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Summary

Chrysanthemum (Chrysanthemum morifolium Ramat.) is one of the most important ornamental plants in the
world, and its range of petal colors originates mainly from carotenoid and anthocyanin pigments. It is known
that the orange color in chrysanthemum petals, which results from the mixture anthocyanins and carotenoids,
lacks brightness. In addition, yellow- and white-flowered cultivars are in great demand for funeral ceremonies
in Japan, but the quality for cut flowers from yellow-flowered cultivars is generally lower than that of white-
flowered cultivars. For this reason, the production of yellow-flowered cultivars has been falling gradually.
Because of the importance of controlling flower color, the carotenoid components and the genetic causes
that regulate the flower color due to the presence of carotenoids were analyzed in the petals of plants in the
Compositae.

Twelve chrysanthemum cultivars with petal color ranging from pale yellow to deep red were analyzed by
means of high-performance liquid chromatography. No difference was found in their carotenoid composition,
but 16 xanthophylls were identified by means of nuclear magnetic resonance (NMR) analysis. Among them,
(3S,55,6R,3'R,6'R)-5,6-dihydro-5,6-dihydroxylutein and five di-Z geometrical isomers of lutein-5,6-epoxide had
never before been identified as natural products.

The carotenoid composition, carotenoid content, and expression of genes encoding carotenoid biosynthetic
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enzymes were also analyzed using the petals and leaves of yellow- and white-flowered chrysanthemums.
Most of the carotenoids in yellow petals were 3, e-carotenoids, lutein and its derivatives, reflecting the high
expression levels of the gene for lycopene e-cyclase (LCYE). In contrast, the ratios of 3, 3-carotenoids to
total carotenoids in leaves were higher than those of 3, ¢-carotenoids to total carotenoids, reflecting the high
expression levels of the gene for lycopene B-cyclase (LCYB). A between-cultivar comparison of the expression
of the genes encoding carotenoid biosynthetic enzymes in the petals showed no distinct differences between
petal colors. The expression of CmCCD1, a highly conserved homologue of the gene for carotenoid cleavage
dioxygenase derived from the petals of white-flowered chrysanthemum, was then analyzed. Real-time PCR
analysis showed that all white petals that were tested had high levels of expression of CrnCCD1, which was not
detected in yellow petals. Significant expression of CimCCD1 was strictly limited to the flower petals, therefore
we hypothesized that the formation of white petal color resulted from neither down-regulation nor destruction
of the carotenoid biosynthesis pathway, but rather to enzymatic cleavage of carotenoids into colorless
compounds.

Petals of orange- and yellow-flowered cultivars of nine Compositae species were analyzed to determine total
anthocyanin content, total carotenoid content, and carotenoid composition in order to clarify the mechanisms
responsible for differences in petal color. It became clear that the differences in petal color between orange-
and yellow-flowered cultivars were caused by differences in three factors: total anthocyanin content, total
carotenoid content, and carotenoid composition. Calendula (Calendula officinalis 1..) was one plant that differed
in carotenoid composition between orange- and yellow-flowered cultivars. Nineteen carotenoids were identified
in extracts from the petals of orange- and yellow-flowered cultivars of calendula by means of NMR analysis,
and 10 of them were unique to the orange-flowered cultivars. These 10 were reddish, and it was clear that
they were responsible for the orange color of the petals. Among them, (5Z,92)-lycopene, (5Z,9Z,5'Z)-lycopene,
(562,92,5'Z,9'Z)-lycopene, (5'Z)- y-carotene, and (5'Z,9'Z)-rubixanthin had never before been identified as natural
compounds. Since these (52)- or (5'Z)-carotenoids are unique to orange-flowered cultivars and since yellow-
flowered cultivars do not accumulate any 5Z or 5’Z compounds, it appears that C-5 isomerization activity exists

only in orange-flowered cultivars.

Key Words:Chrysanthemum morifolium Ramat., Calendula officinalis L., Compositae, petal color, carotenoids,

biosynthetic pathways, isomers
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WS O0DBIIMNTIH D b DD, BRI aT ) A R
1L Cio DT N FIERi oA YTV ) A RO—FET
b5, BUEELTIZT00 MU Lo vT /4 RBRRD &
LCTH#HE I TWS (Britton 5 2004). ZDOAEARIL,
CsHs ® {b 53 % 5 - isopentenyl pyrophosphate (IPP)
EREABNELTAZ— 5. 45 FOIPPIIEAL
T Cw @ geranylgeranyl pyrophosphate (GGPP) & 721,
X 512 245 ¥ D GGPP 7’ phytoene synthase (PSY) (2
KXoTEASH, KOOI aT /A KTh b phytoene
L 72 %. Phytoene X & 5 (2 { -carotene & £ 1 L T
lycopene ~& ZEHAE BN, ZDAT v T T
% phytoene desaturase (PDS) & ¢-carotene desaturase
(ZDS) 17 2 /7 BRI OMREMEDN &<, F— o/
MOIRELIEHRETHHEZEZ LN TWD. HilF T
lycopene I BEL#RIR OO A MitiE |2 BER % - 57~ 5 lycopene
B-cyclase (LCYB) =° ¢ Eg% 159 % lycopene ¢ -cyclase
(LCYE) (Zfihiift X, B-carotene X°« -carotene & V>
ThuaT AL, INBBNS BITKERE, mARFY
LB IOERMHELE VST AT v TR RDZLIZL - T,
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/A ROAEG R Z T 5 BRI s 713 2 < T4 £ T
HINTIRDM o728, 1989 AZHIO TN 7 7 U 7 T HLEE
SNT=DEZE SNTIT, e RAEMPOHBESND XD
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WA E DA 2T 7 A FHAITZE < OREY T IREE
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B -carotene < lutein 23 # H & 11 5 (Goodwin * Britton
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Pfander 1997, Maoka & 2000, Tai «+ Chen 2000). % %
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FHEAROLTHERENTEY, o-carotene B X NE DT
WREIFE L EG AT (Deli 5 1998a, 1999). —
77, F 7 B ORI EICa -carotene FHEALTH 5
lutein R°ZF OFERN T H o haT /4 RTH5 (Deli
51988). ~ U — = — /L RIZIEH I B O lutein % 1
FRIZER L, 20K 91%72 lutein TH 5 (Khachik &
1999).
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X 7 (Chrysanthemum morifolium Ramat.) (%t 5 @9
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&ém@ix7v~&47®%@mikmkf%6#
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IR D (IEEFTREHE MR SER, 1990). TF R
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Tsukamoto, 1976). =7 /A FEEICE L TS i
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Figure 1.

ENx, 3 EITo. m—FT A @ERD L, &
wEOHED 5 % KOH-NaOH ¥k 2 Nz, W T 3 IFfi]
FrE L, JAMBERZ T o 72, T AAEPE T L7aikE
HMEIZ 72 5 ECTRTHRE L, /3R b — 2 — Tl gL
Lic. ThEAX ) —LVTHEMLI-bDE T ) A K
iR & LC HPLC 3 #ricfitik L7z, & 7=, violaxanthin,
(9'Z)-neoxanthin, lutein, zeaxanthin, 8 -cryptoxanthin,
« -carotene, f -carotene 5 J2 O lycopene DA% i 2 AF L,
e aAT o 7.
HPLC & fHIZLL T D@D Th 5.

# 7 2 :YMC Carotenoid (S5 m, 250 X 4.6 mmi.d.,
YMC Co. Ltd)

JEBRVASE A/ MeOH: +Buthyl methyl ether (MTBE):
H:0 =95:1:4,

JE B B/ MeOH: MTBE: H:0 = 25:71:4

07%r A100%/ B 0%, 1245 A 100%/ B 0%, 96 73 A
0%/ B 100%

DB 35C

1ml/min, # 7 LR

Holina

Syuho-no-takara

Yellow Paragon

Flowers of chrysanthemum cultivars used for the experiment.
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Figure 2.

Peak numbers as in Table 1.

Carotenoid analysis in petals of chrysanthemum cultivars.
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Table 1 Major carotenoid peaks in petals of chrysanthemum detected by HPLC analysis.

Peak no. R#(min) Absorption maxima (nm)
1 13.6 413, 438, 468
2 17.7 417, 430, 456
3 22.9 416, 440, 468
4 26.1 413, 436, 464
5 30.0 412, 437, 465
6 30.8 413, 437, 465
7 32.6 420, 443, 472
8 36.8 418, 440, 468
9 40.6 416, 442, 470

Table 2 Standards used in this study.

Standards Rt (min) Absorption maxima A'bsorption maxima

(found value, nm) (literature data, nm)
Violaxanthin 17.5 416, 440, 470 419, 440, 470
9'’Z-Neoxanthin 18.9 411, 436, 464 413, 435, 464
Lutein 32.9 420, 443, 472 422, 445, 474
Zeaxanthin 36.9 5426, 452, 478 428, 450, 478
3 -Cryptoxanthin 49.5 $427, 451, 480 428, 450, 478
« -Carotene 58.9 422,447, 476 423, 444, 473
B -Carotene 63.2 428, 452, 480 425, 450, 477

Table 3 Total carotenoid and anthocyanin contents, and chromaticity in petals of 12 chrysanthemum cultivars.

Total carotenoid Total anthocyanin Chromaticity

Cultivars content * content”
(ng/gfw) (ng/gfw) L a* b*
Arietta 139.8 2709.0 28.6 39.4 27.4
Sei-paprika 404.6 4410.1 31.6 40.2 29.5
Holina 305.6 2754.8 27.3 40.6 24.7
Red Nero 213.3 2514.2 28.0 43.2 24.1
Red Rijego 162.6 3020.7 32.7 43.7 24.8
Aglow 428.3 444.4 48.2 33.3 51.5
Dramatic 291.5 159.3 71.4 12.2 75.3
Dark Dramatic 376.5 444.7 58.9 24.9 64.3
Sunny Orange 401.6 99.4 77.2 4.2 97.8
Canaria 180.5 5.7 88.6 -10.7 96.1
Yellow Paragon 4.7 1.5 91.7 -11.5 77.9
Syuho-no-chikara 307.5 1.5 87.5 -10.7 107.7

a : Lutein equivalent

b : Cyanidin 3-rutinoside equivalent
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Correlation between total carotenoid and anthocyanin contents, and chromaticity in petals of 12 chrysanthemum

cultivars. (A) Correlation between total carotenoid content and yellowness. (B) Correlation between total anthocyanin

content and redness. (C) Correlation between total anthocyanin content and lightness. (D) Correlation between

lightness and redness.
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(B, UV-240) CTHIEL7Z. & L <X HPLC B#FAH
DYHDE~NTFF ¥ 2B (AAZE, MD-915)
THIE L.
FAB-MS A~7 kv

nitrobenzyl alchol % F5& & L T &5 #rikE JEOL,
SX 102) THIE L7z,
'H NMR (500 MHz) # £ O* ®C NMR (125 MHz) %27
kv
NMR %% & (Varian,Unity Inova 500 spectrometer) (2

THEZEIT 72, TMS #EEYE L L TH AT CDCL
EIRIEE L CTHWE.
CD A7 hL

CD A7 bVl EEEE (Jasco, J-500C)
VX FNT =TV EEREE LTV,

T,
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2. & R

YRS A2ZEH L CHPLC 217>/ & 2 5, 13
DE—IPELNTZ. L LERL, BE—7 28 X0 —
7 AFEEORSNEEN TN, Sty hy
N T WTHBEE T2 (B4R, HA4R).

1) (3S5,5S,6R,3R',6'R)-5,6-dihydro-5, 6-
dihydroxylutein (1) O#EERE
KEM1IE—27 1L RS NTZlaTH Y, WIX
FR AR AE 1% 414, 438, 467 nm &\ 5 IEF VT A T
UWME AR L7- (Britton 1995). 15 43 fif fiE FAB-MS 45 #r
DOFER, DT CoHss0s TH D Z EBH BN -
7. fbaw1 ® ' HEB L C NMR 2227 b LHEE
DYt J& 1L %ot NMR ('H-'H COSY, NOESY, HSQC ¥
FO'HMBC) A7 MASRITICE o THRE LT (B85
). EOFER, 250 2 MKEE (5¢66.3, 61 3.97 B
L0 65.9,0u4.25) BLU2 50 3 kit (5c79.4
BLOT63) OFENRENTZ. VTA O HBIW
“C NMR 2~ hVlIESE (Englert 1995) & o bk &
v, ZoOLAEW 3-hydroxy-e- Rz oL\ H = &,
Fiz, RV VEHENTRTCERETHDLZ LWL
Moz b O —FHORMEEORIEZRET H72DIZ,
'H-'H COSY & £ O HSQC # F\ T C-2 /6 C4 12t
TORFR T LAKFERFORBEREL, SHIZC3NL

10

D ZRKRFEREOFAEZW LI LTz, £72, HMBC fi#
Hrone, §¢38.7,76.3, 38 KTV 79.4 DAE Z 7~ DUk IR %

CLC6, BLUOCSITmBEB L. ZDZ enb, 25

D =R FEIET CH B IO C6 MITHET D L ikiE L.
F 72, HSQC ¥} L O*HMBC B4 & C-16, C-17 I8 LY
C-18 D 3 5D A FNIEDOAE ZPE LTz, NOESY +HB
75 H-16/H-2a, H-16/H-7, H-18/H-3 ¥ . (' H-18/H-7 T2
b BN L, CH=16, CHx-18, H-2a, H-3 3 L OV H-7
M OREFO R TR IZALE L TWD Z &R E iz,
Mo T, ALEMITE 5 KR X 97 (35,5S,6R) DIL{K
EZHL WL EEZLND. ZOLAEWD CD A
7 b VIlEAE % Molnar & (1999) 3 & O Deli & (1998b)

& o LR AR E T (BS,5R6R) (LT —4 L

el L7228, Mokt oREICIEEL o2, 'HEB
EOVPC NMR O 7 — # (Z{LF & s S L7z (3S,5R,6S),
(35,55,68) LT (385,58,6R) Bl A K> T /A L

1Z—%%9°, Buchecker & (1984) 3 J O Eugster (1985)

I & o T S iz (8S,55,6R,3'R,6'R)-5,6-dihydro- 3,
¢ -carotene-3,5,6,3tetrol D & L — K L 7=. # - C,

& W1 oG % (3S,55,6R,3'R,6'R)-5,6-dihydro- 3, ¢
-carotene-3,5,6,3tetrol [(3S,5S,6R,3'R,6'R)-5,6-dihydro-5,6-
dihydroxylutein] TH 25 ERE L. ZOHhuaT /A K
% Buchecker % (1984) 33 X Of Eugster (1985) 2 Xk »

THERINTNDA, RARWE L TOREITRV. o

T, ALBEW 1 IEREME LCEEi T /4 T D

ZEDBHL NIRRT

11 12
13
[ | [ I | | | .
0 20 40 60 80 100 120  [min]
Figure 4. HPLC separation of carotenoids of an extract of chrysanthemum petals

(cv. ‘Sunny Orange’ ). Peak numbers as in Table 4.
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Table 4 Carotenoid composition in petals of chrysanthemum (cv. ‘Sunny Orange’ ).

