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1% 0.32-0.80 pmol-g"' FW (25347 L7=—5C, @t 310°LL o< FickBnT
1% 0.52-1.74 mol-g' FW 125547 L7=. HRON FICEEND 3-0-H 7 = A A /L
FIBBLOY COEFERIE, RE - REOHN IR TR IR ISR RIS
O34 LT DA 38D BT,

(2) Tv h T =& 0.01-0.02 pmol-g' FW (Table 3-1-2, Fig. 3-4-1B)

ZOTN—TIF 6 EIRNE LT, 5-0- 7 = A A N FHROERIT, (A
310°LA T DAL FICBWTIL 0.09 pmol-g! FW ThH-o7=—H T, At 310084
EOR L FIZBWTIZ0.04-0.18 pmol-g! FW IZHfA LT-. T/ I =T LADER
1%, FEA 310°LL TN FIZBWTIE 8.24 pmol-g' FW THho7=2—FH T, &
FRF 310°LL ED A IR W TIE 9.21-18.54 pmol - g FW 124347 L7=. FEOMN
SHRIZEEND 5-0- N7 = FANFTHBLOT VI =0T LOEEIE, RE -
IRED N AT TEWEBIZRE R0 L T B mIEER D Hitle -
7-.

3-0-0 7 = FANFTHOFEL, BAHA 310°LLTOR< 2B\ TiE 2.22
mol-g! FW Th-o7=—F T, @A 310°LL EDOR < FITBWTIE 2.89-15.35
umol-g! FW (204 L7z. U O&EEIE, @A 310°0LL FORL FicBWnTix
0.56 umol-g" FW Toh-7=—JT, @M 310°LL EOR L FIZHB 0TI 0.23 -
2.71pumol - g FW IZ30 A LTz, HEONL FICEEND 3-0-0 7 =4 A V¥ T
BEIOYY COFEEIE, RE - FREON < AT TR EEIEIC Fr AT 54 L
TWAEHRPFRD b,

(3) 7 b7 =rERE 0.02-0.04 pmol-g! FW (Table 3-1-2, Fig. 3-4-2C)
CDOTN—TINX TR E LT, 5-0-0 7 =4 A VFFoE &I, AffA
310°LA F DR L FICBWTIE 0.07 pmol-g! FW Tho7=—FH T, At 310084
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EDORL FITBWTIE 0.06-0.25 pmol-g! FW (ZH5AH Lz, TAI =0 ADER
X, A 310°LL O FICBWTIE 1228 umol-g' FW Th 72 —5 T, &
FA 310°LL ED A FIZHBWTIE 9.18-18.78 pmol - g FW (24547 L7=. H RO MN
SHIZEEND 5-0- N7 2 FANFTMEBLOT VI =0 AOEEIE, RE -

TREDH K I HARTE ORISR BRI L CTO D EIIERRD Hivieh -
7.

5-0-71 7 = A A NVFFOE T, A 31000 Fo < FiZs Tt 6.65
umol-g! FW THH7-—FH T, @A 310°LL LR FIZHWTIE 7.24-13.28
umol-g’ FW (20 L7=. UV O&RIE, A 310°LL TR FizBWTix
1.14 pmol-g' FW T& » 7= —J5 T, tafilf 310°LL LD < F 2B\ Tid 0.62-2.40
umol-g' FW (2553 L7-. HRONL FICEEND 3-0-1 7 = A A VFTEE &
WY v OEEIT, R - ROEODN < FITHATEROWERICAE R0/ LT
HEMFED BT,

(4) 7> by T =G5 0.04-0.08 umol-g' FW (Table 3-1-3, Fig. 3-4-2D)
ZOTN—FINX IS EIERDBE LTZ. 5-0-1 7 = A V¥ T oG 8L, B
74 310°LL F O FIZBWTIX 0.26 pmol g FW Tho7-— 5T, @A 3100
LI EDA L FI2BVTIE 0.06-0.80 umol-g' FW IZ054i L=, T/ =7 508
B, @A 3100 L TR < AIICB W T 8.77 umol- g FW IC Tdh - 72— T,
AR 310°LL ED A A IRV TIE 8.91-22.89 umol - g FW 124347 L7z, D
MLAIEEFTEND 5-0- D7 2 FANFTBEBLOT VI =T LOEEIE, K
5 REODN S FIZHATEWEEIS R RIS m L TWO DI b/
oz,

3-0-71 7 = A A NFFTWEOEGET, AHEA 310°LL FOR < FIZB N TE 5.15
umol-g' FW IZTH »7-—H T, A 310°LL LD BN TIE 5.40-19.48
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umol-g! FW (204 L7=. U O&E&EIE, AMA 3100 FORL gk Tix

0.74 pmol-g"' FW T~ 7=—J5 T, i 310°LL D23 < A Ic B\ Tl 0.69-3.27

umol-g! FW 12234 L7=. OB FICEEND 3-0-0 7 = A A VX T HE XL

WY OE&EIE, RE - RO < I TRWEIRICRRAIZ oA LT
D258 STz,

(5) 7o h¥ 7 =G 0.08-0.16 pmol-g' FW (Table 3-1-4, Fig.3-4-3E)

DI N—TINL 28 ENIE LT, 5-0-H 7 = A NVF T O &L, (B
4 310°LL F O < 2BV Tl 0.08-0.39 pmol-g' FW THh-7=— 5T, At
310°LA LD A A ICB W TIE 0.06-0.55 pmol-g! FW IZ/Ai L7z, T/ = A
OEEIE, A 310°0LL FO2 < FIZB W TIE 12.96-20.90 pmol-g' FW T -
7205, kA 310°LL LD < F B W TIE 6.35-21.09 pmol- g FW 124340 L

i

C BEONPAICEEND 5-0- D7 =2 A ANFTREBIOT VI =T LDE
BT, RE - REON L FITHARTEWEERICE R/ LTV AEAIEER
O BRI Tz,

3-0-71 7 = A A VF T O G EIE, A 310°LL D2 < FiZBWTiE 5.42-
11.53 pmol-g' FW Th-7=—F5 T, @A 310°LL LD FIZB 0 TE 11.19-
21.60 umol-g' FW (234 L7z, U O&E X, @A 31000 Foin< iz
TI%0.14-1.08 pmol-g' FW T~ 72— 5T, @A 310°LLEONL FizBWnT
1% 0.85-3.54 pmol- g FW (253 LTz, HEONR FICEEND 3-0-1 7 = A4 A
NFFTBEB IO COEEIT, RE - REOD < FIZH A TR BEIEI T Rr 22 7Y
A LT Dm0 F8 0 bivT.

6) T hi7 =& E 0.1600.32 umol- g’ FW (Table 3-1-5, Fig. 3-4-3F)
CDT =TI 28 BIERDNIE LTz, 5-0-0 7 = A A VX T BOEEE, B
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4 310°LL FON K 2B W TIX 0.22 pmol-g' FW ThHh-7=—F5 T, A 310
VL EDR L AI2B W TIE 0.06-1.25 pmol-g! FW IZHF LTz, TAI =0 LD
BT, @M 31000 Fo < FIicB W T 16.93 pmol-g! FW TH-72—5 T,
BRI 310°LL ED AL FITBWTIE 7.99-28.21 pmol- g FW 124347 L7-. HaD
NSHICEEND 5-0- 7 2 FANVFTHBBLOT VI =0 LOEEIE, R
55 REOD < I A TEWEEBUI R SRS 040 L TV DA vz
oz,

3-0-71 7 = A A )VF T O G EIT, A 310°LL T DO < 2BV TiE 1517
umol:g' FW T ->7=— T, @A 310°LLEDR < IV TiE 11.76-20.52
umol-g’ FW (25 L7=. UV O&ERIE, A 310°LL TR FizBWTix
2.25 umol-g' FW 12534 L7z, @A 310°LL DA< FicB W Tt 0.54-3.59
umol- g FW I3 L7z, HEONL FICEEND 3-0- 7 = A A VF TG
1, AREE - REDDN AT A TR R AT 5070 LT 2 1) 23558
bNT—T, VrDOEaElE, FRE - REDONR L ORRNLRETRO LI

VAIREoY e

(7) 7v b7 =& R 0.32-0.64 umol-g' FW (Table 3-1-6, Fig. 3-4-4G)
ZOTN—FIIL 10 EERDBE LTz, 5-0- 7 = A V¥ T oG EE, B
4 310°LL F O FIZBWTIX 0.84 pmol g FW Tho7-— 5T, @A 3100
LLEDA L FIZBWTIL0.11-1.37 pmol-g' FW IZHAA LTZ. TAI =07 L0DF
B, A 3100 L TN FIZBWTIiE 14.71 pmol-g!' FW Th-o7-—F5 T,
AR 310000 LD < 2BV TIE 10.42-19.50 pmol g FW (5 L7-. H&
DR FICEEND 5-0-D 7 = FANFTHREBLOT VI =0 AOEEIE, 7R
48 - REOD AT TE W EEIIC R R 04 LTV DAL O H a7z
oz,
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3-0-71 7 = A A NVF T O G ET, A 310°0LL 02 < A2V Tid 16.28
umol-g' FW Th 7= —FH T, A 310°LL LD A2V TIE 15.96-25.52
umol-g! FW (204 L7=. UV O&E&EIE, @AM 310°0LL FORL FicBWnTix
1.47 ymol-g' FW T&h -~ 72— 75 C, (i 310°LL D23 < F Iz Tid 0.98-4.03
umol-g' FW (25 L7-. HRONL FICEEND 3-0-1 7 = A A LFTlkE &
WY v OEEE, RE - FREOD < TR TRW IR ISR B A 5040 LT
HIEMDFE D BT,

5) T hUT = URIROIEAIZE 25 ) RO B

D FICEENDLFDOHRIZEASNTT LT 4 =V 3-7 a4 R, 3-0-
N7 2 A ANKTIR, 5-0-1 7 = A A NFFBEBLWY, TV =0 LEENLLT
1:25:05:25 2722 KO WIRE LT ROBIUR R RIL, 7 b7 =2
WXL TY UBROBEN 0%, 5%, 251%, 505 L m< 72Dy, 573 nm 7>
5 570 nm, 565 nm, 550 nm & 72V EREMIIC 7 L7 (Fig. 3-5-1A) . U v
FEDIRFEN 25 5 & 50 (FOWHETIE, U U EROIREE DOBANN L WRITR K
DOWESCEME T Lz, WROMIE, 7o by 7T = AR LT U EROBEEN 0
B, 5%, 251%, S0fRlm< e nlcEy, HFanbEHERE, REA, U6
W22k L7z (Fig. 3-5-1B) . U UPROPREEN 255 & 50 5 D@ T, VU VB
TEE OB IR HE L 2o 7.

