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SR, ITRAY, FMMD, BEEY, K2
G ERURN AR B2 e, FERT 2100955 2 b ERFEBEITT S AL O B, R IR A S S s, B
100093; 3 ERMEEBEHFFTAER, b 100049; 4 pE &M RSB 25, JERT 100193)

B OE: UNASEH B ARG e se s | R i) B 4752 (Paeonia lactiflora) bk, SRHI9E
SR 2 A ORI 6 O 22 TH AN R T AE B B ge 4, T s 0B (s — il IR BE Sk
Wl (HPLC-DAD) Fil i ACiUR (4 i — rami 55 28 14— — ZUT0E T HR (HPLC-ESI-MS®) a2 5 H 47
HAe R sy, M ZudMEmATES T TR S R H R INC R a8 R/REY: LR
FPACE IR, U EROE, BN, BIE AR (NSTA) IR ERat (75C), MHALHE IR
o6 MAEHE L, 4 FhpEIEA 15 Mhoa iy, o BRIEE Y (TR R - 3 - W TR - 5 -
WA . ~ATZMEFR -3 - W BEMAHE T - 5 - WA, PIM I ORBEER -7 - B T4
B ARFRRIE - 7 - BRSO A1 13 FheEals B 7eA 2 h @ g ki . s iras REWIIHLTEH 0+
BRIy RATAACE - 3,5 - AR, 45 B e EH & (total anthocyanins content, TA) [ 93.93%;
HALTHE CHFG SRS EIE D (10 =22 1L A5y - 3 - AT, & S 55 Ed & i (total flavones content,
TF) ) 48.78%. ANFRITFAER B, Mg (U BRI TA & mngsGin, WIS TR RS, TF W) sEng ik
DRI, 2T R EIR, A4 E - 3,5 - AR ML E - 3 - AT, MR -7 -
BEE . SRR - 3 - WA T I S S R (AR B AT S A O
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Abstract: The floral colors and the pigments composition in six blooming phases of Paeonia
lactiflora Pallas which was introduced from Hexigten, Inner Mongolia were determined. The floral color
in different blooming stages was measured by the Royal Horticultural Society Colour Chart (R.H.S.C.C.)
and a NF333 spectrophotometer. Its anthocyanins and other flavonoids were subsequently analyzed

qualitatively and quantitatively by the high-performance liquid chromatography coupled with diode array
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detection (HPLC-DAD) and HPLC electrospray ionization mass spectrometry (HPLC-ESI-MS®) . And the
relationship between petal colors and anthocyanin contents was explored by multiple linear regression
analysis. The results indicated that, during the blooming period, the floral lightness increased while the
value of chroma decreased, and the floral color changed from red purple (N57A) to violet (75C) . In all,
6 kinds of anthocyanins, 4 kinds of flavone glycosides (luteolin 7-O-galloylglucoside, luteolin 7-O-
arabinoside) and 15 kinds of flavonol glycosides were detected from petals of Paeonia lactiflora Pallas.
Among these compounds, 2 kinds of anthocyanins (peonidin-3-O-galloylglucoside-5-O-glucoside,
peonidin-3-O-malonylglucoside-5-O-glucoside ), 2 kinds of flavone glycosides, and 13 kinds of flavonol
glycosides were detected for the first time. The analysis showed that peonidin-3,5-di-O-glucoside

(Pn3G5G) was the main anthocyanin which took up 93.93% of the total anthocyanins content (TA),
while kaempferol-3-O-glucoside was the main flavonol glucoside with 48.78% of the total flavones
content (TF) . In addition, during the six blooming stages, TA increased slightly from the Pigmented stage
to the Unfold-petal stage of flowering and decreased after that. On the contrary, TF decreased during the
first two stages, and then increased continuously. At the last, the multiple linear regression analysis showed
that the contents of Pn3G5G, isorhamnetin-3-O-glucoside, quercetin-3-O-glucoside, quercetin-7-O-
glucoside were linear correlation with the floral color changing.

Key words: herbaceous peony; anthocyanin; flavonoid; floral color; HPLC-MS

AL DR AT D EL G 6T TR N I 2 RS AT T ) 2 MR N9 (3 SCHEFI SR 4T
¥, 2009), {HXFTFA524 (Paeonia lactiflora Pallas) {£{f% & FIHF5T AL TS Bt . Hosoki F1 Seo
(1991) X3R4 HARAT 5 ER Sl o WRHHAT 24 135 b Pl v [ A 24 M9 A Piof I 1R 4 75 EF J0EAT T RS,
AT 6 FPAE 1. Jia 55 (20082, 2008b) M 14 MNATZJEFAEFA 41 MBS MRS T 8
PAEE . ERAME (2009) MWATZUIER Y 2 FIAe s . (EXFATLE T eI 2 h 4 15 1 1k
SRS AR S R AR M OC R EANTE 2E, i FLAE A 16 (8 25 T B ARG 23 IR A6 2 35 o R L
FHORARIE » W ILAL RN R AT OC R (1) 20 A BT e B JLAE T A B2 P AR (AL R LB, [) BN R K
Je B2 Ptk 25 0y 28 KM T e E RS % . WFGTAT ZE TP A I R PR AN ) €8 35 i A 2 & i Ar
A AT LR BIAE R B B ARk, A B AIF 50N AL P 52 AR A 4 o AT 9T P 254 R ] HPLC-DAD
S HPLC-ESI-MS* BiK, 047 T %8 AEAT 25 (M6 0 2k 7y AL e FE P & ARk, JE0i T
SEACIAR AR, DU IR T RAT 2R Y i) 2> T HLEI R L A B Rt (2%