(PFeiZI.{ 111:) Carotenoids % of total carotenoids
1 (3S,5S,6R,3'R,6'R)-5,6-Dihydro-5,6-dihydroxylutein (1) 5.1
2 (9Z,13'Z)-Lutein-5,6-epoxide (2) 1.8
(13Z,9'Z)-Lutein-5,6-epoxide (3) 1.8
3 (9'Z,13'Z)-Lutein-5,6-epoxide (4) 2.2
4 (9Z,132)-Lutein-5,6-epoxide (5) 2.0
5 (all-E)-Lutein-5,6-epoxide (6) 7.7
6 (9Z,9'Z)-Lutein-5,6-epoxide (7) 2.5
(92)-Violaxanthin 2.7
7 (8S)-Lutein-5,8-epoxide (= chrysanthemaxanthin) 5.0
8 (8R)-Lutein-5,8-epoxide (= flavoxanthin) 1.7
(9Z-8'R)-Luteoxanthin 1.8
9 (9'2)-Lutein-5,6-epoxide (8) 16.6
10 (92)-Lutein-5,6-epoxide (9) 16.9
11 (all-E)-Lutein 9.4
12 (92)-Lutein 11.3
13 (9Z)-Lutein 6.0
Table5 'H (500 MHz) and "°C (125 MHz) NMR data for 1 in CDCls
Position 0 ¢ (mult.) 0 g (mult., Jy,) Position 0 ¢ (mult.) 0y (mult., /i)
1 38.7 (s) X 34.0 (s)
2 45.2 () a 1.61 (dd)® 2/ 44.6 (9 « 1.37 (dd, 13, 7)
B 1.83 (dd, 13.5, 6) B 1.85 (dd, 13, 5.5)
3 66.3 (d) 3.97 (m) 3 65.9 (d) 4.25 (m)
4 43.9 (9 1.92 (m) 4 124.5 (d) 5.55 (s)
1.92 (m)
5 79.4 (s) 5/ 138.0 (s)
6 76.3 (s) 6’ 55.0 (d) 2.40 (d, 10)
7 127.5 (d) 5.83 (d, 15.5) 7 128.8 (d) 5.43 (dd, 15.5, 10)
8 137.5 (d) 6.56 (d, 15.5) 8/ 137.7 (d) 6.14 (d, 15.5)
9 134.1 (s) 9’ 135.1 (s)
10 132.9 (d)® 6.23 (d, 11.0) 10’ 130.8 (d) 6.14 (d, 11)
11 124.6 (d) 6.62 (dd, 15.5, 15.5) 1 124.9 (d) 6.62 (dd, 15.5, 11)
12 138.3 (d) 6.39 (d, 15.5) 12/ 138.3 (d) 6.36 (d, 15.5)
13 136.2 (s) 13’ 136.6 (s)
14 1325 (d)* 6.25 (m) 14’ 132.5 (d) 6.25 (m)
15 130.3 (d) 6.64 (m) 15’ 130.0 (d) 6.64 (m)
16 26.9 (q) 1.03 (s) 16’ 29.5 (q) 1.00 (s)
17 27.7 (q) 1.07 (s) 17’ 24.3 (q) 0.85 (s)
18 27.7 () 1.36 (s) 18/ 22.9 () 1.63 (s)
19 13.3 (9) 1.94 (s) 19/ 13.1 () 1.92 (s)
20 12.8 (9) 1.97 (s) 20/ 12.8 (g) 1.97 (s)

2 Assignments may be interchanged.

b Signal overlappe
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\OH

(3S,55,6R,3'R,6'R)-Lutein 5,6-epoxide

?

------

epoxide hydrolysis

¢ HMBC

H

(3S,55,6R,3'R,6'R)-5,6-Dihydro-5,6-dihydroxylutein (1)

inversions at C-5 and C-6

epoxide hydrolysis

\OH

(3S, 5R, 6S, 3'R, 6'R)-Lutein 5,6-epoxide (6)
Structures of (3S, 5S, 6R, 3'R, 6'R)-5,6-dihydro-5,6-dihydroxylutein (1) and putative biosynthetic pathway of 1.

Figure 5.

2) Lutein-b, 6-epoxide MDILIAERMAKRDIEERTE

8 T JH & lutein-5,6-epoxide 37 {& B LK [9Z,13'Z (2,
v— 2 9), 13297 G, ' — 7 2),9Z13Z 4, &' — 7 3),
9Z13Z (5, ©— 7 4), all-E (6, ©©°—7~ 5),9Z9Z (7, ¥ —7
6),9Z @ v—279),and 9Z (9, ©°— 7 10)] =Bk L 7=
F6X). ZnboHhH, 5O dZKITHHRL 2T/
A4 FTHY, 'HNMR 27 b AT & - THREIE D
T &1T->7-. '"HNMR > 7 F /L% '"H-'H COSY, NOESY
¥ L OV 'H-'H decoupling &1 L » TIHEZRE L7z,
%6 FKitalkE {k & diZ RIERO R Y = 2§55 0 'H
NMR v 7 a2 LIZb DO THDH. b DONAKED
fE1Z HNMR > 7 5L O RS 7 ME (A6=AZ-A

E) (Englert, 1995) ¥ X O° NOESY AHEA 2 & P E & iz
(6 £, H6MX). # z 1 (92,132)-lutein-5,6-epoxide
(6) ¥4, H7, H8, H-11 3 L OV H-12 iz 'H NMR +
7S VB alkE (RICH R TR EARHS > 7 b Lic—
5C, HI0 BX O H- 4 IEEmSEY 7 R L. Zivh
DOEMA Y 7 b & — 1 Englert (1995) 2845 L 7=,
9Z13Z SEIRBLE DR L — L7z, S 51T, H-19/H-7,
H-19/H-10, H-20/H-11 35 & OY H-20/H-14 O] TR H 1
7= NOESY fiB & 9Z,13Z »eAKFL{E & —H L 7o R &R
L, {bAW 513 (9Z,132)-lutein-5,6-epoxide T 5 & PE
L7=. (9Z,132)- 2), (132,92)- 3), 9Z,132)- 4) B LW
(92,9'7)-lutein-5,6-epoxide (7) IZ-OUWNT b [AAED TFE TIL
PRELE 2 R E LTz
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1YY N

(97, 132)-Lutein-5,6-epoxide (5TA-/

(13Z, 9'Z)-Lutein-5,6-epoxide (3)

/" \ NOE

Figure 6. Structures of eight geometrical isomers of lutein-5,6-epoxide identified in this study.
Table 6 'H (500 MHz) NMR data relevant to the polyene part of (all-E)- and (di-Z)-lutein-5,6-epoxide in CDCls
All-E (6) 9297 (7) 9Z,13Z (5) 9Z,13Z (2) 9Z,13Z (4) 132,97 (3)
Position o o AS? 1 AS o AS 1 AS o AS
H-7 5.88 5.94 0.06 5.96 0.08 5.94 0.06 5.88 5.91 0.03
H-8 6.29 6.84 0.55 6.83 0.54 6.84 0.55 6.29 6.32 0.03
H-19 1.93 1.94 1.96 0.03 1.94 1.93 1.94
H-10 6.20 6.08 -0.12 6.10 -0.10 6.08 -0.12 6.20 6.24 0.04
H-11 6.60 6.76 0.16 6.76 0.16 6.76 0.16 6.60 6.58
H-12 6.38 6.30 -0.08 6.83 0.45 6.30 -0.08 6.38 6.70 0.32
H-20 1.97 1.97 1.99 1.96 1.97 1.99
H-14 6.26 6.25 6.14 -0.12 6.19 -0.07 6.25 6.12 -0.14
H-15 6.66 6.63 -0.03 6.76 0.10 6.61 —0.05 6.56 -0.10 6.80 0.14
H-15' 6.66 6.63 -0.03 6.55 -0.11 6.78 0.12 6.80 0.14 6.60 —-0.06
H-14' 6.26 6.25 6.23 -0.03 6.08 -0.18 6.12 -0.14 6.24
H-20' 1.97 1.99 1.96 1.99 2.01 0.04 1.98
H-12' 6.36 6.30 —-0.06 6.36 6.88 0.52 6.82 0.46 6.30 —-0.06
H-11' 6.60 6.74 0.14 6.60 6.56 -0.04 6.76 0.16 6.74 0.14
H-10' 6.14 6.03 -0.11 6.14 6.23 0.09 6.08 -0.06 6.03 -0.11
H-19' 1.91 1.91 1.91 1.92 1.93 1.91
H-8' 6.14 6.67 0.53 6.14 6.16 6.67 0.53 6.67 0.53
H-7' 5.43 5.46 0.03 5.43 5.46 0.03 5.49 0.06 5.46 0.03

2 Isomerization shift (Ad=0Z-0 E,|Ad|> 0.02 ppm)
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3) TODHBT/ A4 FORE

bikoBwT 4 iz, BBmobas /A4 K7
fE % UV-Vis, 'H NMR & & 8 FAB-MS % 22 b /Lt
NBIEE LT=. (92)-violaxanthin ( £°— 7 6), (85)-lutein-
5,8-epoxide ( &' — 7 7), (8R)-lutein-5,8-epoxide ( &' — 7
8), (9Z-8'R)-luteoxanthin ( £°— 7 8), (all-E)-lutein ( &*—
7 11), (92)-lutein ( °— 7 12) 8 L ¥ (92)-lutein ( &°—
7 13) Thd (H4E, F4M). Znbohus /A
RIZF_XTxH o F 7 o VIS, (all-E)-lutein,
(92)-lutein, (9'2)-lutein, (92)-violaxanthin, 6, 8 35 LY 9 I
Toéth + Szaboles (1981) |2 & > TF T F 7 fEFp I AfF
ETHIERHEINTND. LR T, KNI T
XV AFRICHFIET A OO T /A4 REFHTIZFEE L
7z,

3. & X

(3S,5S,6R,3'R,6'R)-5,6-dihydro-5,6-dihydroxylutein (1)
DEFALEWIT (35,55,6R,3'R,6'R)-lutein-5,6epoxide ¢ —
NEVEREZRBONICKEBLT O Z LI Lo TRBND
(Buchecker © 1984, Eugster 1985; 555X ). L, L7
25, (35,5S,6R,3'R,6'R)-lutein-5,6-epoxide |FHLAE E TIZ
KW & L ToOHRBEOREIL2 . (3S,5R,6S5,3R,6'R)-
lutein-5,6-epoxide [(all-E)-lutein-5,6-epoxide] (6) % KA ™
ELTHRRMETHY, 7 EHRIL BHBEEI Lz
2, ZOEWND 1 BB INDT2DIE, =%
BR ORI 2 T C-5 fird6 KON C-6 ML DK A e 1 F
THEMEEINDIMERHD. EHL0ORKERM LT
B D3F 7 HEFRNTEEGR ST D DNIARHTH
D, S%SOICHEZITOXNERD D (5 X).

AWMEAETK I ZERATOREBEE T T /A
R 1% (92)-violaxanthin % Fr %, 9 X T, ¢ -carotene
(«-carotene) FEETH - 7=, BEE TITHERICE =
NDART ) A RGO TONx 7 B oty &
L ClEF kU (Calendula officinalis ; Bako & , 2002),
v~"U U 2% (Helianthus annus ; Téth + Szabolcs 1981;
Deli & 1988, Helianthus debilis ; Toth « Szabolcs 1981) 1
J =Y —a— )L} (Tagetes electa ; Khachik & 1999)
N D0, VTR lutein °F OFFER N LT TH
L. vV ==V RIZnbDob, ERICBIFH IR
7/ A KD -carotene 5 E IR DOEIG 23 i b m WY ©
BV, whaT ) A FEOK 2 Z LHHDH. Ll

No, ¥7 I~ —a—/L NI & 5ila-carotene 7
BROEIGRE N E WD T ENAFHETHL NIRRT
MZ T, 750 51% 8 fE o lutein-5,6-epoxide D 37
REMER (6 X)), 3FEOD lutein DR EMERE IO
2 FE D lutein-5,8-epoxide D B EIE{K L o7, FEHIC
BRa BRSBTS, b0 b, diZEiEE
FomibhimT /A RIZREME L UIIEFICENT
HY, WHHOLFRBRKRO SO LED 72\ (Brassica
napus [(92,9'2)-lutein], C. officinalis [(9Z,9'Z)-lutein 35 X
W (13Z,13'2)-lutein], T. erecta [(13Z,13'Z)-lutein] 35 L Y
Viola tricolor [ (9Z,9'Z)-violaxanthin, (9Z,13Z)-violaxanthin,
(9Z,13'Z)-violaxanthin ¥ X O (9Z,152)-violaxanthin;
Molnér © 1986]).

Uz &nt, F7ERICEENDLI 0T ) A R
i OFEFE & Heile U IR RSB el 23 & v 9
ZEBHI BN o7z

28 FIURRELIVEIZETLHZHOT/
1 FERDREIAE DAZEA

BUEE TIZT00FERY DA 0T /A RS HEE - FE
ENTWER, 2hbbhuaTs /A ROESKE T D
RRDPICZOEEFICH L TR S SRR 255
oo ZOEMIE, e T A REGKEESREDIEFICAR
RETHY, ERLFEENIEFICDAL, FEE KN H#
TholelzbThD. 1989 F1T 7 o THIO TIHA R
i Td D Rhodobacter > 5 O ELT O BEENHE Sz
(Armstrong & 1989). Z OEHIEHREZ S & 12, @5
Wb AR RIS T ORBRHRESND L 91Tk -
2. o T, REEMEMIIBITLnT ) A4 NAEGBREE
FB L OO FICBT 2 IR L E M E -7
ENDThDHENRD.

BAE, bhuT /A REGECRICET D50
L TWDEEMDIE R~ N U T i & o) AF
¥ CTH L. b OMPITHEER EORILIRE AT
REHDICKEDO I 0T ) A RE2ET 50, ZOHE
kB har s A4 FEMBOZEIIAEGK R BE T O
HEEDEWIZE>THb SN TNDHEEX LT
5. b~ bBIDIaT ) A REAKROREEFIT PSY
(phytoene synthase) 35 JUYPDS (phytoene desaturase)
Td Y (Pecker © 1992, Giuliano 5 1993, Fraser © 1994),
ko 47 3 Clix GGPS (geranylgeranyl pyrophosphate
synthase) , PSY ¥ X ' PDS T & % (Hugueney 1996).
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INHORWEIZCLH & LT, oL REICE
ToahnT A4 ROEBBEIIEGRARBERBR T DR
FEREHICL > TRESNDOD—HNZ LB XN T
VN % (Fraser - Bramley 2004, Hirschberg 2001, Taylor -
Ramsay 2005). L7 L7272 iR, SEH ORI K -
TAHRT A FEBENRE SN TV D ERIRRE S
T (Liu & 2004, Al-Babili & 1996). Z Offlicd, 7o
77 ) A FERTEOMEI TRk % AR OB 2B -
TWDAEEMED D 5.

2 ORZELEETIE, ERICEENDI T /A K
PR LHMS LAXRFERFEL, 202 ENTE
BON) =g VIZHEBRL TS, LnL, Z0X)
RO EE OB E I v T ) A RAESRSR O
LWV BLE N HPE LR IIR 5T 5. Moehs
5 (2001) IFHE AN S RHEAEAEZF O ) —T— 1
R4 ORI DI 0T /A NEAKARIEHRER
T OFRBMNT 217\, DXS (1-deoxyxylulose 5-phosphate
synthase) #fs 73 L O PSY M s+ Dz GFHENIC L - T
INLDOEBOEMMEYVHENR TS Z L2l L.
F72, Nielsen & (2003) (XH 24—V =7 O AT
L AR D IR A AT o 7oy, W L R ITOR IS
PDS BInFDOHEBENMEL, IuT /A REME LT
B9 DA R S ATz,

XU DEEIAITEILHOT ) A4 FIZE B b0 TH Y,

92% LA 23 lutein B X N EOFEERTHD Lo, FER
I 72 A R 2 & &5 1 TR W TR, ¥
s REFOABIEEHREIII 0T ) A4 RIZL-oTHEB SN
5 HEMACTEEIT L TEMEA R L, BRI
FT HEMEREBFICL > THEEN TS EHEEINT
% (Langton 1980). Hattori (1991) X=hz TH w7
J A REGHEFEE ) SRE L. ZOBEITH
BN THELT, I7AERICBTD T /A RERED
HIEEREIZ DWW T H R TH LA, U —F—L KOV
VH—= =T LR o TR A RO 2 & AMHEE
nb.

ARETIE, BT /A NEGHRRERERG T ORBUF
Wric k- T, ¥7oaafit L BafttrREr T 5
K72 b N F 7 EAERICE EN DR R 0T ) A
R DR R Z R 35 2 & k7.

18 HEMESLUVHEEREDNTEREX
VEICBIT5H0T/ 4 FEERRE
RELRFORRAZN

X7 BHEM DO m T ) A NS RGREER AR T O BLEE
DOHEIT DI, w V==V R, VXA, X, R
TET, v T VEORIINT —ZX—R EIAHET D
B, EAESTHLHEONIEEAETHY, BRPWE
INTVWELDE~Y —F— L REEFLDHELEIL—
WTHD (Moehs &, 2001). F7=, CRTISO (carotenoid
isomerase), IPI (isopentenyl pyrophosphate isomerase)
BIUODXSe L, 7B TIEIECHEDRRNB D
bW, EIT, FIMAERTRERAL DT /AR
A RREER RS OB A7, Z Ol & Tl
BT DRBUFNT 21T o 7. AL BALEOLERO
FEBPER OFBUREHT & & b v T ) A REsr OoHr
ZFEFHZATY, BIaFORBA LI 0T /A Ry OHER
EOBRARE L. £/, EIZOWTHRBRICHEBE
remaT /A RSO E1T, LR ORHRAY 2 0
m7 /A FERICBADLBEFAHAGNITHZ L&
Bz

1. MREIUAE

1) #

XU HBAES RE (RTF, RUA hv—T
NVOBRIW T4 RFUT) BRUOUEEMFE 3 M (o
TnyHv—70 BLY® Y=—
FL oY) BEMEE LTHWE (B TK).
RIS NT RTA OKEDY RFETHY, [FEk
W2 Tm)Ae—T0 X RUA Re—T N OEE
DY RETH L. JEFRITIGEEFERIC VE (very early) ,
E (early), M (middle) 33 XYL (late) ™ 4 B~ & -0
TV T L, a7 A RBXORNA Ot 217> 7-.
VE (31t K 2 ~ 3 mm, E /% 8 ~ 10 mm, M (% 15 ~ 18
mm, BELORLIL30~35mm & L7z, LAT—Y TRe
WBATE L2 REBTH o 7. BEORFEIT I B (E,M B
KD &hF, e A ROt a7 72, F£7z,
RNAZL AT —vinbffiti L7z, ERIZE N 156~25
mm, M 7% 35 ~ 45 mm, 3 L O'L 2360 ~ 70 mm & L7=.
LAT =Y TRAICERLZRETH 7.