FRZHEON L FORBIZEENDIHRICESNTT LT 4=V 3-7 02
P AR, 3-O-1 7 = FANVK T, 5-0-1 7 = ANVFFTHBBIY, 71I=
LEENHT1:10:1.3:1 OFEGIZ/2 5 L 9 WZIRE LRI OWINIBR I £ 1T,
Ty R T =K LT UIROPREN 0 5 & 0.2 f5DOREE 562 nm TH Y, 1
T, 205 @< e DIV, 540 nm 225 532 nm & e VAR EMIICY T N L
(Fig. 3-5-2A) . VU U EEOPREE OO PIR KR & DWW EEAME T LTz,
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TURYT=UACR LT UEEOBREEN 0 5L 02 (5OWKITHFSROERL, |1
7 20 5 L L DI VIRER AN S B U 7 i bk L= (Fig. 3-5-2B) . U~
i DI EE DI AEVEIR D AR 7o 7.

FRIZRE DD A OIRKNZE £ D HERITIESNT 5-0-0 7 = F A V¥ Sl
ZARHEERICL, 1:10:0.5: 1 OFEITRD KO ITREG LR OWIRA N F
(X, 72 by 7 = ASK LTY VEROPREED 0 f5DORFE 543 nm TH Y, 0.2 15,
1%, 20 fi5 & @< 72 IS, 534 nm A5 532 nm, 528 nm & 72 0 B EMNIC >
7 b L7z (Fig. 3-5-3A) . U U EEORFE D BN ALK e D WS FE D3I
Tl Ty Ry T =02kt LT UBROBREN 0 4%, 02 £%, 1 fFOWIKIT;R
AR L, 2005 m<< DIV 7 @Ik LT (Fig. 3-5-3B) . U Vg
DPELE DI PEVEIR D AR 7o 7.

4. #
T OV A OB T, BEERMESIETT U N T = U RBED 5-0-4

Pt

T2dANFTTHBBIOT VI A EHEETHZEICL - THEANBEL,
ZOREEDRIEIND ERABTEETHTLHEZZ LTINS (Ito H, 2009 ;
Kondo &, 2005 ; Takeda &, 1985a, b, 1990, [, 2013 ; Yoshida &, 2003,
2009) . FEGVILEINDFKICIE, 5-0-0 7 = A A VX FWHHDHDET LI =
DADEORENDD. Fi21E, 5-0-M 7= AA NI FBERAT D 3-0-1 7
2 AANFFTBOT NI =T LLEHET EMOERZ VLI E ZOME
MEEIND EEZHND (Kodama &, 2016 ; #H, 2013) . U UERIZT VI
ZULERETHIEMTHY, MENTHLREAL TSI ERMLNTND
(Pierre &, 1933 ; Wright &, 1937) .
INHDEZIHEASNT, TOVHADOR FDpH & L Hiz, BFAIZEEN
HINHLOLEWOEEAEZORBRREME L. IO pH XM IND & & X
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HILTWD D APEHRD pH 1%, 5 2 EORE (Kodama 6, 2016) & [AIERIC
3976 43 OFMIZH Y, B L OBBRBHEO bIRNoT2Z L, D
HEADBENORR LR HBERTIT R NEEZ LD (Table 3-1-1-3-1-6) . (b
OBy ORISR TIE, AMAHAN 3-0- 7 oA A VX Tl U EoMIic
EOFBANRD bz (Table3-1-1) . ZDOZ LiX, 3-0- 17 = A A VX T gL
VU EENBEWEAHANKEL Y, RAEAZRIFEET LI LZRLTND.
— T, TAI=UAE, IBEBIOWTNORS E HARBITRD Lo
Tz ARG LTI TIE, BKRICEEND T Mo T = ORICEE
RIENRH ST b, REtxENEN 2 FLURAOT VT =0 DR ERF
DRIZHEL T, ZNENDORIZEN LA DO BEEZ T2, REE - REDOR
SR EHB LSS, HaON FICBWTIL, 5-0- 7 =4 A VST lke 7L
=T LADOEENE VRIS, 3-0-0 7 = A A VKT E Y VRO TR TH
%5V v OE BRI R RANIZ A L TV D T EH LT,

ECDT VT =V DEBO I N—TI1TB T, REBIORE - KD
WS EHLTESGE, TROBAICEEND 5-0-0 7 =F A V% T &
TV =0 AOF RN E VIR R A L TV D AIEEE D Havieh
-7= (Table 3-1-2-3-1-6, Fig. 3-4-1-3-4-4) . %52 EDOHFIEIZEB T b [RAEE R fE
ERHELN TS (Kodama &, 2016) . 552 B CTIELHEGED (1976) (2L > TH
LTIV =T JMEOWTORERZF IR EGDET, 5-0-0 7 = A A VT Tk
ETNI =T LDOEITT VYA OIEEAZHIRT DK TIHR W AT REME 2 iim L
72. Ma B (1997) 1%, 7VH A OWRNBWISNTZT VI =7 ADE L Bl
ICERBESND EHE LTS, L, Ito 6 (2009) OHEEZSBBTDH L, i’
B ENLDT VI =T A0, BAICEFICEENLED 1/10 FRETSH
L. WRICEEFNDETAI=U LT, PSACEERIIEENDIED —HTH D
EEZLND. ZDD, BAEEOT VI =y AOREFTHRAIZEE LT
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HEERML TV R2WAEEE G H D Z &b, TAI =T L8 s BEDOERIZ
DV TIEFFM RN LELE B X TN D.

ECOT VN T 2V OREO T N—TIZBNT, RABIORE - RED
WL LIESGE, TROBAICEEND 3-0-0 7 =F A VX T HBOE
(RO GEIEIC R B A3 L TV DM 23788 H 47z (Table 3-1-2-3-1-6, Fig.
3-4-1-3-4-4) . B2 FEOMHIELFERRIC, TIVA DODFODOREMICIL 3-0-7 7 =
FANFFTBOBENDIRNZ ERUETHD VDB X 2R T DRI
iz (i H, 2013 ; Kodama &, 2016) .

UUBRIZIET VI = DIFR L— MEAETOMERH L. B DILZEDF
ERIH R ST LRI SV RIR A AW B EAFERICB W TE, VU BRERS
RDITHENRIUBE R L RN EERICEITL, FOAOAENHE DV REOEE
NI E 572 (Fig. 3-5-1-3-5-3) . BRICT7 A I =0 L L RIFEED EOEED Y g
EIMZTHAICRERBIENAE T (Fig. 3-5-1) . HFERONL FRREDNL
T DIRBEN O (4,38 B A3 (S DWW T im IR & - W2 A FEBRIC BV T, AR
OBRENRD b= (Fig. 3-5-2, Fig. 3-5-3) . U VEBITEBEKRGFNIC, H60
HEE b LT T U RN T =05-0-0 7 = A A NFFB-T VI =7 LOFES
ZHETLHEPH L EDBHALNIR ST, ZORISITY VBOT VI =Y
LEDOREEEZBLTHRELTND B2 BN,

FEED (2007, 2009) 1%, HEAIHE LN A, RENLHFEE TOMEL
72 EDOMIRLTHERL S 4, 2B OB &M pH ICBEEITERD b2 LR L
TUWD. AWFZETITEIR D pH 2 4.0 DEFEICHE N T, U U BROEEL(LIC

THEANOREDORGE R L. ZOZLE, RO pH L 7LV =0 e &
DHEDOBENARRFEZWHIE L TVALETYH, BIRICEEN TS Y >
BEEICL > THRADHIEHN AR THLZ AT THDOTHD.

856 [XIZEIT D No. 22 DEEEZFRWT, RTOT VM T = OEED TV
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IZBEWT, HFRONPAICEEND Y yOEEIE, RE - FREADR A
AR TRWVESUZ R L A2 5948 L TV DA 23589 H a7z (Table 3-1-2-3-1-6,
Fig. 3-4-1-3-4-4) . U YO ENRZ WD TRV T, in vitro D356 & FIERIC
Ty T =0l 5-0- 7 2 A ANFFBEFET LT AI=TLOENY
L DORAEICL - TORI o TNDHEEZDBND.

