(BERREMME 4385, p. 962, 1988)

YN EHENMOTEEEICET 3R
— IR HBE L DBE Iz T —
W A

(B H B =57 2)
BHM62E8HATH <@
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Table 1. Solvents used for the chromatographies of camellia anthocyanins,
anthocyanidins and sugars

Solvents Composition Proportion (v/v)
n-BAW (1) n-butanol / acetic acid/ water 4/1/5, upper layer
n-BAW (II) n-butanol / acetic acid/ water 1/2/7
iso-BAW iso-butanol / acetic acid/ water 8/2/3
n-BuH n-butanol / 2N hydrochloric acid 1/1, upper layer
EFW ethyl acetate / formic acid / water 8/2/3
AHW (I) acetic acid/ hydrochloric acid / water 15/3/82
AHW (1) acetic acid/ hydrochloric acid/ water 30/3/10
FHW formic acid/ hydrochloric acid/ water 5/2/3
HOAc¢ acetic acid / water 30/70
EPAW ethyl acetate / pyridine / acetic acid/ water 5/5/1/2
n-BPW n-butanol / pyridine / water 14/3/3

T, n-BAW (II) & n-BAW (I), n-BAW (II) & iso-
BAW, n-BAW (II) & EFW, 8XU AHW (I) & n-
BAW (I) & L7z (Table1).
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Fig. 1. Calibration curve of anthocyanin.
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Fig. 2. Thin layer chromatograms of anthocy-
anins found in some camellias. Num-
bers in parentheses show the number of
spots detected.
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Fig. 3. Two-dimensional thin layer chromatograms of anthocyanins found in some

garden forms of Camellia.

Table 2. Constitution of anthocyanins in some garden forms of Camellia
Occurrence of anthocyanin-spots®
Cultivars

1 2 3 4 5 6 7—9 10 11 12 13 14
C. japonica cv. ‘Mura-musume’ ++ + + + tr tr
C. jeponica ssp. rusticana cv. ‘Hana -kanzashi’ ++ + tr
C. sasanqua cv. ‘Shichifukujin’ + + + + ++ +
C. reticulata cv. ‘Captain Rawes’ + + ++ + ++

C. saluenensis wild type

++ +  ++

* Spot-numbers used correspond to those represented in Fig. 4.

4+~ ! major pigment, + ! minor pigment,

tr . trace.
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Fig. 4. Schematic representation of camellia

anthocyanins appearing on a two-di-
mensional thin layer chromatogram.
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Fig. 5. Two-dimensional thin layer chro-

matograms of anthocyanins found
in Camellia japonica, C. sasanqua
and C. reticulata before (A) hydro-
lysis and after (B) controlled acid
hydrolysis. The larger the spot, the
more the amount of pigment.
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BLI. Lidi-T, BEIO~131dEEFE 1, 3~5iC
HARE OB EEER b DEEZON B,

P EDBamikaguoaRoTeng, %1, 3
~5@3v7=vrm, ¥BFE2, 63FNT 4=V
YD, WEFNbE/ YA FTHBTEARL, BEI
~133EE 2ELULR v T =Y VEEEETH BT &
Ll BIEAIT Fig. 6 KEBRKOT VT U
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Fig. 6. Schematic representation of authentic
anthocyanins appearing on a two-di-
mensional thin layer chromatogram.
Cy: cyanidin, Pn: peonidin, Dp: del-
phinidin, Pt: petunidin, Mv: malvidin,
Cy3G: cyanidin 3-glucoside, Cy3GAc:
cyanidin 3-(p-coumaryl) glucoside,
Cy3G5G: cyanidin 3,5-diglucoside,
Cy3GR: cyanidin 3-rhamnosylgluco-
side, Cy3GX: cyanidin 3-xylosylglu-
coside, Dp3G: delphinidin 3-glucoside,
Dp3G5G: delphinidin 3,5-diglucoside.
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FOEAMIL 2T/ a7 b5 L%RF &, n-BAW
(1) DKRBET, 194 FIET5E/ 44 F
LB REEAE LD, OB Y NNFPY LY
4 VYNRFOBEFEIO~13E, FLEREBEEI YTV NNEP
HHFEYHOBEI~9E, TNZNIBEFEL Rf H%E
G &b EROHELZEST B LD TH- 1.
DFOEBRERAWT X, FHRE Y FiILHEON

Table 3.

37 v b7 L EE LREROSER,ICER
L, £ CKRERAECE Rf A2 RdBFEL1~9
HEXREFESR, HicE Rf @4 RTEBHKI0~14%5HK
BEREFEHINCFESC EE LT

EE 2. TLC kL A2BEDFEH
wNRFILRONSUEOEFZRARY bDIBA VY
NECEREFEZOBE 1~ 6 D 6 BELFET 5.

Thin layer (cellulose) chromatographic identification of pigment-spots belonging to the

lower-Rf anthocyanins appearing on a two-dimensional chromatogram

Compounds

Rf values (x100) in solvents

n-BAW (1) iso-BAW AHW (I)
Camellia anthocyanins
Spot 1 23 38 26
Spot 2 38 59 15
Spot 5 53 72 29
Spot 6 17 18 10
Authentic anthocyanins
Cyanidin 3- glucoside 23 39 27
Cyanidin 3, 5-diglucoside 15 23 41
Cyanidin 3-(p-coumaryl) glucoside 52 70 30
Delphinidin 3-glucoside 17 19 11
Delphinidin 3, 5-diglucoside 11 8 35
Delphinidin 3-(p-coumaryl) glucoside 39 58 14
Table 4. Thin layer (cellulose) chromatographic identification of acid hydrolysates of
pigment - spots belonging to the lower-Rf anthocyanins
Rf values (x100) in solvents
Compounds
AHW (1) FHW iso-BAW EPAW n-BPW
Anthocyanidins
Spot 1 54 28 40
Spot 2 34 19 26
Spot 5 55 29 40
Spot 6 35 18 26
Authentic anthocyanidins
Pelargonidin 71 39 60
Cyanidin 55 29 41
Peonidin 67 36 53
Delphinidin 35 19 27
Petunidin 50 20 30
Malvidin 63 32 35
Sugars
Spot 1 33 15
Spot 2 34 15
Spot 5 33 15
Spot 6 33 16
Authentic sugars
Glucose 33 16
Galactose 29 13
Arabinose 40 20
Xylose 47 23
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Lo5>b@#%F1, 2, 5, 6D4ELHEL, ELGE
FEDaysu=bs57 (Table 3), k%KD 7
7Y a3y EBOFEMW (Table 4), MAMKIRRERY
D¥EE (Fig. ) IL > THOED LS IKBEEL .

BF1lvT7=vr3-sravi. @mE2 I FL
TA4=DY 3N 02 )T av R, BES Y
T=VY 3= YT vavE, BF6:FL
74 =YV 3-Tnavl,

RBRRICGRI D > 1205, BREEZEZDEEIK
DOTEMT Y YT vBELEDI = 57 %

Time (min.)
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n-BAW(I) (4/1/5, v/v, upper layer)

Fig. 7. Thin layer chromatograms of the
controlled acid hydrolysates of spots
1, 2, 5 and 6 in parallel with authentic
samples of anthocyanins.

fTo7#R, cobDtv7=0v35-Y5 10y
F&D Rf ESTERIC—H LT,
EER3. LRILAORARLEORZICIS BEBK
DEAL

FRETES, BEHEZGRILS, BRBRLITHROIH
DEFEBRAE Table 5 TR L. $FHREMEFOR
REFROEELEL, REOBIEETERE LUER
BEAFDENLE THEZRBD OO 1, 1
BERBICOVTHEHRED 2 MBI TEREIIED S
N, SRR Y NFIEFOGRIC, BBERLET
AHBEAROCH EBTREE 1S - 12,

BORELRSL L, BRABRNPL» SBEICESY
BRILAEE, BEEAER (X) LE& (Y) Lollic Y
=0.012X+0.2 (r=0.994) XOEFKHH Y, B (8
B icHhB T 2EMEEE LTV (Fig. 8). Thic
MLEDH- D ORBER A ESICHEML, B3

Bud petal dry-weight{g)

0 1 ) L L )
12 9 6 3 0

Days before anthesis

Fig. 8. Changes in petal dry-weight during
flower-bud-development.

Table 5. Effect of preparation of petals for analysis on the constitution of anthocyanins
in Camellia japonica
Total*" Constituent anthocyanins (%)*?
Preparation antho-
cyanin 1 3&4 5 28& 6 7—-9
Fresh petal - 653" 1142 2343 - 1+0.8
Lyophilized petal 0.63+0.04 65+2 10+2 23+2 — 2+0.9
Boiled & dried petal 0.65+0.03 68+4 9+2 2243 — 1+0.9

* 1t

mg of anthocyanins / 100mg of petal dry-weight.

*? Numbers used correspond to the spot-numbers represented in Fig. 4.

*3Mean * SD (standard deviation).
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Fig. 9. Changes in total amount of anthocya-
nins per bud during flower-bud-devel-
opment.

HENCZIERKICGEL . (Fig. 9). Lo LERE 100
mg H1- D OBERIIBA 6 HATICT TIEKIGEL,
ZDHEL LARD LI (Table 6). 0% HEBFEEMT
BEORERDPTREES 50, BRUNOEYIEEII L
BB TS A EERLT.
BEBROZL(LE RS & (Table6), BAE3 H~6
HEITEBEL- b LRILBFRBRERL, REH
ERUERGEANEINER L THERERBD LN 5 /.
LA LBATE 9 HRT TR BERMBEIIIRI L Th 505, BF
1 THRIZEL, BF 5 THicEb -1, $BRE
RO OBATEI2B AT T, BETEFRICR o1 @D
KAEESBRE SN, LHrbHBREWIWOEL, boL
LEETH 1.

DD &Sy "FIEROEBRERINIE /NI

EOBRBTIHBT Y, BERICKTTSE0WES. O
Z & (3BATE 6 BRI T HBATEIES & Bk iIc BT AT HIE]
ez EERLI

= %=
{LEAFECLBAEROT Y b7 VBEODITIR

Robinson and Robinson ™, Scott-Moncrieff #",
Lawrence 5% % ic#h% 543, UBEIBEROZEA
FIR D A EFEBDEICE S L Robinson 7R ™ A
BAINLHDT, HTLOEEOEVLDEEFNZ
15h -7z,

1940 FEREFEH 5 1950 A K F it d> 13 T, Bate-
Smith '? & Harborne ¥~ (3 PPC ZH\ /- %5
WAITO HEEH T 5IckAT. PPC itk 391
OB TEndo P i3 ¥ 7Y NFicv7=Y v 8-
avikéoafayryhbvyrT=v%, ¥/, Hayashi
and Abe™ B¥ 7y NF LA v yNFLYT =V Y
- NIV FETY—DYT=U v ERH LA,
Hayashi 5DIBA&D ¥ 7= i3 Harborne *? iz &
> THAEXESBES NI

BRI EREBRAER DL SN AEYE 2 Kot
saw b 7537 4 —THITLAFIELT, Ly FIX
~Y) —BET Barritt and Torre '’ D9, 7 Fv
BETHRASYOI10EEAN - BHRY O 14E, T
vy IHF T DD 1IEEZRE LG EH
AL EMTES, ZhsFVWFhbe Fofvafbr
NNWVERKTET YT VBREBLOKLET AHE
BISHRAERTHITHS, LICHA - BERBDE IR
JTIT iso-BAW, 2&Jtic AHW () OBEAR W
TLC T&H 20 ic bR SEBESHBAREIRE L T
BY, 27 a5 7 4 —BEEMMICHERD T
BABFRENVIEBLELEZ .

Table 6. Changes in the constitution of anthocyanins in Camellia japonica during flower-
bud - development
Days before Total*! Constituent anthocyanins (%)**
anthesis anthocyanin 1 3 4 5 6 others*3
12 0.18+0.06** 20+4 4+1 15+2 20+4 — 4145
9 0.76+0.12 81+3 2+1 6+1 10+2 - 1+0.5
6 1.10%+0.15 86+3 1+0.2 5+1 6+1 — 2+1
3 1.06+0.07 87+2 2+1 4+2 61 - 1+0.3
0 0.91+0.12 865 2+1 4=+1 6+2 — 2+0.7

anthesis contains an unknown pigment.
Mean *+ SD (standard deviation).

mg of anthocyanins / 100mg of petal dry-weight.
Numbers used correspond to the spot-numbers represented in Fig. 4.
Other pigment-spots than 1-6 are spots 7-9, and in addition to these, petal of 12 days before
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YNFDFE 1 RIEIK n-BAW (II), 2&RITiC n-
BAW (I) #HW /2 TLC Tb- & bBIFIBRS M
ZRLS, HUEoT T vBaEEBHTCE
BTES (Fig. 4). THETD 1&KIILD PPC, TLC
TR DR Y T=P v 3-Fnav 7y
WMEy 7 =0 VECBEDBSERT, ZhicyHF v a0h
YYNREDFNT 4 =TV 3= oy FIRABY L
PN 4 v YNFE MY Y NSFORED 2@ AL
Thd, BOEWVWSETH 1. LiB-TIhETD
EFADIIZT IMHBOBRKERN LT Ltk 3,

ELAT, 7= b 7546 F0BFELE Ce—C3-Cq
BEO3LIC L HOEAR>E/ 4 FIv—7¢&,
3fLFE/F 3, SHI 2L EDEEE > V- TiC
XA 5 EMTE/H5 (Figs. 5, 6), RIEAEIERE
%, BELEREFEREENE, YT yoNF, 2%

YoNF, YHFVHITBAIED, BB voNE,

YT 4 VYNFILFERDYHTSHENVZ (Table 2),
AFRE PEKBRED Y N+ TRIBHE BRI OEHS
HDZEHITHS. HB0RBY Ty " FDaFY/NH 3
BE1E, $HFVHIOBRSE, VY 4 YN
Fi2F10, 12%, by yFEEEN, 135K
THEHKC, BEITERERORLLLDTHB,
B - BEEORTFoTHEL TS L SiC, BE
SNHORMETHE, FHMBIURELXBT 2FE%E Y
NEICERT AL bEREEEZ OND. BIETIR
IhoDRIRERL, REBROBRI AL FMICKR
?‘H-z)sz.ss)_
BRAMFELEDVE T, ERIEFOTREDIERIR
BRI OVLTHRR LT NTRE SIS ORIELSD -
1o, YONFFBTEAIIEBICBEL, MR L
RALELBAMDEEBYTHS, AERBROERIIEE
HEGREBERRLEIEFOEE & bFHEFLELRE
ERRLERERL R L. AERICIBKESY
BAEFE LV EENHIFTERON, Zhibid3
PICHifE7S, ERFRIERS LR T 2 5 ESIRATE,
BRICKRSERMRESTREL 15 - 72,

et LIEAFRERBORBETH 545, 1241
RA =P E=TEEM KLy I, 5D, Fy
Fa 800wl BEBMELE D& TS
DERBRPCERERPKIBICRLLBENDSE. o
T DIERFTOERERIOLEDE&IC, HOTEFOR
B> THEITL, TOLIBBOEELEBDEN
ZB, LI:B-T, ThoTRELEEZETHE, REBL
UnBRTERBRE KT 2 L HIBE, BB
EZHZINRESMTICHCE EWRARENS,

YNFTIBATE 6 HAEIOETH > T, BATEIER &
FoKEUEEBEPLERER LR L (Table 6),
PIEDBOREBRRETRIENL, LhHbBRASHERD
BRICELIBRERETHOEME VIS, LT
MHEELVRRICRATEREREL T, HLBE
L7 b D ETRESHORBICRODHELEL NS
AMEEE - STLVRT, HMFICERLESHEEELS
hs,

E ¥

YN BEVIOTERDT Vb v 7 VEESTEDORE
MEBRSMOBEICOVTRIL.

