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WE NSO SR 22 2k I A H R (HPLC-ESI-MS™), 40 #1%4 1€ (Chrysanthemum x morifolium) At ¥y, 40
., RO, ROFSEANERILTF82A R TR H 1 & R B T M = R R =), RN B, B, aa, %
(., LT B M 1E T E A A R I, 405468, 111.60. 366.89. 543.56. 1 220.36F12 674.95 pg-g™, Al
RINEFRZFH S RERDE(P<0.01), £EEZH RS ORE, BSOS ARHTESREZS R T EHOM
Ff(P<0.01), g A Al AR 8] S B 3% & 22 5 A 1835 (P>0.05); B 49 1646 (0 ARV, WAl B2 38 73 SC B e e iy AR, B
BB 53 3B R4 # T AR LU 3G e F675 o AT R e RO A REFRZ TR G . Rifed
FEAFAUT D W 45 L) T 36 P el R AR, BIAE 3G A6 S W AU R 12 b U AR R 423 AR 2 S i 4%

S AEAN [ £ A AR A B 2N 3 5 24 SC BRI 23 SC o AN TR ) AR UL ) 0 G R AN ), 36 A5 38 1 0 AN,
FEAFAEO . LLEBIE RIS R 27 7 A it 7 BB R .

K LW, W KW, K0, Rk

W, R, T4, BEZ (2010). EAFEQ P EE R AN, #2245, 327-336.

T 62 %6 46 (Chrysanthemum x morifolium)
e E 1R 25 B W A a8 A58 vp 25 19T 7 ) 1) o ME R E
WESE, ST S A [ 46 € i R T8 AL 22 B LR ] e
(531 HUR, AT LA B A6 5T 0% U110 3 A 68 o Ao
A6 5 Bl ) 55 B HR AL B0 A I (9K TR R BT 22
2009). WY A6 B ) AR R 32K K
(flavonoid) . ZX % b # (carotenoid) Fl filf 3% {6 &
(betacyanin)(Z 11, 1989; fHZEHH%%:, 1995), HriZk
O fL H5 46 % B (anthocyanin) Al 4 B %
(anthoxanthin) P4 K 28 & 4, 1€ 3% % 40 55 2 i
(flavone) A1 s il /i (flavonol) (%2, 1989). JS il {4
FPERTEFEN RO, R FERIN
Bh a3V (Asen et al., 1971). 124k T A6 &
H WIS IR RN, e S A3 RGEH R, 7
5l /& Cy-3-O-B-Glu . Cy-3-O-(6-O-malonyl-B-D-glu)
HICy-3-0-(3, 6-O-dimalonyl-B-Glu)(Nakayama et
al., 1997). BLHirx T4 1 Hh s il A i i RO IF 5 AT

