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Identification of Anthocyanin Composition and Differences in Lily Cultivars with
Different Flower Colors Based on Widely Targeted Metabolomics

Gu Lanting
(College of Landscape Architecture, Beijing Forestry University, Beijing 100083)

Abstract: Lilium spp. is a perennial bulbous flower of the Liliaceae family with high ornamental and economic value worldwide. Flower color
is one of its most important ornamental traits, and anthocyanins, as key water—soluble flavonoid secondary metabolites, determine the
formation of pink, red, purple and other colors in lilies. With the development of the flower industry, traditional cross—breeding is inefficient,
and clarifying the metabolic mechanism of lily flower color is critical for targeted improvement.In this study, widely targeted metabolomics
based on UPLC—-MS/MS was used to analyze anthocyanin profiles in petals of six lily cultivars with different colors. A total of 32
anthocyanins were identified, belonging to four types: cyanidin, peonidin, delphinidin and pelargonidin. The total anthocyanin content varied
significantly among cultivars and increased with color deepening. Multivariate statistical analysis showed that anthocyanin accumulation
patterns were highly consistent with flower color phenotypes, and could be used as stable indicators for color classification. Correlation
analysis confirmed that anthocyanin composition and content directly determined flower hue, lightness and chroma.This study systematically
revealed the anthocyanin metabolic characteristics of lilies with diverse colors for the first time, enriching the metabolomic database and
providing a scientific basis for targeted breeding, variety improvement and quality evaluation of lilies.

Keywords: Widely targeted metabolomics; Lily cultivars; Flower color; Anthocyanin composition; Differential metabolites; Metabolic mechanism;
Flower color breeding
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W, P E G AR R PG S e S5 IX A Ban, TRk ESE
(2022) RAUCHAIARA, SEAFE SR E A B 25007
TACE AT, R T ORE SR ARIHE SR, RES R
HXDWME S, AHEE. OTHFE A SRS E
Gy ZFEE (2021) @A, B TR TE
A MR, ST H A R S Tk
E GRS ST AR T R I

AN I, AR R RS S H A
FRS Y Z B G, MRS PP IR R, T E A8
Fivh) 5 S G Sk o AN, MRnaE (2025) SRAIRISA

]
[}
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FHAR, ST T A A RE R AL, R BAE
TR EEE S 0 & RS T A RO R IE
FAOG, AL T RET AR A A B BT A SR 5 BRi
A (2023) AL AT, BT T AR R
HAAER I AR, RGBT R 2 RS
MG R R, BEMEE I A R AR, D E S
BRSO TR A

TEH =R T S YTl N AT 57w, AU R
[ALZITNEREY =V o= For L Dl v e VY S ey
TEWEL A T AR HLE . B, E£5 (2023) RH
TR, BE9E T A 0 ORI 2 i A 7 rp 91X
IRt S S EEEEL F A AU, B T
H AR A RS B (2022) MW fCHd
M, BESE T AR TET RRA T s AR e, ki S
PURARCH 22 AU, R TS RBLRALE, v E S
Pl s AL SR Bt TR

TEAGET R EETH, AN LR A
AR BUE SR HPLCEAR , AFfE—SEmER Y. — 2k
FLRf U A PO EEHER PR . BT, XELAXTAE
R IR R E TS E BT, JUHR O 1B i 5
EHEFH S E ARG 20 R GG HPLCE ARG o
18 BEEA R, HaEic me S BULM e R,
Tork S, R AR LD TR A
PHORNAS, MZOR. ZXREOEMMIETRHT
RGWEA R, XMELAE R AR O G W FET R 2

SRR S AL

FAT, QA R EAEA 2= 44E. BT
ST BET ZEPTTE AR BRI, e S BLxT
TR SR . FEEE, B7EA S5 P RN TS
BOA R AU D BTSRRIz MR AU 22 B
BAHE R TSR, i, BOEEESE (2024) RHZ
FLECHH2AEOR , MOT A S BRI AT R AT T4,
i 1 1 5 A8 G DAY 22 S AU, HIZBE AU X i —2
HERH MM, RPEZOR, ZRBHRGEILK.

