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Anthocyanin composition and coloration mechanism in petals of Rhododen-

dron pulchrum with different colors
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Abstract .

In this study, using Rhododendron pulchrum with five different colors as the research materials to analyze

the components and contents of anthocyanin in petals by ultra-performance liquid chromatography quadrupole time-of-flight
mass spectrometry ( UPLC-Q-TOF-MS). The results showed that there were significant differences in the composition and
content of anthocyanin in petals of five samples. Cyanidin glycosides were the main glycosides of Rhododendron pulchrum.
Fenhe and Zihe contained the most anthocyanins. The contents and types of delphindin, malvidin and petunidin were high-
est in Zihe. Meiguiliugiuhong contained the highest total amount of anthocyanins, which suggested that there may be some
transcription factors up-regulating key genes in anthocyanin biosynthesis pathway. Delphinidin 3-galactoside is associated

with red coloring of petals, cyanidin 3-arabinoside is associated with rose magenta coloring of petals, and the petunidin 3-0-

arabinoside is associated with purpleness of petals in Rhododendron pulchrum.
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KB 46 & ( Rhododendron) FE WAL (01 & , LA
AR UL B AN, 6 T HAE T &R 1 I IF 58 45 R f
Al ., HETCTEAES PR R EHR K
MIER ANAER MER AR MERE LR
SLHPR FEREA R R E
WH R Z UL 3-Bi 1 f 3, 5-808F 15 1 8 L A7
FEUS FERL S AL R A AL AL T R A I B
AT BTN B R BAE AL B AETT A6 1T R
i AT BB R E RN B E
PLERRR G R ER  EFE R EMEMERERAGY
FRe St . B8 45 AL B ( Rhododendronpulchrum ) J& T
KBS AEEL (Ericaceae ) £t 3% A€ J& B 1L 21 3V J& ( Rho-
dodendron Subgenus Tsutsusi) iR 7/ RS T
AP Tty i DX S YRGS e v D
FLESAERAE A AR AU K = A X
DL AR A WM T AR A kst R 3 b v
1Z . Mizuta 55\ W L 21 W J& ( Rhododendron Sub-
genus Tsutsusi) L RIEIETE R LUK 3 E A)
GORNE, EOREATRY GEER Badt
EMEER N E . BRI TSN F
B PTE A Y2 A AT A T AR AR
D5, A AT R AT R 24 b T O
FIBU A E > 45 OC T AL H R U4 19 4 B Y
LT ERRAR S BT Z P R LR 45 AL RS 22 8
e EEAT RENAOR, B OAER D %
HEHE R RZEFER M H G AR B L F
E R (S5 S & [ NG TRk By R e R
A LT R AL W45 A0 A8 T 3R 9 2O 1 45 1
FEAR A — 25 AT

ARWEFELL 5 FhAS[8] 46 610 55 55 4L BY SR AIF 58 %
2R ORI O 22 SR YL (R AY A H]
T T SOV A 2 T3 - 25— i B - D AR AT A T s ] Jo 5 6
X (UPLC-Q-TOF-MS) J5 i %t 5 Fift i 25 A1 1S 16 A
HRAETT 2R T R AT 20 B, 3 ER T R 5 AL RS AR
OHIEH R B AR & BB CR, M 26
BLBE K2 46 € i Bl 2k B 5 H il

1 MRS IE

1.1 RIe A
LA ( Baihe ) | K3 % ( Fenhe ) | K 41 i Bk 41
( Dahongliugiuhong ) . ¥ # Hi Bk £I ( Meiguiliugi-

uhong) 55 ( Zihe ) 5 ™83 45 AL B & FP 09 A A iR
SpPRE, HEATAE T R AT B AL o FoE o, RIS A
LB FRAR T L ARy el o S el Y

1.2 KEAH*

1.2.1 WwéEfné sk WSESLEMNAER, £
H ARG B AL T e f8 40 5 0 ] B 2 b 2L 2 1k
B (RHSCC a4~ ) A7 e, i H A 2240 (=
Bt NR10QC) Ml E ALt ) CIE RERGE T L |
a” bUE, A ALE 3 S HARE N EE
L™ Rmse LT MBE S R IEAHK, o Bt
EF LR o HIEERRRLL, o R HUE R R
G, b ME GBI, b N IE R RN, 6" R
TUE R R mEE S B ¢ AEH A b oy RIEA
A C=1/20a*?*+b"*) M h=arctan (b /a™ ) it
B