ks H W3: 2009-12-15; #:52 H #: 2010-02-07

—UURGE, N ARAE T EEARE R ST R R
11 (apigenin) . A B % % 1F (luteolin) . =& %t [y 1
(eriodicyol) . #I £ 3 2 1 (acacetin) fil & I A 2 1F
(diosmetin)(Lin and Harnly, 2010). % T-16£7F - (14E
T & HARHER AR oA H R & BOEAR AL,
A B 25 T8R4 3 3%, BRI b i -3- 5 4L 1
(flavanone 3-hydroxylase, F3H). J$ikMi-3"-2 1k i
(flavonoid 3'-hydroxylase, F3'H)fI2& % fii-3', 5'-F1k
i (flavonoid 3'5'-hydroxylase, F3'5'H)37 i, iX3Fh
g ] DLy G A A R AN R s AT R A, TR
i fz % (dihydroquercetin, DHQ) . — & #% Ik i
(dihydrokaempferrol, DHK) #1 — & ¥ M ¥ i
(dihydromyricetin, DHM), =3 43 il 4£ — & 3% i i 4-
& J5 i (dihydroflavonol reductase, DFR)fI{E 5 % &
% (anthocyanindin synthase, ANS)YEH IR
M 3% % 1F JC (pelargonidin, Pg). & % % % 1F ¢
(cyanidin, Cy)Hl k#4521 Jc(delphinidin, Dp), 4
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7 2 55 Wi B 5 4k ¥ % i (flavonoid  glucosyl trans-
ferase, GT)MIELH:ALNE (acyltransferase, AT)M1EH]
MR- DR E AW R TR R K
(Katsumoto et al., 2007; Tanaka et al., 2008). HJ A
TEARM AR e Hr b k0, 1 Z=(Rosa hybrida) ™ S {7
1ETE P M Cy A %, AN AL T RO (0 1) Gt
FFEH (Dp) AR, PIIEAE B AR T H 2246 ik
DA ARSI B, N TR ASMNEF36 HA
F, A pDpre4), v LA 4 A Z1e(Tanaka et
al., 2008). 1k {0 (135 A G Ke) AN S R B — A7 i I RIF ST
J& ALARH @ AR 2 1 (P <2 2 45, 2006), Pty
AT & T B A6 €0 T8 B IRAR I 38 428 1k A € 05 1R ) i
Peo KT A MAUIEA P AR e O ME T 3=
AT 0 22 5 23 T R DL ARTE o TN 4 6 A
I TON A, RS R 24P I BT 511
(Nakayama et al., 1997); 70 25547 250853 I AH O
BIF 9 o 9 B 44 e o B I ) E T 9T (Lin and
Harnly, 2010). A< SCi 6 o [ 4% G g 4e AN [\ € & b
T b A6 2 R B A 1) S PR E AT, DA RO 2R B
Pl A 0 PR A AL B AN g ) AR AR A AT, AT T %
A S B A I R R R S i 4 €6 1 S B o A Bk )
I REMAE O TE WL BRI TR 225 BORL, ok 4k
Tt R B R AL B

1 MR57E

1.1 HHH

2008410 W1 12 4], #EAE5t B P A atboll K2
9 Ae B A AR bk BE B R e WO 4B W % 4k
(Chrysanthemum x morifolium Ramat.)ft FidtAT 7
Bro BEETAEL., sMA3RLe, LhAtalen
T E AW BT R, AOREOYZIT EIT
W, ORI bR (Nakayama et
al., 1997). AWT5T LABEHLIEFERN O AZE 15 A 182
ANBGAE SRR T B

1.2 TEBHNE

A FH i) R P 9 [ 52 5 el %7 2 1) b 5 R (RHSCC) )
DMEE L, BEHLER RTINS AL, REA b
FEFESR . A1 A B REE e AL U bl e 7' 7E B 3
e Fhsc it s, M€ 22 0500 e 4 fEfE (R A 22

{fo LEOTFZE 1000 Hi/INBIK & Wra i B i, Wi
H I 5 Wi A8 s Tfi—a 3 +a 10 %6 75 75 0k % 4 65 1 ok
B, O, a (B YRGB LR R, —b B
+b TR AR A AR 2 T 05 5 (R B W R, [ I R B 7 3
LI IEER, b 73 IR B/ 3K A, 7 H
W 0 3 B I AR AL, b 1 K T 5 FE 8 1 (Gonnet,
1993).

1.3 HEFEHNEERAYREL

PRI 5 3o 4 € 1) T 0 3 46 5 MR FE A 291 g, WA
SOV H G ELAEAE B O R, FS mLAE T R
W (Vaw - Vi i Vaw - Voyen=70 127 21 1)iZ$24
/N (Zhang et al., 2007; Jia et al., 2008). 2 J&
HOEACE DE, FEHRLIERS(0.2 um)id BERFIN, BRI
FEH TS50 5T

1.4 HFEFHMEIANE

K OB 4,33 (high performance liquid chroma-
tography, HPLC) Wl i& 16 5 % 11 W 7 (4 5 W5 55
2008). BT (DIONEX, 8% A7), AN
P680Z, H&hiIEFESs hUltiMate 3000, — 4% %5 5 41
& I #% 4 PAD-100; 1 i 46 4 TCC-100; 5 1% #1: 2
TOSOH A 7 ) TSK-GEL 2 ODS-80Ts QA(4.6 mm
i.d.x150 mm) s AHRER AT .