—RIZ, FEMIRN O ) BRI, U CERAMUH SN D MINE TIIEIE
—EDIRETHIET D0, BIITBRITBIN L2V CEEDZ < ZIRIaMNIZEE
TOEWA L OZ LD, EEENSKEZV (Rebeille H, 1983) . ARFEFR T
SNV ON, EIZY VL L TIFEET DHEIFAHATH L. £ THix
a7 v offilx, 7o b7 = ERBE LRSI NIEBOT VI =
LELDV OGN LD, HIRICITEEOEEET DOl HaREDY &
BEMFAET D EMIFCTED. LIRS T, 3-0-1 7 = A A LTk L [AERIC
YA OFCOIBIZIXY SR DIRNTERMELEZILND.

3-O- 7 2 FANF L) OGEPES CTHOHALZRTRMNE 6 XIZ

iS5 No. 22 O 1 RO IHIZFRD H 7= (Table 3-1-5, Fig.3-4-3F) . Z Off{k
T, 3-0- 1 7 = FANFTHBLIOY VUM LTV hy T =7 =
U LOREE W ET D EROAENER S D, Ma b (2001) X, 7=
LAPREEN T 2oy 2 VB ERAETHZL2MELTWD Z L2 b,
INoDEME T VYA OEADFREAICEE L TW D g REnz. U
VIBIIEEN O OAMEEND T EG, TR T = ET VI =T LD
BaETL2EBEORT, T OREN HEFMFORELELZITOTWME
GBI LND.

IS (1974) 1%, 748 VLB CIEREEY VBOSHEENREED, &
IENT= Y VEEDPHEENTT VI =7 A EFEA L TREET 2 2 L2 HEE L
TWa. E-mEs (1976) 1%, HERHCY VEEE AT 2 2 & TREDRA
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ERIFICTSLLTWD. INHOHREICHESS &, HEFMFOENT L HIE
RN T DHEICHL Y VRS LTV AN D D, AARDZE L O Hitk
TI, U UBRIRE A TE, TA =0 L8&25 L Gl kKB RD +
BThb, ZOTEEUHETICEBOTHASCHEX TEB LT A%, Vv
FRDWIN BN D72, T =0 LAOWINENZL NI LIIFESITHER SN D.
ZOLEOARICHET LT VA DELIE, U UBRRIEN D2, Rid~D
U UBROEBED DN LI Lo THESLHOAEZEL TWD LD LEEZI BN
D.

ek, TUOVA DOFEADET, TETOT VI =T LADOEREIEDENIC X
DMK ANDT VI =T LOWRI » FREIZ L - TELDEERADBNTE . K
BETIIHE1IETRELL, 7oA ORARBUCK T 5 FHERHERIIT LI=
UATIERL, U UEETH D Rt a R 2R R G 6.
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Fig. 3-1 Trait of mating parents and F;. A, ‘Kirakiraboshi’, B,‘Frau Yoshimi’,

C,'HY11-01-02’ (F; progeny between ‘Kirakiraboshi’ and ’Frau Yoshimi’).
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Fig. 3-2 Sepal color of F, population of Hydrangea. Show the color of the typical sepals.
(A) Blue sepal (4 288.4°-310°), (B) purple sepal (2 310°-330°), (C) red purple and red

sepal (h 330°-359.5°)
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Fig. 3-3 Distribution of F, population based on sepal coloration. Color corresponding

to the hue-angle values are presented upon the histogram.
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Fig. 3-4-1 Relationship of sepal coloration and contents of 5-O-caffeoylquinic acid,

aluminum ion, 3-O-caffeoylquinic acid and phosphorus in the sepals. The comparison is

conducted in each anthocyanin content.
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Fig. 3-4-2 Relationship of sepal coloration and contents of 5-O-caffeoylquinic acid,
aluminum ion, 3-O-caffeoylquinic acid and phosphorus in the sepals. The comparison is

conducted in each anthocyanin content.
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Fig. 3-4-3 Relationship of sepal coloration and contents of 5-O-caffeoylquinic acid,
aluminum ion, 3-O-caffeoylquinic acid and phosphorus in the sepals. The comparison is

conducted in each anthocyanin content.
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Fig. 3-4-4 Relationship of sepal coloration and contents of 5-O-caffeoylquinic acid,
aluminum ion, 3-O-caffeoylquinic acid and phosphorus in the sepals. The comparison is

conducted in each anthocyanin content.
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Fig. 3-5-1 Effects of phosphoric acid on absorption spectra and coloration of
anthocyanin solution. The solutions were prepared at pH 4.0 based on the general
content ratio in the sepals: solutions of delphinidin 3-glucoside (35 uM),
3-O-caffeoylquinic acid (25 eq.), 5-O-caffeoylquinic acid (0.5 eq.), AI’" (25 eq.) and

each content of phosphoric acid (0 eq., 5 eq., 25 eq., 50 eq.).
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Fig. 3-5-2 Effects of phosphoric acid on absorption spectra and coloration of
anthocyanin solution. The solutions were prepared at pH 4.0 based on the general
content ratio in the vacuole of blue sepal: solutions of delphinidin 3-glucoside (20 uM),
3-O-caffeoylquinic acid (10 eq.), 5-O-caffeoylquinic acid (1.3 eq.), A" (1 eq.) and each

content of phosphoric acid (0 eq., 0.2 eq., 1 eq., 20 eq.).
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Fig. 3-5-3 Effects of phosphoric acid on absorption spectra and coloration of
anthocyanin solution. The solutions were prepared at pH 4.0 based on the general
content ratio in the vacuole of red sepal: solutions of delphinidin 3-glucoside (20 uM),
13+

3-O-caffeoylquinic acid (10 eq.), 5-O-caffeoylquinic acid (0.5 eq.), Al”" (1 eq.) and each

content of phosphoric acid (0 eq., 0.2 eq., 1 eq., 20 eq.).
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FTAE TN OKEBIEARODRBICEDLIER

1. 365

T O ANFIE ORI RESCF g E Oz R a Licth, FElcE(b
L, SOICKEICITFRROICER TSI ICORAEREAT S (Fig 4-1). KELIH
BLTT O AL, I E, Fric 2F=0MESESE D 20H 0, KET VYA
FF T T =TIV EFHIREEL TV, KB B RENDH
SROORERH D HOD (Fig 1-1-2, 4-2), BEa R U LD HFOEEW. £/-
AU BN THREITE A L B DHMICECT HELANRO HND.
KL DFFIZ OV TIE, Yoshida & (2008) 234 A LA LT V%A
(Hydrangea macrophylla cv. Hovaria™ ‘Homigo’) DR (DAL A % 5 BB 5E 21T
o TWND. 6L, MAEIIEAOREGIIEADLIARERTHLT NV T =D FK
Ty RT = EE R R, TV URT RN T 2R HoTWS D R
WMEL TS, Flo, ZORAITFE 2 BB LIOE 3B TCHRCEALELRD,
5:0-1 7 = A NFFTELT VI =T LAOBE RO NN L 2R LT
%, BAIZOWTITHA RIEAIZ OV TR EMENIFZZE I TV DHDIZH LT,
KO T 2SI ENZ 0D, RAUSNDER, HFHREODFK O
IR THD. Liendo THAETHEEBEEH L THBEIC SN TV AIEEaDZR
EPEIZBA L ThEim STV, MENE A L B DEMICERT BRI
B L CHHAMR AR T RS 7= 572\, Ko CZOBGUCET 2 IEME g # %
IR L O LT, ARpEE e BRE, HEEICRETOILERD .
FIRO XS IZKEICITEAIZHART, BFSN T Z Endn. e
RO E T HZ LT, MEBT OV A DOZEREF DO hr— L3R
(2720, REAEDTZDODHEMBEARICEM TE 2B AT, £2T, HF4EL
BOTHE, 70 OB IS GO 5 AR O RS E T L7z,
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IR AL DR A LU GRSy 20 L, {66 & OB ZiHR~T,
HOLFERRICT by T =, TAI=T N, 3-0- 7 = A VT FBBE L,
5-:0-1 7 = FANVF T, Vo aRmaEylss LT B<AOpH & & HITh
Hrivz. 618, <A OREER I & FEEADBREZ L FRNCEEN T 5729
OB 2R A, KELAEHET 2 BRI OWTER L. KaDZE
EORBUITEALFERRICT Y b T =0 8 5-0- 1 7 = A ANXTBRICL DT
L= LADF L— MEAMRES L TWDHZ EARENz. £REA LRI
DO OEDOEN, 3-0-1 7 = A A NXFBOEGEOEVOREE L L i, B

BLERDVTNANI =T LADOEEOENVHEG LTS Z EARENT.

2. MEBXOHE
1) sk
Hydrangea macrophylla & 6 & LR (MFARRERMTE), Wik CROTHS
BRI # —n 58 N), ‘Bodensee’ (HUREREAMIAITE L > & —D
), ‘FrauYoshiko” (fEEE=, HiARREMT), ‘Frau Yoshimi’ (&R

B2, MEARRERT), ‘E—Fi (FWEE=, HARRERT) O6ff, B

oY

OWiAS IHL 2R B L P A SR FE‘ HH2 , ‘“HH6 , ‘“HH11’, ‘HH12’, ‘HH13’, ‘HH20’
D6 FE, HFF12 MFE - B AMER L. 20124 10 HICHKEERRE LN
PERELL 7.