QY i SRS DARF

1.1 #EYR

ohE R B PR ST AL R T 2006 AF N A SR T E A DX AR I TT e A e B i (Hexigten
Banner) 5IMURIFEFAFIATZ) (P lactiflora). H/NHRRONTE, HiAZGH A EE s, MIlEE,
TER e T 280 e B I, 0o 3 ~ 44y, HBAYE. EREKIREM, KH—3, 6%
B2 AR, AT AN AT e Be R 2 (idli s %, 2009), 12011 4 5 P Ajig R B4 9
N2 REFE O (pigmented stage). #AMEY (unfold-petal stage). H&E75H] (soft-bud stage). #]{t
# (initial-flowering stage). #&{tH#] (full-flowering stage) FIf{E3] (flower-wilting stage) 6 1L
BrEciteae (B Do BABBER 3 2 (3 IRERD.,
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Pigmented st ge  Soft-bud stage

Bl FEIBFNESREE

Fig. 1 Flower morphological and color during flowering

12 #eNE
I E 2K [l 2224 6K (Royal Horticultural Society Colour Chart, R.H.S.C.C.) 5#rtf{e i
WIS e ELE T XS . 2] Zhang 5 (2007) (15154 NF333 B3 ta 2271 (spectrophotometer,
HAHL o TR 2kt IEAE R L. (o @' b fE, PR CRIfGAEM h. C =
(a”+b™) "2, h=arctan (b'/a ). C{EFRE LK TE LIS, HEBK, BEBA (Wang etal.,
2001),

13 HmiRERLEBERIENR

P ELRE MM 5, SRR TS L E T FD-1T B GTEAh AEI R 07 &5 Rt
FRBAERATD, -45 CHAME T T 24 0 2HE, HaHESTERIEIEE T T8 PR A7

K5 TR A IRATE B Bk A, WERAFRE 0.1 g, I 3 mL $2EUR CFHEE : £h1% : /K =70:0.1:29.9,
AFALL, pH 2.08) (Yangetal., 2009) T-HRWG&AME T 4 ‘Ci4e 24 h, JHIAIGERG 6 h Hiei 4R & ds (g
FIT AR DU RAC B hE A PR AW, Y095 &% 1 mine FERBIC AT e EIe4Ct g . OB i 9 s 1 1)
FL1%20.22 um (I JE JE LIS B I 8 I, (AT T - 40 ‘CUKHI T, Hl TAE 7 1 5 HA 25 558 i) HPLC-DAD
J% HPLC-ESI-MS? 5& 1k 52 5 5347 o

14 TBEMTEHESIH
1.4.1 HPLC-DAD 4#7

IR ARBORE S A8 T 982 (Dionex HPLC-DAD) RZEHEAT & M3« WM (03 RS540 45 : P680OA
LPG-4 % S0k %%, UltiMate 3000 [ ZhHEFERE, TCC-100 (il kR4, DAD-100 AR BEAIA
M 2%, Chameleon 6.60 T.AFu. 414k H A Tosoh ¥R 44142771 TSK gel ODS-80Ts QA S AHfE
JeAE (4.6 mm x 250 mm, Fife 5 pum, HA Tosoh FEzl&t1).

T4 VR 0.8 mL - min™, AEHR 30 °C, BEFEAAFR 10 uL, 200 ~ 800 nm 78 Bl P 43 KA1 4
WG, 76 525 nm A 350 nm KN — PR RIS A AL & TP FAIAR S 35 . A AHAL N . A A, 10%
K (AR BAE, W : 25 : /K =10:40:50. 4>H7 A 90 min. BHEEVEMFEE 4 0 min,
85%A, 15%B; 30 min, 74%A, 26%B; 50 min, 40%A, 60%B; 80 min, 55%A, 45%B; 90 min,
85%A, 15%B.

1.4.2 HPLC-ESI-MS/MS*5#7
K ZHEE (Agilent 1100 LC/MSD Trap VL) 35T R ZiHE(T HPLC-ESI-MS® 23 Hr . WiAH (A
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WA 4l . WA PR S 3R HPLC-DAD ZHrAHIA . Bl s irdeth: Hmi g s 71k
(ESD, B TBFatres, 45 73, HEE (miz): 100~ 1000 u, {6751 R IE S FRmEL,
R MIE 003 PRI, B HIE 4 000 V, BiZE ) 35 psi, TS (N, T
PRIRRE 350 Co IEE AT, BAEH OHBEN 1204V, BAEMBEHEIEN 772 V; 3 7R
T, BAEHIHBEEN - 1204 V, BHEMBEEEN - 772 Vo EREE AN (SIMD) J7 X ik
SE BT MS? 4 F . JH LC/MSD Trap #0F (5.2 JRAS) 4307 JFii &5 5 .
15 HBEZRHNEESH

iZH HPLC-DAD J5i%, 43 IH 525 nm 55 350 nm [l AL -hAE7 HRIFERE R . SR bRmE
A2 B ISR B S AT MR TR S OAETF HEAIE T IS i (pg - ¢ DW) (Wang et
al., 2001). HARTed HFbadEfh Al LR A B ARG A R EF IR ZE5 % - 3 - H A BT
(cyanidin-3-O-glucoside, Cy3G), & 2 IIARHE S A T E 25 5 A0 ks e P A= r= it e 2 - 3 -
ZEM (quercetin-3-O-rutinoside, Rutin).