o SCHRFIR A ) B T HPLC-ESI-MS 23 BT 2% % 3 i
%4y 1777 (Lai et al., 2007; Lin and Harnly, 2010)
TCAESIE, SR Hef 8 0 I [ sk 52 2 A vh A6 7 221
50 . BOHE AR e 0 R S (A
Sunnyvale, CA, USA). il o443 51 24N K
T8 (515 F1350 nm) [l i e 3i W W, e 0T 1R AT U A
2003|700 nmiEAT A KA . FTAS 0 BEAN 16 T LA
ESIJ5 [FIHPLC-ESI-MS" (‘2 468 28 7] ) %f d B FEAE
T2 AT BT 4544 347 . K HILC/MSD Trap#kff:
(5.2/AR) 4 T i 45 A

TE T ZE RS (K00 s RO €% 1) HH W B
M ] R WO Bt 5 0 i L R 3 T &85 SR AH T L (Wang
et al., 2001a; Lin and Harnly, 2010), #ff & i i &
IR AT AR, kMR R o
W IR AIE 25 - WP 5 2 A A 7 1T 5 B bk

e E S RNE: HPLCH E R, 45 5l 76
KWW I K515 M350 nm Ak [ I K I i 48 5 21



(total anthocyanins, TA). % b i 75 2 F1E S 75 &
(total flavones, TF). {EIFHTAL 5Bl & 5 A TFR
T2 K I ARE 2 52 vk o ARvE R ER9E 253, 5-O-Hil %
P (malvidin-3, 5-di-O-glucoside, Mv3G5G)(I T
1 [H Extrasynthese 24 v ) Hl T v 5L TA; ARkl T
(quercetin-3-O-rutinoside, rutin)(J - [E 24 i £ 4
RS E )R T U A T S R TE . TAL 25 3
B AN TF Lhug-g™ 9 8 46 i, 57 4 B A T
Mv3G5GHIrutinf] & & (Wang et al., 2001b). #FMHE
AN EINEE . ETARTREAM NS 258 20w (16
TR R ) .

1.5 HESR

DL 2200 58 (It 25 8L a Fib 34k, N FSPSS
WA (130 A )X fe (o BEAT R K 4 Hr . N
EXCEL2003%} A 7] 2 {E4E (0 i Bl 2 () A6 75 25 17 Al
S TR i 22 e e AT A .

2 HRE5HE

21 HERBMESER

A €8 2 306 3 A St PR EAT A (e AR s o AR I
IECIE L', a+ bR, ety h i,
L KL L B B IRIERIEEIL8ANM I R (VBT
%:,2006). AWFIF 824 ST B, 154
L, 1AM 13N, 15N R EM184) LT
AEHBFERTMAOR, L6 R,

22 HUEPXEMESMHIMERSE

AR S BOR, LR 4R TR 5E ke
AR 82 F AL it B P AR T 3T AN SR I (1 L
HRANR2). MITH AT =TRSO IER
(515 nmiP (AR AL F T HEAT R, 7T IRAT
T P R I T AN ] R B I 18] £ 4 2N MR WU o S 4

R AERAEE FH S W R b

DA A @R A T =S Hr 329

KA R, #0675 280 nmAbH 5514 Wi, 16
5128518 nmAbA7 58 2 SC e, X SERE ik IR WU 17
BT F G ROBCRFIE (22 1, 1989). {E12M)
W W TR B0 15 TP 3 IO R A F T ORI B vz
287(Abad-Garcia et al., 2009), Kta] LLUAE 124
W35 h R AT R G WI(KA).

HRAEHPLCAR B IS 1] 284G A il £t 5
e (19 26 A6 B 23 B £ 8s A7 Ee % (Link and Harnly,
2010), EHPLCH T IEHE350 nmik K A il 3% i
KA AR5 S, JA 20 B .
A DR B B8] 5 A1 1% foe RS D B B R A
T, BRI ES SR EY), SRR T
Ky RBBEZFTR, IR ETR, FHARRITRM
R, AT R AR,

HE—BME T 60 R A 46 T A8 7 31 1 0 i
U ER(R2). SRR, AL O HIRENR, AR
oA, e R T EEETRD .