2) FEEHIE

2010 R, B, BE—MER, bHRHEEL 4:2: 1 OFIG TRAG LR
TEHANWT 95Ry hA~TH L, 77 AEETHEE L., EEEEIL, &IEE
£ 3°C, HARIRE 18°CE Lz, JERHZE, 2011 B X UN20124 4 Hlcu v 7 424
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(JCAM AGRI Co. Ltd., Tokyo, Japan) ¢ 100 H3 LT 180 H # A 7 %4 10 g/ék

RERE U7z, 23 AKI3AERLE 3 [ET - /2.

3) ML HADEFE, WNAY MAORIERS Z OBRMETHILE

B OBZEE (L*, a*, b*) 13 EZEF (CR-200, Konica Minolta Co. Ltd.,
Tokyo, Japan) CHIE L7-. £70, WILA~Z KU 5 R (UV2450, Shimadzu
Co. Ltd., Kyoto, Japan) C 400 nm 7>5 700 nm £ TOWSEEZRE L7z, AEnL<
FOEBMIEE CCD 1 A 7 24575 U7~ B85 (VH-8000, Keyence Co. Ltd., Osaka,

Japan) ZHWTHIZ LT,

4) < o pH HIE
BN 4K A 1.5 mL RBREICEE D, N A 0LEE L TEONT-HHIKE

pH A —%— (B-212, Horiba Co. Ltd., Tokyo, Japan) TilJiE L 7=.

5) < ANESY @ HPLC 5347

CEHEHE AR 1SR - RFEDON 7700 mg & 2 mL O 10%EEEE T
24 FEfEFRHE L, S 51T 1 mL & 10%HEREC 3 BefEfhi L7z, fhibkicE £ s
Ty RT =2, 3-0- 07 2 FANFTHEB DN 5-0- 07 = F A )VFFRITD
" C HPLC (Agilent1100 system (Agilent, USA) |Z Agilent 1200 D7~ > 7" & fr H
i AADET) ZHOCTHIE Lz, JIESMHIE ODS-2 777 A (GL Sciences,
Tokyo, Japan) , i 0.8 mL-min”', 40°C& L7z, EHIREIE, BHEA (1.5%Y
V) LWEEB (1.5% U UBE, 20%FERE, 25%7 & F=hkUL) OHFEE 40 4
TAN8% -0%E7wD Y =T 77V hTRA L.

TN YT =2, 3-0- 7 2 A ANFTBEB I 5-0-1 7 = A A NVF T WO
PEHEM)'E % 7 ) 2> (Funakoshi Co. Ltd., Tokyo, Japan) 2>5 A L, HPLC Off
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FRHE 7+ AT — FT7 LA BgGRE AW TR AT hro—FKiz k-
TATo7-. 72 ho 7T =20%530 nm, 3-O-7 7 = A A VT BEBLN5-0-717
= A A VX T FRIL 330 nm OWIEE ISV TER L.

6) VT =y 3-FvuatA RO L S
‘Bodensee’ D7 > k7 = % Cellulose TLC (Merck, Darmastadt, Germany)

T 10% FFFEKIC K > TR L7z, REE 029 OfFEEOT & o7 =Bz 25y
HBL, 10% FEERE/K CTHIH L7, fliH#& % Cellulose TLC T, 7% / —/L : FEfg :
K (BAW) Z4:1:2 DLTIRSG LIEH TR L7-. REE 0.37 OO T >
N7 = mFEEEL, 10% B KTt Lz, BRLET v b T =0%
T DT T =V 3-T vt RE & HIZ, ) Cellulose TLC T 10% FEREK
HDHWIBAWS : 1 :2 ZHWTER L.

7) LC-MS 53#7

LC-MS ®73#11%, ACQUITY UPLC with ACQITY TQD tandem mass spectrometer

(Waters Japan)  Z W CHIE L7, HIESMIX, ACQUITY UPLC BEH C18 %
Z 2 (1.7um, 2.1 1.d. x 100 mm, Waters) % i\, #5& 0.1 mL-min™, 35°C T{T-
. WS, WA (1% SWEEB (7 F=F UL 1%FE) DLk
KA 0-5501% A 23 100% - 95%, 5-20 531% A 25 95% - 65%, 20-25 4313 A A8 65%
ERHIV =TIV NCRALLE. Z7u~ 77 A1X360 nm, 74+ MXA
F— RT LA A7 F L% 200-800 nm CHIE L7-.

BEOITILL T ORMETIT o7z, MEER, NOT 4 T7AFEF—F; ¥
EZ U —HEE, 3.5kV; A A UPRIRE, 150°C ; BUABLHERE, 350°C ; BUREEA AR
i, 500 L/h; 2—2 HAWFHE, 50Lh; 2 VarTxLX—, 6V, 20V ;
HIEFPH, 180-1080 m/z ; MHEFEIE, 1.7kV.
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8) 7NI=ULBLINY Do

AN F & 85°C T 12 MRz S 7-1%, 50 mg DW Z 3 o 7 VB IC &
Do, ZZITME2mL 2 ANEFL Y TRAKI LT, Sk 2 i g
L, IMEEEZ 10 mL M AR L7260 % ICP %E0r2E (CIROS CCD,

Rigaku Co. Ltd.,Tokyo, Japan) (Z X D 7341 L7=.

9) T v U7 = OFMITE 2 DR ARy DR R

ML FICEENDROERE S ZIRE LIS EZH D0, VT =V
3T AV A R, 3-0-0 7 = A A NXTFWR, 5-0-7 = A4 A NFF R, AlCl
% 0.1 M FERRiR @RI CIAfiE L, pHAS ICHRIL 7=, v 7 =Y v 3-H o7 et a
REBRD DN L DROEFTRDD, v T =y 337444 Ko
BEAZ10 pM & LT, BALTY T =V 374 A K :3-0-h 7 =4
ANFTBREBLY, V7=V 3% TEdVA K :5-0-0 7 =4 A NVF Tk
X 1:10, 7=V 3B TELAIA R TAI=UAE1:5 v T=Vr
3T AV A R 3-0- 7 =2FANVFTH . TAVI=TLABLIY, VYT =V
VIV UTEAYA R 5-0- T 2 FANFT W TAI=TNE1:10:5D
FIETIRA L. £, RABIOFAON FICEENLIMSICESE,
EFNTYT =D 3T A A R 3-0- 07 = A ANVK T :5-0- 1 7 =
FANFFE  TVI=ULARRETIE 1:30:1.5:5, FETIE1:5:1:5
DEIGTIRG LTz, ZRENDEIEOWINAR T FViX, 3R (UV2450,
Shimadzu Co. Ltd., Kyoto, Japan) % FV>"C 400 nm 7> 700 nm £ TOWL G % )

ELT.
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3. iR
1) FEEFBLOZRERIRHE
HeDFRIT, D<A OINEFEHNBME > Tz (Fig 4-1) . BEATIIER
LZeWgimanfl HEAaDSNEE S, e TITEA L TWe (Fig 4-3) . FKEATIX
B NI OZCENED L WERH -7 (Fig. 4-4) . FKENEFERL TV
WERITIE, HONR FRER S TWEED Tho7o. FKEPEEA L THRNAS
<HIE, BKAOEZRYPZFELNNEKRE BFETHLERO L.

2) B3 < AR OHERL
HAIZBWTRE, B, FE2FR60LEMEE, KETIIRE, RER
S Z 5 LTe (Table 4-1) . BKEILFE CAEDOH ALY FRAMRD o T2, FKEAD
CBFIAIE, FRED 6 MTEDY 0°-19°DHIPH, FREEFAD 2 ML, 332°-343°D i,
Z L CHEOD 3 MFEIE, 312°-340°DO#HiPHIZ B - 7=,
PRESFED 3 < TR ORI DR 5l TR S LT\ e, REAB X
OHFHEAMEON AL, REANDLEFREAOGETH &R DR 5 TRk S
LTz, Fig. 4-5124 7 v —7 OEF & LT ‘Frau Yoshimi’ , ‘HH6', ‘HHI1’

D& ML D3R 2 7~ T

3) ML OB ANRT Nv

REGFRICHNT, REAB LOFEAOMEITRIN AT Lo R ENME
nro72 (Table 4-1, Fig. 4-6) . FRAWINAEIE, FREMFEAS 538-540 nm (2B — 7
Zn L, 550 nm XV RERATRIBIIHEAD Lz, 680 nm £ THOE —7 27K
L7z, FREEGEFRIE, 538-546nm (ZE— 7 Z/~k L, 630 nm T % TR 50T
WA L7z, 680 nm fHIIC/NS 7o — 2 AR LTz, H¥R6 7 /L — 71X 554-565 nm
IZE—27 %R L, 640 nm T E TRIZHIIHA L7z, 680 nm fHTIZ/hE 70
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— 7 LTz,

4) B < pH
N FPEHIRD pH X, REOSTEIT 4.7-4.9, REOGMFEN 4.8-4.9, HFERAOMNE
2N 4.9-52 Th o7z (Table4-2) . B L pH ITITHBIIRED Lo Tz,

5) T b T = ORE

HPLC 73#r DfE R, MEZREAL TV T X TOAEEOMIEIZIE, FIT 2 FEEH
DEET > T =V REEN TV, Z5 E O HPLC (28T % RRRERE & %
WA MVO—F0 D, b EERT M7 =21% Yoshida & (2008) (28
HYT =37 eA A RERE LT (Table 4-3) .