2 HiIR 5

21 FAEIEPEEHTE

WA ENELS R R D, ZEAEATAET e E e RES.C.CALMER I N57A
(red-purple group) ZZF ALK 75C (purple group). fEAE T LI FE i KB A8 ik KAt
WAAHE CIE L'a'b R R G AFR R LK. a (i 44.86 480 8.92, b {HM 11.50 255 2.45, L{H
M 32.29 253 70.54, h i1 0.12°45 % 0297, 7EFE ORI ALI a i b (. CTMAT B K HAR LA K,
LLEMEAT I . AETE BRI AL, LK, a i, b (. C{HSURIBRAR, Wl 0 s hn,
ARCNBIER

%1 FHEIEFRARRMEEEL

Table 1 Floral color changes during the blooming season

}H{[;ﬁ.ﬁ RHLS.CC. CIEL'a’h" & &% CIEL'a’b coordinate

Blooming stage L a* b c h/e

e ain] N57A 3229+1.37d 4486 +0.90 a 542+1.57¢ 4520+091b 0.12+0.03 ¢
Pigmented stage

Lyl N66A 36.54+2.63¢c  4734+084a 7.50 +2.02 be 47.97 +0.63 ab 0.16 £ 0.04 be
Unfold-petal stage

e 75 44 N66B 38.79+3.18bc  44.45+2.15a 10.21 £2.06 ab 45.66+1.72b 0.23 £ 0.05 abc
Soft-bud stage

YI1ei N67B 41.84+292b 4749+293a 11.50+2.64 a 4895+241a 0.24 +£ 0.06 ab
Initial-flowering stage

A T3A 4248 +223b 4558+1.59a 10.35+ 1.36 ab 46.76 + 1.56 ab 0.22 +0.03 abc
Full-flowering stage

WAE 75C 70.54 +2.04 a 8.92+2.50b 245£0.71d 931+241c¢ 0.29+0.12a

Flower-wilting stage

H: a. by c fRERZFELLE SNK KIEGTE P =0.05 WK FIER B,

Note: a, b, cshow the different significant differences at P = 0.05 level in SNK test.
22 THBEREMHSHT
221 RHEFARS

WARAE TP A —r] WAL, £E 525 nm K RIS 6 MEF A% (2, A). &
TE T H RN CIERAIE K i B i g5 L3 2. b4y aS: AJ2h1E % - 3 - W FRERI A -5 -
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HIZHEEF (peonidin-3-O-galloyl glucoside-5-O-glucoside, Pn3GloG5G) il a6: AjZi{t 2% -3 - N it
HIZHEE - 5 - FI% P (peonidin-3-O-malonyl glucoside-5-O-glucoside, Pn3MIoG5G) BANEH £
FEAT 245 0 Jag B ORI

400

300

250

200 |

150 ¢

100 ¢

£ I % g /mAU Peak absorption

50

35 40 45 50 55
1R %3 B E] /min Retention time

2 HHFEFHF (A, BMEK 525 nm) FEER (B, #MEIK 350 nm) B HPLC &ikE
Fig. 2 HPLC chromatograms of anthocyanins (A, detected at 525 nm), anthoxanthins (B, detected at 350 nm) in P. lactiflora

F2 MBI FEN HPLC-DAD. HPLC-ESI-MS? 34 R LA HHEE
Table2 HPLC-DAD, HPLC-ESI-MS? analysis and tentative identification of anthocyanins in petal of P. lactiflora

8 90

45 ARE/min BB K/am Asso/ Avis-max itk &/ (m/z) ez g 1 R
Peak Retention time Amax 1% MS/MS? Tentative identification References
al 15.008 277.9, 513.5 17.83 611.0[M"], 449.0, RIHGHE -3,5 - AT Jiaetal,
287.0[Y,'] Cy3G5G 2008a, 2008b
a2 20.267 274.1, 4983 25.92 595.0[M'], 433.0,  RMZEHE-3,5- R Jia etal.,
271.0[Y,'] Pg3G5G 2008a, 2008b
a3 25.242 2779, 515.4 17.29 625.0[M"], 463.0, AJUILFE - 3,5 - AT Jiaetal,
301.0[Y,'] Pn3G5G 2008a, 2008b
a4 37.475 279.8, 513.5 32.06 463.0[M'], AJAEER - 3 - AT Jiaetal.,
301.0[Y,'] Pn3G 2008a, 2008b
a5 39.142 283.6,323.5,517.3 1338 7772[M"], 6152, AU - 3 - WA T A
463.1, 301.0[Y,'] BEEF - 5 - B
Pn3GloG5G
a6 42.433 239.9,338.7,5154  19.28 711.1[M"], 549.1, AJUAEFE - 3 - T R A B
463.0, 301.0[Y,'] 1 - 5 - WA
Pn3MloG5G
H: M: BRI TS M BEEES T T Yo G [Yo'l: WU TEF. Cy: REHH; Pg: KRZHE; Pn: AjZ{EHE; Glo:

BB G A Mlo: B,
Note: M: Glycoside molecular; [M]: Glycoside molecular ion; Yo: Aglycone; [Y,']: Aglycone molecular ion; Cy: Cyanidin; Pg: Pelargonidin;
Pn: Peonidin; Glo: Galloyl; G: glucoside; Mlo: Malonyl.