1. 1kItic n-BAW (1), 2%&ktic n-BAW (I) ©
BRAELZHEVE TLC Thb- b BN BEI LY
FORBERA SN, HEAY A FiBRIbOBERMT
TOEFUBEDT b Ty BEARHE LY. 122
NoDHRERBELIER, /41 FEBOEREE
RETAVA FRLHETEI8REBEREICHHEL
7o, BICL > THEBRRODHVBRILE T &5 FH
T&/.

2. RBRAELIEHROERBRLERERLREI, F
HEAPEEETERIEAD TN EE -2 FBLT,
[EHERORE - REICERERRL T 5 HELTREE
APV A

3. BORBicS>BERERLRSZ L, BATE6 BRI
DIEFRBFEL . bD LRI L ERBRLPBEERE R
L, BIEVRRICR STEFIRENTIREE VR 5.

3 HPLC &3 7=v3-Havk
EHSY b FOSF

BMHEEHE

19824 5 AFARERELIUTER (B : &K 900m
~1100m) THRELAHFER 2+ Y NFDIERE, B
2HENCR L-BBBREETHERE, 102 %2 1| R —
A%/ —n100ml TIOBRKLEL, TvihvT v
R ER/IL. TObDE<2R PPCitftl, n-
BAW (I), AHW (I), n-BuH O 3 & TEE1 (v
T=Yv3-7na YK, Fig. 4) icHY4d 580458
Bt - ERIL 7.

HPLC 4 BIP-I (H&S5 XD 27 L%ERL,
WBRD A S/ — VTHERLIcBREBHO—H A 4t
L7z, FEBIRSOEDEBDTH B,

#5LE 4.6mm 1. D.x250mm. FiH| . Nu-
cleosil 7Cs (Nagel ). #Hi2 : UVIDEC 100-
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Table 7. High performance liquid chromatographic separations of spot 1 anthocyanins in
Camellia japonica ssp. rusticand®

Retention times (min) in solvents*?

Compounds Ga: G*®
HC104-MeOH AcAW

Spot 1 anthocyanins 12.50, 14.13 5.86 , 6.76 62 : 38
Authentic anthocyanins

Cyanidin 3-galactoside 12.50 5.86

Cyanidin 3-glucoside 14.13 6.76

Cyanidin 3-arabinoside 18.16 8.15

Cyanidin 3, 5- diglucoside 5.29 —

*1 Chromatograms were run on a BIP-1 HPLC system using a 25cm X 4.6mm LD.
column packed with Nucleosil 7C1s and a UVIDEC 100-III detector set at 535nm.
A flow-rate of 1.0ml / min was maintained employing HC104-MeOH as an eluent,

and that of 1.2ml/ min was maintained employing AcAW as an eluent.
*2 HC10,-MeOH : 35% methanol containing 0.1% perchloric acid.

AcAW : acetone / acetic acid/ water (7/10/83, v/v).
*3 Ga . cyanidin 3-galactoside, G . cyanidin 3-glucoside.

o (=]
o~ w o
. . —
un o~ . o
'y — <+ —
- — .
w g L. - 0
c [L.} (L] <9 Lot
O, [ [ ™ -
'FE > >y > ot
- [X) (%) © <
=T ™
a> >
=9 o
el -]
=
2%
<c
© k‘
=} ™
wn —
w . .
c o~ <
- — —_
©
>
av
=
L4
-~
I3
L] \J
5 10 15 20

Retention time (min.)

Fig. 10. High performance liquid chromato-

graphic separation of component
anthocyanins of spot 1 and authentic
anthocyanins employing HCIO4—
MeOH as an eluent. For running
conditions see Table 7.
Cy3G: cyanidin 3-glucoside, Cy3Ga:
cyanidin 3-galactoside, Cy3Ar: cya-
nidin 3-arabinoside, Cy3G5G: cyani-
din 3,5-diglucoside.

IV (A&R5E8D. BEEE © 535nm. 1 VT 7L —
4 — . Chromatocorder 11 (System Instruments
&),
HRIREORHEE 0. 1% RERBE 3% 5/ —v (L
T HCI04—MeOH) OFEIE 1.0ml/min &L, 7
& b v —FeBE—7K (7T+10+83, LT AcAW) DFAIE
1.2ml/min & U780, LibBFRESEZhAHEL
T MBI OEDEBDTH .
YT=Iv3=Inavlk, ¥FT=Vv35-Y TN
AVRIPENIIES YTEYVI-HIT IV
YYFRE YT=Yv3-TIE/ VI YV IIE
#.
BEEEICIERE AT/, HPLC ififT L #EkR
®D PPC, TLC %fT-71. BRLABFK1ICHATS
BRO—8AEE 2 IR LIcHETIKIBEL, 77
JavEAi AHW (II), FHW, n-BAW (1), iso-BAW
D, F LA EPAW, n-BPW OEHET, TLC i
Ba@EFEDas o= b 7L, DO THER
% EPAW 2B 7z PPC THBEL, BEROBELEL
Rf AAUI0ERYD, BKTHMH L/ bD%:3,6-V=
bo 7y VBRERCEBRES Y ThEERL 7.

¥ S

B Yy FEROBRL E, ERTVMVYT
v@#ED HPLC i X 28R (retention time)
% Table 71, F7: HCIO,—MeOH %/ & L /o5
&0DF +— +% Fig. 10 TR L1z. HPLC #AWV 3
&, HEARRICRON S X HSHELRBRODEDS
Bondds, a2+ NFOBE I KHERETYT=Y
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Table 8. Thin layer (cellulose) chromatographic identification of anthocyanidin obtained by the
acid hydrolysis of spot 1 in Camellia japonica ssp. rusticana
Rf values ( x100) in solvents
Compounds
AHW (1) FHW n-BAW (1) iso- BAW

Spot 1 anthocyanidin 53 26 67 42
Authentic anthocyanidins

Pelargonidin 69 37 78 61

Cyanidin 54 26 68 43

Peonidin 68 34 72 56

Delphinidin 32 17 41 28

Petunidin 49 24 57 33

Malvidin 61 31 62 37

NEBEYTRODTDOEDTH 5.

Table 9. Thin layer (cellulose) chromatographic
identification of sugars obtained by the
acid hydrolysis of spot 1 in Camellia
Japonica ssp. rusticana

Rf values (x100)
in solvents

Compounds ** Ga: G**
EPAW n-BPW

Spot 1 sugars 30, 35 12, 13 58 42
Authentic sugars

Glucose 35 13

Galactose 30 12

Arabinose 41 17

Xylose 49 19

*! Visualization of colour of sugar-spot was
affected by aniline-phosphoric acid (Bryson
and Mitchell, 1951).

*2 Ga: cyanidin 3-galactoside, G : cyanidin 3-
glucoside.
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AV, FIES2EIICRTRETIT- .
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4RI L, MBH%MIKIC 16m]l OERZEKEMZ,
%% SEP-PAK Cig #— bV v ¥ (Waters &)
KRESE/, DXICREK 2ml £20% 45 /-
dml TH— b )y D%k, FBME L UEBIEOK
BYEBREL, 80% 245/ — 4m]l TEEAAEHL
7o, TOBKREDEDEMTHPLC T4t L1-.
H7 1 TRIROTAR-III (HASKED. # 5 4

H ! 4.6mm [.D.x250mm. F8&H| . Nucleosil 7C ;3.

B2 : UVIDEC 100-11I (HAS %8, #HE : 535
nm. REER 0. IBBERBE 3% 5/ — v, ¥
#  1.0ml/min. 1 ¥5 2V —4% — . Chromatocor-
der 11.

¥ -3

KB 1. 2RIETLC itk ABEDHOREM
YTYNF, 2k YNF, SHFEUH, HUySFE,
NNVHHF A, P yNRFEBIOTIEI SO S5 230
mEDT VT BREBRE, BREZOERER
(E2R) % Appendix 11T, THISLAEC LI
MY FEHEYHEE LT Table 10ITR L7,

(1) ¥ 7 ~+8

TRHR] & TKMXE] 02 RBicHAICEREE
FROBRI4ZRDID, MIdTTEE 1~ 9 DERK
BRRDHEFE DD TH 7. LHOERBERT
BEEI]ILBRSEEEE L, FIHREHBETRER
D64%, %®REII24%% 587 (Table 10).
BRIETI7VR2R s Ea—F 41— D [EEEL
DRBEFEDIVFEEED B DS, [F47 7 =—|
DIBHE TORIBRERSH Y, BFES b [+/\%¥1]

DE2EDD, [7VRZTR e Ea—F 40— [BEE
Kl D0FETOERDSH -7 (Appendix 1). BF
1 L35 5 ORICBIT 2 RENH AR5 & (Fig. 11),
BRBUOKBRI1A2FEKETINHMAETRT EVZ B0,
Licota® 1 LEBRS ORBRICBETIZEESELVLL
BLLTY T YN+ A2WI B ENTE S,

(2) 24U/ 5%8

Ncwdsire), TUAEEA BLORBELAHED 3 S
BICEXRBRROBFINEZBDLH, fdd X TERKR
BEREROLDTH - 12, EREEROEKRIIEE
1, 3~5BIXUT~9TYITYNFEEFUTH -7
05, BF Il TRERDBE L EH LT EhD
DB hbNELSIC (Table 10), BFE 15 Fik+ 4 3
RTCY T Y RF LR o1, FHBET~I5EHOR
BRI 5ENGEL, Y7y 20 1P Fick~h
ROBWIEHHHTH -7,

BR13 VMAME] © TRIE ] ORBEEDI00% % &
HEHDhG, [EBE—K] O4%F TOERLH -
72 (Appendix 1). 2% 1 LK 5 ORICHd 2 58E
DHERSE (Fig. 12), BEALDORBETRE 1D
HeFHETEAHERL, YTy "FicBon
BERBOKBLUENZERIZDOSNT, BEMICSIZ
EREMDEE - RBHEEZI ONS,

(3) ¥¥HE

TNRTERERRDAEFOL LBV Ty FHa
FUNFLRIBIEKRTH - 7chs, BEL, 3~5iKm
A, TNVNT 4=V vROBE2, 6 %2FDET, ML
DOYNRFERIE T, /2 TP O 1 RBAREE
RT~9%F S BBV EbBHMLEL S,

BREFXZDILBEF S 2FHEE L, FHETRE
DB EEDLT LMD HSMBbhbLSiC (Ta-

Table 10. Summarized constitution of anthocyanins in the garden forms of Camellia
Number Constituent anthocyanins (%)*'
Species 1/5%*
ofevs. 1 3&4 5 2&6 7—9 10 11 12 13 14
C. japonica 96 64 11 24 - 1 - - - - 4 2.7
C. japonica ssp. rusticana 21 88 3 5 _— 2 —_— 2 — + — 17.6
C. sasanqua 39 17 18 60 5 + — — — —_ — 0.28
C. hiemalis 8 14 11 68 7 — — - — - — 0.21
C. vernalis 22 41 12 47 + -+ - - — - - 0.87
C. reticulata 35 4 + 1 - — 7 31 10 47 -
C. saluenensis*® 1 — — — — - 35 + 65 - —
C. wabisuke 9 27 6 20 — - 13 5 27 2 — 1.4

*! Numbers used correspond to the spot-numbers represented in Fig. 4.

*2 Amount of spot 1/ amount of spot 5.

*2 A wild form of saluenensis was used.
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Fig. 11. Distribution of cultivars in the garden
forms of Camellia japonica based on
the amount of constituent pigments,
spot 1 and spot 5. One dot represents
one cultivar examined.
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Fig. 12. Distribution of cultivars in the garden
forms of Camellia japonica ssp. rusti-
cana based on the amount of consti-
tuent pigments, spot 1 and spot 5. One
dot represents one cultivar examined.
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Fig. 13. Distribution of cultivars in the garden
forms of Camellia sasanqua based on
the amount of constituent pigments,
spot 1 and spot 5. One dot represents
one cultivar examined.
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(4) hry~x#

BREXRRZROBR L, 3~5KMAFVT 4=V
RotaF2, 645FHbL, BESAFARETLIATYY
YHEBEDE DI L, BESITFETRERD
68% % Lidb7As (Table 10), [¥F8A) DO8T% % &
HLEEODG, [AEE] OBHETOERID -7
(Appendix 1).

Rl LBk ORICHET IEEIHERS & (Fig.
14), 1 BExRzEESE2FHEKET S, WbWEY
Y ARDsmERL, BAZRII/PNSVEEHE O
Z 5. RHEREEFORBELAHLLEHTH S5, B
FRINCFHF /A EHEOLEOICLTHRILLE D E
(AN

(5) "Wy hEt

BRERFZROBE 1, 3~55FH2bDTH »7hs,
MEx) & M%) 3BFRT7T~9%, £/ [HNHFLL,
FgUiEl), T BLU TERE] BFvr =DV
FEHERF T, oD >bBaE 1 LBFES A
FiEL L, FIBITEEHETRERDOUE, FEER
47% % ¥ 7 (Table 10).
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Fig. 14. Distribution of cultivars in the garden

forms of Camellia vernalis (@) and C.
hiemalis (k) based on the amount of
constituent pigments, spot 1 and spot
5. One dot represents one cultivar
examined.

DAFKETD, WIFNOKIBUERDND -7 (Ap-
pendix 1). % 1 LBE 5 ORICEY 2 4ESH%
R3& (Fig. 14), BF 12 FHET Y TV 48
DafED» S, BRERSAFERETIHF U HRICE 358
MAERMERL, BRACEY T Y NE LS4V h
DPROBERE VW Z B,

(6) bow N3
TRTCEHKRERFROBEIO~13%FEDL, THhicis
HNOGETEREERVEBAEL, KEEDY 7V 5%,
IFYNF, Y UAREEKBICRE >, BRE
RETR 7345 F7], [9=vH], TVayb -
Yy | 3EFRI0, 12%8FEKE Lo, fhidd TR
11, BEEEEL, BRIRBTEEHETRABRDIY,
BE131347% % i1 (Table 10).

L3 REERC L, BRUR 7V e<n .