WICELEENDT Y N7 =%, ‘Bodensee’ 2>DHAEM, /3 Liz. MK
WL % 518 nm (ZHFFOWIL A~ kL DR & B BOHT OFE S m/z 581 ThH
STl e, TOTVNT = EYT =V 3T vat A REHELE.
in & O HPLC (281 D PRFFIFH & I A~2Z |t b, BE O TLC I281F % Rf
B —% L7=Z & ClRIE L7z (Table4-3, Fig.4-7) .

R 3FHOWET » b T =2 Uiz, MR & 525 nm (ZFFD
WIN A7 MIVORHR E BB O/ R mz597 L gl 2 eMbTNT 4 =2
V3BT A A R, AR E 523 nm (ZEFOWILA NS RV ORHE & E &
NI ORER mz464 L2 oT2Z LN DT VT 4 =V 3- 70 at A R, fKIIL
W% 515 nm \ZRFOWIL AT MV ORHE & B BEHT ORER: m/z 449 L7257
ZEMNBYT =V 3 vat A REHELE., ZhbDT v F 7 =R
i & O HPLC (236 1) 2 PRFFIRFE & I A~ 7 F b, BEONTLC (28T 5 REE

N—F L7=Z & THE L7 (Table4-3, Fig. 4-6-4-7) .
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6) TV Ry T =rEE

MOERO LN FICBTDEET b T =20 ThH VT =UY 3-H
TEFHA Ny T =V 3-Fvut A FOEEIE, FNERELTETIT
0.10-1.78 pmol-g' FW & 0.01-0.19 pmol-g"' FW |2, 7RE&EM 5L TIE 1.03-1.54
umol- g’ FW & 0.02-0.23 pmol-g” FW (2, F4E €@ 5FE TIX 0.73-1.32 umol - g FW
& 0.05-0.15 pmol - g FW (Z434f L7~ (Table 4-2, Fig. 4-8-1A) . THENhDT

Mo T = oG8 LEOEORICIZERENED Lo 7.

7) 5-0-1 7 = A A NF¥TBE R

5-0-71 7 = A A VX FBEE I, RO 0.18-4.19 umol - g FW, #REE(A
2% 0.56-1.87 umol-g' FW, FHEREO ML 0.90-1.28 umol-g' FW 12504 L7-.
5:0- 7 = A A NFTRER L OEOMIITEENED b0 -7- (Fig

4-8-1B) .

8) 3-O-1 7 = A A NXFEEE

3-0-71 7 = A A V& G BIL, REAGHFED 4.51-30.37 pmol - g FW (2% L,
TREEM & FEEA O NFRIT 9.37-9.65 umolg™ FW 2434 L7, REEM L HFLEAON
SHIZEEND 3-0-1 7 = FA NFFTEEEGEIT, WTIHERONTREDR
IZEENDEL D L7 WEIRIZ /oA LT (Fig. 4-8-2C) .

9) TILI = LAEHE

TV = AEEIL, RO 0.94-4.96 pmol - g FW, 7#REEGA O TR 1% 5.38—
6.03 pmol-g' FW, FHEEMDMLMEIL 9.26-11.24 umol-g' FW (2434 L7- (Fig.
4-8-2D) . FREGHE & R EAGFRIC R THEGLEDO T VI =7 AOE BILE
UNVEIBZ 40 LTz
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10) Voo
U UERE, RESTEN 4.53-19.92 pmol-g! FW, JREEMMLFEN 9.34-17.31
umol- g FW, HE4EAFEIL 14.62-31.40 umol-g' FW I L7-. Vo g e

¥ DOMIZIZEED G b ivie o7z (Fig. 4-8-3E) .

11) 7 b7 = BRI 2 5 I ARy E O 5

FHET Y N T =20 THDHYT =D 3T B A ROVEKD KWL
WEIXS3l nm 2R, REAEEL7EZ (Fig 49A, B) . 7=V 3% 7L
FHA RETNI =0 LERE LIZIRIL 556 nm 7~ L, REEE % 2 L7 (Fig.
4-11C) . ¥ T =V r 3BT EdH A RETALI =T AEBLW3-0-0 7 =4 A
TR RA LTCWHRIL 561 nm 27~ L, REEMGZ 2 L7 (Fig. 4-9D) . £72,
VT =V 3T YA RETAI =T ABLWY 5-0-4 7 = A4 A VT
IRA LTCIRIL 568 nm A n LR E 2 L7 (Fig 49E) . 7AW I=U L%
INZ T R ITEEE BB LR < 72 572 (Fig. 4-9D~G) . 7=, FREDN
SHOBRGHRIZESNTYT =V Yy 3T edH A K, 3-0- 7 =4 AL
TR, 5-0- 11 7 = A NFTFTHB LT VI =0 L&RE LIZEIRIE, 562 nm
R LR L 2 L. (Fig 4-10A, C) . FHREAON < A ORGHIRIZESN
TV T =V 3BT edH% AR, 3-0-1 7 = A A NVX TR, 5-0-1 7 = A AV
FTMBIOT VI =0 A ZEA LI, 560 nm Z/R LIREAAZ R LT

(Fig. 4-10A, D) .

4. &
HEAETIIAGOBRLHEON S FONMEET S, A TIIERT D (Figd-3) .
B O TIIaELERRONER 72T EEN R 5 2 EPRB I N, F

P
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, BETEN AOTRTOMONEAT L2METE, KETIEA ANE
720 B ol ERIEES LW ot (Fig. 4-4) . Z OBIGRITRRC I\ ER X i
HCHEICROONT.. KEOEFGBLZNEZH I T M7 = OEGRITL
BURMD 5 Z RSNz, HaZ T WIEBEONEIZE AR b
BNZEY, OB EIFFT L. FAEORGONEREITEAIITRD O
BNZEND, KAICRRNREEEEZOND. VIR EOREERIC
FERMERH Y, HOEHEI T T = OAFREIE UV-B I2L-> CiFE s
D ERRFEINTND (JEH D, 1983 ; Ubi 5, 2006) . F7-, %< OFLEE
XSANR OB A= T3 AT 5 (BH, 1996) . Yoshida & (2008) (T4 A LA
YT IV A OREEABALIE & R UARA TIER WS HERI L TV D, BT
A OIEAFBONERMESL, T6 ERROBIZREEZZ HND. KAILE
FHT VN UT = OAGEIT, ENRRRM L EEDRMEICE LT, BfL R
L2 TV Z BRI ST

HEDBERITIL, R, RER, FRENRH S (Table 1-1-2, Fig.4-2) . W
NOBREIZBWTHEET > F 7 =21%, Yoshida & (2008) O#fEIzdH 5 v
T=Ur 3T YA REEBIL, HiiyT=vr 3-F7vrt A REE
FNHZEEBHLMNI LT (Table 4-3, Fig. 4-7) . 72 by 7 = OfAIZIE
RERZERH Y, ZL OMETIIT T =V 0 374V A KRS EWE
ATEENTWE—HT, ‘Bodensee’ X7 =V 3-Fva¥A FekdE
WEIATE ATV, ELT Y by 7T = Oflk & & BT & oficHE
HATOONRNoTZ b, ARICEEL 52 HDERZTIIR1oT.

AR VIR O S - RHE1E, HAanRa, Ka, Haoftix, ke
TIIRE, REQ, FHREICRo7T. KETEE LR LB ER RO
HZEmb, BEOREHEMBIIIEALKEaTHEEERADD LB OND. B
BOFOORBIIE, T T2 THDHTINVT 4=V 3-7)bat A K
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EBIT 5-0- W T2 AANFFHRETNAVI=TLAOF L— MEENRH - TWVD
(Ito 5, 2009 ; Kondo ©, 2005 ; Takeda &, 1985a, b, 1990 ; Yoshida &, 2003) .
F3-0- 07 2 A ANFTRIZZDOX L— MESELETHIEETH D (HH,
2013) BKEBIZBWTH, 7Y by T =& L bSO R A E - T
ARV IRY i R

KD AR ST, FREE R & R A MO R BIXE 24 539 nm
545nm, 560 nm TV, REMMEITIRT, REAMLME L FHRAMEITHN 5nm
EKI 30 nm B RMIZT 7 R LT (Table 4-1, Fig. 4-6) . F 7oA MFED
550 nm £ ¥ B EEE TN ALY MBS EICED T2 0k L, ARG
i L HFEAMEIL 640 nm I E TRELIE T T2 E OB E L7 (Fig.
4-6) .
FHEOFTHLIT =V 37 ed A FEHNT, B<FORILAR
7 MO ERAT- (Fig. 4-9, 4-10) . > 7 =YV 3-H o7 4041 FEK
FRIBR I 23 521 nm DIREZER LT, ZRUCT VI =0 A%z 5 &I
MR R 1T 556 nm ~ & R RMICBE LREAEZE L. 7=V 3307
EAYA RE 5-0-0 7 = A A NFF BB LT VI =0 ADIRA TIERINER
WRA 568 nm 720, KO RERMICBE L HFEALRELL. 7=V 3-
YT EFIA RE 3-0- 07 2 FANFTBEBLOT VI =0 AOIRE TIER
IR R Rl 559 nm TH Y, 3-0-71 7 = A )L FERSWIBKITE O B
BN 5 2 DL 5-0-1 7 2 A A NFTFEREY /NS hotz. ZThbDZ k
Mo, MEDFET » M T = OFHRAOREIT, EIZT o T =0k 5-0-
N7 2FANKTHBETVI=ZTLILDbDEEZ L.