Tp—/NF T,

‘A na—
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Sunny Orange

Paragon

Figure 7.

‘White Marble

Fiducia

(A) Sampling stages of chrysanthemum petal development and (B) fully expanded flowers of chrysanthemum cultivars

used for the experiment. VE = very early, E = early, M = medium, and L = late.

2) ABQT/ A RED DD
EFRBLPEOKEEOY 71 05gi23mlOT &
hrZEMxTEHRLE., ZhiZbmlOy=Fro—7
NEMATELSHEEL, 2RSS &I L. 2
DEAEE LEOEADEOHNTR RDETHRYIRL .
Bonlert b/ =T AERICEFOKEMZ, 3
Bl 51T > 7. RO 5D 5 % KOH-NaOH ¥#ik &
Nz, WEFTC3REMIEE L, AL EIT o7 FA
LT LI IIT P RIS 72 2 £ TR TR L, = 3R
L— & —CfEE L. ZhE A X ) — VTR LT
% D% HPLC Z#ric il L7z,
HPLC SR LL T D@D Th 5.
417 1 :YMC Carotenoid (S5 zm, 250 X 4.6 mm i.d.,
YMC Co. Ltd)
JEBAASE A/ MeOH: t-Buthyl methyl ether (MTBE):
H:0 =95:1:4,
JEBAVELE B/ MeOH: MTBE: H-0 = 25:71:4

04y A100%/ B 0%, 12 4y
0%/ B 100%
ik

A 100%/ B 0%, 96 53 A

Iml/min, %7 AiEE 35C
3) Poly(A)" RNA D &5 & U cDNA D &K

Total RNA I &t % CTAB % (Chang 5, 1993) IZ T
#ifi H L, mRNA purification kit (Amersham Biosciences,
Piscataway, NJ, USA) % i\ > T poly(A)* RNA D #5447 -
72. ¢cDNA % SuperScript First-Strand Synthesis System
(Invitrogen, Carlsbad, CA, USA) % f \» T poly(A)" RNA
DOAEMEIT T2,

4) hOoT/ A4 FEERREBREGTORMSES D
RE

a7 ) A REG KRR ERT 13 fll (1-deoxyxylulose

5-phosphate synthase [DXS], 1-deoxyxylulose 5-phosphate

reductoisomerase [DXR], isopentenyl pyrophosphate
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isomerase [IPI], geranylgeranyl pyrophosphate synthase
[GGPS], phytoene synthase [PSY], phytoene desaturase
[PDS], ¢ -carotene desaturase [ZDS], carotenoid
isomerase [CRTISO], lycopene B -cyclase [LCYB],
lycopene ¢ -cyclase [LCYE], S -ring hydroxylase [CHYB],
zeaxanthin epoxidase [ZEP], 3 J O violaxanthin
deepoxidase [VDE]; 2 8 ) DOERAFFELDOES I 6T ¢
Yl — NI A4 ~v—%{Em L, RT-PCR CTHitR %
1Tolz. BBBTORSNOHEEIIL A =r— T T
DM AT —VDAEFHFO cDNA Z Vi, FHENDE
& & %95 PCR W% pCR2.1 X7 % — (Invitrogen)

GA3P DOXP MEP

POH;

POH2
POH;
()D*OH 2 oH 4 OH
+ => o — ————
o

° DXR

HOO
°>:o DXS

Pyruvate

WZrn—=27 L, AR ZHR LT

5) AT/ A P EERREBREGTFOEREID
B

‘Axo—RFa OMEBEBEOIRI LM LTz
poly(A)* RNA 7> SMART cDNA library construction kit
(BD Biosciences, Palo Alto, CA, USA) % T cDNA 7
A7V =2 L. FIETHBELZZAZNDE
5D EH % DIG VAT LTIV 7L, 74
TI7V—DAI ) == T OlbOTr—7L L THN
77, EHEHIZ 2 cDNA % pTriplEX2 77 2 2 RICH

IPP Pl GGPS GGPP

—_— —
4xipp PO

2xGGPP l psy

Phytoene
~ ~ N N N ~
¢ -Carotene l PDS
N N D 0 S S g i N N N N
‘ ZDS
Lycopene ‘ CRTISO
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LCYB - l LCYB
VIl l W
\ N
x
| cnve CHYB
Zeaxanthin y
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Figure 8.

Antheraxanthin

ZEP l IVDE

Violaxanthin

HO

AN

Neoxanthin wpupep NI

Putative carotenoid biosynthetic pathway in petals of chrysanthemum.

Abbreviations: GA3P, glyceraldehyde-3-phosphate; DOXP, D-1-deoxyxylulose-5-phosphate; MEP, 2-C-methyl-D-
erythritol-2,4-cyclodiphosphate; IPP, isopentenyl diphosphate; GGPP, geranylgeranyl diphosphate.
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J1iA A T2 T 7= BigDye DNA Sequencing Kit (Applied
Biosystems, Foster City, CA, USA) B X O'H &> — /7
- — (Genetic Analyzer 3100 [Applied Biosystems]) %
VN CHARR A A R E LTz

£/, DNATGAT TV —DRAY ) —=v T ThE
cDNA # Hifff C& la o BB T2 20 TE, A= —
R A M BEMOIESH B L7z poly(A)” RNA %
HWT 3 BEUE RACE #1T > 7. HiHE THI-HAD
5| 1 # % JC12 Oligo ¥ 7 ~ 7 = 7 (Molecular Biology
Insights, Cascade, CO, USA) T 7 J A ~— Z &% & L,
SMART RACE ¢DNA Amplification Kit (BD Biosciences)
R LT

6) / —HURIIZ &L DELTFDRBEEN

i U 72 poly(A)" RNA 2 RV A7 2 K& & T 1.2%
THa—AEESIVTWKEIL, AR T VA —
(Hybond-N* membrane, Amersham Biosciences) | iz 5
L7z, A CHHEEL =22 hoiis 1030 E cDNA
Z“DIG VAT ATIRY 7L, Fa—7& LTHW
72. 74 #—%2 X SSC, 0.1% SDS & T 5 4y, =
IR C 2 EEHFODE, 0.1 X SSC, 0.1% SDS &K T 15 47
fl, 68CT2mIEHEEZ T/, RN T v —T1ILR
RSN Z 0, K8 FRTREI TV S ERE
B TERFF L7, Actin 13 L HIZ XK > TH 7 D HEX
=B &2 VTR EF L 72 (2005, GenBank accession
no. AB205087). 7' —7 ZMIET 570D T T A v —
ELLTo@b Th 5. DXS : 5-ATGGAGCGATGACCG
CAGGACAAG-3' 3 & ' 5-GCGGGTAACCTTTGCCTT
TTTCGGT-3', DXR : 5"TGTCAAGATTCTTCCTGCTGA
TTCA-3' % & U 5*TGTGTCTCGACCATGGAATGTAG
T-3', IPI : 5" ACGAGTTACTTCTTCAGCAACGGT-3'
& U 52 ATCAGATGGAGCCTTGTAGAGCAT-3', GGPS :
5-GAGATGATTCACACCATGTCGYTAATGC-3' 5 L O}
5-CATCAAGAATATCATCCACCACCTGAAA-3', PSY :
5-CTAATGACACCCGAGMGACAA-3’ 35 L. O 5-AGTATC
TGATAAAGCGGCATC-3', PDS:5-GCAAGGAATACCGG
ATAGAGTTAC-3' 5 & U 5“GAATGTCAACTGGAGCAG
CGAATAC-3', ZDS : 5*TGACTGTGCAACTTCGGTACAA
TG-3' # £ ' 5-~AAACCTGTTCTGTAACCCGTCTTAT-3/,
CRTISO : 5-CGATAACGGGAAAGCTGTAGGAGTGAA-3’
B LV 5-GGCTCCTCTAAGTTTTTCCAATCATCCTC-3',
LCYB : 5*TGTATATCAAATGGGGTTAAGTTTC-3' 5 L Of
5"TGAATTCCTTTCCTTTATTTCGGTA-3', LCYE:5-GCT
TGAATGTCGCACTTATCG-3' %5 £ U 5-GATATTGCCTT

CACACTCTATGA-3', CHYB:5-CGGAACGATTTACTTAT
CTTGTT-3" 6 L U 5-=CAAAGACCCGGAATTATGCCT-3/,
ZEP : 5"GGTGGTGAGAAAGAGAAGAAGATAAGG-3' %5
L O 5"GACTGCTGGAGTGAATGTATCAAACT-3', VDE:
5"“CGAGACCGAATGTCAGATA-3" I X U 5-*CCAGTCAT
CTTGGTAGTGAAG-3', actin, : 5-CTTGCGTTTGGATCT
TGCTGGTCGTGA-3" B X T 5"AGCAGCTTCCATCCCA
ATCATAGACGG-3'.

7) EEYTILEALPCR

U T4 A L PCREZ HWT DXR, PSY, LCYB ¥ &
O LCYE Bin+ D3 BT 21T > 7-. DNase JLFR 41T >
7= poly(A)* RNA 7~ & SuperScript First-Strand Synthesis
System (Invitrogen) % H \» T & 72 % cDNA # &
B L7z, BB PEY) O % FE & O f#HT13 QuantiTect SYBR
Green PCR Kit (Qiagen, Hilden, Germany) 3 J O
LightCycler System (Roche Diagnostics) % i \», ¥ £
DT\ b= > T -7z, U T2 A L PCRD
O OBME TR T I A4 ~—120ligo V7 b =T
ZHV, &R cDNA LB S| O s 1B TR S 1
oW AN & FF o sy 2l TRFF L7, PCRTEBI®
ESO#BEBETHHEIBESND Z & 2R L. Actin IX
LibiZLo TR NDHBES 2B 2 VTG
L 7= (2005, GenBank accession no. AB205087). 7 &
A ~—DOEHNELLLF THh 5. DXR, 5-CTTAATTGCTG
GCGGTCCCT-3' & &£ T 5-CCTCCTGATGCGGTCAAG
AT-3%; PSY, 5-GCTTTGGCTTTAGGAATCGC-3' 5 L O
5"TCTGATAGTCCGGCTTGTGC -3 LCYB, 5-"AGAGCTT
GTACCCGAAATCA-3" 5 & 1" 5-CTACAGCTAAACCCG
AAGGA-3; LCYE, 5- GGAGCGGCTTCGGGTAAACTTCT
GCAA-3' I £ 1Y 5~ CTCTCTTGAAGCCAGACAGGTTTC
CTC-3% actin, 5-ACATGCTATCTTGCGTTTGG-3' 5 L T}
5-CTCTCACAATTTCCCGTTCA-3". %% > 7 /L ® Actin
BEIXFNZENDOY 7LD poly(A) RNAEEDIES >
RV AT HI2ODRE U — e L THW .

3. #& R

1) 4AVTL/ARELUHAT/ A4 FESHREE
FECTFOERE
4RO A Y TV ) A RAESGREESR BT (DXS
[AB205044], DXR [AB205045], IPI [AB205048] ¥ Xk
Y GGPS [AB205047] : #& il W 1% GenBank accession
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no. x ") BRLOIFBEO I 0T /A4 RAESG KSR
% # 8 [z + (PSY [AB205050], PDS [AB205049], ZDS
[AB205052], CRTISO [AB205043], LCYB [AB205041],
LCYE [AB205046], CHYB [AB205042], VDE [AB205051],
and ZEP [AB205053]) Z Bt L7=. Zh oD o5 b, PSY,
PDS, LCYB, LCYE ¥ X 1" CHYB ® 4 £ ¢DNA | cDNA
TATTV=PbDAY J—=27ICLo THEES L
7=, % Oftho 83 s T (DXS, DXR, IPI, GGPS, ZDS,

A. Yellow Paragon, petal
mad VE

CRTISO, ZEP 3 S (X VDE) 12 Z O FIETITHEET 5 2
EMTET, mAMAMIZ RACE 12 L » T2 K cDNA %

7.

2) AT/ A Fp5 D HPLC Z 4
HEr—ATT BRY RT T ERORE

SBIICBY B H T /A FRABEOI BT /4 FE

B35 9 IS L O 10 BUR L. SAEHTHS o

B. Paragon, petal
VE
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Figure 9.

20 40 60 80[min]

Carotenoid analysis in petals and leaves of Yellow Paragon and Paragon. Carotenoid extracts from 0.1 g f.w. of petals of

(A) Yellow Paragon and (B) Paragon, and (C) leaves of Yellow Paragon were analyzed by HPLC.
Abbreviations: V, violaxanthin; L, all-E-lutein; 3, 8 -carotene; DL, (3S,5S,6R,3'R,6'R)-5,6-dihydro-5,6-dihydroxylutein;
9Z-L, (9Z)-lutein; 9'Z-L, (9'Z)-lutein; 9Z-Le, (92)-lutein-5,6-epoxide; 9'’Z-Le, (9'Z)-lutein-5,6-epoxide; N, (9'2)-neoxanthin; Z,

zeaxanthin; A, antheraxanthin.
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Ta—RT7 3L OIERFTITRZBIIE-ThHIeT /A4 K
EREENMEINL, F/o, RE MR NE L. 5
EYIHCTH D VE A7 — Tl lutein, violaxanthin, 35 X
OB -carotene S E#E7e s /) 4 R LT En:
N, E AT —I272 % & violaxanthin & S -carotene [%iH
42U, lutein DT/ 572, M A7 — Tl lutein (20
Z, (35,565,6R,3’R,6'R)-5,6-dihydro-5,6-dihydroxylutein,
lutein @ cis = ((92)-lutein, (9'Z)-lutein) ¥ L 8 =R %3
k. lutein ((92)-lutein-5,6-epoxide, (9'Z)-lutein-5,6-epoxide)
LEONLT A UFBEIBRB SN LAT —Y TR
lutein & (92)-lutein D FEI & X L7228, —F, (92)-

lutein & (9'Z)-lutein-5,6-epoxide (X ARBRICEINI L=, — 7,

HEMLETHD N7 fERIZBNTH, VE X7 —
T ‘A =ue— 7T [EFEIC lutein, violaxanthin,
B L UB-carotene R 47z, LinL ZaUBIiddEFR O
R T L, LAT—Y0hus /A RERIX
MRHRALL T ChHh o7, o2 ifE (7al X~—
TN, = —F L) BLXOHA2 Al (KU A4 h~—
TN, T4 RVT) ICBWTHLEAEN A Tr—1T
T BRW T LRSS X OEEOHE
BARLT.

=0, BOLGHETEBTBRAT —URMBEN R > T
THRkO 7~ NI AERLEZ., ‘Aa—/"73
Y oru~ T ARSI LTz, Lutein 28
v T A RThDHOIFERERBKETH -T2, Mx
C, violaxanthin, neoxanthin, antheraxanthin,  -carotene
EVS TEHERUTRAIR IR BT ) A REE LTV
LTI B W TRER S % 5 8 T U7z lutein-5,6-epoxide 3
L Y (3S,55,6R,3'R,6'R)-5,6-dihydro-5,6-dihydroxylutein &
Vo 7= lutein F5E (AR, lutein @ > 2 K% (9'Z)-lutein %
PREIZEAEHREH SN2 o7z, BFOHEA, LAT—
CTIEET T A KD 92% LA 738, « -carotenoid XA
THo=h, FETIL43% TH Y, B, B-carotenoid %N
B,e-carotenoid JH L ¥ b mWEIA TEHEN TV, A
THr—NZ AL OELEFOBRI AT ) A Nk g
THEEIEROLAT—VOBLE2HETHoT2 (5
10 [X]).