P, AR TIA G, R Z 38 A 27
HoR, MZER. ZRBNE MM RENET RH
BEE T, BANZORT ST KR E B
H, READTTEARRYE, a s a5
FEEFFRAE 2w R R K

2 MBI ETIE

2.1 SEEAHR
2.1.1 AR SRR

ARG R AR E S 2R, AP T
Y E . MR ERE | A IR A6 E A SR IR A R
WMEEA, RN E. WG, Rafa, gah, Bandge
PR R, AT EHS. OTRFER (KB E A x W
WEE) W E A G EERIEIHE, BRSFE R
TRIFUR,

F1 KEAMATERMERER

TR Y e e e s
- A T GEEIE
DL e
PHERINE (Siheria) FHTL o IOV, Ef18-200m 200 LR ERITRIR oo o e,
O b
K
e R
YB3k ( Pink Pe ST e L, FE7A16-20c . \
¥EE (Pink Pearl ) EHEAR Ho o, FRAL, $648£16-20cm O B A A R
YBAE (Deep Pink N - T e e R e
Princess) OLRFEE RAE R AERE20-24em o b B
13 A (Rose Beauty ) OTZFIE A Herfa

2 MBI ETIE

2.1 EhbhR
2.1.2 FEACRAE St

THABAY (ERE 2RI afEnt ) SR
ARAE, BEHUEROIRG B0, JoRHE | TOHUARAR 5 A ik
R, RAEACI IR L, AR &3 B,

B RIS~ S M AEIHR 58— DA o RS U
BT WA HEYR10 min, FfJS 5 RS 2 -80 CRAK IR &
el

FEAHRTAL BRI, RO VRAETRIBUL , 20 ORI =S
THR48 hAE T, {1 v i e 2 ST AT R R A T T
SRAE AL ARy (WP 60 Hz, WFE]2 min ) , 3380
FiG , R AR E TEOE T, 20CHRTF, MITIRZ4E
R
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2.2 LWFHE
2.2.1 Tz AR AR AR i P

J 32 0 o A 2 2 LR R AROR e — B B = DA
FEBGE (UPLC-MS/MS) HAZ.ORMNE £, A IR At
L 2 0 2 i R A A 2 A AR M . R
BEHy i ik A0 e A DU A A ARG B B A, O
e B (R ER R ) 3 T2
W (MRM ) #5220, X FARSHIEA 7 A, St B
FH5TFE TR EC R s A e, 456 MriksS
W T AR — ATk SE U B, IS AR T R IR
FIE R EREE . SR e S e .
222 WEHERTRIBONE

PRIC100 mg H & AE AT & T2 mLELLAE T, AL
mL 80% FH BRI (#0.1% i, vkislchl ) , iehRs
1 minfl A& FESMR AT 3 4CAF T A HRIB0 min( 2)5£200
W, Ji3R40 kHz ) , FfiJ54°C. 12000 o/minZ50>15 min; W%
BT, BRI RN mL 80% s /K %5 vk 52 HE B
W, EIFPIR I

BA IR R EIE 20022 wmA HLIEREDE , TR
BT, B T4CUKA T RDCIRAE, fFUPLC-MS/MSH:
W ARG B AL RO A R AT, B Ik AE T 26
2.2.3 RN 5 43 b

(1) RmALEs 5 &A%

K JFH B i OB AR (3% 4% ( Waters ACQUITY UPLC )
16 = T PUMAT B 3%4Y ( AB Sciex QTRAP 6500 ) HEA7HG .

A B354 H Waters ACQUITY UPLC BEH C18
(2.1 mm x 100 mm, 1.7 wm) ; FR40°C; FEIFHAN0.1%
HER KV, I ShAHB A Sl T s AR EEVEIRARIF : 0~5 min,
5%~20%B; 5~10 min, 20%~40%B; 10~15 min, 40%~80%B;
15~17 min, 80%B; 17~17.1 min, 80%~5%B; 17.1~20 min,
5%B; Wi#0.3 mL/min; #FFEE2 L.

JEiE A BBEE R TR (ESD) , BB FHAER;
BRI ESS0°C; W HLESS00 Vi SR, Bk, 4l
WSS R ai /A, 145051035 psiy 50 psiy 50 psi; R
FAMRMALHEA TR, AR AL 75 28 H b ol it 1 B A5 B P
B TR RREERE R (CE) HEBHRE (DP) .

(2) EMSERI

Sh4 AT R Ui R S A IR A
P (HMDB . METLIN ) , sl it B ] | BREFifr be |
TETFHAEE = H LA AT ZH e

K HAMR LS T E I HT, BOAS R BB E R
P (RZEA R -3-0- MBI . AT R -3-0- 25T
-008-

), SehilbRiErh L, AR S B AR A 0 1 AR
BHAXT O, AN p /e (pg/g FW) o

(3) Bdisrr

FFIMultiQuant 3.0FK 4 A7 A 4 i T AL B 5 o
TR RAIR 42180000807 200881 o0 i, A dE £ 54
Br (PCA) | JEZWREISHT (HCA) | IEsS /N T A
$53H (OPLS-DA ) , PIVIP>1HP<0.05 K hrE i vk i 3%
2R THEZT Y ; R HPearsontl M TR TTAE T £
SREHOSE (L, a*, b*) ZEIAYHENE, FIFHOrigin
202 1R AT IR 23