1.2.2 f#H & #F &% % UPLC-Q-TOF-MS 4 #1
K H Waters 22 5] i 88 5 280V AH €0 335 - 25 i B2 -1
W AF AT B[] B B FH A ( ACQUITY UPLC 1 Class
UPLC/2D H Class&Vion IMS QTOF MS, UPLC-Q-
TOF-MS) , XJAE M AL 5 F A a5t 1740 b1, FREX
0.3 g FEMFE M E TWA S, A 2 ml 0. 1%
B O (RS : 7K =70 = 30, 1RFLEL) J i iE 2
min, 7% B T KQ-500DE #75 I i Ve AL 1 25 C IR
40 min, 4 °CEOEHE 2 h, 6] 4EFE 30 min & HER
51—, B S W HCE A R 0 T R E R B O
% T SIGMA 3K15 B.0#LH,4 €, 12 000 1/min
B0 10 min, B 2 K, B S50 wl BiE W TR
ALK, 3%k 8 WATERS ACQUITY UPLC
BEH C18 J #H fi i £ (2. 1 mmx 100.0 mm, 1.7
pm) o FAESHI AN W 0. 4 ml/min, AR
45 C, EFEARFR 1T wl, K% 1 520 nm, i shFHA
BCR A ML0. 1% F R K B #1,0. 1% F IR LG,
B REVE B B2 K. 0 min, 5% B #H;3 min, 20% B
#H;10 min, 100% B #H; 12 min, 100% B #H; 15
min, 95% B #1;19 min,95% B A1, il #r &A% .
HL IS 25 B U5, >R B B A R L
50~1 000 m/z; BAEHEH2 000 V, HEFLHE N
40 V, 4EFL W E N 50 L/h, Z AL S0 B8 900
L/h, B FRIRIE N 115 °C |, TR E N 450 C | fif
TERETE N6 eV/20~45 eV, FIH Waters Mass Lynx
V4. 1 5B BG4 R .
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R -3-0-HE AT AT AR -3-0-M AT L
FE R ZR -3-0-H A T 50 58 38 -3-0 - 4 M 1T Al &
AR -3-0- A FE T bRl (1 A Sigma 24
Al ) X AR R A A Oy R AT AR N E i b, A
3,

1.2.4 %% A JH SPSS Statistics 22.0 Fl Mi-
crosoft Office Excel 2007 #4744 7 # AR

2 HR5Hr

2.1 $REMBESIEMLBERE

S MRS KA BRAL BRI ERZL 585 S
ANFERG S A I AE RS 030 S A SR L6
BEALOFERLA (B 1), DA o (5 .07 15
L™ fE.CH hHHFE 1,

A: E@,;B:%*ﬁ@;C:éIE;D:ﬁZéI@,;E:%SéIEO
1 5HARERKNRELES
Fig.1 Rhododendron pulchrum with five different colors
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Table 1 Petal colors and color parameters of Rhododendron pulchrum with five different colors

%lﬁl%%t*i CIE %% %%t (CIELAB)
Y B Fo g - :

(RHSCC) a” b* L” c h(°)
HE White Group NN155D -0.22 -2 86.44 2.01 1.46
g Red Purple Group 73C 19.78 -10.33 75.56 2231 -0.48
KRLFRERLL Red Purple 50B 60.67 41.22 62.78 73.35 0.60
BORHIERLT Red Purple Group 61C 68.67 20.89 53.56 71.77 0.30
ES Red Purple 71D 52.56 -8.33 44.78 53.21 -0.16

5 ARG ALRS T HORZIERY o " (HAELT A AL
ARGNTITE IS eR = =S KGN il 6 4 | W T2 N W R (=R
b EAELLE S A R, B A TRk, R Ry
A EAR, SR EEAHOCH LT ETE A A A rh
i, AL AT AR, CIERRERE, C HB
K, BiEREaE,5 A oAb 20 oA e ¢ E i,
AL, 5 SRS SRR o HS b E
a5 L E b HS L EH.CHY LT EHYZLMERL
AMEWE 20" 5L 2R EFAMELR (R =
08332),CHS L' HE B & MM LLR (R =
0.742 2) , Uk P BR S5 F1 S AL 1) 21 8 PR 8 s, 5
JE AT
22 REMBEREESRENSEN