TR BT miz 287, miz 271, m/z 301 R R AR R L. REEER T OIS IE R T
PIRFAE Ty Bl o JIT 4 AN AE 5 A1 290 ~ 340 nm 38 K [ 3 JoRRAE W e U, 2R B SE 78 5 1 45 i
WA WAL (Fossen & Andersen, 1998) AR PEAETT FAE 440 nm F B EE 5 Mvisomax H EEAE CA 440/ Avicmax )
FHIWTREE OO B, AT H - 3 - BEH T Adso/Aviemax ZIH 30%, 5 H - 3,5 - “HEH 1 Asso/Avis-max
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21°h 15% (Harborne, 1963; Asen & Budin, 1966) . ¥4 2173 [ Agao/Avis-max -5 3CHR (Harborne, 1958a,
1958b; Jiaetal., 2008a, 2008b) Xflb, ZEH KM al. a2. a3. a5. a6 X 5 MeFHHEA 3. 5 0k
, 4> a4 T 5 ALBELF .

aS [T C FE T miz 777 (M) BB G050 (R A 251 miz 301,y P FF G HIRFAE I fur
teo miz 777 (IM'D Ell miz 615 E 2K 162 u J A TG 109 75, miz 615 2] m/z 463 #2152 u,
M TR 5> T e PP EAT 2500 - 5 - W T AT ol (5, 20100,
a5 B YU RERFZANLIE A miz 301 (Pn), miz 463[Pn + #47HEF (m/z 162) 1, m/z 615[Pn + 7%
B (miz 162) + BT (mz152) 1, miz 777[Pn+ HiZ50E (miz 162) + BT (mz 152) + 7
ZBE (m/z 162) 1. a5 7F 323.5 nm AR BoR LA BEIE G, AT DUAI LS5 — /N 7t
IR . TAe s B 5 AL e 2 22K (Cuyckens & Claeys, 2004), FTLLERA[EAL S B
TG IR B AN A —FE . miz 615 MAHXTFRE T miz 463, TR 3 i &1 Wi 25
B, 5 AR ATRE, M IHERT a5 AT - 3 - W FEEAI AT - 5 - W4T (Pn3GloG5G).

a6 1t 338.7 nm A FFAEM 2 on AT BEEAL S5 40 . a6 1) miz 549 F m/z 463 AHZE 86 u, NN
PRI IS 107> T8 T miz 549 (AN BT miz 463, FTLAE 3 A de i Wi Zm, 5 fi&Ed:
HIAGRE, MMHERT a6 HATLAEER - 3 - W IR 281 - 5 - W4T (Pn3MI0G5G). {EdA P
AEEE - 3 - N BRI AT BT IG4RIE (Donner et al., 1997; Steimer & Sjoberg, 2011) , HE54 miz
301 F1 m/z 549 (RIREF 45 )L« Steimer F1 Sjoberg (2011) R EZRIWIFTHRINF] T m/z 301 F1 m/z 711,
R ILAAT He Bt — D R iy L AERT ) Pn+ (2glu + malonyl) .
222 fEFERS G

28 HPLC 4747, ARH IS Bl ¥ 58 Zh—n] WSO G IR AR, 75 350 nm KR ILEIN 2] 22 A A
. PEEEE AL G Gk (B 2, B). TE4H HPLC-DAD Al HPLC-ESI-MS? {143 W4 3. i
o 5 SCHR E A TS I AN R IE (Mabry, 19700, JEREL 4 BHFIG, 055 1 FEmdtroc. AR
i (luteolin, fijFK Lu), 3 FhiaMiRE i jc: 112%M) (kaempferol, fij#k Km). #ft 4% (quercetin,
fiFx Qu)y F# i #4EF (isorhamnetin, fAjFK Is). M4 (fl. 2. 7) i T8 EAAEE EUR RERT
BRI i 45 Wy AR fe e, (BN IR Bon o 2. Ben e ) 4 Fhigiid. 15 Flog i
i, B f4 (Km3G7G) Flf16 (Km3G) 4k, FAth 17 FhS w34 4 1 IRIEAT 25 H AT H

M 3+ 8. 9. f11 [¥) ESI-(+)-MS R Jiili i A ¥4 m/z 303.0, 5 Qu G & 1 IR IE iy
FE[Yo 150, b Qu MIfTEM. 44y f4. f6. f10. f12 ~ f16. f18. £20. 21 (KT m/z 287.0
55 A EE Km R Lu (0B T IYo 180 MR EAMBBCRT T Anax> Km B IBEF R Z1E 265
nm /A7, Lu KB KZAE 255 nm iy CPEFRFEESE BP0, 1980 S 4MRYEA AL
BRFLEREAL S E R A, 4 4. fo. f13. fl4. fl6. f18. £20 #HE N Km A4y, 40
f10. f12. f15. 21 $H5E N Lu AT . 419 £5. f17. £19. £22 [ U5t A ¥a m/iz 317.0,
5 Is I 03 FIYo 130 N Is ATAW