23 FREBREBRIESHFTRHNEWSEN
PSSk S L

W E 824 F fL i Fl P fE (LR I . DAL # AT = (TA)
FER T 2= (TF). e MR IFH A ZEE. e
A BRSNS AT = S 2 A
TR, A BRI E S X N AT F AT
R & E Rk (3). MESHF LA, ANIA
RS IEBEA 16 (0 VRS, L 1H(25.03-90.78)i% i
WK, RS HIREWIALSE; a (H/(35.29— —8.22)i%
WA, R 2L PRI

231 FRERFREFTEEEENZERMESR

AR ARG ZHSHES. 45REM,
TWRAL LR, K. 4. M. ASHEGEEESRE
Huh, Stz T RT T REERYNEE
(P<0.01)(#%4). B HERAR R (H S AR Rt

Table 1 Component analysis of the anthocyanins and the flavones in chrysanthemum

Anthocyanins Apigenin Acacetin Eriodicyol Luteolin Diosmetin
Peak number 12 5 4 1 8 3
Absorption of peak 281,512 or 518 268, 339 268, 335 257, 355 255, 349 250, 346
(Yo' 1y®) 287/- 271/269 285/283 289/287 287/285 301/299
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Table 2 The content (ug-g™") of anthocyanins and flavones in chrysanthemum of different flower color groups

Color group Anthocyanins Apigenin Acacetin Eriodicyol Luteolin Diosmetin
Dark-red 2674.95£263.95 420.71+64.98 144.31+67.35 185.114£23.69 1418.84+180.66 69.01+39.69
Reddish-purple 1 220.36+151.34  528.82+144.92 123.234+34.42 63.18+16.89 965.01+198.89 53.10+23.99
Purple 543.56+73.70 862.08+172.20 170.36+70.69 46.16+9.84 1 026.46+124.58 25.11+8.98
Red 366.89+57.38 733.22483.62 197.75453.21 31.1547.88 948.15+89.03 37.42+9.27
Pink 111.60+27.04 705.33+140.64 441.37+100.69 9.64+3.49 1174.74+308.18 155.60+68.47
White 4.68+3.07 1144.02+184.85  161.99+33.95 11.52+2.77 975.59+106.08 36.06+8.39

2 P U D 2% 00 2R SR R T T BB AR AE 1R

Data in the table are average values of the tested varieties of different color groups (mean+SE).

&3 TH@?%XEH’J?{?@Z?’*”MM&%EH?FU BRI

H(ugg™)

Table 3 The average value of L', a, b and the content (ug-g™") of total flavones and flavonoids in chrysanthemum of different

flower color groups

Color group Sample number L a b Total flavones Total flavonoids
Dark-red 15 25.03+1.41 35.29+1.18 11.78+2.00 2 237.97+249.91 4 912.93+£397.62
Reddish-purple 13 39.05+1.45 39.79+0.89 -0.46+2.60 1733.35£293.44 2 953.71+371.48
Purple 14 52.91+£1.62 33.32+£1.20 -9.13+0.65 2 130.17+285.83 2 673.73+287.88
Red 15 61.00+1.40 24.15+0.91 —4.45+1.89 1947.69£122.92 2 314.58£113.37
Pink 7 80.52+1.03 5.124+0.67 —0.39+0.66 2 486.69+455.32 2 598.29+443.79
White 18 90.7810.77 —8.22+0.65 9.311£0.50 2 329.17+237.86 2 333.85+238.45

B 2 0 ZR S o P e T S (AR A DR

Data in the table are average values of the tested varieties of different color groups (meantSE).