Spots 1-9

Lila Naff

Samantha
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Fig. 15. Distribution of cultivars in the garden
forms of Camellia reticulata based on
the amount of constituent pigments.
Each corner of a triangle comprises
100% of the pigment-groups specific
to japonica (spots 1-9), saluenensis
(spots 10, 12) and reticulata (spots 11,
13). One dot represents one cultivar
examined.

Xy | ORBEEDBHEE LD EEDMS, [7T—Y —-
A=~ DIBETO, BRI [Ty F
+] DBEBELEDEEDDL, [V VT heF
W] DIFETORKBLEERDDD Y, HEKEEHTT
5 L1008 556% = TOERTH -7 (Appendix 1).
% 1~9, K10, 26LUEFEL, 130RICE
TERENMERDSE (Fig. 15), 2~ 3 DHIAEE
EBE1, 12%2R33FEHKRETI9H4ERL, 3BEOR
BT 2 BAZRIINIVRERE N B,

(7)) x4
HALALIRBOERBRIITHEILET, HEHOD
afEfZSRONI.. 9, Fig. 16 iR dTEBE 1~

Table 11. Summarized constitution of spot 1 anthocyanins in the garden forms of Camellia

Number Constituent anthocyanins (%)* Ga:G
Species .

of cvs. Spot 1 ( Ga G) within spot 1

C. japonica 144 65 (12 53 ) 19 :81

C. japonica ssp. rusticana 21 88 ( 40 48 ) 46 : 54

C. sasanqua 44 15 (1 14 ) 3:97

C. vernalis 42 39 (7 32) 17 : 83

C. reticulata 35 4 (1 3) 25:75

* Spot 1 corresponds to that represented in Fig. 4.

Ga : cyanidin 3-galactoside,

G ! cyanidin 3-glucoside.
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Fig. 16. Distribution of cultivars in the garden
forms of Camellia wabisuke based on
the amount of constituent pigments.
Each corner of a triangle comprises
100% of the pigment-groups specific
to japonica (spots 1-9), saluenensis
(spots 10, 12) and reticulata (spots 11,
13). One dot represents one cultivar
examined.

9, ¥ 10, 12BLUEEI1, 1B3ORIET 558
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[ L{EBh] o—BFLICKBITE 3.
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feBh), THER), [EWERIERY)) T28ic, BEERIC
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& LE)) c2&#icaidoh s (Appendix 1).
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DR HDERM

(1) Y7y &8

YT=UV 3K FVFRIEEETER1 D19
%, 73y Fid81%% ¥ (Table 11), 7va v F

Amount of Cy3Ga (%)

Fig. 17. Distribution of cultivars in the garden
forms of Camellia japonica based on
the amount of constituent pigments,
cyanidin 3-glucoside and cyanidin 3-
galactoside within spot 1. One dot
represents one cultivar examined.
Cy3G: cyanidin 3-glucoside,

Cy3Ga: cyanidin 3-galactoside.
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Fig. 18. Distribution of cultivars in the garden
forms of Camellia japonica based on
the amount of constituent pigments,
spot 1 and cyanidin 3-galactoside. One
dot represents one cultivar examined.

Cy3Ga: cyanidin 3-galactoside.
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2mESmERSE (Fig. 17), Fva vy FiaEHEkE
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FRERicEDIBE1IORE, BElICEDEZY
7 bV FRICBAT2mERHER S & (Fig. 18),
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pendix 1).
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IVI-HII YRR TR TS/NET] D14%
»5, FEHWL O18%F TOERARL I (Appen-
0 . . . dix 1).
0 50 100

VTV VHI b FESVva Y FBIZBES
HmERHERSE (Fig. 19), H'5 7 b v FAFE
ETEEDDG, Hicsrvav FiEEHKETELDE
TOD, KIBTEGENLSERICEAKS/ERL, 7
AVFERBICEP LY Ty T EBERICL,
FRBRICLHEDIBER IOBE, BEliICEHEH
77y FRBICBAT A REAHER S L (Fig. 20),
B 1OBKNFETOLDREDD, $HETHLOH
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Fig. 19. Distribution of cultivars in the garden
forms of Camellia japonica ssp. rus-
ticana based on the amount of consti-
tuent pigments, cyanidin 3-glucoside
and cyanidin 3-galactoside within spot
1. One dot represents one cultivar
examined.

Cy3G: cyanidin 3-glucoside,

Cy3Ga: cyanidin 3-galactoside.
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Amount of spot 1 (%) Fig. 21. Distribution of cultivars in the garden
Fig. 20. Distribution of cultivars in the garden forms of Camellia sasanqua based on

forms of Camellia japonica ssp. rus-
ticana based on the amount of consti-
tuent pigments, spot 1 and cyanidin
3-galactoside. One dot represents one
cultivar examined.

Cy3Ga: cyanidin 3-galactoside.

the amount of constituent pigments,
cyanidin 3-glucoside and cyanidin 3-
galactoside within spot 1. One dot
represents one cultivar examined.
Cy3G: cyanidin 3-glucoside,

Cy3Ga: cyanidin 3-galactoside.
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Fig. 22. Distribution of cultivars in the garden
forms of Camellia sasanqua based on
the amount of constituent pigments,
spot 1 and cyanidin 3-galactoside. One
dot represents one cultivar examined.
Cy3Ga: cyanidin 3-galactoside.
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Fig. 23. Distribution of cultivars in the garden
forms of Camellia vernalis based on
the amount of constituent pigments,
cyanidin 3-glucoside and cyanidin 3-
galactoside within spot 1. One dot
represents one cultivar examined.
Cy3G: cyanidin 3-glucoside,

Cy3Ga: cyanidin 3-galactoside.
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Fig. 24. Distribution of cultivars in the garden
forms of Camellia vernalis based on
the amount of constituent pigments,
spot 1 and cyanidin 3-galactoside. One
dot represents one cultivar examined.

Cy3Ga: cyanidin 3-galactoside.
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Hid (Fig. 22), Y7y ¥ cBohikkHic, R
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%, 73y Fi383%% ¥ (Table 11), ¥ 7V /3%
IR L. ThiBBERichD 2 ERIERICRES
&, BIBRTHE, BERRHKT, bedE¥Y Ty
FEYFUAOFHEOBEERLI. BRIICHEDSZ Y
T=Yv 3-A77 by Rid THkEL &), a8
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FTOERE/R LK (Appendix 1).
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Table 12. Summarized constitution and accumulation of anthocyanins in the garden forms of
Camellia
Occurrence of* Accumulation of*
Species Higher Lower Spots Spots Dp Spots G &G
Rfs Ris 10, 12 11, 13 | series 1& 5 2
C. japonica ssp. rusticana tr mj — 1 >5 G = Ga
C. japonica tr mj — 1 >5 G > Ga
C. vernalis mj tr 1 %5 G > Ga
C. sasangua mj + 1 <5 G >Ga
C. hiemalis mj + 1 <5 (G >Ga)
C. reticulata mj tr mi mj —
(C. saluenensis) mj tr mj tr -
C. wabisuke mj mj mj mi —
* — ! absent, + ! present, mj . major, mi ! minor, tr I trace, higher Rfs ! spots 10-14,
lower Rfs ! spots 1-9, Dp : delphinidin, G ! cyanidin 3-glucoside, Ga ! cyanidin 3-galactoside.

Numbers used correspond to the spot-numbers represented in Fig. 4.

@Ea,@ﬁlwﬁbéﬁaarvPiwmjéﬂﬁ
ﬁmu(mgzg,%£1®§®§¢wbmb6f,
ﬁaabwkﬁuigigmv7v~¢ﬁéﬁbt.

% =

Wﬁf&ok%éﬂ@#wv477N*%§&T.
REWIEY N+ BREEOT v b o7 VBRSO
EBHEL TRT & Table 12D EL Th 3.

Y, 2RI 0% b5 A LOBRAERESK
BRRICGIIIRE, BBELFEE LDy Ty
F, TFVYNE, BHEUH, A UYNE, Ay
ADFITHRILLI: & SN 3 REET, BEL TR
Lt@ﬁbﬁ?”#,#wﬁ4yvﬂ$®¢ﬁﬁﬁﬁ
DODTHE. THIFL T ER T DBEN LM
T, AHTHRILLAESNE YN+ THD SO ER
DERBEREFH DLELEDLC & MTX:8,

COLIBEARIE TERBEE & TOBESEDEND
B, LEATEROEEREHE Dby vt (BEIL -
1BR) &Yy g vyt (BFI0- 128) Mic b,

FIBEREEREHORIE Y+ Mic b2 S hi-.

LRBICERBRE EROBMETRTLoXDLED
Th5.

TFEYNE BRISBES, S YRF=H5
b F. Y TYoNk i EmRIS>ERS, Srav >
ﬁiabyF.Awﬁﬁyﬁ:éil=@%5,7w
AYESAITI MY R S h vyt mR
T<BFE5, FVIAYESHII MY K, poys

F BRI 18R, Y vyt @mERI0- 12%Y,

TERYy I BR=EKRBER.

Parks 5™ 3% 7Y%, 3 ¥ U HB L4
YYARKBLTCY 7=V 3-snay FEEHL,
CNOEYTYNFRIOBERE L, CHICh vy
FRES VY 4 vy NFRIEMAS, L LEERT
BIEDY N+ BRI ENENRLLBHMEBHC L 4
HOPICLIC &TE, Parks SOBERICES
twﬁfyﬂﬂ,nwﬁﬁyﬂﬂ$;31+yﬂ¢y
EROMABCENBTES. 2% DIEROBENHFIC
%LTI)%&@E&@%*@,Z)%R%TM@#
10 < 12895511 « 138>, 3) BXRETIERIBNS5
ﬁm,4)§§®V7:97&ﬁ57b9F%%o
m3i05)¥w74svy%éiéﬁﬂmﬁaéﬁ
BiCThud, v sk HitmEes 23 ER b cx 3

LCIAHT, BREMEIRI LS TN ENBMNERS
AU 0 v Ty N4 BRI SBREH,
VYU ALBFE 1 =aFES BEBEL05, chiz
&(i?ﬂﬁﬁwﬁﬁﬁf,i%MV77N¢K§<
@é%l:@iSﬂ@%Ewbb.vaﬁywmﬁ
STRERI>ERSBD, %1 <BE5HOLSE
BHBEIEE, ZERICELODTH - 7-,

BEMNCERLIERICOWT, FERMY 7y 413
REAL—ET, LB —EBTHIDIHL, 2+
YNFPERICELE VS, UM /R KB
YT YNFHIEEONEDBLERICLIE Y 2D
ERDBAG L& L, $BEEOREESY 7Y /54
&1*?N$@%§,n+ﬂ9?ﬂ#mﬁmt.@ﬁ
KRFYRIR7 5 - CicMd 2 LROMET, +7



30 REH#S

YNEHEERY 7Y ANFBER IO LA F YN
FEIEBICEVEL, YTy NFREEOKILICTF
oM LT EERBLI L LsnsEak
1E5oBICAL T+ y " FRERICZLL, Bk
1ERBIIHD T, YT Y NFOBELBERPIFY
NEDHEPLbIbEINIEEFEZLE.

c»c izl L Wendel and Parks 2% & Cad-
dell 5 12, ¥ 7Y 3 HFEHROBEEBENTREN
e~ o ESRPERESE LIERL T A, D
2, 7Y AFEEOIOL S EBIEHNERICE
K 2EEEROEEBOES ETHOAIVD
CHEZBIRINBEEBTCNELICHEZ S,

SOV Y A DS, T OREEHIRERE Lok
FEDSARBATE b D& ENTX b, A, YTy NF L
Sy H ORBRETH S ENTESNBICE - 121
LUz DeDIFY TV SFEFF L AD 1 KERE
ICHF Y ADRE UM LT 5 EEBES, YT NED
BLSH L7 3tk & AERBEaET ALV D, &
1B 5 Gtk 2 IR v Aie, 4453
MY Ty FiGEOEND, LEd-T, /v
HHEYHERICY Ty NG HOHRRLET D,
B L LA FRARE LB OIS, CORBRE
Wity 7Y S FRIOSED OHF Y ARDZICE
BECAGELTE 0, FIOMIEEAEMNII L
iIc1i 5,

2% v NFOEE, COSERIBEI>ERLE
THEEROZEREIBH TSI Loz, LELEXS
EREIEEIICEDEYT=IY 3-HF77 by FE
Snvay FRIEL, Y7y R"Fo g5 Uitk
SNMAIREEBNERAE LD TH LY. ol
ik b wy ok bREET, BF%l1, 1BoRIKMELUEE
DEHBICIIZERRBRE SNV, ERIORIIKIBTS
BRERAERLES,

ZD&HHBEBRCEROENEREEREL L,
ikl 2 SEMEEEZL B L, FT TV FP
by NFORBERICED ZHBRER (BF 1 ~14)
BOZRICHE S MEEDT B LD TE S, Thic
L, 2FyNFRBEEIREDEH 7 bV VRO
ERICEDSHETOPREATH S, LWoEH vy
FraDLSic, EEEORE L MEHELAE LK
BHELTOMAERT - bDP, #F VALY YN
FDkHit, BREEXZBOERICZ L, tRicHT
AEBHMBEOET P> bD—TDEIHIT
HELTX k5.

® #

2%&td TLC & HPLC A AORERTS Y N F 8K
HEOFOT v b VT VEREREL, BERAMNE
B L.

1. YT yssd, axynNF, $HFUA, H N
*, ANV REREEREEKREL, bUYN
FEEREEREFERE LI, T ERTERBRE
EREHERDEBET SMERTH - 1.

9 BREEZTEY 7Y "FLady  F3BR
l&iw&b,ﬂﬁyﬁ&ﬁyvﬂ#déiSQIW
LUt ~vHHvhidaEl EBRs EFRROY
Ty LY AOHERMTEH -1, FhBKREHR
ZCIER by R EBEL, 13%F&E L.

3 2ixyNFREFICEDEYT =YV 3-H
Sy bY BB, ¥ TynF@PEmbt. TH
KL, YFVAEHYYNFRYT =YV I-AT
7MY REREAEEED T

4. BREEOEROERZY 7Y FEANTY
vHREE1EBELMET, v FRERIIER
F13T, ThaFYNFRYT=IV 3-#H37 b
Y REF VT Y RETRLONA, Chicdl, $FY
hED vy NFICRERIE BERSHEM T,

5. ptomEatoga,rsafkl, BFs, B
#10- 12, a1l 13, vr=Vv 3-H3 7 FVE
BLUFLT 4 =V vRBRAEECTIE, YNF
HEBAEWLTE, POREMLOREEZTETS
AT ERPLMICLE.

35 WMUOXREROT VL7 VERSHORE
EEEORE

HHELEFE

AETHO Y S+ TEF L Table 13 & Appendix
9 R LIZCELT, Y4 VY NEXTTINE
QlEEE, b voNE X P T VSR, ¥V
X h oSk T RE, YHFVAX by 8RES
YUY 4 Y NEX Y NFBGEBTH 1.
BHROEBAFRBHOEDLBDTHS.