Y13 9 Al F11 A2 TF B TR R8T 303.0 [Yo A1 487.1[M + H + Na]™, FWIH A Qu Mt 53k 245 bl
o AEA BTN, S0 - 3 - BEE R 7 - B i B iR o 1 ([Yo-HI D A 7T - ([Yo D
(AR, EBEAR TR . 24 TCI 3 A R AEBEEF AN [Y o-H] AR SE B R T [Yo s T 7 A0 KR AR AL I i
15 AH 5 [Y o TR =F J5 2 v — 2E (R A Ry - e AR, 20060 19 LL 300.8[Yo 14 3, £11 BL299.8[Yo-H]
A, FTCL 9 MR 2% - 3 - AT, 11 MM - 7 - AR . JFE 3 - R 7 - B RS
WRCRFHE Y KA TR], SR - 7 - BT 15 3 - B AL R 42408 (Markham, 1982). 19 [ I
3653 nm A EL £11 /1) 353.9 nm 045 T 11.4 nm. [ £14 F1 £16 53509 HEE A 10230y - 7 - w250
FERNL 23y - 3 - HIABEET
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5> 8. f10. f13. f17 —ZFUHEM 7 T B TIEM + H 240 5 8 02 1Yo, WAz
314u, A[M + H-galloylhexose] [¥17> T, ZEE FBALMZREL . Ll 8. £10. f13. f17 2014
Wit = 3 - W FEEEARET . RRREE -7 - WA TECEAR . LA -3 - e TN, =
A -3 - W T AR .

415y fo MILEHIfENT: (oS MARERE 1 10 ik, S PRSI UE S 73 FIM-H R & 3 - 4
B AE[Y ), MR 7 - AR E[Y ). T IM-HT A S R 2 7 - L L RORERE, TI[Ye]
AR AR T [Y 0] (BIARHIIT - FMAR, 2006). Y f6 19 miz 489.0 Xt 428 KT miz 446.9 (%
30, MBI £6 & 125y - 3 - NIRRT 17 - 7 - A b AR 25/ - 3 - AR -7 - A=
T 2 B

#3 Mh{EERMN HPLC-DAD, HPLC-ESI-MS? 447 R HLAEMHE
Table3 HPLC-DAD, HPLC-ESI-MS? analysis and tentative identification of anthoxanthins in petal of P. lactiflora

2H5% TR T /min - RO Kmm IS B MS/MS? e g E=BEN
Peak No. Retention time  Apax ESI-(-)-MS (m/z) ESI-(+)-MS (m/z) Tentative identification References
fl 10.792 255.1, 3292 na. na. KHEE Unknown
2 12.775 2437, 3425 na. na. KHEE Unknown
f3 18.850 257.0, 353.9 625.0[M-H] 303.0[Yo']s Wit he %% - 3,7 - —IRETT Sunetal., 2011
465.0[M+H-162]", Qu3G7G
627.0[M+H]",
649.0[M+H+Na]"
f4 23.250 266.5, 3463 447.0[Yo, Yo'l 287.0[Y¢']s 25 - 3,7 - AR Lietal., 2009;
609.0 [M-H] 449.0[Yo™", Yo''1s Km3G7G Terreaux et al.,
633.2[M+H+Na]" 2002
f5 27.600 255.1, 3520 476.9[Yo, Yo'l 317.0[Y¢']s FERAEE - 3,7 - AR Lietal., 2009;
639.0[M-H] 479.0[Y0"", Yo''1 Is3G7G Terreaux et al.,
663.2[M+H+Na]" 2002
f6 29.825 249.4, 266.5, 282.9[Y,-2H], 287.0[Yo'], 449.0[Y¢ "), LLZSH - 3 - T4 —HEA A0
348.2 446.9[Yo" ), 697.2[M+H]", T -7 - AR
489.0[Yo 1 719.2[M+H+Na]" Km3MIoG7G
651.0[M-H-CO,],
695 [M-H]
f7 35.258 255.1, 3539 na. na. KHEE unknown
f8 37.883 264.6, 353.9 299.9[Y(-H]", 303.0[Y,] Witz - 3 - WA THEEE AT Lietal, 2009
615.0[M-HT 639.1[M+H+Na]" Qu3GloG
9 39.933 2532, 3653  300.8[Yo], 303.0[Y,'], 465.1[M+H]", #l 5 % - 7 - wi%H Lietal., 2009;
462.9[M-H] 487.1[M+H+Na]" Qu7G Wang et al., 2001
f10 41.475 2475, 3444  599.0[M-H] 287.0[Y,']s ARPRFZE -7 - WRTHBEH 4
601.0[M+H]" i Lu7GloG
fl1 47.867 257.0, 353.9 299.8[Y(-H]", 303.0[Y,'] Wit e % - 3 - AR Chenetal., 2012;
462.9[M-H] 487.1[M+H+Na]" Qu3G Sunetal., 2011;
Lietal., 2009
f12 52275 245.6, 264.6, 593.0[M-HT 287.0[Y,'], 433.1, Lu5G7Rha, Lu5SRha7G
348.2 617.2[M+H+Na]"
f13 57.192 268.4, 3482  599.0[M-H] 287.0[Yo'], 601.0[M+H]", 1IZ5M) - 3 - B THEHIZ0E  Lietal, 2009
623.1[M+H+Na]" #  Km3GloG
f14 58.925 2513, 266.5, 284.8[Y¢], 287.0[Y,o'], 449.1[M+H]", (L2 - 7 - HiZHE Lietal., 2009
365.3 446.9[M-H] 471.1[M+H+Na]" Km7G
f15 60.908 249.4, 3482 4310, 287.0[Y,], 433.0[Y¢’"], Lu5MloG7Rha, Lu5Rha7MloG
681.0[M-H-CO,]"  681.0[M+H]",
703.0[M+H+Na]"
f16 63.708 266.5, 346.3  283.8[Yy], 287.0[Yo'], 449.1[M+H]", LLIZSW) - 3 - FATHEF Wuetal., 2012;
446.9[M-H] 471.1[M+H+Na]" Km3G Chenetal., 2012;