3) ATA—NZIVELUNTITUVDERFIZEIT
% FEEBRFERI D FIRAEM
FBUMKT Aom—s37a L XTI Ot
FORELBEBECBTEAL YTV /A RBLOhuT
JA RERKRAMEBLE FORAERLELOTHS.
=P UMHT T L L—2 %720 2 ng @ poly(A)” RNA

400
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2
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3
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Figure 10. Total carotenoid contents in petals and leaves
of Yellow Paragon and Paragon. Measurements
were performed in triplicate, and the mean values
=+ SE are shown.
EREH L. LU s, DXR, PSY 5 X OVLCYB &

GF1E 1 L—2%7-0 @ poly(A)" RNA % 4 ng ([ZHIO L
THWRMERBTEY O 7V ERET 5 2 ENTEAR
Mol Z2ZT, ZHUHDBEFIZOWTITERMY 7
VE A LPCRICK DT 21T - 7=,
‘Axa—s_T7 T TIIIEFOREEICHE, DXS,
PSY, PDS, ZDS, CRTISO, LCYB, LCYE, ¥ L (" CHYB i&
T ORBEIIM L7, DXS k&, Zh b0k
TIAGHETH D T3 [CBWTHREERIC
Hime, ‘4A=a—/"7 37 LREBROBBINY — %
ALz, L UEERIIAERNIC Ao —_"7 a3’
WD ARV S L BTz, ME— DXS O B3 {EFR
DIGEI S TR L, T F JERICBIT DR
T ) A REMOMEN & —5 L. DXR, IPI 3 X O GGPS
OFSHRILW B L b, BEEEICEDLL T —ETho
7o. F7=, VDEIIHEIZE> TR L, ZEPIZWTh
DEMETHIZE AL EHmB SN2 oTz.

4) HAERELAGBEORERICE THELFHREAD
et 13
MFEOM AT —OIERBI N Ao — T T’
L IRg Iy oECETFLInT A KLY T
J A RAEERCREERES T OF BT OfE R 25 12 X
IR LT, 13E A EOBEFORBEICNEMRZEN RS
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Figure 11. Analysis of the expression of genes for isoprenoid and carotenoid biosynthesis during petal
development of Yellow Paragon and Paragon. (A) Northern analysis. 2 ug of poly(A)+ RNA per
lane was loaded for DXS, IPI, GGPS, PDS, ZDS, CRTISO, LCYE, CHYB, ZEP, VDE, and Actin.
4 p g of poly(A)+ RNA per lane was loaded for DXR, PSY, and LCYB. (B) Quantitative real-time PCR of
DXR, PSY, and LCYB. Real-time PCR was performed in triplicate, and the mean values = SE are shown.
Abbreviations: YP, Yellow Paragon; P, Paragon.
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Figure 12. Analysis of the expression of genes for isoprenoid and carotenoid biosynthesis in flowers and leaves of yellow- and

white-flowered cultivars.

Petals at stage M and leaves at stage L were used for the analysis. (A) Northern analysis. 2 1 g of poly(A)” RNA per
lane was loaded for DXS, IPI, GGPS, PDS, ZDS, CRTISO, LCYE, CHYB, ZEP, VDE, and Actin. 4 u g of poly (A)" RNA
per lane was loaded for DXR, PSY, and LCYB. (B) Quantitative real-time PCR of DXR, PSY, and LCYB. Real-time PCR
was performed in triplicate, and the mean values = SE are shown.

Abbreviations: YP, Yellow Paragon; FM, Florida Marble; SO, Sunny Orange; P, Paragon; WM, White Marble; FID,

Fiducia.
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=, SR L ASREO R TR B EOE &
RIS T. T {EFRICIIT S DXS,
PSY, CRTISO, LCYB, LCYE 5 X () CHYB &1z 1 D% 5l
BT 7T OREbYRETHDL A za—RT
227 AR TAERIIERWEE 2R LAY, —F, R
TA h~v—TL LZOREDY THD ‘Trl H~v—
TN Y D A EHEE AT o IR T ORBLEIC
FNEE A EENR DT,

AYA= V4

5) EFLEICBITHERFREDLLER

J =W URHTIC K o TSR & EDO RS T DIEHFED
W E T o7& 25, B FHERN TH 7= DH LCYB &
LCYE DB EDENTH-T- F12K). 27T, Y
TNE A LPCRIZE > TLCYB & LCYE D3 BLE %K
kL, iRl (B 13K). ZORE, HEAEROM
FECIIF B, AWAEICBA &3 LCYE 1X LCYB I~
THIZEWRE A RT Z ENH LN/ 5T,
BECIX LCYB 12~ LCYE O3BUIIEF ITIE ) - 1=,
BT LI & B Y, A RKIZMZE TéH % violaxanthin
HDhwaT A RS & ETe 2 & &Rk
INDDOEGRICEHD DEFEBIEFTH D,

X zeaxanthin %
L7273,

VDE & ZEP I3 ICH_TmW LR~ Lz, £z,
DXR b HETiImW B4~ L=, —Ji, DXS=° CHYB
DIEBUTED > Tz,
50000
@LCYB
OLCYE
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genes in petals of yellow-flowered cultivars and

Figure 13.

leaves of Yellow Paragon and Paragon. Real-time
PCR was performed in triplicate, and the mean

values = SE are shown.

xFHRADIC,

3. & B

1) BRBLVEIZETFTSHDAT/ A4 FERHTDEN

XU OEEEND I OT A R O i
Ml LTix— g cd v, SLElcuERaT
/A R T& % violaxanthin, zeaxanthin, antheraxanthin 73
ExRGELTW, —F, TERICEFENDI I 0T /A i
IR IR C lutein 72 D NCEOFFEET LA L
HHD (FIR).

AT A REGRBEEITY 3 X0 biE
B, B -carotenoid #% ¥ & B, ¢ -carotenoid #% I 12 K &= < 45
b (% 8X). Cunningham & (1996, 2001) X7
Z B R 20 lycopene % HE & L TEAL & il %
BRTHDH) A B-Y A7 L—=AR BT Y a~
- A7 L—ZDBREEZ T LTz, ZofER, U ax
VB-YA 7 L—R|X lycopene DfjuiIZpEREZEAL, B
BT HZEMTEDLM, UaXve-HAg
7 L—Z AL RIET DN 7L, £, T
ZER & RN FFy -carotene <°¢ -carotene & LT
FIHTERNWERELTWAS. it> T, a-carotene 234
A ENSZDICiE, 9 lycopene Y T e- P A
7 LRI E N T e BRI GS 2%, Y
ANXUB-YA T L= AT K o TR D ORIFIC B BRI
HIND0ENRDHY, ZOIEEE ANEZHZ LT
RV EHERIE D, Lycopene 7 5« -carotene (225 X
B0, HDHWEB-carotene ICEHEN D DONTET
EHLLOBERIABE SN ONC L TIREDL EEZD
L%, Cunningham 5 (2001) %, T was /A Rng,B
-carotenoid #% ¥ & B, e -carotenoid FRIE D & H 5 I2FFE S
DD, FOREERET HDIXY aXB-H A7
L= be-HA 7 L—ADMES L UTTEETIEZR W
NERRTND., REBOFEFTIL, B,e-carotenoid 38
MATT ) A ROKES % H o 5465 TiX LCYE O3
B LCYB ORBL L 0 IiZ a0 z@mmn- 720, —F, 8,8
-carotenoid FA23 7 WEI G % 5 8O 72 HETIXWiZ LCYB @
FBLS LCYE O#8L L Y @<, Cunningham & ORFLA
IR ORERE o7

-carotene [T

2) ERDOREICHSEBREBOERIC
A7/4 FADEIE
HEMFEOIFOI T T ) A REIIEFRZEI > TR
ELEHTDL FEIM). Axmm—nR732" OERT
£, VE 27— ClEp-carotene 3 J O violaxanthin /%

BEND S
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FHEeaT /A RTholzm, Zhoohuas /A K
IIAEFRFOREICHEVD L, LAT—UTILFEEA LK
Hahi<7zol. =ARF AL LORMEITAET O
HOBPITHEZ D LB Z B, lutein DEIER, (all-E)-
lutein-5,6-epoxide 5 & OV D FPEK, (3S,55,6R,3'R,6'R)-
5,6-dihydro-5,6-dihydroxylutein % o lutein @5 & (&1L M
AT =Y NHLAT =T CRELWMLE. 2
noosuT /A KX 92)-lutein #Fr X, TEAEE
TR SN ehoTlz. ZoZEnh, ZnbohaTs
J A ROE RIS IEAEFR O 5 E B RS NG M2 #E N+
LRI Lo Tl shTnWb LBEZ bl LLA
W, INHOGEH D BERITBULED & Z AP BN
720 TN,

iT 4, B -carotene 7> 5 (9Z)-violaxanthin $ L < 1%
(9'Z)-neoxanthin Z & H L T7 7 2 v B0 FTEAK T
& % xanthoxin £ TOAEERICEHDLAMREDIZTLE AL
T _TC A B )2 722 o 7= (Taylor + Ramsay, 2005). —
73, «-carotene i E A D AEE AT B L TId A RS 72
V). Zeinoxanthin % lutein |Zfilt#i 9~ % ¢ -ring hydroxylase
(CHYE) i&1n 1 % BT 2 5 A~ 1% Arabidopsis (235> T
MM ENTE N, IFE, ORI FIEF e
2 P450 & HiFEERCH O FARE B <, B -ring hydroxylase
(CHYB) L3R 2 EIFEAZFFS LD Z LA 50T
72 o 7= (Tian % 2003, Tian - Dellapenna 2004). L
ML 6, lutein 725 & HIZE OFEAR A~ & i
HEEFIZ OV TIIRZEAH TH 5. Ladygin (2000) 1%
zeaxanthin epoxidase (ZEP) I zeaxanthin 72 I} T 72 <
lutein |25t L TH TR F AL A AT 5 2 & 23 FTREN S
LW ERNTWD A, AREBRTIX ZEP Ein D%
BANE TE DI HEDOAHATH Y, ZEP OISOV
TIEEARAREETHo72 (5 12 K).

IEOWROFER, WERIEIEIERA KT
JA RPEENDZERPALMNTR->TER (Deli 5
1988, Molnar » 1986). L22L7en s, fEFpThrT /
A R AMEEZILD Z & OFEHRIEH ST/ > TR
V. IR D ORMALRIRIOUE A ER D 5 2 Sl
SKMBEBENTWDA, THIIIZ, TF, Zhbok
BB D R DAFAENHER S D £ 917> TE Iz,
A El, ¥ 7 DIEF DS FE & 72 lutein B L OF lutein-5,6-
epoxide O ARG BN, ZAGIFHETITHML S
Nighoiz (FEIX). fiE-> T, F7 Tidlutein B LW
lutein-5,6-epoxide D FMEAY, Z o 2 BESZ N TEF RIS D Ix
AT D Rt & 5.

3) EADREICHSEBRESLUVBREDES
IZBF5Hh0T/ 4 FEEEDEE

Ao =T A7 eI TR, heT )
A FEENRE T2 (FEIX, F10K) . HEEZ1T-
ehwaT ) A FEGHAMAELTFD S, DXS, PSY,
PDS, ZDS, CRTISO, LCYB, LCYE 3 X O CHYB ¥ ‘A =
H—/T A7 DEFROREIT - TRBLENHMN L 72
», TNHOFRBE— I3 huT ) A4 ROERRED S
p—r I —HBLTWe GE10M, HF11K). —F,
HEmBETIIIuT /A RREITRECHD Lz (559 X,
B0 K) . BBRERNZ L2, ARl TH D RT I
WIRBEOHTHD VEDS E AT —U Tl LETH
b ‘Axma—nRTay’ LlEE A ETEE D violaxanthin,
lutein 35 L 0" -carotene % & A T\ 2. T, B
FCOIRT ) A REGRMELL TV DT TRy
WS ZEEFRBTLHLDOTHD. bLA YTV /AR
LTI a7 /A4 REGRRERES FOWTN
RSN DOER IR EIC L > TEOMREZ R\, huT )
A NG RAREE AN MW S 7z 2 & BRIA & e > THEAE
BB ENTNDHDRBIE, BZHL ZOHAGBREIX
BOBEICK L CTHEMEEZRT LSS, T R T
S UERAREE T OB AR T B &, AL E RO T
B A (Ipomea nil) D—%#k1E dihydroflavonol-4-reductase
(DFR) B THNEIC R T AR U EAS TR
D, BEHFEL L COME%L %> T\ 5 (Inagaki © 1994).
ZOREITZHETHY, TREY CHLEAD T T
R —NVEEMTLZERHLNIRoTND., L
AH0RF 7 DA, AEIIENZE TH Y (Hattori 1991,
Langton 1980), ZE2&IZEE L7- AG@MEDOIEFRN ST
Wk haT A4 REZF TR, FRREmTH D
phytoene <° phytofluene & W~ 728G D 0T /A K
BT Z N TE R T,

ZONRT ANIBT LT ORZEHESI InT /A
FEOHDZ5 EEITHREO —>& LTEAKA
R RTORBERG N EBEZOND. b~ FREDY
B, REORBIEN I T A4 REMR 10 ~ 15 %I
FRIDZEBMOENTWDEN, ZohuT A4 RE
FEEOMENIZIZPSY B L ONPDS WEHE R & L
THb->TEY, REORAIHNINLDEEREY
PAF N9 5 2 & NS STV D (Fraser © 1994,
Giuliano & 1993, Pecker & 1992). F£7-, bU T D
BE, RBCEY huT ) A RERED LA L GGPS,
PSY 3 L O PDS A5+ OB EITHAIT 2 2 & NRE
S T3 (Hugueney © 1996). /X7 2 U AEFPITB W
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TIX, M— DXSHEZT-OBB AT ) A4 REEOHK
E—HTHRBIEAZR L (B 10K, F11[¢). DXS
1% methylerythritol phosphate (MEP) #% ¥ DL s & 72 5
METHY, BEHIEICE->ThuaT /A NEGKES
FEHLTNDEVWIMEDH DD LIKOMHETLH D
(Estévez & 2001, Lois & 2000). #it~> T, fEFDIZEIC
£S5 DXS #EfnFORBEOR LN T [TBIT
LHhwT ) A REOWDSOFERETH D AMREENH D, &
AN, AERICHR LGRS HFEO DXS 5B
wIE NTI L T R pNEAaREL Y HK
WREEZ R LIZLOD, HRUA h~—70" [IHEA
mfEE RIS LIFENU ETho72 B 12K). 7
nYE<—7" 13 RUA bv—T N OFEDY
R TH DN, ZO2MEORHERL LTS LA
LT o B TOEGICOWNWTIZEE A EEN RIS T-.
WoT, ABMERDERIND AD=ALIE, IhaT )/
A FAEGKRERZ GG I X 2EERE ClIe 2By
TERNEWN) ZERBH BN ST,

v U=V ROV U H— Y =T OB ESEOLT
BN b EAMEER RSO T /A4 R&E
ATWDN, ZhbOMEIEIeT /A4 RAEGKREESR
BETOEGHREIIC L > TEY S Tn 5 EHEI S
T 5% (Moehs & 2001, Nielsen 5 2003). W9 310l
b AalbEE ORI EEE T, Halbaoi s
b B BEOETE B L TEMEZIT> CX e T
IR BEOENTZLDOTHD. o TIOWEEEIX
HEThHDH EHEH SN D, MBS, X7 BEARITIA
b L AL AOM AP EEL, BUEOHEEX 7132
NOEDOZHIZ L > TR L2 EE 2 BTV 5 (Shibata
1994, Machin - Scopes 1982). %7 ®#4, #HROEAA
RIS EIC L CTEETHY, x <, daftaz
FFORZA DD ITHGRENSALT, TOHITEZ 50
(Jank 1957, Machin * Scopes 1978). —f%Xf91Z, M #R
BRSO ZED Y b4 U HE KLY 7 - DNA DR K
S THWBHBANEL N Lons (Vizir 5 1994), A
TR b AL A F O B U 2 R 5
mOArT ) A REBIEEGT28IBTEKRITZDTH
% EHERI S 5. Hattori (1991) 235 [ 4 5 Fl 12 D 77
ETDEHRM LT TheT /A4 FEGRAERE T 2
THUCHYE T 5 B2 650, EBRIZIZZ OBE I
Hattori N4 ff 7=k 212 hmT /7 A4 REGEHZRE 21
EFLOTII L, haT /A ROE#EZMET D
EROLHERIEND.

UbEDZ s, vV —a—/L ROREELRE XY

DOHGIEFITRI ST A= XN THRETLEETH Y,
7 OAGBMABEZRET DERIII v T /A NEGHR
B FOBEHRETIERL, huT /A FERBEN
il 2 H— DB F OFEETH D LT 7-.