3 RGN

31 AEEEESRMETEFHRLEE
3.1 FEF RIS

FTUPLC-MS/MSE: N 5 B (5 BILE, M6 A[EAE
0 A SRR P L R 3R R, Bk
W LEIITAEY), SMBR AR, AR KR
FR | RASEZRIPIRIS, TR . T . T3
Frg i,

Hrr, RAEBR-3-0-FHEHT . ATLHER-3-0-25Fh
. G 3O e MR O E R
Hor; R (RLf, L) SR e £
Kz (28~30F) , HEAMFPEEBFEED (12F7) |
Wk R LR S E RN R 18~25F
3.1.2 H R &R

O HA MM BT R S RHAEMNRELER (P<
0.01 ), BEPREINELT (0 > LD {6 > M0 > Eb (0 > 15 21
o> [ E o mala, Saamnf TR SRR,
iK1286.35 wg/g FW; FIASFRERAL, 1428.72 wo/g FW, H
H 44791

ARIZEAIEH R ETES mFh o RA R R K%
HERTH RS M EEA S, a6, Lam
A i 60%; AT RBIETR R Em AR (K
¥y UM ) SRR R, 1K45%~50%; KRR AL
HEREFNEERA6A, R aifohmEERAE, Sy
15%~20% ; KZZERZREE RAT ARLLEA SR YRR 55,
i b Tk 38.6% . & FIETE R HAR S i W3- 10 0% ),
32 REHEESGMETSZREHRERTT
3.2.1 EWS o HT

X6 A R 32 R AL T A S s AT AT 4T
GER IR, B—ENSY (PCL) SRR NT6.25%, 3H . F MW
43 (PC2) TIRRR N13.37%, Wid Btk %ik89.62%,
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REAE 7873 S ILRE i AR 25 57

PCATHAF I, ARG A Sl R 32 B 534l S 3
WATES, F—ORAB3NMEYFEREAAREHRE, THE
B, RIS ESMERL; KA, Baassh i
fl st ARG, By ERMFN (k. Bk ) REE R,
REZR A (Ber, %40) B2, AT R TN
AR X A3 H A AL ORI R e T8 45
3.2.2 BEHT

ETUHF R TG ENZREREGIERER, 60 E S
s AT A oy =R, AR A S L
A AR, BB IO AR, IO E R (T
¥ k) HSWER (B, 84 WF, BRaR 5K
BRTEE =2HKrh & BB,

RERPIREF, SR REIE S 5 S HF R H
ZEFREIFASG, SRR i Fh RS s, 2
LA F R TR B S H S ORI NG
3.2.3 2R

18 1L OPLS-DA M HT45 A 56, PAVIP>1HP<0.05 K
Pt LG BE 2780 3 25 AL R . Hrp21Ah
ZRMRUEREAR (Ba, %) sfhrp i L, D
REFRA, CHEm R AT Y 3 ofh 22 A TE R
R (HE, &) MR RR, B RS RN R
WEHREFT R H .

AR €8 22 B RRAE 22 A A 0 . R 423 3R -3-0-2%
TR . RIEAER-3,5-0- FR BT A BLL . SL @ fh
BRFE 22 5400 s N5 25 25 -3 -0~ A BT MR 6 R S AP A 4RAIE
225 s RAZFEZR-3-0-H A H R L1 40  F  RPAE 25 5
Y, AAEAAFELE E A AR IC
3.3 B REFHRELERMERES T
3.3.1 AHRPEIEA

K Pearsontfl e HT, MARMUETZ TGRS HE
PEMCIE LEa*b* L A SHUMARCNE, G5R IR

A (a*) HREAER, AARRLHE R AT
RN FIEA S (1=0.923, P<0.001) ;

WIEE(E (L*) 5467 21 & W 35 oM ¢
(r=—0.876, P<0.001) ;

BHEE (b*) SRAERAMEHFRITNAEYTRER
FIEMX (1=0.758, P<0.01) ;

AR R T R A RS AR E R A
(r=0.685, P<0.05) .