Sunetal., 2011
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43
415y R E/min R Kam RS S MS/MS i 4 Z2 30k
Peak No. Retention time  Ampax ESI-(-)-MS (m/z) ESI-(+)-MS (m/z) Tentative identification References
17 65.617 2644, 3543  629.0[M-H] 317.1[Yo'], 63LIM+H]", SR %% -3 - W& FE%%4  Lietal, 2009
653.2[M+H+Na]" BETE  1s3GloG
f18 67.458 268.4, 3482 283.8[Yo-H|» 287.0[Yo'] L Z5my - 3 - B fAr R Lietal., 2009
416.9[M-H] 441.1[M+H+Na]" Km3Ara
19 68.558 2513, 353.9 313.8[Yo-H]» 317.0[Yo'] FERAEE -3 - WA Chenetal., 2012;
476 9[M-H] 501.1[M+H+Na]" Is3G Lietal, 2009
20 70.917 266.5, 3482 284.0[Y-H]» 287.0[Yo'], 535.0[M+H]", WLZsM) - 3 - N _BEAI 2 1F  Sunetal, 2011
488.9[M-H-CO,], 557.1[M+H+Na] Km3MloG
533 [M-H]
21 71.683 2494, 274.1, 416.9[M-H] 287.0[Y, ] ARRELZE - 7 - FIhA TR
3482 441.1[M+H+Na]" Lu7Ara
22 77.675 2494, 3520 314.8[Yo-H]» 317.0[Yo ] SR - 7 - FIhATREE
447[M-H] 471.1[M+H+Na]" Is7Ara

TE: nac: REFRIEHE. M: B 7 M) BEEF 2737 [MHHT: BEMES T3 7 [MHHNa]™: B Inas: Yo H0: [Yo'l:
FTOA T T [YorHD: o T8 T. (Yo' s M TR TIEER 3 MHF BB T (Yo 1 M T B TR 7 RO M3 7
[M-HT: il B 117 [Y07]: WO R PR R 3 OB (0 608 15 [M-H-CO,]: ST B IR R COp JRINARS 15 [Yo-HI:
U B G TR T

Note: n.a. : Data were not available. M: Glycoside molecular; [M]": Glycoside molecular ion; [M+H]": Glycoside molecular ion add hydrogen;
[M+H+Na]": Glycoside molecular ion add sodium; Yo: Aglycone; [Y,]: Aglycone molecular ion; [Yo+H]": Aglycone molecular ion add hydrogen;
[Yo*"]: Glycoside molecular ion loss the 3-Glucose; [Yo ]: Glycoside molecular ion loss the 7-glucose; [M-H]: Glycoside molecular ion loss
hydrogen; [Y,>]: Glycoside molecular ion loss the 3-Glucose; [Yo]: Glycoside molecular ion loss the 7-glucose; [M-H-CO,] : Glycoside molecular

ion loss co,.

5y £12 F1£15 FI[Yo 1A miz 287 s 68 Km 8¢ Lu, (HILAY 1B RN Lu (195 SRR
fEo £12 BFTRE BoR SL 8 A — AN AR — N B0, R4 P e R I B AR5 - 7 - B B
BEEIAEAE (LI et al., 2009), Jo i A 7B B2 Bl I 2 2575 B #4  1 Re Al 1) m/z 449 T AN 1] B m/z 433.1,
H£12 IIE TS RE AL miz 433.1 & miz 449 AFAE. FEFIE S miz 431.1 F1 miz 447 AR £ &
A 2.73 %R AP RE, i B IGAL B AR C R AT . £15 I i i R s
NN A AR AN B EAERE, F12 R 15 (1A 1 #0k 348.2 oRILARTTREN B IRHOHE AR, RN
B B RIS LA R A 1, 10 £12 F1 £15 B985 1 %AW i . FrLUHIKT £12 AR
TH -5 - AR -7 - AR EOR R - 5 - RS - 7 - AR f15 WARRREE -5 -
N BRI T - 7 - BUASPETF alR BRE 3R - 5 - BUSRHTY - 7 - I BRI AR, Bk 5 AR 7
P IEBAT B W ANFER T o
23 TEBETEENH

AT AR S RAEA RN I 2E I, HAR SRR 4. 40 a3 (AJ2546E - 3,5 - HIZH
1, Pn3G5G) RALHFH M EZR Y, A BAF TSR TA 19 93.93%, HAb 5 FiieEH (Ao
aly a2. a4, a5. a6) FERME. LHEREPMWELEL D Z4L5 fl6 QLA - 3 - FAPTH, Km3G),
RS R T 1Y) 48.78%, LUk £20 QLIZSEy - 3 - N - EEHI AT, Km3MloG). 11 (it
% -3 - AR, Qu3G). 4 (LIZEMy - 3,7 - BT, Km3G7G). 19 (SRR -3 - w4,
I1s3G), 4395 TF 1 10.68%- 9.45%- 8.95%. 7.75%. fEACHT T, INZSEYREF: b BOHEEF ) 73.86%,
Wit 2T Y 10.97%, AR N 10.29%, ARFREZT N 4.27%. SR LA TR A L
TIOR3 R S M 1 I S 9, AERA REUIE B 5 i 5 B (3 403.40 pg - ¢ DW). ZEBIEI KA 1082.62
ng- g DW, Hrb a4 (Pn3G) {ERIEIICARMAR] T 13 ZemIRER, B 8 (Qu3GloG)
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| PR S AT T EI RE R e (0 (B 2 7R 1L 2279

F1 10 (Lu7GloG) R
i
T ECRE) H0.14%8 N3] 2.05%.