7. ok

E28H FrpeEAEICEEIN-AOT
J 4 R EEERKREDY OnCCD1 D&
BERELSLUVBERIEICEITHARIAM

i

a7 J A K 4y fif B & (carotenoid cleavage
dioxygenase: CCD) (I 10T /A FORZFHZRE» 7256
3CUIlN L, SEMEEY T E AR ORER TH D.
kb < HBILTWD E O3 nine-cis-epoxycarotenoid
dioxygenase (NCED) T& v, Z X% (92)-violaxanthin
B LT (92)-neoxanthin #53fiF L, 77 2 DRI
K CT& % xanthoxin 2 1E Y A Ko, T4, W
<OMNDEHTCCDIET7 7 I U —%2FELTND LD
WEMNH Y (Camara + Bouvier, 2004), 77 & K &
TIHBEETICIMEFEDO CCD 7 7 2 Y —DARETr 70
ERINTND. ZbnHbo s fifEIE NCED Th
5 ENHERSNATVWD (Tan B, 2003). L2, fil
® 4 Ff X NCED & ITAHFEMEAME <, @A R EURe SL
BROTWDL I EDHERIN TS, ZO2FKBDT
N—TIZ®T % CCD IxZ 1w 1 A (Bouvier 5, 2003),
~NF 2 =7 (Simkin 5, 2004a), b~ b (Simkin 5,
2004b), ¥} XA >4 (Schwartz &, 2000) ~CHLEE
BLOBRERESHmE S TS, XF2=70 CCD
Ikkx 2 im T ) A RESMRL, &V ICHEREE %
H7=FB-ionone DAERIZHE L TWVWDH EEZBNTY
5. Flo, NI TRMEARIHES A THRNED
O, AtSEICORTI T ) A ROSMREYTH H A
DCIH LILC2TBIEEFi DA VTV ) A RIS
LTkY, v /A RoREEROFESHER STy
% (Eugster + Mirki-Fischer 1991) .

KED (2004) FxFZ7O0ABMRETHD T T
EHENETHD A m— T3 OfEFREEE
LT, #NENORETRENICHEE L TWDHEIE T
BT RNT T a R TR L. ZofER, X
Z Ay B TRREICEEL TS CCD AT R 7
CmCCDI1 # B L= b xE L. 22T, #HEo
X7 ¥l L O AALFEIZB VLT CmCCDI DR B
fENT 24T\, fbfal ORRAZ A L.
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1. MREIUHE

1) # #

AEMFEAFE (‘BA~V Y, “HRUAL h~v—T L7,
T4 RVT,RNTAL) BROWALTES M (A
Tu—R5IY, hen’, ‘A—U—, ‘Tal Xw—
TN, Y, CRTAY =, CHHO
E)MBAEFRERILE. ARUA h~—T /L L VEE,
M, L @ 4 B, oo ML M BEAE v, $£72,
RT A IpBERIE, E ERICEMLEL D), %,
BIOWRAZHERL, ERICHA L.

2) Total RNA M3t # & U cDNA DERL

Total RNA I & % CTAB % (Chang 5, 1993) {2 T
i U 7=. DNase #L# % 1T - 7= %, SuperScript First-
Strand Synthesis System (Invitrogen, Carlsbad, CA, USA)
ZHAWCERRL & 72 % ¢cDNA Z &R L7z,

3) E2YTILEALPCR
U7 %A 5 PCREZFNT CmCCDI {5+ DI
FRAT 24T o 1=, BR'GPEY O FERE 2 OMRHT X QuantiTect

SYBR Green PCR Kit (Qiagen, Hilden, Germany) 35 J O
LightCycler System (Roche Diagnostics) # V>, #RfFD
7a ha—hEo CiTotz. UT A A LPCRD
WO TR T T A4 ~—I1%0ligo V7 b7 =T %
W, CmCCDI BT DOEERIINHRET LTz, PCR
CTHRMOBETFREESN TS Z & 2R LTk
Actin (X Li 2 &> TH 7 55 S 72 fiddl & v T
2 L7~ (2005, GenBank accession no. AB205087). f{i#
ML 7 A4 ~—Dfsi% 5-CCATCCCATTTCAACAT
CAACCA-3' 8 & O 5-ATTAGCTTTTTCAGCCATTTTCT
TT3' Th 5. &V 7o Actin &IZZERZNL DY
7D poly(A)' RNARIEDIE L 2 & &%) kT 5720
DAK o H— & UTHRIE LTZ.

2. # B

A g & s RO BRI 1T D CmCCD1 D HL
EUTNVEALPCREZRAVCCHELZEZA, W
NOAGHELEIL TS Z ERHREINTZ. Th
XL, EESRE A a7 2 RN TRE

3

NERBENRTED N o7 FE14AR). 2T, N
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Figure 14.

Real-time PCR analysis of a clone (CmCCD1I) whose expression was higher in white petals than in yellow petals. Real-

time PCR was performed in triplicate, and the mean values = SE are shown.
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Z 3 EFROREINE D CmCCD1 AR 1- DI & 5
LB CREZITo e T /A REOHRE L Ok s
To7-. CmCCD1 BB T 13IEF DO HEZEIZE, 2%
HEEO FRAERLED, ZhxtL, a7 /A R
IR L, EEICITIEE A BB TE RV LU E
T#EL7 (F15K). F72, CmCCDI1&E T IEFLL
NohaT )4 RREENTODEAICBWNTHREBL
TNBENE I DERET H1-OICERIE, 6%, ER X
OMRIZHOWT B IEBEIT 24T o 72, ZOFER, TEFLSL

DENLTIHIE & A ERBANRD SN2 ho7- (5516 [X).

3. & B

oM THRE SN TWD I T /A RofiRlEREER
T LIRS ORRIMER BN E WD Z LD, CmCCD1
XA a7 A RaEnffd 2IEEE RS S HER SN D0
Z OBIB T ORBEN AGMFEONLF TOLMRINTZZ
EMDBZOBB NI RTIERITEAIEROEK
Wb RO Z LR In. H1LHEckBWT, ¥*
7 OHPGSEOER DO T ) A4 RAEAGKRITHGLE
FERICHEREL TRV, TuT /A4 REAKLTWS L
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Figure 15. Changes in the level of carotenoids and CmCCD1 transcripts during flower petal development of Paragon. Real-time
PCR and total carotenoid quantitation was performed in triplicate, and the mean values = SE are shown.
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Figure 16. Expression of CmCCD1 in different tissues of Paragon. Real-time PCR was performed in triplicate, and the mean

values = SE are shown.
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WO ATREME AR LA, HESETIE I T A KR
AR END ERFFIZ CmCCD1 2 & » TIADYEIZ
RSN DT=DICAEIERDIEREND EE X BT,
HEGETHD NI DR TIEREIE-ST
CmCCD1 OFEEEITABLITEIN LT3, Wik v
T A REEFEAD LTRY, Zofllz BT8R T
HbH. Fo, H BN TR ZAEROABIEEITE
DEMEGEFTHY, BEOHEDLY WEILZ ORE %
KELT DT OKIBIZE 5 TAE L TV D EHERI L7223
ZDOEETH CmCCDI TH Y, ZOXRBICE > THESH
BREZ RS L haT A4 RBEREL, HOERNELD
EBRD ETIENRIR.

7272 L, AEREZITo-mBEDORNT, ‘4 Tr—
RT A [FME— DB TH Y, FHARETHDITH D
2o 53 CmCCD1 DRBNHER ST, ZhiEBE 6
X Axm—_5TL N N5 aL OEEDY Th
5l ) BRERBICEBR L TWS. MR ONE LI E
DNEIp S TR 2 FF O Z L 2 AR FT AT L0 H N
K D & 2 — TR 3\ D I ZRIRE RN Z > 7255104
CDHZEMEL, FIR0N—3—va i ERBEIHIC
E o THITEZAT S WMIE Z OENZ O EFHERF Sh T
WD HDBRL. EERPAS A=
DG Z TN ELEABRF A 7 Th D=0, Lfho—
FOJE TIX CmCCDI 3 FEEBL L TV D D TIXApnin & #E
HEhs.

F72, CmCCDI Bl ORBUIEFOH THER I I
ZOMOIMILABIXIZEAERBEN 2o, AR
M Ch o THERE, FRMEICIIeT /4 FBRE
FNTWD. FFICREMBETOT e T /A4 FIILEK
WICHEDOSTHY, FEFICEE 2@ 2> T\ 5.
CmCCDI [TAEFAFERMIIHRTHZ LICL-T, Th
SOEYDOETFIZR DT Z LD TERWEBERIRT /)
A NIZHEZ RFE IRV A ERFoTWDH EEZ BN
7=

‘foa—nRT7a’

FIFE FIOMEHORERETIBEEEL
VEBORBKR

X 7 FHEMIEIR AW E B E R T8, Zh b ofEfidE
Ty v T=vehaT /A4 RCE0BRIhTnd
(#k, 1991). #kEabHFHROE TOHAITT Mo T =
LD LOTHY, BRIVt —u UHE S
LAV T IR E—HOIEERWTCEICIRT /A R X

2b0THDL. —J, BEAOEBIZONTIET » Fo T
=vbkhaT A RPRER->TWLiEeEInT /A4 R
HMIZXDH/ANEBEZOND. F7IIEHE O/ F— T
b, Ty h¥T=vlhuaT A ROERVIZEST
L VOREDIHRENRTWS, L LG, BER
TS KFAEF L VETHY, FRIENHITVITH
HENTIEIRE LA TR Z 728, —RICHEEE D
IFEnZRy. L 2AN, FUX7RHCET 28 oHFic
FE e ) =L R Y, FEFICREC) IS
CERFOIEENRE AFET D, L L 2R BRSO
AL R OMPIIMER D, EXRE, HREWoT
RTUVIEME LTHREET 5 I2IERmE ThH 5.
DB R EE T 7 FHEH OTE L B FERK
Gy DRI - BRBEREMNT L, fECO S DR Z B 50
T2 2 L, ABREECHRIBEOX 7 2 EMT S LT
OEERMALERD. T THIHTEHABLORBG
T X7 B ORI EENDS e T A K, TV
ro 7= R E OBRICOWTIHREZIT- 2. 7=
B2 BatFox et hohinT /A
R B Gy DR E 24T > 7.

F18 BREIUVEBZIRY XV RHEWME
FOT7NTZUE, AAT/AFR

ERFLVHOT/ A RS DFEN

XU OBOICIIT v by T =t haT A4 ROE
ROICESTIEDHESNTWDEN, K TAREGHTHS.
T DOGEITET v b T = OBRBNRINTHEN TN
D, BN SERI ZEEHIETHLMNNILE., £2
T, BECHH B AL TE 2 FF o 7 B & RIFE O 35 4 b
HMOT v v T =0, AT A K&, KOhas )
A RERDIZOWTHER 21TV, BEL) 228 G O R HARX
DfRIAZRI T, FRHZ 2D DX 7 B OEFRICE
FnbhaT /A Rk OREEIT-Tz.

1. MHEKRUVAEE

1) # %

X7 REY 8 FE 38 MbfE (A AT A AL LA, HY
=7, H—_7, Frvrh, v=7, e~vUlJ, 7L
VI —d— )R, T7UHr<w)—T—)LF) DE
IR Lt 2kl e Lz (BB 17 IX).
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Calendula officinalis

Alice Alice Orange Gold Orange  Golden

Orange Yellow Star Star Zem Zem
Gerbera jamesonii

Dancer Labyrinth Lambada Tllusion

Helianthus annuus

Daybreak Daybreak Sunrich ~ Sunrich Sonia Valentine
Orange Yellow Orange Lemon
Osteospermum ecklonis Tagetes erecta Tagetes petula

Jury Mikey Orange Yellow Safari Sari Bonanza Bonanza
Isis Isis Tangerine Yellow Orange  Yellow

Zinnia elegans

> 88

Dreamland Drealaad Bonita Bonita
Coral Yellow Red Yellow

Figure 17. Fully-opened flowers of orange- and yellow-flowered cultivars of Compositae plants.
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2) ‘EFOBFADAE
ENZEROAETE o LE E e EE (CD100,
YOKOGAWA) THIE L7=. —&Filc>& 35724k
L7-.

3) hBT /4 FEZ D

0.5 g DIERIZ3IMDOTE FrZ2Mx TERELE., =
ncsmoycFro—T a2z CrlHEL, k
BEDEA D LB L. Zof#Er LiEOHE GO
N RDHECTHRYVIKLE., FonTR® b/ =2—TF
IARRIZEROKEINZ, 3EITESFEIT- 7. RED
D 5% KOH-NaOH & & iz, WETC 2 Refi#E L,
AR ZAT o 7. 1 AAE T L7 fsiRiEhPEic 72
HETKTHEL, T FRL—F —ClEfEsgE L. =
NEAZ ) — VTR LT-bDEInT /A4 RIERE L
7=.

4) AT/ 4 FEDAESLUVHOT/ A FE
LA EDERDAER
FROFETEHELNT I 0T ) A REE ORISR KIS
B DM Z IR THIE L, bR (1%
BEFEZIES 1 cm OB THE LI5E O W ILE)
mbiehnT ) A FEEFH L., KERTILVT A~
Sxi (bbROEA%% 2550 : Britton, 1995) & L7-.
Fiz, X7 ‘FHEOE oLz eT A RO

A B ) — VIR A 3000 pg/ml OVT A %) IZHHE L,

10 fi5~ 1000 £i5 £ TOMPRINZAERK LTz, Z OWIK%
100l 296 7L — MIHEL, FRFROOHEZ
BT 52 L12L-T, a7 /A4 RERGHIZKIETS
HEPRE L. AEOREILT VXN AT TR L
g AT 5 2 Ltk TV L=,

5) hAT/ A4 REZ DR
T ) A Ry o8 HPLC & F v CTi7 - 7.
71 Z 2% Carotenoid 77 7 & (S5 um, 4.6 X 250 mm,
YMC Co. Ltd) ZfEH L, LAFO &5 2254 TR .
Ji& B ¥R 1% A/ MeOH: +Buthyl methyl ether (MTBE):
H:0 =95:1:4,
JEBHZE S B/ MeOH: MTBE: H:0 = 25:71:4
0 4r A 100%/ B 0%, 12 43 A 100%/ B 0%, 96 43
A 0%/ B 100%
TR 7 LW 35C
Fro, a7 A Ry OFIGITRIER E 450 nm O
Saor—s mEENDEE L.

1ml/min,

6) 77/ 4 FEADHMES L UVEE
FERTHENL D, 1% A X ) — VISR S B
T =V B O 530 nm 2R AWOEER L OULT A Y
VAR 340 nm (IS T D WOCEE D b R A VERL L 72,
0.5 g DI % 1%IFEE A ¥ / — )V TEML, Y=F )L
T—TNEMATHART /A4 REGTIREEA Y Ry
T2 KB Z im0 TR L=, 3000 rpm T 10 43 [ O 1%,
IEE 7 TR A REIR E LCROEAT M43t
JCEERFCHIE L7z, 4E7pHhHR o 500 nm Fij#4 (2 WA
KEFOWEZT > "o T = 8E L, ZOWSEENS
VT EVVERELTRT VNV T v BEERE L.
72, BRI 340 nm JTZICWRIB K 2 FE> 7 TR 7 A
REIIFEERIZ 7 TR DO—FETHHLTA Y U EEE L
THH L.