KKy S+ BIFS (KK, EBREHEYE (B
RE), TUNKFEEER (BRED.

19784 D> 5 19824EIC I TIEF A EREL, F2ESH
QEICTRT B BREE TERILRES, TV —5—
(o) AL RicRELERERICHL.

7y b o7 vEROME & 2K&TE TLC EIESE 2
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Table 13. Summarized constitution of anthocyanins in the camellias of hybrid origin

Number Constituent anthocyanins (%)*

Hybrids

of evs. 1 3&4 5 2&6 7-9 10 11 12 13 14
C. saluenensis X japonica 21 19 2 12 - -~ 22 + 45 - —
C. reticulata X japonica 12 12 4 5 -— — 7 24 12 36 —
C. japonica X reticulata 7 29 3 - — 6 20 23 14 —
C. sasanqua X reticulata 8 14 1 — — 13 18 15 38 -
C. saluenensis x reticulaia 8 8 1 6 B ié -------- 5 ------ SI ------ i1-"v”;:-"

* Numbers used correspond to the spot-numbers represented in Fig. 4.

BICRL7cEB DT, 1R n-BAW (II), 2 &G
iZ n-BAW (I) OEEAHWE:, 202754 D
BRRAXy FOERIZ 0 2 F 4 F (CS-900, B
BED) £, REROERB 2HESNXES (UV-

200, BB AV, BIES 2HICRIERETIT- .

= S

BRME Y ~+OLH6REOT v b v T R
REBREROEEHER (HHR) £ Appendix 2
2, SN2 BB LicE LD, FHELELT
Table 13 iZ;R/ L 72,

(1) B 4 VyNEXY Ty NEEE

BREFZEREZBEAEE-D2EBOHN LD -1
P, BBULRBEREEROBE ], 3~5L5KE%E
FOEFI0, 125F 6D TH -1, KIREBEERTIE

Spots 1-9

Spots 10,12 Spots 11,13

Fig. 25. Distribution of cultivars derived from
the cross between Camellia saluenensis
and C. japonica based on the amount
of constituent pigments. Each corner
of a triangle comprises 100% of the
pigment-groups specific to japonica
(spots 1-9), saluenensis (spots 10, 12)
and reticulata (spots 11, 13). One dot
represents one cultivar examined.

Rl LBRIAERLEL, AEREEETRERD
19%, ®RE X124 5D, $LERBERTRAER
10 BRI2EFELE L, FiEIEEETRERD2%,
BEFIBFE LD, S 4 Y NFRIOEFE, 12
(Table 10) ORI 67THE, BREERE: LEb-1
(Table 13).

BR1~9, BFKI0, 2BLUEBFEL, 130RICHE
THMENHERSE (Fig. 25), £ »71-{ DfaFE10-
RBD DM 5, CHIIZIZEBOBREZRERE
TH5HDOETO, ERALAMHER LD, St
K11, 12%FEETEHENMEAN. 220y 4
YYNEROBEI, 1204KiEY 7Y N FRIDER
BRROERICH L, BIZMICEHEEL SND.

(2) boonNFEXx¥ Ty N8

BREFZRERF/INDGE LD 71285, BBERER

Spots 1-9

‘Hﬂo Rawell

L J
Fortyniner

Spots 10,12 Spots 11,13

Fig. 26. Distribution of cultivars derived from
the cross between Camellia reticulata
and C. japonica based on the amount
of constituent pigments. Each corner
of a triangle comprises 100% of the
pigment-groups specific to japonica
(spots 1-9), saluenensis (spots 10, 12)
and reticulata (spots 11, 13). One dot
represents one cultivar examined.
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Spots 1-9
Diamond Head
(L
Royalty
[ J

Spots 11,13

Spots 10,12

Fig. 27. Distribution of cultivars derived from
the cross between Camellia japonica
and C. reticulata based on the amount
of constituent pigments. Each corner
of a triangle comprises 100% of the
pigment-groups specific to japonica
(spots 1-9), saluenensis (spots 10, 12)
and reticulata (spots 11, 13). One dot
represents one cultivar examined.

BEROEBE 1, 3~5LGROEZROBHEIO~I3E
BHObDTH-1. BREFZFRTREBRI LBEHL%
FhE L, AEIEHETRERD12E, KERS%
2 E»t. $hBROEEZERTIEEI, 12TRERD
19%, %11, 13TE0% % &%, b oYy FROBHK
11, 13 (Table 10) DEEIBEXREFEFRE LEb -1
(Table 13).

Bk 1~9, BE10, 2BXUREEI, 130RiCH
+TASEAHERS E (Fig. 26), 3 RETHIANIC
BREOEREBFEI, RERBEL TR >OMERLE

B3, fuddNTEEI, BEFEEETEIAMERLL.

SF D by Yy NFRIOEELL, 130ERIEY TV F
RIOEREZROERICH L, BEICEEEELS
na.

(3) ¥ T yNEx by yN+E

FRDYERE & EFRHDORRICDH 05, BERASHD
BHRIRERTEbEETH -7/, 9 Fig. 27ITR
TEE1~9, BF10, 28LUBFEIL, 13ORICE
THRENHERS L, BREFZERDADLD, BF
10, 2EBEREZRORET S LD, 3BEREHNEMF
T2 60BLUBEL, 132FHKETEHOEEDH
iR Lz, FEMICR TS (Table 13), EKREHR
FiIIREFEDME, BFKI0, 121329%, F/-BFE1],
1313342 EH B L Hik, 3BERBEEML TR
DTHot. DEVEFRHED Ty NEX YT YN

Spots 1-9

Felice Harris

Spots 10,12 Spots 11,13

Fig. 28. Distribution of cultivars derived from
the cross between Camellia sasanqua
and C. reticulata based on the amount
of constituent pigments. Each corner
of a triangle comprises 100% of the
pigment-groups specific to japonica
(spots 1-9), saluenensis (spots 10, 12)
and reticulata (spots 11, 13). One dot
represents one cultivar examined.

Spots 1-9

Francie L.

Valley Knudsen

Spots 10,12 Spots 11,13

Fig. 29. Distribution of cultivars derived from
the cross between Camellia saluenensis
and C. reticulata based on the amount
of constituent pigments. Each corner
of a triangle comprises 100% of the
pigment-groups specific to japonica
(spots 1-9), saluenensis (spots 10, 12)
and reticulata (spots 11, 13). One dot
represents one cultivar examined.

FRI Py NFROBREERKRE LI, TOBG
BEMEEFELL, 1BOERMBIED NS T EICIE5.
(4) ¥V AX by yN+#H
BREZEZRZBEAEHLEE LD - 105, B3I
EBREZROBFE], 3~5LHREEROEREIO~
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13%F 26D ThH 7. BREXZRTREE1 2K
L, FHETRBEO U LD, EhEREE
FTREFEI, 12THREZED28%, BFE1], 13TH6%
&, PO ANFROBEILL, 138FEHEEEDH/ (Ta-
ble 13).

B#%1~9, BFI10, 126XUEFEIL, 130&IC
THRENH AR S L (Fig. 28), 1 RBOFIANILH
A0, BFI1l, 13%2FHkEFTr0Hm%2RLEL. 2D
koY NFRIDEFEN, 13D Y ARIDER
BRERROERITH L, BRiEHiCEBEEEL SNS,

(5) B 4 v yNEX by NEH

BREZRFREZERLTEHOLEE LORRKIcHkKT
505 BIFEXREZROBHE 1, 3~5BLUERKRE
RFDOEFIO~IBAEFEODEDTH >, BREERT
BEE1EBERSAFARE L, IERELETREE
D8%, BEIZ6BELED., THLERBERTIHE
%10, 125369%, tBFE1l, 130516 &, Y 4 vy
NERIDOBEHFKI0, 1205 E% Hdi (Table 13).

BF1~9, BFI0, 128LUEEL, 1308ICH
TEHRENHER S L (Fig. 29), 2 REOFNLH
505, a%10, 12%FkET59Mm%R L. 2FD
FUBKREERTI, $vy 4 vy FROEFKID,
1204 IE b oy o2 RIOEFELL, 13DERRICH L,
BIZHIC B EEZ SN B,

% %

PNy 4 VY NFRIOERERT by F RSP
Ty NFRIOERICH LT, by +BOEE
HERREY 77 3+ 03y A ROARICH LT, £0
ThREMICEBHLEEZ SN, —RicT by T
vEFEOE Fofxoufl, 2Fuik, 7Y a3 v
KUOT7 vLBRRTIR, LDERSBELERT 58
ZFREREZNIY LEBEE Sh BB 88y
FDBEbRIKTH - 12,

YNFDEREGREBEREIZTNTN VYT =V /D
/94 FEE, WETHINS A4+ FEHCHENL,
WEIXZ Y a3 vnfbichhb & ONERT, Lich-
T, hHEZE VI 54 VOMBETII=rEY vV 3-
Fnay K 35-Y7nav i, Solanum chako-
ense % S. stoloniferum @ Gl BIzFEZsrv&F v
3~ WAV KREZ-ITNIAVANTNIYVIAEZ LH
EHHEHY, ZTOLIBRETOHEESE Y NFICH
ETE 5,

cruestl, Yy g vy NFRIE by RIS
YT=Vvd 3,5-51 %/ %4 FEE (8,5-di-mono-

sides) & 3-€/ #'4 %4 FE (3-mono-disides) D
BOEHETE/ (Figs. 5 6). b LIZOHEEN YA
BTWEETENSG, KEZAFRMN VT P A—1¥RT
X, ZBEFE3-IVvayF%35-U7va v Rig,
T PBIEFIII-FM1E/ 91 FIREZ, RIiEWIC
ERIX, ZI3E/ 94 FICBELTIAE,HAF
ZERT B0 kS HBIEHERE Y NFIC
BEIT T L0,

YNFOBEEDOI LEBLICEELDIBE ]
(P T x+8D), BF5 (¥ UHED), BF10, 12
(g g Y 3FR) BLUOBEL, 13 (oo
FR) BoH b, 7Y avftrT v itichdrb 5E
WERTINOOBRERMCBEL T, HITERLHE
5L Fig. 300 EL Th5, #EHROXFEICER
TBE, YT yNEXYTYNE oy E

C.rusticana

C.japonica C.vernalis

C.sasanqua C.saluenensis C.reticulata

»
o
"
]
-
o
o
w
o
—

Fig. 30. Schematic representation of pigment-
accumulations in the garden forms of
camellias and those of hybrid origin.
Each corner of a square comprises 50%
of spot 1 (left), spot 5 (top), spots 10,
12 (right) and spots 11, 13 (bottom),
respectively.
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XY TYNF, $HEVAX Py YNFBIUOH VY 4
VYNFX MY YNFTENTNEUOBRRHHEL
BHNA3DERBRDEBDTHBH, SEY TV /X

FOYNFTHSIITH D 4 VY NFRIDHEKL,
HBHFEYHX PO YNFTHHF VARIBHEHBEL FcDOHD
BRI 5.

Parks 5™ i3¥ 7y <+ icigyic BT 57 5
R4 FEDHA A Vid, Fvg 4 v ynNEFX Y TY
NETHESREST B, YTV NFX PO UNETR
BLRBRTIZI6DH05, oL BEALBVWHDET
DERDH B EDFEROV EH%, MHRBOEHKMK
DEVITRW Iz, F kB - BHS Y h I
BT AR D -4/ —vid, ¥V h%E
PUCT DL Fy ICHEEICHEBL, A2 ) Y3vr Ty
FAEBICLTS Fy LT LERBELBSVEB%:,
HEONFROZICKRDI., 2FESTRILEWMON
2 YOEABIZERT, M54 3BREBBVID
WSRO XTHE F iIKBRERLIEVENS,

ProBEfliz 7 T rBBEICOGRMYLES. Y
NETRRMICE L CTHABOEEESRIL 55D
2o, FLETVFVYTVEROSTFREG00L LS,
RREHMPTERE VBB T 5. H 5V ILFIH
THRATBIZHIE AT DA OF & 1512012975 L))
BEOBRRICOTHEETIRIRLESTETHVZFE
W,

WEOEODOBMIEI BB OBRERIOEAIICE
S DORVEENEET S ETHD. ¥ TN
FXPIYNEFD [FA4XEYR -~y F] IZEN
¥ 7Y NFICBELL, T EHTTEhOLD iR
FEHNCE Y Ty N F BT B LS, D3l ED

BRICOODNTVE IO I RMEEL IR LD - 72,

FRHBFVAXIIYNFD [T FARNY R
ERERFORET, COMAAEDLEORBICHEN
CRONZYHF U ARSENZ EE® FHlict
LAYy 4 vy pfE L bDEBZ 5. UL
D2HNCR SN B &5 3B LORE b b -
T3 ERBZ 50, JPHAGDOERETR )3y
MEICBd 2R IBBHERTSH S LEBRTS b
DTH -1,

-3 ¥

2D TLC ZHWEREERE O Y N+ 158
DIEFOT v b 7 v BEREBEEL, BERIHORKE
hoBEOBEZERET L k.

1. Yoy g vungEx v 7Y+ BTREBEI,

12, b N XY TyFBETIIEEN, 13, ¥
YAX b yNFETIRERE, 18, £y v
YREX Py ANEBETREBERI, R2EThTNERE
L7ds, ¥ 7N X by BHTRBERBER,
B#%10, 268L0EEL, 130BRELbEHTH 1.

2. U LOBRERAHORMED O, BRERIIY VY
4 VYRFRIS PGy NERIS Y Ty NE (S D)
RO Bz B EEZ S0 5,

BIE HAXVT7HINREBERO7 VTR
ESHTOBBLERERE

B8 & El

FN—VICEEAER L, £ TP OREMELER,
MWIlB LUBFIRBOEE &S, Y ERERE
HETHTEPBOIM, MESELTEMNOKEY%E S
O EODfEYEND B, VbW L BEMKESZN
T, Y+ BHEYIOKER I OEMFHICAIMHL,
Sealy 8 DHHMIILE / 775 7T & B L HIBODJRREDS
WMEnTWB, L LIESE, Chang ® 13hEEEH
DFEETH A LFEARRL, 52Z0KII 200548
KDXR8NThH 5.