R B T 1% m/z 271.06, 287. 05, 303. 05,

301.07 ,317. 06 .331. 08 435l X} i KA &K (Pg) |
RKLEZE (Cya) , KRR (Dp) AT ZE(Pn) |
AL R (P MIFZER (M) Hot, EF R HW
WAL T UL A BT hAFw A 2 0 | 2 LB ROHE A
AWESE | BEBLAL S 38 B e kAR AR 3-FR LR A,
HRPEAE T AT A RRAE T 07 LU 20 F 85 70 fR B3 B
[ H A y/A o HE AL RIS, 1B
FATI 2T 8 7 06 247 B i m/z 132 X iy BT 7
R, m/z 162 XF 0 — 70 19 B ER L . 4 % W5 A
FAMESEUHERFNF IO, b THT R
e PR P 8 st B) /N T A s T R e R
A FUBET W sl (] R AR T R A A BT, Bt X
OYPRFIHEFE AL Y A, /AL >30% 0, HAE
R 3-0-FEH A,

vis-max
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Fig.2 The correlation between the CIE Lab coloration parameters of Rhododendron pulchrum
5 DAL GRS AL BSAERAE 520 nm Pl RATAEERIMEH ,C7.C8 . CO J& WM ZISH Y,

TR 14 R E T, LIC1I~Cl4 N5, L&
2, Hrp C1.C2.C3 BRAH XL, C4.C5.C6

*2 WREHBEEEFERE UPLC-Q-TOF-MS 747 R & # T
Table 2 UPLC-Q-TOF-MS analysis and structural presumption of the anthocyanins in petals of Rhododendron pulchrum

C10.C11 J2HRZER AN, C12 BB RN,
C13 2 WM R, Cl4 BEEF R IT,

EREH ﬁ;;ﬁigiﬁqgw g‘z[yﬁi}; Tﬁ(%;; Et] (m/2) 1%%?1?: )I‘DJ ez
Cl 419.097 8 [M]* 287.055 21[Y,, M-132]" 5.65 KIEAGZE 3-PIHLAMTF ( Cyanidin 3-arabinoside)
c2 449.108 0 [M]* 287.055 45[ Y,, M-162]" 5.45 KIEAGHE 3-0-H BT ( Cyanidin 3-0-glucoside)
C3 449.107 8 [M]* 287.055 22[ Y,, M-1627" 5.17 REHHE 3-0-FFLHTF ( Cyanidin 3-0-galactoside)
C4 4331131 [M]* 301.070 84[Y,, M-132]" 6.49 AP 3-FIRIAFIAES ( Peonindin 3-arabinoside)
(o] 463.123 6 [M]* 301.071 19[ Y, M-162]" 6.29 AjEG (K 3-0-H T (Peonindin 3-0-glucoside)
c6 463.123 4 [M]* 301.069 90[ Y,, M-1627* 6.05 A E 3-0-2KF T (Peonindin 3-0-galactoside)
c7 435.0922 [M]* 303.050 25[ Y,, M-132]* 5.20 RAERER 3-BTHLAH T ( Delphindin 3-arabinoside )
C8 465.1026 [M]* 303.050 08[ Y,, M-162]" 4.97 KHERLE 3-0-H M ( Delphindin 3-0-glucoside)
c9 465.1025 [M]* 303.050 02[ Y,, M-1627* 4.73 KAEHL K 3-2LFLBETF ( Delphindin 3- galactoside)
C10 463.1237 [M]* 331.081 66 Y,, M-132]* 6.78 HRYE R 3-PIRAAMEE (Malvidin 3-arabinoside)
Cl1 493.1340 [M]* 331.081 58[ Y,, M-162]" 6.55 HZER 3-0-HE T (Malvidin 3-0-glucoside)
C12 449.107 7 [M]* 317.064 99[ Y,, M-132]* 6.05 A2 3-0-FIHi{ABE T (Petunidin 3-O-arabinoside)
CI3 / 303.051 1 [M]* 10.15 K& F 17T ( Delphindin)
Cl4 / 317.067 1 [M]* 8.77 42 4 ZH 0 (Petunidin)

Cl~Cl4 HAEFRT G Y. M [M]T B TR T Y, Ho5; [ Y, 17 HOT

2.3 HBEMBEBLESERETNAEARMEE I PSR R SANPNEA R K= AN i I
5 ARG A AP RS A AT RN EE 8, R R BELRERLL AR LR BRLL 42 RS

DTET, L AEATTETIE,
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MR HRZER BT, BRI mp ok, o i Fhrh 1y
THBEM R R I, 205 = B BBk
P EA MR ERHZ IR D, WE AT
WY RIE R T A AR 2R RIS R R A A
RIEFTH MR RZ

SKHAET B bR AL R P e T R 094
XPErar, S ARG S A AL BT RN
TRE 73 0 VRS SRS RS  RZLBRERZL B
BRET, 20 % B i M BB B BR 4T A K AT R 2T AL 75
RH SRR, 70008 200. 47 pe/ gl 141. 02 pg/g,
#3 BEHBLBEETANNERTESHN