B R AR B & BB KA, Jh 09 (QuIG) My kit
1 58.60 pg - ¢ DW BEIMFHAEIINN 1 257.65 pg - ' DW, ZIBIINT 21.5 5. X & Gilxd
AR A NIRRT TF 108 R A

R4 FRFENBEANALBEPUSHILERNIE

Table 4 The concents of glycosides of anthocyanins and anthoxanthin in difficent

blooming stage of P. lactiflora / (ug- g' DW)

47y #Em FAMEST 157 30 HITTH e e

Peak Pigmented Unfold-petal Soft-bud Initial-flowering Full-flowering Flower-wilting

No. stage stage stage stage stage stage

al 118.74 £22.57 133.97+£9.49 121.91 £ 6.39 104.34 £22.65 79.31+3.64 4459 £3.57

a2 47.94 £ 6.84 64.02+11.84 52.24+5.04 4236 £5.97 42.13£2.68 33.39+£2.69

a3 2669.46 + 587.75 3134.55+166.41 2881.90 +224.32 2418.87 +700.78 1982.45 +184.52 1026.59 +276.71
a4 33.55+2.42 82.67 £39.17 30.19+0.52 28.63 £2.77 19.08 £2.77 -

a5 37.60 £2.96 41.82+£3.56 35.68 +0.28 35.80+3.35 31.44+0.76 20.58 £2.10

a6 69.00 +4.50 66.37+11.49 64.26 £2.91 62.87 +5.34 57.58 +4.49 45.02 £6.03

f1 43.71+5.15 37.07+13.93 42.46 £2.08 42.01 £ 1.64 42.20 £ 0.64 51.62+3.29

2 95.81+17.45 205.20 + 132.69 112.93 £ 6.29 92.55+20.27 81.29+5.16 112.89 +£26.27
3 132.71£20.23 205.13 £ 70.64 132.82 + 14.71 139.49 +23.09 110.63£5.16 163.56 £ 17.45
4 3787.28 +795.42 4148.04 £612.53 3624.66 + 583.81 3490.55 +711.27 3596.38 + 108.00 5748.99 +110.74
f5 273.30 +34.22 326.65 + 8.56 267.48 +£29.69 310.01 £57.22 254.57+11.28 464.69 +21.72
fo 803.53 +68.78 845.81 +61.75 693.88 + 58.65 752.39 £ 58.41 771.27 £36.76 1028.68 + 36.35
7 134.88 £5.52 137.84 £24.07 113.78 £ 8.54 139.07 £ 11.21 116.41 £9.64 151.96 £ 12.38
8 228.77+12.47 406.78 + 105.00 328.45+21.60 253.70 £ 11.65 284.79 £ 11.72 327.47 £ 14.44
9 58.60 £ 5.66 470.83 +539.04 43.72+£5.92 40.95+2.90 45.12+£2.08 1257.65 + 346.65
f10 38.93 £ 16.66 4212+ 1.89 4439 +£2.37 49.58 £ 6.60 41.21+17.51 -

f11 4236.95 + 890.84 3656.72 +902.11 4642.93 £ 362.69 4194.81 £958.18 3738.38 +£210.94 5084.49 +445.93
f12 530.12+£95.52 662.23 +324.19 368.92 + 56.02 355.11+89.13 353.02 £ 36.53 697.29 £ 39.98
f13 1036.84 £+ 103.80 1803.83 +£410.92 1596.10 + 66.42 1122.53 £ 76.50 1613.55 +£24.82 2043.50 + 88.30
f14 72.73 £5.68 68.36 £ 13.50 50.89 +1.36 74.05 +9.86 57.85+19.86 93.57+£2.86
f15 111430+ 111.73 1071.39 £+ 190.09 997.74 £104.12 1002.01 £ 162.09 1179.75 £ 52.93 1191.66 + 103.99
fl6 21297.83 £5459.34  17979.13 £ 5347.84  22614.65 +3557.73  18052.35+4500.32 21623.97+1130.72 30681.14 + 1183.76
f17 65.33+£0.52 50.90 +£12.21 56.76 +5.36 58.23 +8.27 71.44 £3.85 71.13+£9.65
f18 63.98+7.73 55.64 +7.89 56.77 + 4.66 11432 +£5.52 13541 £ 12.46 84.22 + 54.88
f19 3102.31 +629.34 2720.24 + 855.46 3347.41 +335.02 3274.12 + 774.50 3304.82 £ 195.58 5058.83 +438.29
20 4576.77 +325.02 4269.23 £ 962.38 4660.36 = 231.94 4451.92 + 182.06 5595.85 +148.98 5819.70 +194.29
21 286.08 = 19.80 264.82 +56.24 282.25+10.72 273.73 £11.57 329.55+7.61 320.35+13.06
22 761.81 +30.98 684.12 £208.71 716.59 £ 36.77 803.35+45.34 805.99 + 52.05 887.37+77.81
TF 42742.56 £ 8485.11 40112.10+7114.64 44795.96 +5332.05 39086.83 +7671.84 44153.45+1816.68 61340.74 + 1364.13
TA 2856.29 + 626.98 3403.40 £ 197.76 3066.16 +232.85 2571.33 +£739.34 2099.02 + 196.11 1082.62 +293.13

- REE
- : Not identified.
24 FUZBIHEBRSENTL
ETFAE R, SR &5 TA. SR i TF A e (O B AL AR (A K, AR 9148 £ Jel)

1n

SN

(1 3). T@%EEI’JU

/u\EUﬂ'I_J °

TA H#& (0111 2 856.29 pg - g ' DW 388 1 214 i £
S A 50K 1 082.62 pg - g DW. L8258 TF BT 5 M WG 3Eh, 206

Y114 3 403.40 pug - g DW,
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Fig. 3 Pigments composition and floral color changed during the blooming season
A: Pigmented stage; B: Unfold-petal stage; C: Soft-bud stage; D: Initial-flowering stage;

E: Full-flowering stage; F: Flower-wilting stage.