3-0-71 7 = A A NFFTROGENDIRDVEFEADN S ORISR T, 7 =
V3BT EAYTA R 3-0- T 2 FANFTE 5-0- 0T = A A VXS
THAI=ULE1:5:1: 5 DFIETRA LERKIL, REATZE LAY EZHE
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T&72 (Fig. 4-10) . ZHIC X > THETHLHFOOBEIL, EARMWIZIZT v b
T=vl 5-0- DT 2 ANKTRRET VI = AOMEEATRERALTWD Z
E DRSS M2, Yoshida & (2008) IRk LN D I A LA LT DV A DIRE
DFROOEBL LT, T =V 3= atrf ReHWEERICBWT, T
L=V AFHFASOBEERRBDONT, REOHFBT D LE2m L Tk,
ARFFENZ Lo T, REOREHEBICET DH MR aGo 2 &N TEk.

— T 3-0-1 7 = A A NFTBROGENLVIREDON T O ERT, &
T3 T A A R i3-0- 0 7 = A ANFT TR 5-0-H 7 = A A F)
fg: 7= L%1:30:1.5:50FETRAS LIEEKIY, RE6AEELRE
EEBT L2 LT TER)o7 (Fig 4-10) . EATIHRRFTOT VI =7 A%
M ABREOEELV D722 LRI TS IS, 1999) . RED
MEZRT R AIZENTY, HRICEENTHRAIZEG LTSI T VI =y
LADOEIE, DA BKICEENTWDLRERLIDDZRWATEELR® 5.

R ORI R0y, < ORMUBRERIC—HEZ R LIZ—HT, Th
VAN DB EFIRDOIIITIE BB D G, WTHOBEZIZE W T HIFRICHT
AT D 500 nm PAFOWSCERNEWEREIE, BFE T ofkEaEsE S 7nn T
qgnehnarT /A RCEDbDEZELZ NS, B O 780 nm (T DRI E 7
P74 R DbDEEZOND. KEZBEEAEL TWDIBL FOAGMND
O3, AREGSFED RGOSR E X TR STV ooloxt L, FRE
R LOERAO M ITRACEAOMIEN R L BREE X TR STV
7. Yoshida & (2008) DL TH, KEDH < F TIIHRE L ERAOMIANRE
LTWDHZEMNREINTWND., TNHRRLIEBEOMIOIEES, FEALH
REMTEIZRB WD TR AN SV OREZRTSHETWLIHRELEZZBND.

WL ESHT LIZRER, 2 8L 3 B ORLEEOOEA LR, ke
ZBWTHHFADRNFERAIL, REASLREAIZHENT 3-0-0 7 = A )VFF
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BEOEGENDIRD o7 (Figd-8-1B) . KA TS 3-O-H 7 = A A VX T /D7s
W ERFOAOBEORAIINLETHDL B2 b5, BAOFARKAHREIC
BILTIX, 3-0-0 7 = A A VX FRIL5-0- 7 = A A )VFFEROFERK L LT,
T NT 2 THDLITINT 4=V 3-Iath A RNe 5:0-1 7 =A%)
MRETNI=ZULOFL— MEGEZAETSLEA LTS (A, 2013) .
VTV UMT N T 2 EFEET L MU T 2 b T AKEDORAIZEBNT
LFREOBIENE G LTS EHEE Lz, KEIZEG X VRIERROOIE, =
W7 RNV T2UNBATIEITAN T A =D THHDICK L, BOTIIY T =
VU ThATDEEZLND.

MO Z A L KEADFAOBCEDORIITITHE R H L Z &0 6, HA LK
BICBT2HFEOEEOFAIL, FUOBETHH I T EE26N15.
HAOTRH LN TV X 912 (Kondo 5, 2005 ; Takeda 5, 1985a, 1985b, 1990 ;
Yoshida &, 2003) , FADIRNN L FTIZT VR =0 ARZVMEAIDGED HivTz.
TNI =T LADENSZN EIIETIERN—FT, O X5 RHEEFF oM
FITHFEREAICEMNZR b DO E LTRSS TE /RN H D (Fig. 4-8-2D) .
FLVVOEFEIZOWVWTS, HALFARICKAIZBWTEFERAON T
RN ENRTREINTZ. LrL, VrogmsMeaodit 0B bl
mipole. MEBIZIFEAICHESTH 10O ik ani, % 3 EORIRIC
o3 L (Fig. 3-5-1), 2DV OEEICHYT DU VEBENEIICTEET 256
WZiE, T b T =0l 5507 2 FANFKTEE T VI =T AOMAELERN
FHE S, HFHRAIIBRAHRRNWEEZOND. KEDOB A THEinLEZY &~
X, EEOIBEANLIKEDOFEAIZEDLRIS, 73 <O GMIEOH LS DFH
MY CVBAEBE LI EHERILTWD
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Table 4-1

Chromatic values of autumn color sepals of Hydrangea cultivars and lines.

Summar color ~ Autumn color Color value Hue-angle Avismax

L* a* b* ) (nm)
Peach-hime Pink Red 37.0 £3.9 ab 415+3.1 a 114+£08 a 15 539
Baudensee Pink Red 43.1+26 a 332+£24 b 71+ 17 b 12 538
Frau Yoshimi Red Red 302+ 1.7 cd 40.1+£1.0 a 124+ 1.6 a 17 539
Frau Yoshiko Red-pink Red 288+ 1.5 cde 325+36b 110+ 14 a 19 539
HH13 Red-pink Red 31.1 £ 1.6 bed 309+19Db 34+£09 ¢ 6 539
Jougasaki Red-pink Red 334+ 1.2 be 31,1 £ 14 b -02+14 cd 0 538
HH2 Purple Red-purple 26.0 + 3.4 de 1254+ 1.6 cd -3.8+ 1.0 de 343 546
HH20 Purple Red-purple 25.1 £ 1.7 de 159+ 1.0 ¢ 84+14 fg 332 544
HH6 Blue-purple Blue-purple 259+ 1.1 de 13.7£29 cd -55+0.7 ef 338 553
HH12 Blue-purple Blue-purple 227+1.0 e 10.8 £ 1.1 cd 40+13 ¢ 340 562
HH11 Blue-purple Blue-purple 272 £ 1.1 de 9.6 £09 d -108+ 13 ¢g 312 565
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Table 4-2 pH and anthocyanin components in autumn color sepals of Hydrangea
cultivars and lines.

Cyanidin 3- Cyanidin 3- Cyanidin 3- Total
pH sambubioside lathyroside gulcoside anthocyanin

(umol- g’ FW) (umol-g" FW) (umol-g” FW) (umol:g" FW)
Peach-hime 4.940.1 1.78 0.17 0.00 2.04+0.39a
Baudensee 4.9+0.0 0.10 0.15 0.05 0.30+0.06d
Frau Y oshimi 4.840.1 0.48 0.03 0.17 0.69 +0.15 cd
Frau Y oshiko 4.9+0.1 1.62 0.19 0.09 1.94+021 a
HH13 4.7+0.1 0.90 0.08 0.00 1.21 £ 0.17 be
Jougasaki 4.940.1 0.15 0.01 0.00 0.18+0.05d
HH2 4.9+0.0 1.03 0.02 0.00 1.12+0.21 be
HH20 4.8+0.0 1.54 0.23 0.14 1.99+0.52 a
HH6 4.940.1 1.32 0.15 0.00 1.51 £ 0.26 ab
HH12 5.2+0.0 0.54 0.05 0.00 0.66 + 0.02 cd
HHI11 5.1+0.1 0.73 0.07 0.00 1.19+0.07 be

Values are the means + SD (n=3); different letters indicate significant differences

(P<0.01 by Tukey’s test).
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Table 4-3 Comparison of anthocyanin in the autumn color sepal of Hydrangea.