F4 NORHIEL

B R E R 2200

Table 4 The ANOVA analysis of the content of total anthocyanins among six flower color groups of chrysanthemum

Variation source SS DF MS Foo1
Among class 73233701 5 14 646 740 55.887 991 3.27
Inner class 19 917 557 76 262 073.12 -
Total 93 151 259 81 - -

SS: VPR, DF: B, MS: 3755 F: 38975 H; Foor: FEEO.01T/KF Bl S4E

SS: Square sum; DF: Degree of freedom; MS: Mean square sum; F: Mean square sum among class/mean square sum inner

class; Fo.o1: The threshold value of F at 0.01

FEAM), ARGRAEET I ET 2 H T RERZAD,
ORR ST ZH IR IEAK(E1A).

232 ARERZFLELLERSENERESW

XA [R]85 3 AR AR T 2% A A A R
(RAET 5 RO & 2 AN AT LR, et i fh
Heg, %K. 4. B A5 E R MR
25 A 2 SR B3 (P<0.01)(BI1B, #5). 45T
BT S RIS 4 912.93 pgg”!, LRI e
e 245 (1B), VLB 5 545 R Lt Ll, S5y

HHEZ R 2 5 AR T R
AR S SR I S B E Y Y Rl e sy iy

il & B 22 SR B 2 (P>0.05), W LLA X 5R L6 2
i) W & B AT L(EIMB, %6), ENEX5M0 A%
16 B U A AR T4 A w43 T 210288 26 i 1 AR i v
FXS. MBI DT £ 5 DEEI A, RS
BB SAE T BT MIE 4R, el R = an
PRGN, 18 B 4 A Ak 11 22 S 2 fh T3 AR S B AR
I A A 75 2% T R TP 4 T L 4 A )
J IR o
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Figure 1 The content of total anthocyanins (A) and flavon-
oids (B) in chrysanthemum of different flower color groups

233 AFREBERFEPRETENKG TS E O
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TE4AEHPLC-ESI-MS" 73 M, AR O B I )L i
FEIERE B 7 S v R B A L), FUR I ) 2K B
Wil A IR AT IR B 28 P R R FE AP I B R FEAY
H. M RM R G ZAT KW, LR
HHARW = L R R RIS =2, WA
TR A Bz 2 R IR 4 3% AR R R AR e B R
AR 1) o

S AL T A I R o B 2R 1) R AR A 4
ANTTREMIZY ST, R ZES F . R
. KM AP . O T A, R
A1HG 5 e 28 AR I R b 0 = oy 2285 DUl
FAEFIHEAE N 7= 0652 h R A4 1A AR
PR (AR E AU )3 (B), Wi v HABR AL

INBAE SR G A e =R 331

KGR 0 S A8 . AEFRATII 20 B, B
FE T A ARAC I AL TS 2B i, R RS
SR B S ST AT B O R A I AR A )
Ja B A R 2 N I EAR . A SO ABRR K
AR A AR 1) LU AR, HLARZR A (6 Bl A el 7
v WA R 2% 17 2R 2 44 3 A AR T 1 A X AR R
BE, R RN TR,

gh L RW(RT), O KRR
Y2y B ALE, AL e =R h A
g e —F, Btfetmh AR s, KE5 R
T EE A AR AR B 845 . M B2 2240 SCTE I 77 4
1ERRAG AT B ik4 181.31 pg-g KBk A R A A
AR T 10240, A5/ 7= A 3 R R R M 3 3R 5 i W 7
W, RIEFGRARACHR ) FUARLAE 25 P AE (6 b B ek
1), A5.72:1, W K TH LB E. a8 aEE
XN 1) AR = AN Lo SR e — ) B
2L TR 5 5 A0 AR S BE A I, Ao S5 B fE T
/3. 18 H B ) 2% 25 58 AR ) 1= LA R
FH0.77:1, i/ THEORMWE, REFHREEZE
A 32 32 BP0, 108 BT S 25 = ) 45 2 B

R5 MR B & T 22
Table 5 The ANOVA analysis of the content of total flavon-
oids among six flower color groups of chrysanthemum
Variation

source

Amongclass 72542095 5 14 508 419 11.23 3.27
Innerclass 98181537 76 1291862 - -
Total 170723 632 81 - - -

SS. DF. MS. FHIFyo[F#4.
SS, DF, MS, F and Fq o1 are the same as in Table 4.