INSDYNFDNHMT, HRDOEBIFRLEEH
DD - EBEHLTHB DA XY THIV /N
FhH 5. hEKBEED b Y YN, KEEDOY 7Y
NERLFYNERESTHB., INHIIFHFNIC
HOicBE L, RERMMMLEL, DPRBOFELF
DEGEAESAHMBENISERBIT AN > TEIL DAL,
BEEBEERL T B ENHZE  KIRTEF TN
F——aF Y NF OEADEE TH B 331968 102 109~
) zhicxl, PETIR b Y Y NF—H vy 4 v
‘y/\:__% t°5 —)D‘Y/\*#-O)?Eéﬁi‘ﬁ 024, 25, 31,88)’ J&
o4 )T LY—%OHRPICRONEY Ty d—
—H N 4 VY NRFOEATOELBRE ST,

BB 3o 2 ) THINERICRHE 2ERED
ERENBEREGEUE, &L EEOHBY A S,
REERE LOERFAE by v NE HIY 4 N
F—tH — Y N F—FE KL TEMFE—RIILR—
—HILALTE R — Y TN DIEE L, FHROY T
YoRF, aFYNF, 2FNFYNERIY T
NF% japonica &4 1 FEITRDIIZ S BRV &
ROOI, COZLiBLEBENICRS ERHEDE
LaE&0d5,. 2 DFEICB-LIiK, vy
4 VI NFRIOBFEERII P IV NFRIDOZFNL D&
BRI BT, RERE LY NEFEF LY 4 VY
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NEDEAICEL &, BRERICET ZEMRIZTD
BHALAR~D, —iICHIC LORHERWEREE
ZBNEMDD., TINbRIETRNID, 7
NEREAFYNFHEFEE TP DRIE ZEEARK
DBRENEREBE O EDEREHFETE I,
BRILORB LA 2 ) THFAMOFRY|ET b
YT VERDHGORMBE I, FARTHSEERSS
5D, HBNZEIF Y NFEEGDIAILDA A
) THIOKRBEHR L, BRNICEALEEEET S0
T EBRE D,
AEFE2HMTHRITDLIABIFIF Yy NE, Yy
TYNE, K TYNF, 2 F Y NFHERIOBES
ORHETY, BOXKBMREMEEESHIcT R &
THBIE U, F7oXEE 3T TIIPEABEED A 2

) THIZED L, & ICEMLICER > TR 5.

B2E EHEAXUTZHBIYNEBEROTV b
7 v BESTORHALRERE

M & HE
AEHTHO Y N EFOIRERIT Fig. 31 BL Y

Fig. 31. Map showing the localities where the
camellias were collected. Code num-
bers used in this figure correspond to
the locality-numbers represented in
Table 14.

Table 14 IR LT ELK T, ¥ 7 N+ 10H152911H
&, 2% v NF IMEIMEIE, ) vV NF 4 HILST0
Bk, &y yNF IHLBMEIET, ThichEs
FEDOFIH vy "+ | MSISEEBEMAZ. BEBY v
TV AR IBABOHEK 500m L EDILitic BES B
bDEVIH, MMEEBVICIIASKRBRELXST S
YTUNERHD, Y T VNFEOBEL S BHD
05, FERICHAVAE GORBABHBERERE LUOET
BICHET 2KREEDI 5V %585, i) v
Ty NFEMTIRISD,

19824 2 Hir© 6 BiTh 3 THIFED Y S +EH %,
F /01983 2 HKBBEEDF I v v s+ b 51
£L, B2EF2HMICRTERRL L THBILR A4S,
T == (VAKX RIKRELEEERICH
Lic. T by T ryBEOMBE 24&kTD TLC 358
2EE2EORLELEBD T, Jo= s 54 Lo
FRAFy P ERBROER, BLUBEIICEDZ Y
T=YY3-H732 v FEZvay FD HPLC
L AERIE, EIBF 2WMITRTHREICK - 12,

= 3

(1) ¥7un~k

HEA BN LR OBREROICH B b DEH
¥Rl (true type), MiiHUAREPAROEICH 2 HD
% t3B%Y (urban type) & LTKBIT % &, BiFidik
Zil, BRI, HEE, ZREE, BFoMEEEN,
FoRE RS, W, EE, BT, # Moz nsE
e

TR, AR EMOLT I RTERBEROE
F1l, 3~5%2B2b0TH-7h5, THOTIIERE
18R E2THE L, AIERFRE MR o
BRBOUFBE LD L DS, B GEXRE) D60
FETOD, BREFKE QIR D0FELEDHBEED
»6, HRBDO8 KT TOERMND -7 (Table 14).
HEBIIEOETER 1 164%, BESPUEELD
1o, BAEMGITRUL-eRER-ERTEVZ B,
DERBEICEDEZYT=V Y 3-HF3 7V F
BER5 L, BIL GESRAYD), 8/ # GEIAED 029%
DEDP 6, EBIE (BRR) DI5%F TOERMD
-7z (Table 14). HIER I LGB TIOH TH - 12753,
COBERGHFERIZIIHT I2ER-ERT LVZ B,
BR1ELBESOR (A), VT=VV 3 vay
FEHF7 PV FB (B) BLUZHSDHE (C) i
Ao sk N AR5 & (Fig. 32), B 1 —fA%
SHOBRICBEL CHBIRD, Fhsvak—HF35
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Table 14. Summarized constitution of anthocyanins in the wild forms of Section Camellia of
Japanese origin
Species and 'NO-. (.’f Total** Constituent anthocyanins (%)*° Ga: G.“
L . indivi- antho- within
localities collected duals cyanin 1(Ga G) 3&4 5 2&6 79 10—14 ot 1
C. japonica
true type
1. Sata-misaki 30 0.18 78(12  66) 8 14 — — - 15:85
2. Mt. Kirishima 21 0.27 81(18 63) 6 13 — + - 22:.78
3. Nomozaki 30 0.28 84(21 63) 8 8 - — — 25:75
4. Narao 30 0.35 80(19 61) 2 18 — + - 24:76
5. Yobuko 30 0.34 79(14 65) 5 16 — + - 18 : 82
urban type
6. Sakurajima 29 0.31 64(10 54) 6 30 — - — 16 : 84
7. Togd 31 0.41 60(12 48) 14 25 — 1 - 20 : 80
8. Kawaura 30 0.26 63(16 47) 14 23 — — - 25:75
9. Fukue 30 0.17 66(19 47) 15 19 — — — 29:7
10. Génoura 30 0.14 69(20 49) 3 28 — — — 29:71
C. japonica ssp. rusticana
11. Mt. Kurohime 31 —  100(60 40)  — - - - —  60:40
12. Tooka-machi 28 - 100(48 52) — - — - — 48 152
13. Mt. Nidji 32 — 100(59 41) — — — — — 59 : 41
C. japonica ssp. hozanensis
14. Ishigaki Is. 6 0.16 47( 6 41) 2 51 —_ - — 13 : 87
15. Kunigami 21 0.20 57(12 45) 13 30 — — — 21:79
16. Senkaku Is. 1 0.20 88( 8 80) + 12 - — — 9:9
17. Formosa 18 — 100(53 47) + + - — — 53 : 47
C. japonica f. macrocarpa
18. Yaku Is. 27 0.20 61(16 45) 14 25 — — — 26:74
19. Minami-tane 9 0.32 86(19 67) 5 9 — — — 22:78
20. Naka-tane 15 0.33 72(16 56) 10 17 - — — 22 .78
21. Nishino-omote 19 0.33 79(14 65) 7 14 — — — 18 : 82

*! Numbers used correspond to the locality- numbers represented in Fig. 31.
*2 mg of anthocyanins /100mg of petal dry-weight.
*3 Numbers used correspond to the spot-numbers represented in Fig. 4.

*4 Ga ! cyanidin 3-galactoside,

7 b v FREORICBEL TEEL Bigd) SHJBO,
HBHNFE L E -1 HERTODOD > /chs, it
1PV T7=Vv3-IsnavFaFEEE LEMES S
ERREOMHARTEVZ S, FHBELRICET
HEkamizEEl, BEL, HFRBTEEE >
HMELTEY, BRICEATIBBAMLBET SO -
BLVWZ 50, fids/vavy F—#A52 b v FRE&
DO LABER I —BESHTHMEDBEALEEZLDS
nA8HEER LI,

Fig. 33 3% 1 L ®BESDR (A), ¥ T=I v 3—
FNavrFEHS 7PV FR (B) BLUZhSDEE
H#R (C) icBAd 2Bk A%, MR LARE L icn
BTRLBDTHS. MEELDICEZLZTNUL DA

G ! cyanidin 3-glucoside.

TR, HRBBTOPERICEUAHERT ENZ
5. bRACEEEDOSG L &S I (Figs. 11,
17), #IERIANB EBUT SV 5,

(2) 2%v%

LiEl, +EE, —ETEO IEGEERLE HEE 1
10045 Lot $H-BR1IICEHEYT=V Y 3-H
57 b v FBAERS&E (Table 14) 121350~60% &,
gnvay FEOBAARED. 22y "+ HEBIIE
1 PHETRERZDOB%, 57 v Fi3EH1
DA6KE LD, BERRIEI > DBREIRTD
PRI 1.

BEIELBESOR (A), V7=V Y 3-IVa v
EHS7 YRR (B) BLUZHSOBERLE (C)
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Fig. 32. Distribution of individuals in the wild forms of Camellia japonica based on the
amount of constituent pigments.

A: Relationship between the amount of spot 1 and that of spot 5. B: Relationship
between the amount of cyanidin 3-glucoside (Cy3G) and that of cyanidin 3-galac-
toside (Cy3Ga). C: Relationship between the ratio of Cy3Ga/Cy3G and that of
spot 5/spot 1.

B B @k HE RS L (Fig. 34), /vay F— BRIDAERFOEVS, —RLTEREIZ LY
—A77 bV FEORICBALTI VT v FEEkE T LBABa2FY"+THE LLUuss, 1%
56000, BICHF7 bV FAFKETEHDET %9 5 2 BOBRBICKE L TRY TERIKEATE
D, KETEENSSHER L. BRIERICBET 3 D, TORYTYNFLRHBORBEEEI OIS,
fEiEnh s, BROSEAMEBI VI F—H5 (3) hcoHFry~F

7 b Y FETEAILEEZONBBHAER LT, AFEF Yy (G, HiE, M58 3
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Fig. 33. Distribution of individuals in the true
types and urban types of Camellia
japonica based on the amount of con-
stituent pigments.

A:Relationship between the amount of
spot 1 and that of spot 5. B: Relation-
ship between the amount of cyanidin
3-glucoside(Cy3G) and that of cyanidin
3-galactoside(Cy3Ga). C: Relationship
between the ratio of Cy3Ga/Cy3G and
that of spot 5/spot 1.
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Fig. 34. Distribution of individuals in the wild forms of Camellia japonica ssp. rusticana
based on the amount of constituent pigments.
A: Relationship between the amount of spot 1 and that of spot 5. B: Relationship
between the amount of cyanidin 3-glucoside (Cy3G) and that of cyanidin 3-galac-

toside (Cy3Ga).
spot 5/spot 1.
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C: Relationship between the ratio of Cy3Ga/Cy3G and that of
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Fig. 35. Distribution of individuals in the wild forms of Camellia japonica ssp. hozanen-

sis based on the constituent pigments.

from Senkaku Island.

Mark * represents an individual collected

A: Relationship between the amount of spot 1 and that of spot 5. B: Relationship
between the amount of cyanidin 3-glucoside (Cy3G) and that of cyanidin 3-galac-

toside (Cy3Ga).
spot 5/spot 1.
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BA - BTFRBOHBEBALPERAED HABOR RIS
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~T0004ERTTH B4 918 1255 THIERFIBITE
ZLlhoH rynNtd, TORNKE-> THmE%E
ASIIEANEAR L EEZ LN, DFEHEA

C: Relationship between the ratio of Cy3Ga/Cy3G and that of

BT YTy R NOERMEE, TUNEETATRE
ERRBMICAIT 5% 7 5 E~OMEARE - 11
KT - BROICET D LS IR TY 5B,

L ¥

25T TLC & HPLC 2HOVKIEHN A ) THIY
NREBERIOMAFOT Vb VT VEREEEL, BE
DHEORRMEZRRET L7,

1. YT uynF, FHEEFRISF Y F, Jray
NEFEREEROBE 1 LBERLEFEEFEL, 2D
BEICEDBEYT=VV3-H57 b Y FRBRRIDVE
ot chielad v N+, BBEERIF Y
NEFEE1IZI0%E LD, DOBEFEIICED SV
T=YVV3I-HII VYRR Ivav FERITERLE,
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Fig. 36. Distribution of individuals in the wild forms of Camellia Jjaponica f. macrocarpa

based on the constituent pigments.

A: Relationship between the amount of spot 1 and that of spot 5. B: Relationship
between the amount of cyanidin 3-glucoside (Cy3G) and that of cyanidin 3-galac-

toside (Cy3Ga).
spot 5/spot 1.
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2. BREROEROERIIY 7V 3+, KIEL
THYYNE )Ty NFR3ER I —EESBT,
FloaFynt, BBEEEFOF Y YNFFYT Y
V3-TNnaviF—~H#AS5 7 b FETR O,

3. toBEAHGOKMICNZ, BoNHE, ¥
BHELUMBEREEZ 5L, Pyl ) vayos
FREFEF DY Y NFDOERMEL, 24 V3
FLEBEERIYF VY NFIREREL /o ER Y N
FPOMELIEHETE B,

B3I PEEAXUTHYSTHBERO7 Y
7 vEESHBORALESL
M EHF X

EHTHO/oY NFIEFHIE Table 15 8L U Ap-
pendix 3 IZRLICTELT, v 4 343

C: Relationship between the ratio of Cy3Ga/Cy3G and that of

tk, €4 -yt . €5 VE (C. pitardii var.
pitardit) 1fH{&, ©% -5+ - ZEHE (var.
yunnanica) 18k, ZMHEKLIEHAE 9 @&, BEL%K
1MEHE, #HLALTERZR 5 @&, +va vyt 6k
Th5b, BBBERE Y Y NFRAFRETH 120
T, BFHEROEA L D BRSO REREE, BEML
DEDEEINZFIEEO 3MBTRESEL. Thd
DIHLEY =Y NF e Y~ VEEA - T T
(R. M. Withers, 2 VX vifi) kb, EFEEIIE
FRTIKFEBY¥EHLD, by NER3ARKY N
FBH2LOAFL, ZofuddT~ThEARLME
EEHEHBOBMTREL 2.

19824 5 1984 T TIRAEAFEL, F28E
2HICR T BB R CTERIEAEE, Fvr—9—
() A7) RiIClRE, BHERICHELI. 7o
v7 vEFROME L 2R TLC 35 2 815 2 fiic
RLIZEBOT, 7ot r5a bRty &
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BEEOFEER, HPLCiICk A Y 7=V v 3oy
FEHF 7 by FORBERIIBIBEE 2HICRTH
HEitk -7,

¥ S

(1) Yy 4 yNF,
INF

3L HEREZZOBER L, 3~52MEAROME
o, buynNE [JANE - T4 —0] ORBFED
4% % 5058k EH - 1205, BBRUEREBZERD
BRI0~13%FEE L.

F2ETOMNI DY Y 4 Y F3EFEIO - 12
BT, ZhoTIRZ100%% %7 (Table 15). F i/
v dEFEll - 1I3RIT, ChSBESETRE
FDNH A LD,

chicstlL, 8 —nwysFidesy —EEEREE
T BU->HBESMERLL. 2E0@EEL
bEaRBZRREFEET L, FIELIEEIOEREER
D33%, BRI2ECTHFEFOV IV 4 VI NFRIERL
foDicx L, BERBFEIE25%, BFRIZEETHED
by NFRIA R LI (Table 15).