TSRO RAR SRR, Ui EamasE L. a's by C. h fEhRER,
DIAES I B4 a3, EWEM EEM 4. 09, f11. fl6. 19 1 £20 3£ 7 MR ZEE N HAE,
BT T Zne e mla b . RIZE L 5IN—51FR7: (stepwise).

L"=30.336 + 0.172 9 + 0.043 f19 - 0.030 a3, % R?=0.924, P =0:

a'=54.750 - 0.176 9 - 0.048f 19 + 0.030 a3, %% R*=10.956, P=0:

C'=55.262 +0.041 a3 - 0.208 9 - 0.043 f11, %% R*=0.968, P=0.

HT 0 R R 2 B [TV R £ 19 72 AN P o i 86 1 R 0 o R B— 1
R® (Adjusted R Square) AEMEIE R (I PR 2. iy LR R 4L R MR B FEE P ATLLE I, 252
(RAE (A 5 (0 2 414> 2 AELER B HIAH DS (P < 0.01),  FLIB Y 5 4 28 550 0 260 0] 1 R /N vl 7 432 4 i £
FYUEXHHE A TTIR KA

W UM R AE O I F2 R, B 9 (Qu7G) Ml f19 (Is3G) 5 L' IFAME, a3
(Pn3G5G) 5 L EAMSE. Pt fEd, M HHEH S REIE, MRS RImMnEAT2 1
FrAe A b W R

G @ fELIE (7 1) S R AE LT (R, a™ (K, FEtulier. [T RERY 9 (Qu7G) 1 f19
(Is3G) S{af] a LMk, a3 (Pn3G5G) Sl a (L iEAH. I, wHETFaE
Bref%, e E ST m, IR O (Qu7G) MIT R 3808 570 T AL B2 v 41 (iR (1 T 22 JR A

P C' 5 a3 (Pn3G5G) MIEMY, 50 (Qu7G) Ml f11 (Qud3G) HUfiAHNC. A2 ikt
T Pn3G5G S RIIEL, LB Qu7G SR SERE CHARM B E RN . EAjZH
R g 3l Bl € 28 () BRI o 0 UL M DR e RN

3 e

31 MiEERMEMKILE

FEATZRORBLI 6 FHAETF AT 4 B (Cy3G5G. Pg3G5G. Pn3G5G. Pn3G) UV AHGIRIE.
I NAEVEE SRR ‘Sarah Bernhardt” SIS Pg3G, BRUNEFAAT 25K Pn3GSAra, HriEAjZy
(P. anomala) Kiill#] Cy3G5Gal, JI|77%] (P. anomala subsp. veitchii) £l £ff] Pg3G5Gal, k8t
HRIIE] Cy3G (Hosoki & Seo, 1991; Jiaetal., 2008a, 2008b). iX/JURHAER FAEAT 25 AR K I
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A5 25 - [#] Peonidin-3-O-galloyl glucoside-5-O-glucoside- Peonidin-3-O-malonyl glucoside-5-O-glucoside
A IARTE o ] LA ] ot Aol (] P €6 2206 AT AR B A PR 22 e, DRI IR~ 24400 € 3R PRI 9 ) 0 A5 24 1) AL 2
I3RS S . AT R AR E AT D, UK Km3G Fl Km3G7G [k
18 CGRARIR 55, 1998) 0 AT25HIR KL T FAb I Ff 3] (Lu7GloG  Lu7Ara) A1 13 Ff 8 i #7 (Qu3G7G.
Is3G7G. Km3MIoG7G. Qu3GloG. Qu7G. Qu3G. Km3GloG. Km7G. Is3GloG. Km3Ara. Is3G.
Km3MloG. Is7Ara), H3I¥ K kHiE.

32 #HETHEE

AJFUAE TS FE R ek ARt B e, LR BB G . WF0 R ILX 565 H AL S #1
TEA K. TA BEICH TF FHE i fe R I R (I 5 . Horh Pn3G5G & E ML, Qu3G. Qu7G.
Is3G Fra Mg e 2R . A5 & IR §E th T e T IsUE 2 85 A6 OB R U R ol AR
FIREMRRI AL . S48, FEMEHAR Y S b B R 1 & S S 2R, T RE S8 B R S =
TR Gz SF, 1989). A ULELEAT 2 LR R 205 (0, BN Pn3GSG IR &, FHIK Qu3G.
Qu7G. Is3G 5.

VERE G AT R Th S G AT S 2 Moy, BAY IR . RS, AR
YER OWI5E 45, 2007)0 SEPHAEIE R0 S 20 syl . KRB RSB Wl AR sk ) 4t
FAIEYE (Li et al, 20090 AREH A AT 24 A6 5 A7 R vl 1 R R 2R S 0. A
SRR, ATABRERME SN, B HA —2 2 TR 5.
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