SS DF  MS F Foo

RO . K. L. B ASNERALMPN LA HN A
T =5

Table 6 The ANOVA analysis of the content of total flavon-
oids among reddish-purple, purple, red, pink and white

chrysanthemum

Variation source SS DF MS F  Foos
Among class 4021535 4 1005384 0.96 2.52
Inner class 64 980 585 62 1048 074 - -
Total 69 002 120 66 - - -

SS. DF. MSHIF[RZ4; Foos: F1E0.057KF L (¥l FLAf o
SS, DF, MS and F are the same as in Table 4; Fygs: The
threshold value of F at 0.05.
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Table 7 The distribution ratio of cyanidin(Cy) metabolic pathway to other pathways in different flower color groups of chrysan-

themum
Color group Total Flavonoids in ~ Flavonoids in Ratio of flavonoids in Percentage of cyanins in
flavonoids Cy pathway other pathways Cy pathway to in other  the flavonoids in Cy path-
(ugg’) (ugg’) (ugg) pathways way (%)
Dark-red 4912.93 4181.31 731.62 5.72:1 63.97
Reddish-purple 2 953.71 224479 708.92 3.17:1 54.36
Purple 2673.73 1599.75 1073.98 1.49:1 33.98
Red 2314.58 1355.57 959.01 1.41:1 27.07
Pink 2598.29 1442.91 1155.38 1.25:1 7.73
White 2333.85 1017.47 1316.38 0.77:1 0.46
IR (RT). fEF3'H. F3HFFISH=ANEFIER R, 2E—22 551

LA AE 45 1 e 26 UK SR 4040 351 R
T4 IR AR IS B 10 7 23 LR R 4 3 1
FEARHRE P A IR WERTPR, fES4H,
11 111563.97 % [ & IR B IR A 1T, &
W] 56 2 7 DFRIME & WUR 424 21 1 BE 0 T e/ 21 1R
K IRIn et o T €5 46 NS ) R 7R 4 3T AR
I3 i 52 2 F R, L P 80A7(0.46%) K A5 2T
e Mg et h F @ ) SR B H AR I, REE
R EREE LT, Atk 4. K. RN
e KRR R B 708 1:23, 1:78,
1:116. 1:260H11:572, M 1143 5 (4 54 in 1 22600

f&o

24 itig

241 AEHEDKMDEBERNK S 2
I KEFEAR 34T, KIS LS50 KRG 6
FH0, ST AR . BERT Y & A HRIE T
AR R ILT 3K ZE 4 % 1 (Nakayama et al.,
1997), ASZEAEHPLCH LA I 2124 R 440 = H
e, AR 4 A il — 2.

AR SIZ 06 5 A4 A8 TR D B 1) B A SR A& W0 SR
R RBRIZEAF. WM. RIBLE F PR A
1, HULaTiiE—2(Lin and Harnly, 2010).

242 HEABTSEHEKIFRE

— AT R AV B A BTG, HEREK
R BE 2R, P A RE 370 3303 BITE A FHAETT 3
FACHRARAE RN B2 3 LB A GRARABL, WA e 3R
THha, AT AR A R IOAETT 328 . R

TEBURZEH AT« REZEZEFR T G F 1 (Katsu-
moto et al., 2007; Tanaka et al., 2008).

R F IR 3G 4 A6 75 381 A QU 2% fe 24 7 ) M B
Fi A (8] 7=y AT 26 L, T DAHEDN HE 4G e e 3=
TR AR (K2). B8 I64E T 2= HH A M B 32 0T
o, %% 3 K A -3- 52 AL g (F3H) s i 5 B i
(flavone synthase, FS)FI{EH, 1712477 17 73 B JE Bk
O PR 7 ) (S By ) N 5 I (O S 3% H R R B B R
) o L ) 3ANTT 10 T AR 7 4 (1) ey &t
Bl BEAL B R R LA BRI, B R RS 1 (2) &
My 2 3 v I A T R R B3R (3) By
23 F3H. DFRFITANSHS (1 1E FH K iR 4250 F 11 c,
PR AL BRI BE AL TE B & Bl R 4% %R
1o