RIEAGZIME X 2 A i B2 24T, 4
G H R Y 89.03% 1 98.42% , Hih KGR
3-O- AT AE R A TRER L b i e, o B AE T
RIS ENM 62.58%, 1M UM T 7 21 3 S5 i i B0
BRBRLT Fp ARSI E] , RS A SRS h 5 1) R R
I HRZE RSO SR R X 2 TR Y
SR EAERES N 7. 04 5 5. 24 %5, 5 N
TR AR R T (ORI S i o R
B ARIIAZR D (R 3 o PRI s < +7 ik
BRBUE) .

Table 3 Qualitative and quantitative analysis of anthocyanin components in R. pulchrum

e etk 451 d5y2 A3 a4 dhrs dAsre T d4r8 414y 9 A4y 10 A4y 11 414y 12 414y 13 4153 14
(RSHCC)  ClI c2 c3 C4 cs c7 c8 c9 Cl0  Cc11 ¢z CI3 Cl14
S NN155D + - - - - - - - - - - + +
Gy 73C +17.85 +17.18 +13.99 +3.97 +12.48 +1.76 +0.74 - - - +1.88 +0.92 - -
KL TRERLL 508 +31.55 +88.25 +18.99  + - + - +147 - - +0.76 - -
ey 72B +337 +3.46  +  +0.79 - +0.74 +2.08 +3.13 -  +2.19 +7.66 +1.15 - -

R ERLL 61C  +102.9 - +75.57 +13.49 -

- - - - - 4061 - -

Cl~Cl4 HAEFRH ST, WK 2, “+" R MF], ARt -7 RmARRME] , BEOZ S PR 5 (ng/g) o

3 17 8

ABIFSE H 2T B e ) 2 A P Ok A A R
S IR, UL R 42 2 3 SRR 4 45 A 1S 1E
AEERAOMELELEOY IR, LENRLRPRLL
AR TR R AR 3-0-H B, M7tk
EER{STEANGN:ET € B ke SAN IPIEE N Rl ESII i P
MR 3-0-F FEH 5 IR AL B9 20 63 (A E
PRUEE SESREICENA (SR s Resi ek ke SA VTR o e
i AE R A R 3BT R REH AT RE S HR 45 AL S 4K
MABLLEE O, REFRZNAIL O RS
FES AR Y S 0 5 AR Y — B e R S
ML AR, R R Yo L il A B
O AHARBET R BOFE TR I Gl R
REOFEM GRS OF O, R R 3-FIAAE
LRI R 3-0- 8 AW BoR 5 OF GHK,
1M KAHERTER 32 FUBEH (A L0 A i R LD FBK AL
HORI 2, U] FERT e A B TAE AL G I,
FERIAETT HZHAE 2 A A AT 2, X 2
A il Ml R R A A R R YRR AR R R 3-0-BT A b
U RE AR 3-0-PIH AR M 2 R H
EHAMEME R RO EBELA . AR

TR AE T2 A0 R T 28 B R 3-0-7 % 0 3L 54 RS Il
L AE TR B, S B AR ENATE R
TR CRE AT R, AL
IERABE AL, HHTAAE T 3 48R & i 7KF L
ANBEAR R HIE A IR B s B PR &2 24 T L AR AN ]
SR 7 N T R = W B R R L e DR <
x

WGBS A fE B I R, BT R S
FREEFFELEHIRZ —, —BIAH MR R
R BEFEEE TR EEAR, R
MAHIFSE & B CaE R 2 3-Ff R A b4 | Kt i %
3-0-F AT B2 R 3-PIRLAETE B2 & 3-0-
AT FIRAE 4 2 3-0-FT R A% 5 Fifb 5 £
R OB | R BT e ke R P - P 1 o
VePE R R4 o B I R M A R AT A 4
CRIAE T BRI RBEAS, vl N5 i R S
RS FERAECE A . pH (o J& 52 i AL BY A6 €8 10 22 [H
B a BRI NG LM s ZH AR
TR pH KT 4 B0, A Be A s 2 a1
RN B R A R B A B A R Y, R &
PR, Heursel S5 TA A HY T 35 R B2 A9 £7 7E- 5 2L
Wl 2T 252 SR AR B T i R A AE Y R,
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TR . KA MRS 1) T 200
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EH L REHR 3-0-HHBEH SIMRAER L6
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M BA OB O, R R 3BT
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