Retention time ~ Amax Rf value

(min.) (nm)  10% Acetic acid BAW(4:12)
Autumn colored sepal extract 9.39 525.5 0.20 0.25
9.92 523.5 0.06 0.23
10.57 518.5 0.29 0.37
11.47 516.5 0.30 0.39
11.69 515.5 0.09 0.34
Delphinidin 3-sambubioside 9.30 525.5 0.20 0.25
Delphinidin 3-glucoside 9.95 523 0.06 0.23
Cyanidin 3-lathyroside 10.57 518 0.29 0.37
Cyanidin 3-sambubioside 11.48 516 0.30 0.39
Cyanidin 3-glucoside 11.60 515 0.09 0.34
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Fig. 4-1 Seasonal changes in the flower color of Hydrangea. (A) Summer color stage,

(B) green color stage, (C) autumn color stage.
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Fig.4-2 A variety of flower color of autumn color Hydrangea. (A) Red, (B) red-purple,

(C) blue-purple.
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Fig. 4-3 Difference of coloration position in sepals of the same cultivar ‘Kirakiraboshi’

between summer and autumn color. (A) Summer color stage, (B) autumn color stage.
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Fig.4-4 Positional coloration difference in a sepal expressing autumn color. (A) Single

flower, (B) double flower.
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Fig. 4-5 Microscopic images of autumn color sepal cells. (A)Red cultivar ‘Frau

Yoshimi’, (B)purple line ‘HH6’, (C)blue-purple line ‘HH11’. Bars:100 um.
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Fig. 4-6. Absorption spectra of autumn color Hydrangea sepal. Red-bars, Red cultivar

‘Frau Yoshimi’, purple-bars, purple line ‘HH6’, blue-bars, blue-purple line ‘HHI11".
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Fig.4-7 Structures of anthocyanins in autumn color Hydrangea sepals. (A) Cyanidin

3-sambubioside, (B) Cyanidin 3- lathyroside.
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Fig. 4-9. Effects of the coloration-related components on absorption spectra and
coloration of anthocyanin solution. The solutions were prepared at pH 4.8, (B) Cyanidin
3-sambubioside (10 uM), (C) Cyanidin 3-sambubioside:AI’" (1 eq.:5 eq.) (D) Cyanidin
3-sambubioside:3-O-caffeoylquinic acid:Al’* (1 eq.:10 eq.:5 eq.), (E) Cyanidin
3-sambubioside:5-O-caffeoylquinic acid:AI’* (1 eq.:10 eq.5 eq.). (F) Cyanidin
3-sambubioside:3-O-caffeoylquinic  acid (1  eq.:10 eq.), (G) Cyanidin

3-sambubioside:5-O-caffeoylquinic acid (1 eq.:10 eq.).
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Fig. 4-10. Reproduction by mixing the coloration-related component. The solutions
were prepared at pH 4.8 based on the general content ratio in autumn color Hydrangea
sepals, (B) Cyanidin 3-sambubioside (10 pM), (C) Cyanidin 3-sambubioside:
3-O-caffeoylquinic acid: 5-O-caffeoylquinic acid: AI' (1 eq.:30 eq.:1.5 eq.:5 eq.), (D)

Cyanidin 3-sambubioside: 3-O-caffeoylquinic acid: 5-O-caffeoylquinic acid: AI’* (1
eq.:5eq.:1 eq.:5 eq.).
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Fig.5-1 The existing conceptual image of Hydrangea coloration mechanism depending

on pH condition of cultivation soil focusing aluminum ion content in the soil.

97



3-0-
caffeoylquinic

@ AN
1

Y N

Acid soil
pHS5.5

Phosphoric acid content in soil Low

5-0-
caffeoylquinic
acid

/ ‘\‘_ Alkaline soil

Alkaline soil

Phosphoric acid content in soil High

Fig.5-2 The revised conceptual image of Hydrangea coloration mechanism depending

on pH condition of cultivation soil focusing phosphoric acid content in the soil.

Aluminum ion contents in sepals are similar in both conditions.

98



51 F3CER

Allen, R. C. 1932. Factors influencing the color of hydrangea. Proc. Amer. Soc. Hort.
Sci. 28: 410-412.

Allen, R. C. 1943. Influence of aluminum on the flower color of Hydrangea
macrophylla D.C. Contrib. Boyce Thompson Inst. 13: 221-242.

Asen, S. and H. W. Siegelman. 1957. Effect of aluminum on absorption spectra of the
anthocyanin and flavonols from sepals of Hydrangea macrophylla var.
Merveille. Proc. Amer. Soc. Hort. Sci. 70: 478—481.

Asen, S., H. W. Siegelman and N. W. Stuart. 1956. Anthocyanin and other phenolic
compounds in red and blue sepals of Hydrangea macrophylla var. Merveille.
Proc. Amer. Soc. Hort. Sci. 69: 561-569.

Chenery, E. M. 1937. The problem of the blue hydrangea. J. R. Hort. Soc. 62: 320-604.

TV —F =0 a PN 20160 (B HEN - PERUBIARGE R A, R
BT IV —F =T v a T Sr HL

Hayashi, K. and Y. Abe. 1953. Studien iiber anthocyane. XXIII.
Papierchromatographischeiibersicht der anthocyane im pflanzeneich. 1. Misc.

Rep. Res. Insf. Nar. Resow. 29: 1 (In German).
FIERI— « IAEE R, 1972, A FZ 207 OEEREICET 20078 (8 1 H)

F707% pH Ok HI2B 1T DILORE O SHFEF 22, F 0 R 17: 55-63.
GHRERHE - BT « KB - DIEEACHD - TR OHE - & HAZE. 2007, B —

RAIHTIT & D 7 W A DAL IS SRS O . RINAIL A WRm s

5 49: 455-460

99



(R, 2009. H—HIfu 3 HTIZ K 2 7 2 A OFEARBUERE O FrIFoE. 4

W

o R R R BT WA AT ZER AL S

=

Ito, D., Y. Shinkai, Y. Kato, T. Kondo and K. Yoshida. 2009. Chemical studies on
different color development in blue- and red-colored cells of Hydrangea

macrophylla. Biosci. Biotechnol. Biochem. 73: 1054—1059

JWEHFRE « = EF I« BRI 2010. 7OV A 255, p. 5-12. BRDT VW
A . . B

INEHERS - RS T > - PR 20158, & B & HA. SLFEEREK 24281,

INEHERE « AR BT - PEILFR. 2015b. T UV A B X S X B8R OFRL.
AR 73: 27-34

Kodama, M., Y. Tanabe and Y. Nakayama. 2016. Analyses of Coloration-related

Components in Hydrangea Sepals Causing Color Variability According to Soil
Conditions. J. Japan. Soc. Hort.Sci. 85: 372-379.

VTR « SMLACHD - B HAE  TEKER - BRI - JO#EAR. 1999, 72
A INER IR B RE T LM, RARARILEYFmaiEEEE 41
265-270.

Kondo, T., Y. Toyama-Koto and K. Yoshida. 2005. Essential structure of co-pigment
for blue sepal-color development of hydrangea. Tetrahedron Lett. 46: 6645—
6649.

Lawrence, W. J. C., J. R. Prince, G. M. Robinson and R. Robinson, 1938. A survey of
anthocyanins. Biochem. J. 32: 1661-1667.

Ma, JF., S. Hiradate, K. Nomoto, T. Iwashita and H. Matsumotolnternal. 1997.

Detoxification Mechanism of Al in Hydrangea (Identification of Al Form in the
100



Leaves). Plant Physiol. 113: 1033-1039.
Ma, JF., R. Peter and E. Delhaize. 2001. Aluminium tolerance in plants and the

complexing role of organic acids. Trends Plant Sci. 6: 273-278

S« HERl— « REIES - W EHL 1974 A B 7 227 OEEFHENICR
ToME (B 2 W) TEMEROTLVI=U L, DABOTRNDG,
EWEIC BT R R RS 19: 70-77.

RAPET] - BOERE - WA E. 1981, (T RER R TICBF 20158 (5 6
H) A KT PT ORBFBELOLEIT OV T, R R R, 12:
66-74.

FAfR—I - JUREA - BREDEHS - SR B H. 1976, A T VT OEAICET S
W B 1) 7 AI=0 L8 0 ABOTE AP EEAIZ KT TR f5
R 6: 63-72.

AATE X HIE i e, 2016, $RMfE & @ EG A, —RAEME N B AL & #1578
TG FER. L.

FEENE « KIFET. 1974, ~A RT o OTOHBETAI =T ABIRY V5
FAREOERIZOWT. FEFHE 42: 361-370.

[ FHIENE - ARAHEIRR. 1967. /A KT 2 V7 OEAITKT 2 TIEIEE DL DR
BZOWNT. [ 36: 122-130.

Oyama, K., T. Yamada, D. Ito, T. Kondo and K. Yoshida. 2015. Metal complex
pigment involved in the blue sepal color development of Hydrangea. J. Agric.

Food Chem. 63: 7630-7635.

Pierre, W. H. and A. D. Stuart. 1933. Soluble aluminum studies IV. The effects of

101



phosphorus in reducing the detrimental effects of soil acidity on plant growth.
Soil Sci. 36: 211-227.

Rebeille, F., R. Blingny, J. B. Martin and R. Douce. 1983. Relationship between the
cytoplasm and vacuole phosphate pool in Acer pseudoplatanaus cells. Arc.
Biochem. Biophys. 225: 143-148.

HHEE. 1996, FLEEDIER. p. 109-132. 7 UV A [T ELEAICED D D).
PHP #FFEAT. HURL.

HAEE. 2013, 7R A REMBOM. p. 45-270. iHEE, BREHR,
ERE . W FET TR A K. C—RAE K. B

Takeda, K., M. Kariura and H. Itoi. 1985a. Blueing of sepal colour of Hydrangea
macrophylla. Phytochemistry 24: 2251-2254.

Takeda, K., R. Kubota and C. Yagioka. 1985b. Copigments in the blueing of sepal
colour of Hydrangea macrophylla. Phytochemistry 24: 1207—-1209.

Takeda, K., T. Yamashita, A. Takashima and C. Timberlake. 1990. Stable blue
complexes of anthocyanin—aluminum—3-p-coumaroyl-or 3-coffeoylquinic acid
involved in the blueing of hydrangea flower. Phytochemistry 29: 1089-1091.

Toyama-Kato, Y., K. Yoshida, E. Fujimori, H. Haraguchi, Y. Shimizu and T. Kondo.
2003. Analysis of metal elements of hydrangea sepals at various growing stages
by ICP-AES. Biochem. Eng. J. 14: 237-241.