MBGAEAETT 2 A IR 1) 7 P R g 2% 77 )oK
B, BR TSI S B A O A6 0 3R A B (3R ey
A, AL AET R EARBE R T U AR R R4 B AR
ikte. M I EREHFZEAAAE, LR T
B HOAMOCEIU R A R L, W25
(RLL)o AEFATH L TP AR B R A2 R Io )
AHSRARY P, 046 46 TAFAEFSHAE A, AT RAHE € 7E
HAEAE T Z A&, F3HAT BeAE AL IR YRT ek,
SUN RASGACH AR T EHE AR T, B AE RS
FIHEEDR RIS 5~ o AR 20 A6 AEMRA R ™ P ) 0 5
S5 Ry Hr, AT LA 75 54 46 Th ANAE/EDp MIPgIf 1
R THCRAE, s Dpfeis & THRH @40 52 2™
HAH . N> T B RESCRS AL O A B A, WL
K BINAMIEEE R (W1 F3'5 HEE A ) sl 1 #4416 ) F3H
FERI (AT AE, 2008)77%, 14 N4 44 PgHiDp
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Figure 2 The anthocyanins metabolic pathway in chrysan-
themum

CHS: Chalcone synthase; CHI: Chalcone isomerase; F3'H:
Flavonoid 3'-hydroxylase; F3'5'H: Flavonoid 3'5'-hydroxylase;
FSI: Flavone synthase I; FSIl: Flavone synthase Il; F3H:
Flavanone 3-hydroxylase; DFR: Dihydroflavonol reductase;
ANS: Anthocyanindin synthase; MT: O-methyltransferase;
AT: Acyltransferase; GT: Flavonoid glucosyl transferase
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Analysis of Anthocyanins and Flavones in Different-colored
Flowers of Chrysanthemum

Wei Sun™?, Chonghui Li%*, Liangsheng Wangz, Silan Dai"”

"College of Landscape Architecture, Beijing Forestry University, Beijing 100083, China
ZBeijing Botanical Garden, Institute of Botany, Chinese Academy of Sciences, Beijing 100093, China
3Urumqi Botanical Garden, Urumqi 830011, China; *Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract We analyzed the metabolic intermediate and final products, including anthocyanins and flavones, in 82 culti-
vars of Chinese chrysanthemum (Chrysanthemum x morifolium) divided into 6 groups by color: white, pink, red, purple,
reddish-purple and dark-red. High-performance liquid chromatography (HPLC) with a photodiode array detector
(HPLC-PAD) and HPLC-electrospray ionization-mass spectrometry (HPLC-ESI-MS") were used for qualitative and quan-
titative analysis of anthocyanin and flavone. The higher the cyanin accumulation in the chrysanthemum flower, the darker
the color. The cyanin content in white, pink, red, purple, reddish-purple and dark-red flower groups was 4.68, 111.60,
366.89, 543.56, 1 220.36 and 2 674.95 pg-g_1, respectively, for a significant difference among groups (P<0.01). Quantita-
tive analysis revealed no significant difference among color groups in flavonoid content (P>0.05), except for the dark-red
group, which had notably higher content of flavonoids and anthocyanins than other groups (P<0.01). The darker the flower
color, the higher the ratios of metabolic flux from the naringenin to eriodicyol and from the eriodicyol to cyanins on the
basis of lightness colorimetric values. Thus, the cyanin pathway is the only flower-color metabolic pathway in chrysan-
themum, although three different pathways lead to different flower colors. We provide a metabolic flux figure on the an-
thocyanin metabolic pathway in chrysanthemum comparing anthocyanin content in different flower colors. The different
ratios to cyanins from narigenins and eriodicyol are the crucial metabolic points that induce the diverse cyanin products in
flowers and then lead to the various flower colors. These results provide a theoretical basis for molecular breeding to
improve flower color in chrysanthemum.

Key words anthocyanin, chrysanthemum, flavone, flower color, metabolic pathway

Sun W, Li CH, Wang LS, Dai SL (2010). Analysis of anthocyanins and flavones in different-colored flowers of chrysan-
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