3.3.2 FRVNE

WHRITRE S O HIEE B G e . W

JESRMEE: EE (a*) MR EZIKBIR 43 FE MY
AYEBHF R R, XYM SRS, T4
T LT TR AR ;. BAEHE R e, B4R
Hh R, WM (L) M%, Eamol; X
ML FAE T RITMAR BRI TR s o], Lo ite
BELLE AR (b ) 3 R RBEE R B I
U BEERFHAL RIS , R €5 3R 14 5 (0 )8 T VA

FRARETH A ME L R B R, K%
WRGAHRMILBIF R, o N A m B LA, 5
EANGRITEE 2
4 iFig
4.1 H5EANBR BN

AR S E A ST R T FENREHRA ., A
EA | RFERRA | REAERRPIRS, 52 EF
(2014) . BRIESE (2012) MRFSELS R —20, UESE T30y
FBUH R ALY RO,

SRTABIEAI L, ARBFIEE L AR AR
Y H32RE T R, Bt £ TE G HPLC SRR ) X
AR SR A R, WL TSP E & il B ez
Wil 2, BT A AAEE R RIEEREN = F
BF, AW T ARG RE A WRHEET R ibmid, 1
AR Z R —R, KIFRZORMARFE I,
42 HMRERHENEE L

AR G AR T 3R 2 22 S il ) I
Ry, B B EY AR WER MRS &R
BT ZATRE A RO SR ok, BRAIR 28 SN X A6 T 40
B, SRTHEY P s BLL AR R ZE R R
HREETSHORMFOATAEAALT R, BT RFH
MR A (gt . Wik ) | REfekhacs, ARTH
AR EAT WA EMFEE R SRR, "hEE R
SSRGS, I R R

IEA, AT R LB AR S T HOKE S
FEd:, M EG RN EENAEARE, BT HXR
BRI VBT o
4.3 BF5EHY LR i

AR R A H SRR EE R4 5, NE
B AT B AR TORE AR ) E AR 38 SR g A
RIFHER AR | R G BOCHIE A (4NF3'H, F3'5'H)
MFRis, nEE HRE A, BOSHIEaE S R
FHEALE R AR ICH T FAric i & fl, fede i & i
W, fEEEMECE.
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SETAETE ZATCHSA &0 H A RS ik, I
PUFPET AP . RSSO, ki LA A R 2R Y )
ML A T AR IEEOR S R, ATARYEAE S R
T A E AW S TR R, $8 00 5 P Y 7
5T, A, HAEAE R E N KR AR, N
TR AL, RS NATHNME.

4.4 R BRI

ARWFFAGEI T 6T BRI E A A, AW 55
AAMFSEARA G M, HARKBAN AR, ELl4e
T S B A TR AR AE T R AT SCgAL BT T %
TEWIAE AL T R AR, RIEFR A BRI BALE
FZH MBS A, ABFFAA KT T
WETE B, REE AR . EARATF RS FH S
SIHT, EARBIEAE T RS U OCREA EE RE A

5 HHitERE

5.1 R4S

ABEFE LA AN FIAE (O A iR bR, SR 12 ¥ )
FRUHH 2 AR ZE B UPLC-MS/IMS -5, REGRNT T H S AETT
FH AR, SRR LS ORMMHCH:, =%
g/ (1

LINGAEH A bRl e 1 32F e B £, MR A 44
FRI AJZHREAD KRR RAERAPIRSE, S
BEIT . BT . 2T emE R, bR E -3-0-H4)
B3RO O 415

2AFMEEHAGMEAETFR TS EERDE, B R4
B >HAESTER OG> ERO>Baa>S A6 K,
Leo7 (0 5 0 SRR A AR 22447915 . RIRIZEIIAETT AR AE
FORP RS, AR EIE U TR

3ALGHE H27F0 B 2 AL R, 210 M7ER B R
AL oMTEIRARFERFER, B T & O RFFEER
e, FERUTSRESIIETALE R RTE N EH GG
SRR E SRR

4HEGAOSH ST R RS D EMOM:: 4 E
SREAER, NAR BT EWN D E M, WEHES B
HREEGEWREEOMG, SEESREERNTAY & &
WEEMR, EHFRFOMIE, SRR EEREH S
HOEAR . B SR,

AW EUCR T Z A 2 B R H A
HRITHRELE, 5 TAGeHE RIS E, %
e TWLTAE AL O AR S, A A AL E ]

-010-

AR TR
52 HIRRE
FEXPABE AR BRYE , 5 ZERT N LAR J7 I e R AR

8

LY RIREFEASEE, AT A EE . EORAR IR
IR E G A, REMHTASEEYAET R
FRUHRFE S AR A

2IFEEAACHIARF B (B, widei . A
WHE ) BEE B shB W, g5A A0, Bm
TETT ZATA S B sh AR B

3RHIZ A (G st . s Bd ) BE 0T
Tk, 2 EGAETE BTG U S R B R S s B A
(4IMYB. bHLHFGSRHF) , R ILG sl [ 4%

4TV A A AL RS R RS, PRIDOEI L IREE . K
RGBT R R X A6 T Z AT LR A2, g | A e
IR AR, T AR

SR FHEER e | e HE DR SRR, X6 2 G o
SR PEATOIRSAE, PR E GG ER MR EM, KEik
TR, CRRRE MR E AR R
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