Ubi, B.E., C. Honda, H. Bessho, S. Kondo, M. Wada, S. Kobayashi and T. Moriguchi.
2006. Expression analysis of anthocyanin biosynthetic genes in apple skin:
Effect of UV-B and temperature. Plant. Scie. 170: 571-578.

FHEAL X.2016. 7 U A B SEEAE. ST EAE X i

102



Meite = - SR)IME. 1983, U o T RIED R BGEMIZ IS 1T 2 25 i DO FEH & 5341
HITERFACE 9: 197-213.

Wright, K. E. 1937. Effects of phosphorus and lime in reducing aluminum toxicity of
acid soils. Plant. Physiol. 12: 173-181.

Yoshida, K., Y. Toyama-Kato, K. Kameda and T. Kondo. 2003. Sepal color variation of
Hydrangea macrophylla and vacuolar pH measured with a proton-selective
microelectrode. Plant Cell Physiol. 44: 262-268.

Yoshida, K., M. Mori and T. Kondo. 2009. Blue flower color development by
anthocyanins: from chemical structure to cell physiology. Nat. Prod. Rep. 26:
884-915.

Yoshida, K., D. Ito, Y. Shinkai and T. Kondo. 2008. Change of color and components
in sepals of chameleon hydrangea during maturation and senescence.

Phytochemistry 69: 3159-3165.

103



W =

TIOANE, BEESIC X AR R G, BB LOHEAICELT DR E
Ffo. 7V A OB AOFML, WO pH B 4 UL EOKMET, T by T =
MN5-0-T1 7 = A ANFTRETNI=TLEFL— MERTDHIETHRET D
EZEZADLNTWND., ZZTIEEENSWIN LT VI =0 L&) < DX E
DRI EFET D EICE > TEENE(LT S LRI TS, ARE LG
FFETIE, 7O A Zkfb e UCERIARET 5 ECEELR, 2R EICRD
S DHEANBHFE Z BRI, N FICE EN L EMERN S 2 ik L, Bt
M2 A 5 N 2 A3 2 & 2l AT,

ARWFFETIE, BrELEEE T A0 U TS LR ERARTEOREH S
WEIHFAONRL F &, AIERFEOREE HWVIFEEON S FIZE 550
BECY & LR L 72, BEORAITIE 3-0-8 7 = A A VX TR D72 LB
HLTHDHEWVINERDOMRE IFFTDREN G ONI—TT, B<AIZEEND
TN =0 LOERE LG L ORITITHBEARED bk o7, kO & 5
20, BFOT NI =0 AOEFEITAIEMEE G T V%A OEEEZ IET 5
THETIIRNZ EERLT.

T OV A OO EMICE G T AR RERIE, 1. T T =0 ET
bEH2 5, 2. TEHGHHES
n5, 3. RELHFAHOEELTRERENERT, TRLOOMWEEZROLH
EL, VrBiromme Lz, LAy s ) oK TtEThHd ) v
IZOWT, fERDRRD FEH DR FZ2MBHI T 21TV, 6 L 0%
PRz, HOOBRFICEEND Y Vv OEET, R - REAON FITHT
IRWEIR I RF I 0 A LT e, 72, 3 O/ LRI IS < A LR
T, TV T7 4=V 3 Tatrf ReE 5-0- 1 7 = A A VX TFRETNLVI=Y

R=ULA, 5-0-0 7 = A A NFFEROES IR

s

104



LNEEND pH 4.0 OFCQOBERIZY VEEEINZ D &, WIARKEE 2N ER R
ICBATL, REaxRL7. U UBITHFaREzid L — MEGEORHR A LE
TOHHREFR-OTVD. ZNHORERI, VBB EaRIICES T HEET
HLZLEIFTHEDOTHS.

F7o, TV, FHICHEIEAEMRH D, EEOBRERICRESE
B EOALFO LK, EIZEbL, S OICKFICITFRAICER TS
OREZHREAT S, HATIIAGAOERMLEON < F oSS, KA T
EFEETLH LD, BEALKEATIIARELEGHRONERNRGIEEE RS Z
EHRPLNI LT, Fe, MEBODERLENZHI T M T = DAERKIC
X, RERMEPR DL EER LT, MEDFEET T =00 LT, #ES
NTWHLY T =V 3-F 7 edd A RELblg, HlicyTrT=vr 3-7vnm
A PR L.

HEOBIICEH L T, MAIZITEAL OMERRBO NI Z &b, AED
F IR OBEE R L CW D R EZRGE LT, 7 =V R T7 v by
T =V DRI, 5-0- 1 7 = A A NFFBET NI =T LENZDH T L THANR
B2, B EFEUOFRAZRA L. —F 3-0-1 7 = A A V% FERITIE
FOEELS TR SRRl FERAON FIIRESCREBD N
SHICHART 3-0- B 7 = A A NFTFTBOEEN VDo T, B LRERIC, &
BIZBWTYH, FOORAEIT LV M T=2v b 5-:0-0 7 = A A NVFFRRIZLD
TNWIZGEAF L DFL— MERIZEDBDOTHY, EORERKIZIT 3-0- 7
A ANFTBRDIRNZENLELEZOND. R LEALITIRRY, K
BB TR v OEE L AR ORIZITHBENRD bnoT.

T A ORRBHEO EERF BT A= ATE RS Y VEBETH DL N
IEBERFTORARIT, T IV A DHBOREEB OV TOMEEZSD, FEE)
B REREEL G Z DARAMBEOFERER TH L. EIKEADE AL LU

105



BEHBIC OV TORFRNBTONTZZ LT, KET VYA DB—RERBL LR
BEOHIHGEMRTE 5 LR L TWD.

106



Summary

Hydrangea cultivars have property to change the sepal coloration among red,
purple, and blue depending on cultivation soil conditions. Chelation of aluminum ion by
anthocyanin and 5-O-caffeoylquinic acid, which can be composed in the sepal cell
vacuole at pH 4 or higher, is responsible for the blue coloration. It is understood that
aluminum contents accumulated in vacuoles of the colored sepal cells through
absorption from soil determine the coloration. In this doctoral dissertation, the ultimate
purpose of this study being development of stable coloration technique required in
Hydrangea production industry, I tried to detect a key factor to generate variability of
Hydrangea coloration by comparing contents of the coloration-related components in
the sepals.

In this study, I compared the contents of coloration-related compounds in red and
blue sepals of stable color cultivars and red and purple sepals of variable color cultivars
grown in acid soils and alkaline soils. I obtained results to support previously presented
idea that less content of 3-O-caffeoylquinic acid is necessary for generation of blue
sepals. On the other hand, significant difference could not be found in contents of
aluminum related with sepal coloration. This suggests that different from previous idea,
content of aluminum in the sepals is not a factor to regulate the sepal coloration of
Hydrangea, including variability of the coloration.

I thought that another factor to regulate Hydrangea coloration must have following
conditions: 1. Inhibition effect on construction of aluminum chelation, 2. Supply from
soil depending on the soil acidic condition and 3. Relationship between its content and
soil condition causing sepal coloration change. Here I concerned phosphoric acid as
another factor. I analyzed contents of phosphorous, which is a constituent element of

107



phosphoric acid, as well as contents of the coloration-related compounds in sepals and
studied relation of these factors to the coloration using sepals of F, populations of
different coloration. The content of phosphorus contained in the blue sepals specifically
distributed in lower region than those of the red purple and red sepals. In vitro
coloration experiments based on composition ratio in the sepals, coloration of solution
containing delphinidin 3-glucoside, 5-O-caffeoylquinic acid and aluminum at pH 4.0
changed from blue to red and An.x of the absorption spectra shifted to shorter
wavelength region by addition of phosporic acid. Phosphoric acid can inhibit chelation
responsible for the blue coloration. These results support an idea that phosphoric acid is
a factor to regulate coloration of Hydrangea sepal.

Hydrangea sepals show seasonal coloration change; summer coloration once fades
and expresses green and then again newly colored in autumn. In the autumn color, sepal
whose marginal tissue is white in the summer shows uniform color, indicating that
positional anthocyanin biosynthetic regulation mechanism is different between summer
and autumn color. In addition, light requirement for the anthocyanin biosynthesis is
indicated in autumn color. I identified cyanidin 3-lathyroside as major anthocyanin of
autumn color as well as cyanidin 3-sambubioside previously reported.

Because blue color expression of autumn color is related with that of summer color,
I verified possibility that similar coloration mechanisms operate in autumn color to
summer color. Cyanidin type anthocyanin solution changed bluer by addition of
5-O-caffeoylquinic acid and aluminum and showed blue-purple coloration like the
autumn color sepal. 3-O-Caffeoylquinic acid did not have the effect. The contents of
3-O-cafteoylquinic acid in blue-purple sepals were less than sepals of red and
red-purple sepals. Similar to the summer colors, the blue coloration in the autumn color
is responsible for chelation of aluminum ion by anthocyanin and 5-O-caffeoylquinic
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acid and less content of 3-O-caffeoylquinic acid is necessary for generation of the
blue-purple sepals. However, unlike summer color, phosphorus content was not related
to sepal color in autumn color.

Presentation of the new concept that a major factor to regulate coloration of
Hydrangea sepals is not aluminum but phosphorus acid is a major achievement of this
doctoral disseration study to change the previous idea and give impact on cultivation
method Hydrangea production industry. Knowledge of autumn coloration mechanism

obtained in this study also contributes to regulate stabel and uniform autumn coloration.
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