2. # B

1) EFOBERE

MEHE LTHWE 7 B 1 FIC S & 1 O 6
FEAZEOH L, fEFr0aflo a* 5 ORA) & LiE (3]
) COMBERHAELL. 2, IEE 1 EICTHA
EITolzf 7afll ki L (BB 7%, H18). *7
SFED B DA T RS L AEITAOHBEZ R LIZ2, *
7 BHEY 9 FEIZOW T b RO AR L7z, 7272 L
[l U a* [ CHlEEZITo 286, WinbX27 Lo bE
WIEA R LT,

¥ Eo

2) 73R/ 4 FEOE=
SIEREEZITo2x 7 Bl O 7 Z R 7 A RHHHK
DI IEARY "VERAE LIZE 2 S, WIUBEKIED 340
nm TIZH D7 T RA FEOEEIL, WIhofizo
WT O SO R ZEN IR o T2 7=
W, ARBRTIETV b T =S DOT TR A REIC
DOWTOFEIIEM Lz, TNE OO AMLTE &3
BMFEOIFRICEENDIRT >V b T = BEEZ TS
L, V=7, H—R_ITBILOTU=T 1 O ITE A
FREWEERZ R LT, £, AAT A AL~ AFE
RO ST BRDOTNCEVEEZ R LT b DD, ZDED
ZENEOREAIZEEST LONRHATH-T2. —J5
Z OO DOV T A & S A MO RIIR Y v
FT = BORERET o7 GETR).
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YorhaT A4 RIZET D% 31

3) haT/4 FEDEE

ERICEENDIR I T ) A FEEZNENOFEDORE
L M EGLEOM TR L2 A, ExT D, 7
Ly F=U—a— L RBLOT 7Y <) —T—)L
FoORBASEITZOTA D 2 mg/g fw DL EDOEREEZRL

FATF A N, HP=2TEBIOF 2780
FEAEWEBEA R LN, EvU Y, JLrFw Y —
TV RFBLOT 7V o~ —a—)L RE A LE
EHAMEOMOEDREITIRE L, EOREZDE
DIEAIZEEL T ORI TH -7z, ZOMORE X

720, ZHUFEERFED L9FLL EThoTn BB THR). el iaT ) A Kb ORI IL Ao 72
Table 7. Chromaticity, total anthocyanin content, and total carotenoid content in petals of orange- and yellow-flowered cultivars
of 8 Compositae species
Chromaticity Total Total
Species Cultivar anthocyanins  carotenoids
L a’ b’ (ng/gfw)  (ung/gfw)
Calendula officinalis Alice Orange 65.88 = 1.68 29.79 =258 103.78 £ 1.81 2.24 3431
Orange Star 75.23 £ 1.12 29.72 £2.04 102.08 £ 2.73 2.96 2776
Orange Zem 75.94 £ 0.93 31.47 £ 1.88  106.09 £ 3.61 2.06 1632
Alice Yellow 88.14 £ 0.34 -4.68 £ 2.16  117.37 = 2.86 17.76 1936
Gold Star 87.73 £ 0.24 -5.51 £ 1.45 11341 = 0.35 1.88 1463
Golden Zem 89.64 £ 0.65 -10.77 = 0.12  110.67 £ 0.66 2.60 1571
Gerbera jamesonii Orphe 5341 = 1.11 62.65 *+ 1.00 53.10 = 0.50 406.06 164
Dancer 63.08 £ 0.87 50.14 £ 1.45 40.21 £ 0.52 446.79 107
Labyrinth 73.34 £ 0.41 28.26 £ 1.35 85.90 = 0.76 138.19 422
Lambada 52.35 £ 1.06 64.64 = 0.81 62.19 = 0.94 471.77 253
Illusion 84.12 £ 0.34 2.45 = 0.53 85.71 £ 1.15 4.22 220
Esprit 86.38 £ 0.55 -4.30 = 0.54 101.39 £ 0.57 2.78 259
Sega 92.62 £ 0.17 -13.01 %= 0.46 53.70 £ 1.40 17.22 30
Fresbee 87.27 £ 1.45 -5.80 = 0.26 104.19 = 2.04 2.42 205
Gazania spp. Daybreak Orange 74.41 = 1.14 23.75 =262  110.79 £ 1.26 100.07 3083
Daybreak Yellow 79.19 £ 0.51 8.90 £ 0.74  122.20 = 2.24 9.10 2613
Helianthus annuus Sunrich Orange 78.73 £ 0.53 14.37 = 0.58  122.66 %= 2.88 4.77 1853
Sonia 75.16 = 0.70 20.93 £ 0.64 113.56 £ 0.97 4.77 2430
Sunrich Lemon 86.42 £ 0.44 -4.53 £0.76  106.17 = 2.49 7.22 999
Valentine 88.40 = 0.69 -13.49 £ 0.43 67.68 £ 3.48 3.68 535
Osteospermum ecklonis Jury 78.01 % 0.52 23.89 = 0.99 67.59 *+ 1.60 13.79 320
Mikey 88.04 £ 0.19 -2.29 £ 0.39 74.89 £ 1.16 7.29 209
Tagetes erecta Orange Isis 72.90 = 0.73 34.61 = 0.88 111.88 = 2.01 4.95 2805
Yellow Isis 92.97 £ 0.98 -15.35 = 0.02 55.71 £ 1.29 4.58 62
Tagetes petula Safari Tangerine 65.58 & 0.61 45.02 = 1.22  111.86 = 0.98 3.32 3486
Bonanza Orange 68.66 £ 2.31 41.10 = 4.67  115.17 £ 2.31 4.77 1913
Safari Yellow 87.63 £ 0.25 -7.75 =039 111.57 = 2.64 2.78 760
Bonanza Yellow 87.38 £ 0.21 -9.25 = 1.26  109.86 = 4.09 5.49 1017
Zinnia elegans Dreamland Coral  58.92 £ 1.12 50.57 &= 1.44 48.16 *= 4.21 73.00 155
Bonita Red 42.76 = 1.88 50.42 £ 2.69 43.42 £ 0.39 1107.70 294
Petitland Orange 77.54 £ 1.68 22.70 £ 4.43 122.09 = 0.29 62.89 55
Dreamland Yellow 76.74 = 1.12 7.91 £ 0.56 116.17 £ 2.83 23.18 893
Bonita Yellow 69.32 £ 0.48 5.31 = 0.72 82.08 £ 2.46 40.87 273
Petitland Yellow 85.67 £ 0.43 -1.20 = 1.79 120.78 £ 2.02 11.08 58
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Figure 18. Correlation between color and anthocyanin content in petals of orange-flowered Compositae

Figure 19.

plants

(A) Correlation between lightness and redness. (B) Correlation between anthocyanin content

and redness in four species containing anthocyanins.
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Carotenoid solution was used at 100 ul per a hole.
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A. Calendula officinalis
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E. Osteospermum ecklonis
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G. Tagetes petula
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Figure 20. HPLC analysis of carotenoids of extracts of Compositae petals.
Abbreviations: V, violaxanthin; N, (9'2)-neoxanthin; Lx, luteoxanthin; Le, lutein-5,6-epoxide; 9Z-V, (92)-violaxanthin; F,
Flavoxanthin[ (8R)-lutein-5,8-epoxide]; Au, Auroxanthin; 9Z-Le, (9'Z)-lutein-5,6-epoxide; L, lutein; A, antheraxanthin;
7, zeaxanthin; 9Z-1, (92)-lutein; 9Z-Z, (9Z)-zeaxanthin; 3, 8 -carotene; Ly, lycopene. Number 1-11 shows unknown

carotenoids.
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Table 8. Carotenoid composition in petals of Calendula officinalis
Orange-flowered cultivar Yellow-flowered cultivar
Alice Orange Alice Yellow
Covnoits Mo pofh g Bt e
(ug/g fw) (ug/gtw)

Luteoxanthin 398, 411, 448 11.0 377.4 15.6 302.0
Lutein-5,6-epoxide 416, 438, 469 1.6 54.9 3.2 61.7
Flavoxanthin 398, 420, 448 28.5 977.9 42.6 825.1
Auroxanthin 380, 401, 425 7.1 243.6 10.7 206.3
(9'2)-Lutein-5,6-epoxide 413, 435, 463 5.0 171.6 8.5 165.3
Lutein 444, 473 2.0 68.6 5.0 96.2
Antheraxanthin 444, 474 1.0 34.3 2.5 48.6
(92)-Lutein 440, 467 0.6 20.6 1.5 29.0
unknown peak 3 455, 485 4.0 137.2 - -
B -carotene 452, 479 3.4 116.7 1.0 29.9
unknown peak 4 461, 491 3.0 102.9 - -
unknown peak 5 433, 457, 488 1.4 48.0 - -
unknown peak 7 437,461, 491 4.1 140.7 - -
unknown peak 8 461, 493 2.0 68.6 - -
unknown peak 9 463, 493 4.4 151.0 - -
unknown peak 10 442, 467, 497 3.5 120.1 - -
unknown peak 11 442, 467, 497 4.1 140.7 - -
Lycopene 446, 473, 505 8.7 298.5 - -
Yellowish carotenoids® 56.8 1948.9 89.6 1734.3

Reddish carotenoids? 38.6 1324.4 1.0 19.9

Total carotenoids 34311 1935.6

(ng/gfw)

# Percentage of peak area in the HPLC chromatogram at 450 nm.

" Lutein equivalent.

“ Range in the main absorption maximum from 401 nm to 445 nm.

4 Range in the main absorption maximum from 452 nm to 473 nm.
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Table 9. Carotenoid composition in petals of Gazania spp.

Orange-flowered cultivar

Yellow-flowered cultivar

Daybreak Orange Daybreak Yellow
Carotenoids Ab §omtion o tOte.ll ) C:Z(r)lttzrrll(t)"ld b of tota'l C?:ro(;ltteer;(lld
maxima (nm) carotenoid® (ug/g fw) carotenoid (ug/etw)
Violaxanthin 416, 439, 469 2.8 85.7 8.1 212.7
Lutein-5,6-epoxide 416, 438, 469 3.1 96.2 26.6 695.1
(92)-Violaxanthin 412, 436, 464 4.5 137.8 9.7 252.2
unknown peak 2 422, 445,473 5.4 166.8 3.3 85.2
(9'2)-Lutein-5,6-epoxide 413, 435, 463 2.5 7.7 13.4 350.2
Lutein 444, 473 20.4 628.2 19.8 517.7
Antheraxanthin 444, 474 10.0 307.6 4.7 122.3
(92)-Lutein 440, 467 10.0 307.6 4.7 122.3
(92)-Zeaxanthin 445, 471 5.2 160.3 1.6 41.8
B -carotene 452, 479 2.3 70.6 1.7 44.4
unknown peak 4 461, 491 25.0 770.4 - -
unknown peak 10 442, 467, 497 2.5 76.4 - -
Lycopene 446, 473, 505 3.5 109.1 - -
Yellowish carotenoids® 63.8 1968.0 91.8 2399.4
Reddish carotenoids! 33.3 1026.5 1.7 44.4
Total carotenoids 3082.7 2613.2

(ug/gfw)

2 Percentage of peak area in the HPLC chromatogram at 450 nm.

b Lutein equivalent.

¢ Range in the main absorption maximum from 401 nm to 445 nm.
4 Range in the main absorption maximum from 452 nm to 473 nm.

Table 10. Carotenoid composition in petals of Osteospermum ecklonis.

Orange-flowered cultivar

Yellow-flowered cultivar

Jury Mikey
Carotenoids Ab§orpti0n %of tota.ll C:ss::;ls ‘l’d hof tota.I Ci:)(;tfe?ﬁld
maxima (nm) carotenoid? carotenoid

(ng/gfw) (ng/gfw)
Lutein 444, 473 6.3 20.1 19.1 40.0
[-carotene 452, 479 6.6 21.3 10.0 21.0
unknown peak 6 443, 469 15.6 50.1 11.6 24.2
unknown peak 9 463, 493 7.6 24.4 6.4 13.3
unknown peak 10 442, 467, 497 12.1 38.7 9.9 20.8
Lycopene 446, 473, 505 46.9 150.2 37.2 77.9
Yellowish carotenoids* 6.3 20.1 19.1 40.0
Reddish carotenoids! 88.9 284.6 75.1 157.2
Total carotenoids 390.1 909.5

(ng/gfw)

2 Percentage of peak area in the HPLC chromatogram at 450 nm.

b Lutein equivalent.

¢ Range in the main absorption maximum from 401 nm to 445 nm.
dRange in the main absorption maximum from 452 nm to 473 nm.
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iR - EEAEREICIEE L TEEND R OER—EIZR
EREI R oTe. AV =T LR FEEE, RBAL

FECDBARBOFRNT 1T ) A ROEERRD B3,

FIRFICT o b7 = b A A B A I R T
BWVMEZRLZ, ZOZENS, V=T OBaI2ET
vhvT=rvEEIaT A R END 2 DDOEHRN
EFROEFICEHb>TWDHEEZLND.

BB, FATHRAVUL LTI OOEEDOILOEN
MEFERMEAOREERTHDLOMAHThH o7, TV
M T=vEBLIOIRT /A RETOWTLLEEMLE
DhEREmL, £z, BEMEDLPRHBOBNT 0T )
A ROEIENREN ST, 1o T, FAT AR L~< AT
SODERNELINCD Y, EaDEEERIZL TN
LEEZLND. MOMZHONWTY, b FEARTERIC
DNTDHRBATS, TR TRS &, FEERITEEO
BRPEA MR- TRE CEEOEMROEEZED H
LT,

ARHBEIISBEECHRBOOX 7 2 BT 5 LT, &
DED TR THRZAT O NENL VI HMAEEL B
TIThbl=bDOThD. X744FpFTIaT /4 FOHEE
DT T =R B D 2 EICE o TRABRED
HENTHDR, Ty M T = XD RBDEBZFE
NEL, BOLRBBSNI-DICLE R a* HICET D
T2 OIITA BIHA 21T - 12 5% 7 BHEMIC % < O'R
METHDHZ ENRHLIR -T2, L LIFAIRRS, S8
DT> b T = DFEIC L > THENRTA Y, REEH
272> TLEI EVD T EIFEICERTZELBYTHD.
F72, TV U7 = OFRBUTRIGREICEL ST
<, FCRERFICRESEHENELAINDIZD, JH
Fal U CH CEFHEMERFT 2 2 ENEEL WL &0 ) ROR
NHDH. 1o T, SHRECHRIBOOX 7 2 BT 720
I EFRICEEN D e T /A4 REZHEINEES, b L
IHRBORNT T ) A REZHIED L) i
WRETO Y THDL EEZ BN,

FoEUAERIZEENDHAAT/
1 RS DA

E 28

%1 HITIES 7 B Of (4 & B AER O AT DT
L3 ODERNEICED-TEY, fiECHRIEALEL
EY 9 7ol D b 28O InT /A4 N
EHESED, bLLIFRAOBNI T ) A REeEES
WHHMENRS D T LR

X vl (Calendula officinalis L.) OFS L FfI13IE
WACHEC O LB A R T, AIHENC R WV TR R SRR &
RSO v T ) A4 R RRg->TEY, BEMHh
HIZBWTORRLOBNT BT ) A RPEHELTND
ZEERLNILE. Xk O huT ) A RESIE
TLC 72 5 NZ HPLC & W2 #Tis & » T—EH D sy
MBS 272> T 5 (Téth « Szabolcs, 1981; Bako &
2002). L2 L, R AKBLE DT THOh TR 57,
£, WS ODNORRAEDKZBAFHET D, £IT, =
NWHDHERRTER BN L, BEMEIZD B IR DFR
a7 /A RREETDHRREZMA ST D & 2l
7.

1. MEBLUVAHE

1) # %
FreruantE BfE (T RAF LY,
Ly P22 —=" B ‘FLrIPL) BLOEANR
FE3MFE (‘T UVASf=a—", ‘I— NV RKAX—" Bk
O I TUEL) OFRICERM LIZERE AV
(21 ). b3 T, EEIFZERT (KIRR < 1)
DEINE & =— L7 AN THREE 21T - 72,

2) hAT/ 4 RSO

FNENDOEFEOIEFR 05g123ml 7 & hr &2z
TEMHLEZ. ZhCsmoYycFro—F L E2IiT
K<HERL, BEEZSKAD LB L. ZO#EEL
HEOWADOBFEON R RDETHRVIRLE., HohieT
T/ =T VEIRICE RO K E N, 3 B 51T 5

7o, RO 0 5% KOH-NaOH &k # il %, WP T
SEFRIFHE L, AR ZAT o7, TAL T LT

WRIRITHPPEIC 72 D FCRTHS L, = AR L —¥ — Tl
MEMzE Uiz, e A% ) — )L TR L 7= 6 O % HPLC
IHTICHE L 7z,
HPLC 3HT:HIZLL T D@D Th 5.

717 2 : YMC Carotenoid (S5 um, 250 X 4.6 mm i.d.,
YMC Co. Ltd)

JEBIARE A/ MeOH: +Buthyl methyl ether (MTBE):
H:0 =95:1:4,

JE B B/ MeOH: MTBE: H:O = 25:71:4

04y A100%/ B 0%, 1243 A 100%/ B 0%, 96 43 A
0%/ B 100%

it

I ml/min, # 7 AEE 35C
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Alice Orange

Orange Star

Orange Zem

%
|-

Alice Yellow

Figure 21.

3) AT/ A A DHER
10021230 ml OT7 & b EZMACTERELZ. =
NIZB0ml OV F LT —T A EMMAZTESEHBL, E
BEDES D LB L. Zo#EL BiEOHGB0ER
W RHBETHRYVIRLI.. b7 b/ =—TF
IRRICHEROKENZ, 3EITGEITo7. WEROY:
70 5% KOH-NaOH {8 & N %, Wi € 3 RERTEHE L,
T AACIBEZ AT o 7. T AAEDE T LR e 22
B ETRTHE L, BEIICEONZREIZ= AR L —
S —TCRMERCE L. Zha A% ) — L CIRELTZH D
EHOT A REEE L, RO Lz,
BRI DGBUILL FOLEMETITo 7. BN 7 2%
Ry, BB ER > TODESMRaHET D X O ICHES
A28 Lz,

#17 2 : YMC Carotenoid (S5 ym, 250 X 20 mm i.d.,
YMC Co. Ltd)

JE: BV A/ MeOH: +Buthyl methyl ether (MTBE):
H:0 =95:1:4,

JEBAYESE B/ MeOH: MTBE: H:0 = 25:71:4

04y A100%/ B 0%, 1204 A0%/ B 100%

Wi 10ml/min, F T AEE 35°C

Gold Star

Golden Zem

Fully-opened flowers of orange- (A) and yellow-flowered (B) cultivars of calendula.