(2) 3EHALIEBER

9 ik 5 BHEEBEREBFRFZOBEE L, 3~50D04
ARHOLDTH 1, FO D4 EEFERERRIC,
BEED6~12%ICHNT 25REXZZDEFRIONE
Z L7 (Appendix 3).

BREaFERERD L, AR LBESEFHEHEL,
BIE IR B TREEDEH, %BEIZ2BEL LD,
FaRlich»avyT=Yr3-H327 by Fidt

FoyRE, EY -y

~30%DERAER L1-H (Appendix 3), EHfHEIT14
%&, YTy FICHULK (Table 15).
BE1ELBESOR (A), VT=U V3 navF
EAS 7PV FR (B) BLXUZhoDBEHRILE (C)
B 3G AR B & (Fig. 37), WiIhbdb¥ 7
v 3% (Fig. 33) E¥A O EDic LickrZxR L 7z,
SF DERBERICH - THRIEY Ty NFRIDOER
NHERTEENZL S,

(3) Bk
TRTBEREEZEZROBHE 1, 3~5%5F2bDTH
-7z, ZhonHrbmE 1 LBESEFEKREL, BIE
L EEETHRERDTIH, %EI22BHE LD (Ta-
ble 15). $HBF 1 ICLEDEYT=VV3-HF7 +
YFRARAZE, A5 bV FARRBEAERLIBOVE
THBII TH -7 (Appendix 3). DEVEE 11—
BESBORICBAL TRY Ty FRITH B0, 7w
IYFE—H57 bV FEORIEAL TS AR
tnzs, BE1IELBELDR (A), YT=VYV 3-
ISnavRERNSIFVFR (B) BLU WSO
FHR (C) kM9 2HEIHERS & (Fig. 37), &
F1—BESBTEY 7Y N+ (Fig. 33) ik, £7-
TNAYF—H5 7 bV FETRFISF Y NFD
4oP8 - AEMEEE (Fig. 35) IKHEMUT 32055 R LT
KEE2HTEATEFR IS VY NFOBESHORE
HMAEY 7Y F0EPICABE LI, TOTLEDS
FTIUEABA Y Ty NFRIEEZITH IV EEBDNS,
LLHF7 b FRODBEIZEABEOREOV LD
EWNWZ LD,

Table 15. Summarized constitution of anthocyanins in the wild forms of Section Camellia of
Chinese origin
No. of  Total*' Constituent anthocyanins (%)** Ga:@G*?
Species indivi- antho- within
duals cyanin 1(Ga G) 3&4 5 2&6 7—9 10&12 11&13 spot 1
C. saluenensis 3 0.07 +(— +) — — — — 100 + —
C. reticulata (cvs.) 3 0.16 4(+ 4) 1 1 — - 4 90 —
C. pitardii
var. pitardii 1 0.02 +(—-— +H - - - = 100 - -
var. yunnanica 1 0.07 +(= +) — — — — 8 92 —
C. polyodonta 9 — 56( 8 48) 17 23 — - 4 + 14:76
C. semiserrata 11 — 71(+ 71) 6 23 — — — —_— 0:100
C. chekiangoleosa 5 — 98(41 57) 2 + - + — — 42 : 58
C. hongkongensis 6 — 15(+ 15) 20 54 11 — — — 2:98

*1

mg of anthocyanins /100mg of petal dry-weight.

*2 Numbers used correspond to the spot-numbers represented in Fig. 4.

*$ Ga: cyanidin 3-galactoside,

G : cyanidin 3-glucoside.
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Fig. 37. Distribution of individuals in the wild forms of camellias of Chinese origin

based on the constituent pigments.

A: Relationship between the amount of spot 1 and that of spot 5. B: Relationship
between the amount of cyanidin 3-glucoside (Cy3G) and that of cyanidin 3-galac-

toside (Cy3Ga).
spot 5/spot 1.

(4) HTALIEmZ

5 BT NTOERBEREH>ODTH -1, T
NoDHILERK1A2FERE L, EEBTREEDIBE
o7 (Table 15). s@EFl1icEHhEy 7=
Y3-HAI537 bV VFRBRIBEBELDE DM D, 64%
L TOERNS - 7:h (Appendix 3), FHEHHETI%
&, AFYNFORBEED T IHF U NFE LERL
7.

BRIELEESORBR (A), vT=Vr3-7ravy
LAY FR (B) BLUZHhSOBERE (C)
B9 2GS HER S & (Fig. 37), WIFhba+
YNFOEBEEERIF VY NE DR (Figs. 34,
35) LAV E DI LA R LT,

(5) cfvaryxix

5T R TERBERREZ DD TH-1ch, B
F1, 3~5ITMA, ¥¥vhicKk#EniciEd s>
N7 4=V ROBFE2, 6B OHT, tioh 2

C: Relationship between the ratio of Cy3Ga/Cy3G and that of

THIE R -7 (Appendix 3). £ ERERZRDS
bERSELHRE L, FHBTREEDME S LD
(Table 15). B 1 ILEDHBEYT=Y v 3-H35 7 b
VFBOFEHET2HLMBT, ChobdFrhd
—¥ L.

BEILEBERSOR (A), ¥T=V v 3-svav§
LA Y FR (B) BLUChSORERE (C)
B 2 EESHERS L (Fig. 37), W b4+
YHEIT (Figs. 138, 21), ioH x ) FHiE DS DR
HoBERAHERLL.
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hEKREEH X ) THIY N+ OFEREFRICE SO
5TV MUTUVBESHOEMEE, BIEL TRT &
Table 16 DT L THB., TTHREERL T
TARFNT 4 VYNF, b OYNE EY— Y NED
—B L, BRERREZFEE T EMAIEME, &El
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XK, BRILELIEMZE, ®va vy "FO—BICKIITE
%, MZTZNSDY N+, BRKEZEOENE R
LT B, HBEVETFIVT 4 =V VY REZPLEZRO Y
T=UVI-HII bV FEEOLAEEICTNE,
TSI ERTE 3.
hEABEFEDH 4 Y THIY N+ DEESH(EEED
DEWZ, FiEICBRXI-LDiC, BFEDOE Faf v
b, 7703 vfbd B0 T Yt & KA B
B OB OBETFOEROBVIZES bDEELI OGN
5, Lizds-»T, BOMLsIERicET 2 ERERAE
ks g, vYAFOREEEDH ML, —HROMHE
MicRons k5173, BERARIEYT 2EBERETD
FHAEOIBODGEBEHD LI 2135 BBHEEST
WhEREZ 3B,

ZD&HIBBEATHEKBEEDD 2 ) THIICFTI%
23 5E, FIREMNICREHROBFEI0, 12%4MKT
LynNFickEE D, HEHOEBR 1 ZTEICERT S
YNRF RS, —HOBRNWARETE S, 2F0E
FOBRMHITEY - FHOFFIIEFRI - 2BI>ER
11- 138>EFRB>HBFR 1 BOARKIET, Chick
EHTRDBE, vy 4 v NF, Y — Y3 Fe
By — VB> yoNE, Y-yt - EREE>
FHFLIEMZE > & v 3 vy 2 >N, #TALIEm
RODIAEE 5.

ETATY NFDREREICOWTH L 5154,
DRI DHECE X P 2 EERLELERS

BUENH S, £F Fig. 38 icRfmiHERS &%
8,110 ERGUPREEERD b o v N iICEE D, P
4 VYN F, EF =y, FIRKIEHREET,
DL DEFEARNELREF Y a vy NFIEBNHK
L, WEOEOREILE UITALTEMBICE 53 &
M5,

DX HUERHIBOERILL L OEREE, ERLTE
DELOBHEUSTE - EHFEOFEHICEHL, #
WS M 3 by NFITHRE D, vy g VY NF—
— by — vy N F—S B AR —E LR
THAEMREGELS A2 ) THOFRFAZRIBL. C
Uzt L Chang !9 13 MTIEEHRDO Y S+ BEDOLE
BE | 14 s #kEET, MEROGABEE SN AMUIIERE
BAEA2) THORE L V9 — L4 5EF5Z 2SI
Ltz 22 DERDEBZICEINE, Sy 4 v ydp
By =y nNFEREERE Y b o & by F
ELTABIENTE S, [Eikic, Yy 4 vy
FAFEDHICBW I DI Parks & Griffith TH 5.
WiEREEFOFEEZHD, 280y vy 4 vy F
KAF O = 7N L 6 fEEDOESY —y /3% .
ZHEBAELENSY,

Lo TT DK H ERHECHE, b 5034
BEOBMEAEBEZ, Chic7 Y b7 VBESHOD
ZzEmekd 5 &, Fig. 39 IERT 2 DOREHRED
RINEEZ B EMTE S, DEDIBERBERICE
REOEZRFZDRET 2EHEAEBRDL S, Y7y v+ R

Table 16. Summarized constitution and accumulation of anthocyanins in the wild forms of the
Section Camellia of Chinese origin
Occurrence of* Accumulation of*
Species Higher Lower Spots Spots Dp Spots G & Ga
Rfs Rfs 10, 12 11, 13 series 1&5
C. saluenensis mj tr mj tr -
C. pitardii var. pitardii mj tr mj —
C. reticulata mj mi mi mj —
C. pitardii var. yunnanica mj tr mi mj —
C. polyodonta mi mj mi — 1 >5[ G>Ga
C. semiserrata mj — 1 >5 |[G>Ga
C. chekiangoleosa mj — 1 >5 | G=Ga
C. hongkongensis mj + 1 <5 | G>Ga
C. japonica mj — 1>5 [G>Ga
C. japonica ssp. rusticana mj — 1 >5 | G=Ga
C. sasanqua {(cvs.) mj + 1 <5 | G>Ga

— . absent, + . present, mj . major,

lower Rf: spots 1—9, Dp . delphinidin,

mi . minor,
G . cyanidin 3-glucoside,

higher Rf . spots 10—14,
Ga ! cyanidin 3-galactoside.

tr . trace,

Numbers used correspond to the spot-numbers represented in Fig. 4.
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Fig. 38. Distribution of camellia species in China.
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Fig. 39. Phylogenetical sequences of the wild
forms of the Section Camellia of

Chinese origin based on the consti-
tuent pigments.
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Summary

The present investigations were carried out to obtain some detailed figures concerning the
phylogenies of the genus Camellia, using anthocyanins in petals as chemical markers. The
results obtained are as follows:

1. On the establishment of the pigment-analysis-methods and some characteristics of
anthocyanins found in the flowers of the genus Camellia.

Fourteen anthocyanin-spots, spot 1 to spot 14, were distinguished obviously on a two-
dimensional thin layer chromatogram (TLC-plate), using the following solvent systems:
n-BAW (II) (n-butanol/acetic acid/water, 1/2/7 by vol.) for the first development and n-BAW
() (n-butanol/acetic acid/water, 4/1/5 by vol., upper layer) for the second. Of these pigment
spots, nine spots (1~9) were the lower-Rf pigments (monoglycosides) characteristically
distributed in the species of Japanese origin, i.e. C. japonica, C. japonica ssp. rusticana and
C. sasanqua; and five spots (10~14) were the higher-Rf pigments (mono-diglycosides or
di-monoglycosides) distributed in the species of Chinese origin, i.e. C. saluenensis and C.
reticulata.

Of these anthocyanins, spots 1, 2, 5 and 6 detected in the flowers of C. hiemalis were
identical with cyanidin 3-glucoside, delphinidin 3-(p-coumaryl) glucoside, cyanidin 3-(p-
coumaryl) glucoside and delphinidin 3-glucoside, respectively. ~Furthermore, as a result of
the characterization of spot 1 detected by high performance liquid chromatography (HPLC)
in the flowers of wild C. japonica ssp. rusticana, it was identified to be a mixture of cyanidin
3-glucoside and cyanidin 3-galactoside. This was the first case that an occurrence of 3-ga-
lactoside of cyanidin was detected in the genus Camellia.

The constitution and accumulation of anthocyanins in the boiled and air-dried petals were
quite similar to those in the fresh or liophylized ones. ~Almost identical situations were
found in petals of flowers from six days before anthesis to the period of fully opened ones,
suggesting that the anthocyanin-accumulation in petals reached maximum at a relatively
earlier stage of flower-bud-development.

2. On the constitution and accumulation of anthocyanins in the garden-camellia-flowers.

In the fourteen anthocyanin-spots on TLC-plates, the group with the lower-Rf pigments
contained cultivars of C. japonica, C. japonica ssp. rusticana, C. sasanqua, C. hiemalis and C.
vernalis, while the group with the higher-Rf pigments contained C. reticulata. Contrasting to
these, C. wabisuke contained cultivars with pigments of lower-Rf values as well as with those
of higher-Rf ones.

The majar pigment in C. japonica and C. japonica ssp. rusticana was spot 1, and the
variation-extent in the anthocyanin constitution and accumulation of the former species was
far more prominent than that of the latter, whereas the major pigment in C. sasanqua and C.
hiemalis was spot 5, moreover both of them containd spots 2 and 6 of delphinidin-series.
Concerning the anthocyanin constitution and accumulation, C. vernalis contained cultivars
with various variation-extents, i.e., the extent varying from cultivars containing mainly
spot 1 to those predominated by spot 5, and this fact substantiated the hybrid origin of this
species, occurring between C. japonica and C. sasanqua.

The major pigments in C. reticulata were spots 11 and 13, and a comparatively wide
variation-extent was noted, i.e., the extent varying from cultivars containing mainly spot 11
to those predominated by spot 13, in thier accumulations.

Within spot 1 the amounts of cyanidin 3-galactoside detected by HPLC in C. japonica, C.
Jjaponica ssp. rusticana, C. sasanqua and C. vernalis were fixed to be 12, 40, 1 and 7% of the



YN BREYOEEEICET 35 53

total anthocyanins, respectively, with the confirmed indication that the occurrence of rela-
tively large amounts of this pigment is specific to C. japonica ssp. rusticana.

In short, the occurrence-manners of pigments, i.e., lower- and higher-Rf values, highly
hydroxylated delphinidin-series and the peculiar cyanidin 3-galactoside in Camellia cultivars,
and the variations of cultivars based on the amount of these pigments; were differed, respec-
tively, as shown in the above descriptions. Hence the assumption that anthocyanin pigments
may aid us in classifying the cultivars, using the pigments as chemical markers, making more
positive classification of camellias possible.

As for the modes of pigment-inheritance in the garden hybrids derived from the inter-
specific crosses, in the species of C. japonica, C. sasanqua, C. reticulata and C. saluenensis, a
considerable regularity was found. Namely, although the dominance was not complete, in the
crosses between the lower- and the higher-Rf groups, the production of higher-Rf pigments
was dominant to that of lower-Rf pigments, and in the crosses between the higher-Rf groups,
the production of saluenensis-specific spots, 10 and 12, was dominant to that of reticulata-
specific spots, 11 and 13.