4) haT/ 4 FERAORE

a7 ) A4 RoOfEx UV-Vis, 'H NMR, ¥ X O FAB-
MS DFE AT FADT —=ZInHRE LT, s AN
7 MVT—Z ORI T O#®Y Th 5.
UV-Vis A7 kb

VEF NI —T VTR LTV v TV Sy YOk R
(B, UV-240) THIE L7z, & L <L HPLC BEhfaH
DYDE~NTFF ¥ B (AAZE, MD-915)
THIE LT,
FAB-MS A7 kL

Nitrobenzyl alchol % & & L CEESHIEEE (JEOL,
SX 102) THIE L.
'H NMR (500 MHz) 35 £ 0" "C NMR (125 MHz) A7
W%

NMR #& & (Varian,Unity Inova 500 spectrometer) (2 C
WEAIT-72. TMS 2 REWE L L TE AR CDCL: %
RIS L THW .



42 TEE HFIEITIT TE

556 5

2. & R

1) BAREIRESLUEBRE REDERFIC
EENDHOT/ A PR DB

HPLC i CENEFNOMFEOIEF N b Lz
JA RESGHTLIZE Z A, B EaMLEORIZY
o~ N7 AIHIEREN AN (F22X). FU
EZFFOMFEM CIXR T OFIGIZEN DN,
BIZEICTHhotz. TV ARF LY ZHRD L LoFE
BEFETIE 19O -7 BHRINTZRN, bbb
0E—27 (=27 9,10 BLTN12 ~19) (IEMAMLFET
DOIHFHE N, =27 2,5~8,10, 11 B IO 19 1TBE
HMOHaT ) A RThY, HPLC TH LTI A~
MLl L OMRFFRFH 2 b L <IEH 1 BICTHE %
Tolex7bRICEEND T /A4 RERTHZ L

Lo CTRIE L. ZhBRELZE—2 oWE4, H
TER R 450 nm (Z361) 5 B — 2 HFEOEIE, F6 K ORI
MKEZSE 11 FRIRLE., BE—27 1,3,4, 9B L0012 ~
IBIEARH KD ThH T2, TNENOYE—7 %45
He LT NMR Z#ric izl L7z,

2) AT/ A4 FRDDEERE

K7 haT ) A R OREIZIIBONE 7T U A
FLrY OERNBIM LIchaT /A FEERE
7.

'H-NMR f#tr ofE R, o o D ORI 4 fE
O lycopene DA BIERNEG N TND Z LB SN
IZ 7% o 7=. (All-E)-lycopene (peak 19), (5Z,92)-lycopene
1, peak 18), (5Z,9Z,5'Z)-lycopene (2, peak 17) I XK W
(62,92,5'Z,9'Z)-lycopene (3, peak 14) T& 5. 'H-NMR >
27 F i '"H-'"H COSY, NOESY, & & O 'H-'H decoupling

Table 11. Carotenoid composition in petals of calendula (cv. Alice Orange)

I();iagl% ;1;) Carotenoid % of total carotenoids® A max (M)
1 (8'R)-Luteoxanthin 11.0 398, 422, 448
2 Lutein-5,6-epoxide 1.6 416, 438, 469
3 Flavoxanthin 28.5 398, 420, 448
4 (8R,8'R)-Auroxanthin 7.1 380, 401, 425
5 (9'Z)-Lutein-5,6-epoxide 5.0 413, 435, 463
6 Lutein 2.0 444, 473
7 Antheraxanthin 1.0 440, 467
8 (92)-Lutein 0.6 440, 467
9 (5'Z,9'Z)-Rubixanthin  (5) 4.0 455, 485
10 « -Carotene 0.8 446, 475
11 B -Carotene 34 452, 479
12 (5'2)-Rubixanthin (6) 3.0 161, 491
13 0 -Carotene 1.4 433, 457, 488
14 (5Z,92,5'2Z,9'Z)-Lycopene (3) 4.1 437, 461, 491
15 v -Carotene 2.0 461, 493
16 (5'Z)- v -Carotene (4) 4.4 463, 493
17 (5Z,9Z,5'Z)-Lycopene (2) 3.5 442, 467, 497
18 (5Z,9Z)-Lycopene (1) 4.1 442, 467, 497
19 (all-E)-Lycopene 8.7 446, 473, 505

2 Percentage of peak area in the HPLC chromatogram at 450 nm.
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Figure 22. HPLC analysis of carotenoids of extracts of calendula petals.

a, cv. Alice Orange; b, Orange Star; ¢, Orange Zem; d, Alice Orange; e, Gold Star; f, Golden Zem. Peak numbers are

identified in Table

11.
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WEIZCEL s TRBAZRE LR (F12F%, H23X).
4 FEAE O SR FEAMER O 'THNMR & 7 L 0 ik & 5
12RIR L. ZHhHORY T U HER5y O SRR E
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(Englert, 1995) 3 J O NOESY fHEAM HikE L=, #ilz
X 5Z9Z iR oL B 1 084, H-2, H4, H6, H-8
B L HAL 20 'HNMR > 7 F U E1T all-E (R I2 b~
TRE LS~ 7 b LTe—F7T, H-10 58 KOV H-12 47
HEEy 7 L. TR b DR T bXF — 0T
Englert(1995) 73 & L 7= 5Z,9Z STAKEC (& D i & — £
L7-. Mx <, H-18/H-6, H-4/H-7 ¥ L ' H-19/H-7 DI[#]

TR B L7z NOESY AHRE % 5Z,9Z D NLAKELE 2 AT %

ZEHERLTWD (Englert 1995, Hengartner © 1992).
B> T, \bAMW 1% 6Z,92)-Iycopene T % L kE L
72 LAY 2 B L O3 IOV T B [FRED F1E T ARELE
ZIE L=, (5Z,9Z)-lycopene (1) B X (52,92,5'Z,9'7)-
lycopene (3) (FHAE FE TITHE D72V NLARELE A2 F52 Y

aRVEMIKTH -T2, F£2, (6Z,9Z,5Z)-lycopene (2)
X Hengartner & (1992) 12X > TAMEI LTV D,

Kk & LComtzien. #t-C, bdHm1L,2B8 LW
JIVWTFN L REHE L CIHHI T /A RThDHZ

LB 0T

Table 12. 'H (500 MHz) NMR data for lycopene geometrical isomers in CDCls

All-E 52,97 (1) 52,9257 (2) 52,92,5'Z 9'Z (3)

Position 0 0 A6? 0 A6 0 AO

2 511 5.15 0.04 5.15 0.04 5.15 0.04

2 ) 5.11 5.15 0.04 5.15 0.04

3 911 2.13 2.12 2.13

3 ) 2.11 2.12 2.13

4 911 2.24 0.13 2.24 0.13 2.24 0.13

4 ) 2.11 2.24 0.13 2.24 0.13

6 505 6.02 0.07 6.03 0.08 6.03 0.08

6’ ) 5.95 5.94 6.03 0.08

7 6.50 6.51 6.51

7 6.49 6.49 6.49 6.51

8 6.95 6.76 0.51 6.77 0.52 6.76 0.51

8 : 6.25 6.23 6.76 0.51

10 6.18 6.04 -0.14 6.04 -0.14 6.05 -0.13

10/ ’ 6.19 6.18 6.05 -0.13

11 6.64 6.79 0.15 6.79 0.15 6.79 0.15

117 ) 6.64 6.63 6.79 0.15

12 6.5 6.29 -0.06 6.28 —-0.07 6.29 —-0.06

12/ ) 6.36 6.35 6.29 —0.06

14 6.95 6.25 6.25 6.25

14/ ) 6.25 6.25 6.25

15 6.62 6.63 6.63

15 6.62 6.62 6.63 6.63

16 1.69 1.69 1.69

16 1.69 1.69 1.69 1.69

17 161 1.62 1.63 1.63

17 ) 1.61 1.63 1.63

18 189 1.85 0.03 1.85 0.03 1.85 0.03

18’ ) 1.82 1.83 1.85 0.03

19 1.96 1.96 1.96

19/ 1.97 1.97 1.96 1.96

20 197 1.98 1.98 1.98

20/ ) 1.97 1.97 1.98

* Isomerization shift (A6=6Z -6 E, | A6 | > 0.02 ppm).
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N
\J20' 19"J 18’ 4

(5'2)-Rubixanthin (6)

/~ "\ NOE

Figure 23. Stereochemistry of six carotenoids containing cis structures at C-5 or C-5' characteristic of orange-flowered cultivars

of calendula.
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S5, BEE TIT®E DR (57)- v -carotene (4,
v —7 16) 3 L O (5Z,9'Z)-rubixanthin (5, °—7 9) % ¥
B L, 'H-'H COSY & & (8 NOESY %5k # & » '"H-NMR
IS Ko TSR E X 1T o 72 (B 13 %, 23 [X).
bEWARB IS5 D H2 025 H20 L E T 'H v 7
FEENEND allE K& —E L TW\Wiz72% (Englert,
1995), & 13 #IZ1X H-2' (275 H-20'fir & TOHFIPHIZ >
WORLTZ, RY = B0 O ARBLE X =ML 7 k
EF L OV NOESY #HEE B E Lz, /L&YW 5128\ T,
H-2/, H-4, H-6', H-8' 8 L O'H-11"fit > 'H ¥ 7 F Vi allkE
RIZEERTRES LS 7 b L7z—FT, H100B &
OH-12' AT, @l 7 F Lz, Zh bRy
7 MEIXSZIZ SRR E DR & —B LTz, e
¥ 5 1% (5'Z,9'Z)-rubixanthin & ¥ L 7= (Englart 1995,
Hengartner » , 1992). F7=, /L& 412>\ T [EEE
ICHEERE X T 7. (LB A B LTS5 ITWI ity KK
Me L TomEITRL, iRl T /A4 RThHrZ &n
oo,

ZOMOHPLC TIERET HZ ENTEhenoTz
HuT /A K6 L, 'HINMR, FABMS ¥ X () UV-
Vis A X7 R IVIRHT % 4T o 7= 45 5, (8'R)-luteoxanthin

(¥—7 1, Fig. 2), (8R)-flavoxanthin ( £™— 7 3), (8R,3'R)-
auroxanthin ( £'— 7 4), (5'’Z)-rubixanthin (6, £°— 7 12),
0 -carotene ( £°— 7 13), ¥ & O y -carotene ( £'— 7 15)
THDHZENHLMT o7 (B 1158).
SEBEEELZ19EBEOI T ) A4 FD 5 b, 8H
¥ ((8'R)-luteoxanthin, (8R)-flavoxanthin, (8R,8'R)-
auroxanthin, (all-E)-lutein, (92)-lutein, o -carotene,
B -carotene 33 L O (all-E)-lycopene) (X7 TlizF &b
{EFH D DOHBERHE S THY (Bako &, 2002), &
EBRTNFEEOI v T A REHizITRE L.

3. &% =

XFUBUAERICEEND I BT A NRR G % AT
L7zf R, BemfEIcIiEE N2 N anfmicixs
Fhinwiaes /A4 FELTIOEEDOIRT /A F,
(5'Z,9'Z)-rubixanthin (5),«-carotene, (5'Z)-rubixanthin (6),
o0 -carotene, (5Z,9Z,5'Z,9'Z)-lycopene (3), v -carotene, (5'2)-
v -carotene (4), (5Z,9Z,5'Z)-lycopene (2), (5Z,92)-lycopene
1) B LV @l-E)-lycopene # [FE L7z (522K, %11

Table 13. 'H (500 MHz) NMR data relevant to H-2' to H-20' position of geometrical isomers of rubixanthin and y -carotene in
CDCl:
(AlL-E)- (62)- (All-E)- (5'2,9'7)-
v -carotene y -carotene (4) rubixanthin rubixanthin (5)
Position 0 0 A6? 0 0 A6
2' 5.11 5.15 0.04 5.11 5.11
3! 2.11 2.12 2.11 2.11
4! 2.11 2.23 0.12 2.11 2.24 0.13
6' 5.96 5.96 5.95 6.02 0.07
7' 6.49 6.49 6.49 6.51
8' 6.25 6. 22 -0.03 6.25 6.76 0.51
10’ 6.18 6.18 6.18 6.04 -0.14
1’ 6.64 6.63 6.64 6.79 0.15
12 6.35 6.35 6.35 6.29 -0.06
14 6.25 6.25 6.25 6.25
15 6.62 6.62 6.62 6.62
16’ 1.69 1.69 1.69 1.69
17’ 1.61 1.63 1.61 1.62
18 1.82 1.83 1.82 1.85 0.04
19 1.97 1.95 1.97 1.96
20 1.97 1.97 1.97 1.97

 [somerization shift (Ad=06Z -6 E, | A6 | > 0.02 ppm).
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)., ThbDhaT ) A RIEETHR7Z KL 51Tk
AN, WTFhbFrerMIcBWTEER T
/A KT 5 flavoxanthin L ¥ & WK AE A 20 ~ 50
nm BEEMICH -7 (3 115%).
INLOMOLEICHERR I0EEOIeT /4 K
DIHL, 6EEITCHH L ILCH NI > A G %
Fpo Tz (16,523 K). —H&MIcCHH L IX
CH NI A A FFO v T /A RiZhiEd CIEIE
WENTHD. LI HAONTWHELOR T =7
(Gazania rigens) 1LFFOFEHhvT ) 4 RTHD (52)-
rubixanthin (6) (%4 gazaniaxanthin) T& % (Bartlett
5,1969). ZHIFANTOEFPLRENL BBH S
T W % (Eugster - Marki-Fischer 1991, Hornero-Mé
ndez - Minguez-Mosquera 2000, Miérki-Fischer & 1983).
Mirki-Fischer & (1983) % (52)-neurosporene 3 X O
(5'Z,132)- ¥ 7= 1% (5'Z,13'Z)-rubixanthin & \» 9 & 5|2 2
D SZ b LIS ZHELFF>TIvT /) A4 R&2NT
REPDHEEL TS, 628 LIE5Z %

0

all-E-Lycopene

Lycopene
cyclases

o -Carotene
B -Carotene

Lutein

Flavoxanthin
Auroxanthin
Luteoxanthin

: Lutein-5,6-epoxide
: etc.

Figure 24.

< Yellow-flowered cultivars

.
.

Ffoha7 /A RiZe BERob a7 /A4 ROFEEAET
&Y, (5Z)-carotenoid M HifIL Z DI Z R 2 b
DIELHELTWAD, Lo L 1996 4£1C Cunningham &
MNT T RF L A0 lycopene- ¢ -cyclase & HffE L, =
DEEFE D lycopene (2 ¢ 3R & 53 2 e CTHIEAGEHY
IFELZRNWE WS Z 2N LT, E> THEhi
WIZAEAET % (5Z)-carotenoid JHIL ¢ Br &2 Ffoh T /
A FORBEIETIZRLS, A4 DA T ) A4 REGK
TR DAV T B CRER BIIZ BV L ST B ATREMEAS
% 2. Lycopene ¢ -cyclase < lycopene S -cyclase 72 & @
lycopene cyclase #8412 1X 5Z #EiExFio7o w7 /A4 R
RUIZPERRC ¢ BR72 EDOBRPRMEE 2T 5T D881 D372 <,
fEL & L C (52)-carotenoid JENE R A LHERI L7- (G
24M). BZ b LIFBZMEERR>HuT /A RiIEa
S A B FF AV S L7 2 & B IRSREH D C5 fir
AT 2 BER DS FRIZ O AIFLE L TV 5 ATREMED
b5b.

LLEOFREN S, kD haT /A RERITIE

b5Z-isomerization activity

(52)-or (5'Z)-carotenoids

Lycopene
—cyclases

v

Putative carotenoid biosynthetic pathway in petals of orange- and yellow-flowered calendula.

Main carotenoid components accumulating in each petals are boxed.
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IO & SR U7 IR I BUIRIR DR T a5 2 & 23
DI oTe. Fiz, ARERITEW, A CREZIT-
7= 0 = 7 R 5 fE 12 1% (5'Z)-rubixanthin (unknown
peak 4) B X O (6Z,9Z,5'Z)-lycopene (unknown peak 10)
N, FioA AT F A< AT (5'7)- vy -carotene
(unknown peak 9) ¥ X (6Z,9Z,5'Z)-lycopene (unknown
peak 10) BEENTWD Z ERPAL NI o7, T =
TR MR LA AT A 2L~ AOTERICE N T
WD SNV ARG R RO T /A R3ERET 2 H
bEL, FREVVEKRTHLAIREERHD. b0
BRI B 2N 2, Bk, RAomWNIaT ) A4 R
DEBLIBAOX 7 2/EHT 22N TE Db LU
AR

WEER

XU RRPICHET AR TIFEICIaT /A KT
hor=rThsb. Iur /A RET M T =V lh
AETASASTRITT > b T = ORBBERBERIEIT K
LTREETHDLI- OB L ESEDH T ENELWE
WO AEFERMOBRR &, EROPENMEL, FRIEBLT
TTIHLSTATRADEDITEH RN E S EEEM
OHHENSE R LTV, Ll s, FUxs7E
BT DAL FITUIIER IR R D S OBEET
L. OIS OBAETI LT DH I LIS REES
IO X 7 2 ERT D ETCORELRMAL D LE
Zl-. ZZT, H1 BBV TRECHLERGEDOX Y
RO OMARE I aT ) A Ky, BhaTr /4 K
B, BLIORT M7= B EOBBREREL, *7
IR 2 SN R EZ ST, SHIE 3 EICE
WTHREC B Z RO 7 FHEIZ D\ TIRIBR O F A

21TV, 7R OB EIAFREBRN L D27 7.