3. On the constitution and accumulation of anthocyanins in the wild-forms of the
Section Camellia.

Among the species of Chinese origin, the group with higher-Rf pigments contained C.
reticulata, C. saluenensis and C. pitardii and the group with lower-Rf pigments contained
C. semiserrata, C. chekiangoleosa and C. hongkongensis. On the other hand, C. polyodonta,
together with the main lower-Rf pigments, contained 4% of saluenensis-specific higher-Rf
pigments.

Among the pigments of higher-Rf values, major anthocyanins were spots 11 and 13 in C.
reticulata and spots 10 and 12 in C. saluenensis. A somewhat different constitution of pig-
ments were shown by two varieties of C. pitardii, i.e., var. pitardii and var. yunnanica. The
former contained saluenensis-specific spots, 10 and 12, and the latter contained reticulata-
specific spots, 11 and 13.

Among the pigments of lower-Rf values, major anthocyanins were spot 1 in C. polyo-
donta, C. semiserrata and C. chekiangoleosa and spot 5 in C. hongkongensis. Especially, C.
chekiangoleosa contained 100% of spot 1, of the total amounts of anthocyanins, and moreover,
this species contained nearly equal amounts of cyanidin 3-galactoside and cyanidin 3-gluco-
side, within spot 1. C. semiserrata contained quite small amount of cyanidin 3-galactoside;
within spot 1, and C. hongkongensis contained sasanqua-specific spots, 2 and 6 of delphinidin-
series.

All the species of the japonica-groups i.e., C. japonica, C. japonica ssp. rusticana, C.
Jjaponica ssp. hozanensis and C. japonica f. macrocarpa; contained lower-Rf pigments, with
major anthocyanin being spot 1. Especially, C. japonica ssp. rusticana and Formosan C.
Japonica ssp. hozanensis contained 100% of spot 1, of the total amounts of anthocyanins, and
in addition, these subspecies contained nearly equal amounts of cyanidin 3-galactoside and
cyanidin 3-glucoside, within spot 1.

In conclusion, the anthocyanin constitution and accumulation in Camellia were revealed
to be an effective means for chemical taxonomy, especially in such complicated ones as C.
vernallis, C. wabisuke, C. pitardii, Formosan C. japonica ssp. hozanensis, etc.

Moreover, the anthocyanin constitution differed in accordance with the distribution of
the species. The species from the localities in and around Yunnan and Szechuan showed
anthocyanins chemically more complex than those in other Chinese and Japanese species. This
is of some interests, because the centre of the origin of Camellia species has been considered
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to lie in south-western China. If this were the case, it would happen that, as the species
extended north-eastern wards from the centre of the origin, the anthocyanins were made to be
simpler chemically, with the genes governing their production-process changed recessively, as
compared with those governing the production of the more complex anthocyanins found in the
species occurring near the presumed centre of the origin.

Based on these findings, the species may reasonably be arranged in the following three
major phylogenetic sequences, namely: 1) from C. saluenensis through C. pitardii var. yun-
nanica to C. reticulata, 2) from C. saluenensis through C. pitardii var. pitardii to C.
polyodonta and 3) from C. polyodonta through C. semiserrata and C. chekiangoleosa to the
groups of C. japonica.
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Appendix 1. Constitution of anthocyanins in the garden forms of Camellia

Total** Constituent anthocyanins (%)*® Ga:G*
Cultivars antho- within
cyanin 1 3&4 5 286 7—9 10 11 12 13 14 g0

C. japonica

Christmas Beauty 0.35 100 — - — — — - — — — 38 :62
Nanban-k3 0.11 100 — — — — - - - - — 29:71
Hinomaru 0.31 96 + 4 — - - — — — — 10:90
Chosen - tsubaki 0.20 94 - 6 — - — — — — — —

Kumagai 0.35 93 4 3 - — - — - — — 32:68
Kramer’s Supreme 0.11 92 3 5 — — — - — — - 27 :73
seedling of Matsukasa - 88 4 4 - 4 —_ — — - - 32 :68
Victor Emmanuel 0.18 88 - 12 — - - — — — - 27:73
Kyonishiki 0.03 88 — 12 — — — — - - — 15:85
cv. 1 0.35 88 7 5 — - —_ - - — - 20:80
Yoshitsukasa 0.15 87 6 7 - -+ — —_ — — — 13:87
Fuiri-karako 0.12 87 —_ 12 —_ - — — - —_ — 31:69
Beni-arajishi 0.89 85 9 6 — — — — — — - 42 . 58
Yuri- tsubaki 0.35 85 5 5 — 5 — — — — — —

Nishikigasane 0.28 84 6 10 — -_ - - - — - 14 : 86
Higo-kdbai 0.23 84 2 10 - 4 — - - — - -

Kansai- kokuryu 0.51 83 7 10 - — — — —_ — — 16 : 84
Chogashima 0.34 83 8 9 - — - - — — — 14 : 86
Genji Shibori 0.11 81 9 10 — — — — — — — 21:79
Shintsukasa 0.08 81 - 19 — — — — — — — 14 : 86
Oimatsu 0.23 80 5 15 - — - — - - — —

Unryu- tsubaki 0.26 79 6 12 — 3 - — - — - 16 : 84
Moshio 0.38 79 6 15 — - — - - — - 10 : 90
Amaobune 0.51 79 — 10 — 11 — — — — — 14 : 86
Tsurikagari 0.43 78 9 11 — 2 — — — — —_ 15:85
Yae-hime 43 77 11 10 — 2 - — —_ — — 13:87

0

Yamatonishiki 0
Arahdshi 0.15 76 8 16 — — — - — - — -

0

0

Chubu - shikainami 28 76 — 24 - —_ - — — — — 11:89
Apollo 12 76 6 18 - — - — — - — 7:93
Heart O’Gold 0.28 76 11 13 - — - — - —_ — 29:71
Shichihenge - tsubaki 1.08 76 14 10 — + — — — — - 36 .64
Lady Macon 0.05 75 + 25 - — - — — — — 19:81
Ezonishiki 0.20 75 - 25 — - — — - - - 12 : 88
Amagashita 0.23 73 10 17 - — — — —_ - — 19:81
C. M. Hovey 0.35 73 —_ 27 — — — — — — — 8:92
Kuro- tsubaki - 72 - 9 — 19 - - - — - 18 : 82
Monjusu 0.45 72 17 11 - — - — - - - 26 : 74
Elizabeth Le Bay 0.05 72 8 20 . — - — — - — 26: 74
Hongbaigong 0.26 71 14 15 — — — — — — —_ 20 : 80
Kon-wabisuke 1.08 71 7 19 — 3 — — — — —_ 7:93
Drift Wood 0.11 70 12 18 —_— — — — — — — 20:80
Fukutsuzumi 0.08 70 17 13 - - — — - — — 26:74
Pink Shapeau 0.34 69 15 16 - — — — — — — 25:75

Amanogawa 0.12 69 12 19 - — —_ - — — - 28 .72
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Appendix 1. (Continued)

Total*’ Constituent anthocyanins (%)** Ga:. G*®
Cultivars antho- within
cyanin 1 3&4 5 2&6 7—9 10 11 12 13 14 spot 1
Iwane - shibori 0.28 69 12 19 — — — — — — — 17 : 83
Hatsuseyama 0.05 69 10 21 — — — — — - — 2872
Masayoshi 0.23 68 10 17 — 5 - - - — - 22:.78
K& -botan 0.11 68 — 32 — — — — — — - 41 : 59
Hijirimen 0.35 68 6 13 — 13 — — — - — 15 : 85
Kayoidori 0.03 68 — 32 — — — — — — — 10: 90
Genjiguruma 0.18 67 13 20 — — — — — — — 13:87
Fukurin-benten 0.12 67 14 19 — — — - - — - 19: 81

Sazanami 0.08 65 14 21 — — — — — — — —
Shojd 0.11 64 18 18 — - — — — — — 9:91
Harukagura 0.11 62 28 10 — - — — — — — 27:73
Kumasaka 0.08 61 13 26 — — - — — — - 16 : 84

Shusugasane 0.42 61 24 15 — - - — — - - -
Akashigata 0.12 61 7 32 — — — — — — — 38 .62

Kikutdji 0.18 61 - 39 — — — - — — - —
Kikusarasa 0.03 60 17 23 — — — — — — — 17 . 83
Mikenjaku 0.08 58 26 16 — — — — - — — 29:71
S hokkd 0.31 57 10 28 — 5 - — - — - 5:95
Chubu - taiydnishiki 0.08 57 17 26 — — — — - — — 21:79
Muramusume 0.12 56 18 21 — 2 — — — - 3 20 : 80
Hikarugenji 0.05 55 14 31 — — — — — - — 15:85
Kingyoba - tsubaki 0.03 55 17 28 — - - — — - — 20 : 80
Akinoyama 0.18 54 11 35 - - - — — — - 11:89
Rose Dawn 0.15 54 13 33 — — — — — — —_ 7:93

Ninnaji 0.05 53 29 18 — - — —_ — — — —
Kujaku - tsubaki 0.43 52 15 30 — 3 — — — — - 10 : 90
Hibotan 0.18 50 + 50 — — — - - — — 10 : 90
Hirenge 0.12 49 10 41 — — — — — — — 14 1 86
Nina Avery 0.03 48 29 23 — — — — — - —_ 25:75
Drama Girl 0.12 48 32 20 — - — — — — — 27 .73
Debutante 0.03 47 - 53 — — — - — — —_ 13: 87
cv. 2 0.05 47 20 33 — — — - — - - 19: 81
Shikon - tsubaki 0.46 47 20 33 - + - - - - - 17 1 83
Oniji 012 46 3 5 - — — = — — — 13:8
Zougongsheng 0.05 44 16 40 — — — — — — — 11:89
Higurashi 0.20 43 23 34 — - - - - — — 12 88
Shun - shokkd 0.03 43 — 57 - - — — - — - 12 : 88
K& -otome 0.15 42 21 3 — - — - — - — 38:62
Kanybtai 0.15 41 + 59 — — — — — — — 17 : 83
Guest of Honor 0.08 41 19 40 — — — - — — — 29:71
Shisantaibao 0.11 41 10 40 — - — — — — — 7:93
Lindsay Naill 0.08 38 26 36 — — — — — - — 24 .76
Umegaki 0.23 38 33 29 - — — — - — - 26.74
Sheboshushi 0.03 38 — 62 — — — - — — — 8:92
Guilio Nuccio 0.20 31 25 44 — — — — - — — 10: 90
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Appendix 1. (Continued)

Total** Constituent anthocyanins (%)*? Ga:G*®

Cultivars antho- within
cyanin 1 3&4 5 2&6 7-9 10 11 1z 13 14 g

Azuma-shibori 0.12 27 15 58 - — — - — — - 11:89
cv. 3 0.03 27 30 43 - - — - — — - 19 : 81
Daikagura 0.20 27 29 35 - - — — - — 9 22:78
Kariginu 0.11 25 18 57 — — — — — - — 16 1 84
Kikuzuki 0.12 23 22 55 - — - — — — - 22:78
Tiffany 0.03 18 23 59 - - — — — — — 17 : 83

C. japonica ssp. rusticana

Komatsuhime 0.42 100 — — — — - — — - — 55:45
Hoshihime 0.20 100 — - - — - - — - — 48 :52
Shibori - choji 0.26 97 - 3 — - — - — - - 58 :42
Aiaigasa 0.31 96 — - - 4 — - - - - 47 : 53
cv. 1 0.58 96 —_ - — 4 — — — — — 49 : 51
Sendai- akatsubaki 0.49 95 — — — 5 — — - - — 51:49
Iwai- no-sakazuki 0.23 95 - — - 5 - - — — — 39 : 61
Ryugi 0.38 95 - — — 5 - - - — - 54 146
Kasugayama 0.26 93 3 1 — 3 - — — - — 78 : 22
cv. 2 0.18 93 — 7 — - — - — — — 66 : 34
cv. 3 0.26 93 - 7 - + — - — — - 63 :37
Niigata 0.15 89 — — - 8 — 3 — — — 47 : 53
Hana -kanzashi 0.15 88 — 12 - + — — - - - 43 :57
Shimachidori 0.15 87 7 6 — — — — - — — 28:72
Tachiyama 0.95 85 6 9 — — — — - — — 14 : 86
Hoshiguruma 0.20 84 8 8 — - — - — — — 44 : 56
Otome - tsubaki 0.08 81 - 19 _ — - — — — - 26:74
Sendai - usubeni 0.03 81 — — — 3 — 16 - — — 43 .57
cv. 4 0.12 75 5 7 - — - 13 — + — 29:7
Yukikomachi 0.12 73 14 13 - - - — - - — 14 : 86
Fukurin- ikkyu 0.08 64 15 21 - — - — — - — 44 : 56
C. sasanqua
cv. 1 (Kurume) 0.49 6 8 86 + — — — — — — + 100
cv. 2 (Kurume) 0.05 6 11 83 + - - - - — - + :100
Meigetsu 0.08 14 7 79 + - - - — - — + 100
Shinkoku- beni 0.28 8 13 75 4 - — - — - - + 1100
Momoyama 0.08 8 19 73 + — - — - - — + 1100
Hbrei 0.03 9 18 73 + - — - - - — 0:100
Hikarugenji -0.05 10 19 71 — - —_ — — — — + 100
Saotome 0.08 8 13 71 8 — — — — —_ - 13:87
Hitorishizuka 0.11 11 18 69 2 —_ — — — - - 18: 82
Asahi-no-umi 0.35 15 10 69 6 — - — — — — 0:100
cv. 3 (Hirado) 0.20 14 14 67 5 - - — - — - 14 ;86
Goshoguruma 0.05 13 20 67 — - — - - — - + :100
cv. 4 (Hirado) 0.20 12 16 67 5 — —_ — —_ — - + :100
Fukuwarai 0.08 7 21 65 7 — - — - —_ — 0:100
Sekiyd 0.20 20 7 64 + - — - - - - + :100
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Appendix 1. (Continued)

. 3
Total*’ Constituent anthocyanins (%)** Ga:G*

Cultivars antho- within
cyanin 1 3&4 5 2&6 7—9 10 11 12 13 14 spot 1

Miyako-no-haru 0.05 13 21 62 4 — . — — — — + : 100
¢v. 5 (Hirado) 0.11 19 14 61 6 — — - — — — + 1100
Irihi-no -umi 0.26 17 14 61 8 - - — - — — 12 : 88

cv. 6 (Hirado) 0.08 13 20 60 7 — — — — - — + 1100
Saikai 0.31 18 17 60 5 + - — — - — 0:100
cv. 7 (Kurume) 0.26 7 33 60 + - - — - — — 0:100
¢v. 8 (Kurume) 0.05 12 19 59 10 — - - —_ — — 0:100
cv. 9 (Kurume) 0.08 13 23 58 7 — — — — — — 15:85

Rosy Mist 0.12 19 16 58 7 —_ - — - - - 11 :89

Harusamenishiki 0.05 13 26 57 4 — — - — — — 0:100
Tennyo-no-kaori 0.12 19 25 56 + - — — — — — + . 100
cv. 10 (Formosa) 0.31 24 12 55 9 — — - — — —_ 4+ : 100
Eikyu -shibori 0.15 14 18 55 13 — — — — — - 0:100
Omigoromo 0.03 11 34 52 3 - - = = = =  4:100
Wagdjin 0.11 30 14 51 5 - — - — — — + 1100
cv. 11 (Hirado) 0.08 11 29 50 10 — — — — — — + : 100
Hinokoromo 0.26 18 21 49 12 — - - — - —_ 0:100
Wakakaede 0.11 16 18 48 18 - - —_ — — — 0:100
Negishi -kd 0.03 14 31 48 7 — — -— — — - 0:100
Hiran 0.20 43 10 47 + - — — — - - 0:100
Shichifukujin 12 19 31 40 10 —_ - — — - - 0:100

0
Hinotsukasa 0.38 64 8 22 6 — — — — — — 8:92
0

Iro-mo Ka-mo

C. hiemalis

Shishigashira 0.15 13 + 87 —_ - — — — — — 23:.77
Chansonette 0.15 2 14 82 2 — — - — — — + :100
Showa-no -sakae 0.08 12 17 71 — - — — - - — 17 : 83
Hiotome 0.23 11 15 70 - - — - - o + 1100
Otome 0.08 10 18 67 5 — — - — — — 0:100
Beni-no-tsukasa 0.23 20 - 65 15 — — — — - — + 100
Dazzlar 0.26 12 11 62 15 — — - - — — + :100
Tachikan - tsubaki 0.12 36 15 38 11 - - - - —_ — 14 : 86
C. vernalis
Uchino-kd 0.20 21 15 64 + — - - — — — 10 : 90
Asahi 0.03 27 9 64 — — - - - —_ — 22:78
Korei 0.42 26 10 64 - - — — — — - 19 : 81
Gaisen 0.43 28 13 59 + — — — — — - + : 100
Omigoromo 0.12 33 10 58 — — - - - — — 33:67
Sachime 0.26 43 - 57 — — — - — — — 21:79
Hoshihime 0.38 32 12 56 — — —_ — - — —_ 9:91
Beni - suzume 0.12 15 29 56 - - — —_ — - —_— 33:67
Hisatomi 0.15 25 20 55 — — — — —_— — —_ 20:80
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Appendix 1. (Continued)

Total* Constituent anthocyanins (%)*? Ga:G*®
Cultivars antho- within

cyanin 1 3&4 5 2&6 7—9 10 1 12 13 14 spot 1
Egao-kurenai 0.18 42 8 50 — - — — - . —_ 26:74
Kotohira - kb 0.35 40 10 50 - — — — — - - 10: 90
Shokkdnishiki 0.34 46 5 49 - - - - - - - 9:91
Kokinran 0.03 35 21 44 - - —_ —_— - — - 14 : 86
Bakyo 0.38 40 14 39 7 — — — — - — 13:87
Sandanka 0.38 48 13 39 - - — — — — — 23:77
Ryukd 0.31 55 5 36 - 4 - - — - - + :100
Yigen 0.51 56 9 35 - 2 - - - - - 11:89
Sayohime 0.20 50 17 33 — - - - — — - 18 : 82
Hoshihiryu 0.31 60 1 29 + - - - - - - 25:75
Karagoromo 0.28 69 8 23 - - - — — - — 17 :83
Kamakura - shibori 0.26 64 16 20 — — - - — — - 13:87

C. reticulata

Moutancha 0.05 - - — - —_ - 12 - 88 - 18 :82
Mouchang 0.05 — - - - — — 15 — 85 —_ 19:81
Early Peony 0.05 — - - — - 3 9 3 85 - 49 : 51
Butterfly Wings 0.08 + + 3 - - 1 15 1 80 - 21:79
open -pollinated (1) 0.12 1 — — — — 11 12 2 74 —_ 19:81
Three Dreams - + — — - - - 20 9 72 — 20: 80
Lion Head 0.31 1 - + — - 11 12 4 72 — 14 : 86
Arch of Triumph 0.31 + - — — - 4 20 5 71 —_ 15:85
Tom Durrant 0.05 1 + — — - 29 1 69 —_ 43 .57
Janet Clark 0.38 1 + - -_ — 5 22 6 66 - 17 : 83
Wild Silk 0.05 7 — + — — 7 12 11 63 — 17 : 83
open -pollinated (2) 0.12 — — — — - 13 19 5 62 — 21:79
Buddha 0.23 1 — — - — 10 16 11 62 — 30:70
Ellie Rubensohn 0.15 2 — — —_ —_ 7 31 7 53 — 21:79
Reti. Leaf S. Pink 0.11 — - - - - 6 40 5 49 - 14 : 86
Ming’s Temple 0.12 1 — —_ — - 13 24 13 49 — 14 : 86
Crimson King 0.31 1 —_ 2 - - 8 30 1 48 — 28:72
Kohinor 0.15 1 — 2 — — — 45 5 47 - 13:87
Captain Rawes 0.20 1 2 2 - — 6 37 7 45 - 16 . 84
Red China - 11 — — - - —_ 43 6 40 — 14 : 86
Noble Pearl 0.31 1 — — — - 3 57 11 38 - 20 : 80
Eden Roc 0.08 1 — + - —_ 10 34 17 38 — 42 ;57
Crimson Robe 0.31 5 - 3 - — 46 3 36 - 23:77
William Hertrich 0.46 — — - — —_ 5 59 1 35 — 21:79
Confucious 0.05 + — 11 —_— - 3 22 30 34 — 31:69
Chang’s Temple 0.54 3 — + - - 13 44 8 32 — 10: 90
Wild Form 0.11 10 2 2 — —_ - 57 - 29 — 12 : 88
Red Emperor 0.31 1 - 1 — - 10 54 6 28 — -
open-pollinated (3) 0.18 — —_— — - - 30 42 + 28 - 12:88
Cornelian 0.20 + - - — - 9 57 9 25 — 20 : 80
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Appendix 1. (Continued)
Total*! Constituent anthocyanins (%)** Ga:G*®
Cultivars antho- within
cyanin 3&4 5 2&6 7—9 10 11 12 13 14 spot 1
Pagoda 0.46 6 — — - - 17 48 7 22 —_ 14 : 86
Lila Naff 0.03 33 - 14 — — 10 1 30 12 — 46 : 54
Chrysanthemum Petal 0.05 3 — - — — 5 86 3 3 — 45155
Samantha — 41 - — - — + - 59 —_ — 45:55
Shot Silk 0.11 1 15 14 — — 10 8 52 — — 29:71
C. wabisuke
Kocho- wabisuke 0.10 76 16 8 — - — — - — - 17 : 83
Beni -wabisuke 0.07 34 23 43 - — — — —_ — — 2971
Sukiya 0.04 - — + — — 29 - 71 — — —
Showa - wabisuke 0.04 8 — — — — 30 — 62 — — 31:69
Tardkaja 0.04 11 — + — - 39 — 50 - — 33:67
Seidbo 0.03 26 20 31 — - 3 6 14 + — 17 1 83
Hina- wabisuke 0.10 15 — 76 — — 1 7 1 — — 15: 85
Shibenashi -wabisuke 0.12 9 — 9 — — 14 12 45 11 - 21:79
Kanzakiaka - wabisuke 0.04 62 — 11 — — — 19 — 8 - 15:85
*! mg of anthocyanins /100mg of petal dry -weight.
*2 Numbers used correspond to the spot-numbers represented in Fig. 4.
*3 Ga . cyanidin 3-galactoside, G : cyanidin 3-glucoside.
Appendix 2. Constitution of anthocyanins in the camellia cultivars of hybrid origin
Total*’ Constituent anthocyanins (%)**
Cultivars antho-
cyanin 3&4 5 2&6 7—9 10 11 12 13 14
C. saluenensis X japonica
November Pink 0.29 + — + — — — — 100 — —
synthetic (1) 0.23 — — — — — 14 — 86 — —
Debbie 0.15 + - 10 — — 20 + 70 — —
Daintiness 0.40 24 — - — 7 — 61 — —
Galaxie 0.05 5 9 — —_ 22 — 55 — —_
E. G. Waterhouse 0.05 12 — 22 — — 11 — 55 — —_
Lady Gowrie 0.11 12 — 7 — — 29 — 52 — —
Mary F. Taylor 0.03 19 — 5 — — 24 — 52 — —
Lady Cutler 0.52 24 6 9 — —_ 12 —_ 49 — —
Donation 0.08 3 — 6 — — 44 — 47 — —_
Taylor’s Perfection 0.09 38 — + — — 18 — 42 — —
Asahi 0.05 16 11 14 — — 17 — 42 — —
Anticipation 0.05 23 — 17 — — 23 — 37 — —
synthetic (2) 0.23 12 14 37 - — — — 37 - -
Bowen Briyant 0.08 12 — 18 — — 34 — 36 — —
Brigadoon 0.11 16 — 6 — — 45 — 33 — —
J.C. Williams 0.11 28 — 28 — —_ 13 — 31 — —
Elegant Beauty 0.23 47 8 3 — — 21 — 21 — -
Margaret Waterhouse 0.03 15 — 41 — —_ 26 — 18 - —
Water Lily 0.05 54 — 7 — - 22 — 17 — —
synthetic (3) 0.09 45 —_ — - — 55 — + — —
C. reticulata X japonica
Pink Sparkle 0.20 — — — — — — 39 — 61 —
Descanso Mist 0.15 5 — — — — — 34 - 61 —
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Appendix 2. (Continued)

Total™! Constituent anthocyanins (%)*?
Cultivars antho-
cyanin 1 3&4 5 2&6 7—9 10 11 12 13 14
John Taylor 0.38 1 — -+ - — 16 21 4 58 —
Howard Asper 0.03 1 1 2 — - 5 23 12 55 —
Bernadette Karsten 0.38 + - — - - —_ 52 — 48 -
Arbutus Gum 0.12 1 - + — — 6 46 5 42 —
Valentine Day 0.31 15 4 3 - — 12 1 15 40 -
Otto Hopfer 0.23 18 3 3 - —_ 6 34 5 29 —
Miss Tulare 0.85 26 — 4 — - 4 20 12 34 —
Fortyniner 0.54 22 7 14 — — 19 2 32 4 —
Milo Rowell 0.18 21 20 25 — - 6 4 24 — —
synthetic (1) 0.66 41 10 7 — — 6 — 36 — —
C. japonica X reticulata
synthetic (1) 0.31 — — — — - — 50 - 50 -~
Dr. C.R. Parks 0.45 5 — — — - — 56 11 28 -
Fire Chief 0.62 26 - - — —_ 19 30 10 15 —
Royalty 0.46 24 14 13 — - 23 2 22 2 —
synthetic (2) 0.26 6 7 16 - - + - 71 — —
synthetic (3) 0.45 53 - + - - - — 47 — —
Diamond Head 0.28 88 4 8 - - — -~ - — —
C. sasanqua X reticulata
Show Girl 0.12 1 —_ — — —_ 6 16 3 74 —
synthetic (1) 0.97 6 — - — - 21 17 -+ 56 —
synthetic (2) 0.42 53 - + — - + + + 47 —
synthetic (3) 0.28 10 — + — — 10 18 22 40 —
Flower Girl 0.08 11 + 6 — - 19 14 16 KY:| -
synthetic (4) 0.37 9 — — — — 7 41 16 27 —
Dream Girl 0.08 23 7 3 - - 3 35 5 24 —
Felice Harris 0.03 + — — — - 42 — 58 — —
C. saluenensis X reticulata
synthetic (1) 0.46 18 - + —_ — 9 — 73 — —
Phyl Doak 0.05 3 — 9 — - 17 — 71 - —
Salutation 0.03 9 — — — - 22 — 69 — -
Brian 0.12 + - 1 - — 35 3 61 - -
Dr. Louis Pollizzi 0.05 7 - 16 - - 17 — 60 - -
Barbara Clark 0.08 10 — 16 — — 26 — 48 — —
Valley Knudsen 0.11 1 - — - - 15 21 15 48 -
Francie L. 0.68 18 - + — — + 20 14 41 —
*1

mg of anthocyanins /100mg of petal dry-weight.
*2 Numbers used correspond to the spot-numbers represented in Fig. 4.
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Appendix 3.

Constitution of anthocyanins in the wild forms of Section Camellia of Chinese origin

Total*! Constituent anthocyanins (%)** Ga:@G*®
Species antho- within
cyanin 1 3&4 5 2&6 7-9 10 11 12 13 14 spot 1
C. saluenensis
(1) 0.05 - - - = = 2 4+ N + - -
(2) 0.12 1 - 4+ - - 34 + 6 + - -
(3) 0.05 + - 4+ - - 40 + 6 + - —
C. reticulata
Arch of Triumph 0.31 + — — — — 4 20 5 71 — —
Tom Durrant 0.05 + — — — - 1 29 1 69 — —
Wild Form 0.11 10 2 2 - - = 57 = 29 - —
C. pitardit’
var. pitardii 0.02 + — - - - 33 - 67 — — —
var. yunnanica 0.07 + — — — - 3 25 5 67 — —
C. polyodonia
(1) — 66 10 19 — -— 10 — + - - 7:93
(2) - 60 9 23 - - g8 - + - = 7:93
(3) — 59 11 24 — = 6 - + - - 2:98
(4) — 29 14 465 - - 12 - + — = +1:1100
(5) — 73 11 16 - - - - — — — 16:84
(6) — 66 220 19 — — - - - - — 2575
(7) — s6 27 17 — - - - = — — 27:.73
(8) — 54 27 19 — — - - = — = 30:70
(9) — 51 24 25 — - - - — — — 14:86
C. semiserrata
(1) — 85 2 13 - - - - = — — 41100
(2) — 83 4 13 - - - - = = = +:100
(3) — 80 4 16 - - - - = = — 41100
(4) - 79 4 17 - - = - = = — 41100
(5) — 77 6 17 - - - - =  — = 1100
(6) — 68 7 25 - - - - -  — = 41100
(7) - 68 8 24 - - - - - = = 41100
(8) - 62 8 30 — - - - = — = +:100
(9) - 61 1 38 - - = = - = = +:100
(10) — 60 7 38 - - - = = = = 410
(11) - 55, 14 31 — — - - — — — +1:100
C.chekiangoleosa
(1) - 0w - - - - - - - - — 4852
(2) - 00 - - - - - - = = = 237
(3) - 100 - - - - - = - = - 138
(4) - 97 - 3 - - - - - = — 64:36
(5) — 90 9 1 - - = - = =  — 61:39
C. hongkongensis
(1) - 16 13 66 5 - - - = = = 5:95
(2) - 9 25 60 6 — - - —  — — 41100
(3) — 8 25 58 9 - - - - = = 41100
(4) - 3 20 5 12 — — - = — — +:100
(5) — 24 18 39 19 — - = - - - 3:97

*! mg of anthocyanins /100mg of petal dry-weight.
*2 Numbers used correspond to the spot-numbers represented in Fig. 4.
*2 Ga : cyanidin 3-galactoside,

G : cyanidin 3-glucoside.