REO~PEROOF 7 12 BFEOMLRPICEETND D
a7 /A4 RO SIEREIC Th 7. Fiz, #hEh
DT ) A RETOBFNTENRRL, EFENTND
ROy DEIGOEN I aT ) A4 ReERoaicE 8z KiE
T EERWEEZLND. HEo T, FIERITBNT
a7 A RPREGT A2 EHRITREOENZE - TED
HEN DA LA E CO/MATH S LHEHI Sh
7o, BE~RRAOGEICIZINTNLT Y T =B
KO eT /A4 RBREGEENTED, 2o DMED G
TR CHAZEORE L VICE > TELR TV,

—J7, ek iR A RO 7 B 9 F O

SRR L O MFEOIEADOENNIIET VN YT = EO
7=, a7 A4 ROBOEBLIOI T /A REsrDz
LWV ) 3ODERMNED S TNDZ EMP LT/ oT.
=T O ELIIF V7RI v he T =k nm
T /A ROERVICE > TRETEAZIED L TWizn
WP ENRE S, R0 Tholz. Zhbl*
7 R LIZ/ER, 7037 T =itk bR
FHOECHENEL, BELEHBINDIZDITLVE
SOBEDPVETHHN, B, ZOSEDOT T
SUNAEOR T &R 720, FERE L TAEENA
W7o TNAEWNS ZERHALMNIRST. o T, F
7 DYy, OB aitaEESTowIlE, Ty M
T=UOBE LW R T ) A ROKRIZ X B GEE
Hfs T o @ chreBExoND. AT /4 KD
K o THEARER SN VWS Z L ET v by T =
UG LIS, FIEAZ . IuT A RO
B CORBUTAEE S, FRHCREICALE ST Wz
B, JAFZBEL TORANLEL TNDEWVIFENRH 5.
FTo, TORBUEINEELBE LT HT T =08
B2, BRNTHOEHORENSBEIETH LBRIAE
DICEOT D0, EERICLE>THLHERICE-STH
PELWEETHD LV D.

~ U ==V RO XS IHERIIZEOIRT ) A N
ERESED, bLEFrtr A0l )ICRADMNY
07 A4 REZR-SELZ LIk TRtz iFox
7 HEHT 572011, b OREICES T 2B T
ZHEEL, BEFHEBRZET) ZENRBEETHD L
Ezohb. 2170, huT A REREEZEMNIET
BEEEY BT 7oL, < —3—/L ROBEFHED
TaT A RENEORKERENOHEN T2 AR 1Y
720 2mg BRENMLETHY, ZIUIFE 1 EIZTHHAEZ
TolkbinT /4 R FhX 7 B0 L%
S5fEETHD. Linl, huar /A4 ROKELERLHAY
T A NREIIA R R Ra A EEH Th D Z LT
Mz, FEFITEL OERN Z OEARRREBICESE LT
5720, B THABRZILDAEGHROEEIZL - T
a7 ) A NEGHEZREIHNSED Z LR T
boLTRENS. £, IuT /A NEFEREICITES
I TR, EHEmE ThDH T T AT ROMEIENH
BLTWD EHERI STV 52 (Taylor « Ramsay 2005),
TIZAFRANTOI T ) A4 RERBICHEG T BB T
ONWTRIZEAERARRD. —F, TITERTVARL
AR aTIHBED L RO e T ) A4 REAMRESER
FDOFH 212 X - T, astaxanthin Z1X U & LR M
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BRI M InT A NEAERBRIEDLZ LICHIILT
W% (Stilberg & 2003, Ralley & 2004). £7=, ¥R
FRIZE L, RIRAOIEE E RO Adnis aestivalis 1316
FICELEDOT v T ) A NEEAERTIEFICB L
W CTH DN, T vhaT ) A REARESE SRS
T-AUTHE, HEE X7z (Cunningham - Gantt 2005). L
ML, INHOT MhaT ) A FMEGEBERITNTL
B, B-carotenoid A HE & L THWA DO THY, 8,8
-carotenoid FAZ 1T & A LG E 0¥ 7 TERITEAEIT o

72 LThH, FhhaTs A REOERBITHRETE 20,

X7, BIED L Z A, B,e-carotenoid ) & AR DFRN
a7 ) A Rafid 2FERIE A2 T,

FTITEHEIEF2HTEIT B VOB AMLTER X
CHEGfEICEEND e T /A4 RS EREL, &
M FEIZ D BRRBDTRNT 1T /A RPEFET D %
EHOLNCT D ER AT T ORE, B
BLOEAREND 9O a7 ) A4 RRFEE S
N, TRHOOH 10 M AT O AFLET DY
Tholz. ZOH2H, 6FEOIRT /A4 RIR5ALH L
CIE B fLICy AEEZ o> T, U U BRI
RSSO 2T 5 L& AL 2 BERTE TR L,
BERFEICEa e T /A4 ROERBICEE LT
AREVEN DD, FT, OS5 AEEE 5T AKX
Jits D FEE 1T Iycopene ° % D HiiBR (A T & 5 prolycopene,
neurosporene 7¢ K Ch H L FHEIND N, T biTE
EAEDT AT ) A RPERR SN DBRCREET 5 HHE
R#WETHD. - T, ZOREEGFEHEET S 2
ERTENE, F7ICbEMAWETHY, ERITHRZD
WS NI AfEIEE b o uT A RESHESESHZ
LAEREL 72D, 72 L, koA L B0t
BOBBIEZ OV TERERIM ThN TR nizd, Zo
SNICy 2GR O T /) A REERMTLEVIHIF
BEREETHDONEETHL DN, £z, BENFET
HDHDONE—DEETIZ L 5 THE STV D D0,
FEAEHILNI R TR, FTn, Gea RO
PE7e ERARZRER L RE LTS, - T, S%ITHE
CAEBIE I 5 8 T O Wl 27 5 L RIS, fE
BOBIBIEICET OMAEZIT O LERH .

X7 OFHOBEIILFECOBRENRZNW-OHEETH D
S, —RANC AL AT L 0 BN S D6
NHY, @mEREAHENRD LTS, HEflh
LABMAEERET 2EREH LML, Ao
BHaEZ DI ERODOHREHBIZT H T ENATRRIC
RAIVUTASHOREREICRESERT S, 22 TF2/ 0

Has A KERERALNCL, S6ichaeT /A R
K BB 2HH T 2B ERZA LT H 2 b
ZH 1 BB LU 2 BICTRAL.

BWIETE, ¥7ERRCEFENDLI VT /A
RA ORI MR ZN RN L 2B 602 L
7. NMROHEORRE, e Ts /4 RTHD
(3S,55,6R,3'R,6'R)-5,6-dihydro-5,6-dihydroxylutein % & #»
WBHEDOX L N7 o VEEARIE L. £/, el
AMEIE Z FFOLA M AR Lz, WO E g E ik
B, B-carotenoid 8 C& % violaxanthin <° zeaxanthin 7¢ &
DN EE RSy & LTRSS E 2y, F 276
GEND BT J A i (92)-violaxanthin % [ & 92% LL
7238, e -carotenoid 3 TH v, FEEIZRHKA 24K T H
L ERALMMIT 0T

2B TR Al L O ANEIZB T 518
FREREDOI T /A Nilsy, a7 /A4 NEE, B
FOI e T A4 FEGKRERELRFOEIIZHON
TN Z2AT o 7=, R TERI T 7 A KD 92% LA
238, e-carotenoid 8 TdH - 7273, HETIL43% CTH
v, B, B-carotenoid #8733, ¢ -carotenoid 8 £ ¥ & & W\
HETEHEEN TV, EGHCREERESF DR Z A
%L, BTIXLCYB DFBLEN LCYE DFEBLE LY £
Mo Toy, WITAEI TITFEYIH N S LCYE OBl
LCYB DR B LV ENTEL, ZOZENELIERO
B, B-carotenoid ¥ & 8, ¢ -carotenoid FE DO HEEI G D FED
FRERoTWDHEEZ BRIz, Fiz, dHEaRLfEE A
BadED T v T ) A NG RCREER R F OIS & Hg
Lic&Zh, BREBOZVIEIHST2bOOWTROMEER
FHAGICELLTHRIL T\, HEehfETHD A
Tnwu—/X7 37 Tl PSY, PDS, ZDS, CRTISO, LCYB,
LCYE 5 X O CHYB 15 T OB P IETF OFEA T —
CHEPITHEM L. ZHTEFRTO I v T A REOH
IR & —B LT, —F, AnT /A REiZEAl
HEHELRVHARETHD NTITL BN THLIN
b ORI R TIERME DM 2R Lz, ME— T 98
FCOHIRT /A FOBEE B Lffm 2R LDl
DXS Tohote. LaL, HaRETHD ‘KT A h~w—
TN TIEDXS 120 TR F OfoBER RIS L 7
oY A<w—70" (‘RUA h~—T N OFZED Y SLTE)
CREORBEEZ R LT, ZOZEND, IaT )
A RAEGHRBRBES T ORIABOLIEICL > THEM,
L FHaLEOMLRICB T a7 /4 RERHEOEN
AT A2 LiIxTE Ao,

=7, RT A (HR) L EOREDY BETHD A
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Tr—RT7 37 () OEREMEHCRWET 4 7 7
LUV VAT Y —=2 72k, RT3 BRI
FRRAICHBLL CW AR T LT huT /A RofiRk
FHRETBZ CmCCD1 N KRE S (2004) 12 & - THEfEX
iz, ZOBBETFOFENAAOIBBIZED > T\ D Al
HEMER B 2 DioT=, &2 B 2 Hi Tk CmCCDI ®
HERMT 21TV, el OFRARE L. HEEIT-
ETOAGHEOETITE VT CmCCDI 137E W FEH,
R U723, EEALBOIERICHB W TIIMRERALL T T
bolz. F£iz, CmCCD1 DFRELUIMLRFHFELTHY, B,
X, BIUIHRTIHIFEAERBL WV enolz, B2 E
FIHICBWT, ARETH> THLIEFICIIRT /A
KRG TONTND E W) AlREMEZ R L7z, b n
T A RWEAKEND & FFFZ CmCCD1 (2 X - CHE
BOWHEIIHREND OIS, ABERBER ST
HH0LHERNEND.
FEAMITAGAMEL D b RAERER DI WEGE RS
\» (Shibata - Kawata 1986). Z ALid [ Sl & #(a
phfE~ & ZE B L 2 BIC CnCCD1 s 1 N ERT 5 et
EBRITERFELTHDZENFERTHL EBEZBND.
X7 ORI L CHAREICIERD L RERS D
LRESITTHRARTZDS, G ROBEIZ Y, KR 2afkts
e L CTENZEE 2 BIE 2k 9 7, Afdh
LD LWERLIEMIHD EEZLND. 5%, #
NIz EMFEOBRZ BT 7-0I2iE, TothoE %
RIESED Z L7 < CmCCD1 135 DRERE D Zx A& H 3
HEWHZENMETHAD.

=

X IAERPICHFET 2RI AT /A KT v
Mo T7=20ThD IuT ) A RET M T=0lH
EETEAMEITT > b T = ORBDPERE M6
LTARELECTH DL OB LZESEDLZ ENRHELVE
WO EFEEMOBR &, EFROPIEMEL, FRIELT
TTRHLSTATRZDEZDITHENLRNDE W) IHEEM
OIENHEHE L LTV, o T, T by T =D
BIG-LienwhaT /A4 RORIZLAHECHRIEAmTEE
EDZ ENTENRZI NS ORIBEE RIS 5 Z LN TE
LrEZLND. 72, X7 OFHGQAEITLFCORE
MENHOEETH DN, —RICEALFEITE AL
L0 HHENLDMEANH Y, FmE R E AR D
LNTN5D. Hafith L QLA ZIRET 2 EREZH L

ML, AGESEOMWEEEZ D Z LR IERDHEE
BIZT D ENAREICRAIUR S B ORI RE < E
k9 5. T, AWFETIEXZ Z250% 7 BHYOH
a7 A FHEREBLNCL, SbichuT /A Fick
LAEEHREZ R T 2B ER AL TH %
AT

F1ETIIFIMARICBITD 0T ) A Fakdr, B
74 RE, BLUORT VY b T =v el ol
Rz shr Lz,

WA~ RFEOF 7 12 FEOIERPIZEEND
hvs ) A Kh %z HPLCIZ Tt aiTo7= & 2 A,
KR ISR I 22 o T, F2, ZhEhohr
T A R OEFRITITEN RS, BENLTVDHDO
FEOENTI T ) A FEEOOHFHIIHEL KITT L
T2, ¥/ 4RI TIaT /A4 RBEEGT5
BT EOENC K o TED I EN D E A DR R
BETORPATH L LHER SN, ZNHOME TR
T A FEMEOWEEZB 2 o208, [FETE Ry
% lutein DA Th o7, BE~RREOBEITITNTH
LT b T =B RT A4 RBREENTEY
INOOMBEOETITT R THERDOERYIZL > TE
BTV,

XUERICEEND I 0T ) A FilidrZz NMR 04712
AL, 16XV P74 VEHERE L. 2
D95, (35,55,6R,3'R,6'R)-5,6-dihydro-5,6-dihydroxylutein
BFINETICREME L THREDRVHR AT 7 A
RThoto. £z, xRy AMEL RO EW KR
H &7z, Lutein-5,6-epoxide > 2K TdH 5 (92,13'7)-,
(132.9'7)-, (9Z,13'2)-, (9Z,132)- L % (9Z,9'7)lutein-
5,6-epoxide IZ KM & LTHH I nT /4 RTH o
7=. ¥ 0 A R gs'E TlEB, B -carotenoid 38 T H 5
violaxanthin < zeaxanthin 7¢ & 28— A 72 pl oy &
LTI END2, F74ERICEENDIIRT /A4 FiX
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reduction of a brassinosteroid-deficient faba bean (Vicia faba). Ann. Bot. 97 : 65-69(2006)
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DART ) A FOFEFITEE L TWD EHER S 7z,

KisuimoTo S., T. MAoKA, K.SuMIitoMO and A. OHMIYA: Analysis of carotenoid composition in petals of calendula
(Calendula officinalis L.). Biosci. Biotech. Biochem. 69: 2122-2128 (2005)
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NAruMI T., AIDA R., OHMIYA A. and SATOH S. : Transformation of chrysanthemum with mutated ethylene receptor
genes: mDG-ERS1 transgenes conferring reduced ethylene sensitivity and characterization of the transformants.

Postharv. Biol. Technol. 37(2), 101-110 (2005)
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Yacr, M., T. ONozAKI, M. TANEYA, H. WATANABE, T. YOSHIMURA, T. YOSHINARI, Y. OCHIAI and M. SHIBATA : Construction
of a genetic linkage map for the carnation by using RAPD and SSR markers and mapping quantitative trait loci (QTL)
for resistance to bacterial wilt caused by Burkholderia caryophylli. J. Japan. Soc. Hort. Sci. 75: 166-172 (2006)
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ICHIMURA, K. , M. KisHIMOTO, R. NORIKOSHI, Y. KAWABATA and K. YAMADA : Soluble carbohydrates and variation in vase-
life of cut rose cultivars ‘Delilah’” and ‘Sonia’ . J. Hort. Sci. Biotechnol. 80: 280-286 (2005)
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TaNAasE, K., A. UsHIo and K. ICHIMURA: Effects of light intensity on flower life of potted Delphinium plants. J. Japan. Soc.
Hort. Sci. 74: 395-397 (2005)
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SHiMIzU, H., K. ICHIMURA. 2005. Effects of silver thiosulfate complex (STS), sucrose and their combination on the
quality and vase life of cut Eustoma flowers. J. Japan. Soc. Hort. Sci. 74: 464-468.
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SHIMIZU-YUMOTO, H., K. ICHIMURA. 2006. Senescence of Eustoma flowers as affected by pollinated area of the stigmatic
surface. J. Japan. Soc. Hort. Sci. 75: 66-71.
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Sartro, R., N. FUKUTA, A. OHMIYA, Y. ItoH, Y. OzEKI, K. KucHITSU and M. NAKAYAMA : Regulation of anthocyanin
biosynthesis involved in the formation of marginal picotee petals in Petunia. Plant Science 170 : 828-834 (2006)
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OYAMA-OKUBO, N., T. ANDO, N. WATANABE, E. MARCHESI, K. UCHIDA and M. NAKAYAMA: Emission Mechanism of Floral
Scent in Petunia axillaris. Biosci. Biotechnol. Biochem. 69(4): 773-777 (2005)
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