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Analysis of flower color phenotypes and pigment components in
different Prunus mume cultivars

XIA Mengxue'?, YANG Yu'?, NING Aoxiang'?, XIAO Zheng'?, LAN Yan’gang'?,
ZHAO Hongbo'?, WANG Yiguang'?

(1. College of Landscape and Architecture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China; 2. Key
Laboratory of National Forestry and Grassland Administration on Germplasm Innovation and Utilization for Southern

Garden Plants, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study investigates the pigment composition of different cultivar groups of Prunus
mume and its impact on flower color variation, thereby providing a foundation for targeted breeding strategies
focused on floral coloration. [Method] Fifteen different flower color cultivars of P. mume were selected. The
flower color phenotypes of the petals were determined using the Royal Horticultural Society Color Chart of the
United Kingdom. The ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS)

technique was employed to qualitatively and quantitatively analyze the flavonoid compounds in the petals of P.
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mume. The correlations between the flower color phenotypes and pigment components were analyzed through
cluster analysis, correlation analysis, principal component analysis, and multiple linear regression. [Result] As
results, cluster analysis categorized the flower color phenotypes of the 15 P. mume cultivars into four groups:
white, light pink, pink, and purplish-red. Qualitative and quantitative analysis of flavonoids revealed that
purplish-red, pink, and light pink cultivars contained anthocyanins, primarily cyanidin and peonidin glycosides,
with cyanidin-3-O-rutinoside being the most abundant. In contrast, white cultivars lacked anthocyanins but
exhibited substantial accumulation of other flavonoids, such as isoquercitrin. Principal component analysis
indicated that anthocyanins (PC1 contribution rate: 40.64%) were the core pigments responsible for red hues in
P. mume. Notably, red-green chromaticity (a*) showed a significant positive correlation with peonidin-3-O-
rutinoside (P<<0.05), while higher total anthocyanin content correlated with lower lightness (L*), resulting in
darker flower coloration. Other flavonoids (PC2 contribution rate: 19.87%) played a secondary regulatory role.
The multiple regression model confirmed the dominance of anthocyanins in color determination: total
anthocyanins negatively correlated with L* (P<<0.01), peonidin-3-O-rutinoside was a key contributor to a*, and
peonidin-3-O-glucoside showed a negative correlation with yellow-blue chromaticity (b*, P<< 0.05).
[Conclusion] The differentiation of P. mume flower colors is governed by a metabolic network characterized
by “anthocyanin-driven pigmentation and flavonoid co-regulation”. Cyanidin and peonidin glycosides are core
components for formation of red hue, while other flavonoids likely play secondary roles in pigment stability or
environmental adaptation. [Ch, 8 fig. 2 tab. 34 ref.]

Key words: Prunus mume; cultivars; flower color phenotypes; anthocyanin; flavonoid
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Table 1 List of P. mume cultivars analyzed in this study

A ELRE A A ELRE iR

M1 JRNERRS’ “Chenhui Zhusha’ BB RNEE M10 ‘“HEEFER  ‘Chunyizao Gongfen’
M2 “HLIRRY’ ‘Guhong Zhusha’

KR R M3 WL AP’ ‘Fenhong Zhusha’ b Ml1 ONE R ‘Liue Yudie’
M4 SN’ ‘Xianchun Zhusha’ IR FIEE MI12 ‘AT “Yueguang Yudie’
M5 AREZIREP’  “Yinhong Zhusha’

B S FRE M13 ‘HBEA”  ‘Danfen Tiaozhi’

M6 ‘BRLLETKY  ‘Taohong Gongfen’

s M7 ‘LB ¥’ ‘Xiaohong Gongfen’ TLMEEFPE M4 ‘YL’ ‘Jiangmei’

EUH R )
M8 ‘EPIEF  ‘Tongyan Gongfen’
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HLE (CE) M 10 V; —Z¢H4#5% ] TOF MS-Product lon-IDA #i=X, fif 815 % 55 (CID) AEHE N 4 020 eV;
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AN R O R/INRSCHR , HEAAE AL LR LY. AT I A S SCHR [13, 17-21], ZEEETRZ5 A 27
SCHik [22-24]

14 EEMLEWEESH

KPR T R AR 3-O-FFWEAT (215 5T i 550> 98%) FLifil i 1 000 mg- L™ AR, Kebnife
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Figure 1 Phenotypic characteristics of P. mume at full-bloom stage Figure 2 Cluster analysis of flower color phenotypes in P. mume cultivars
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Figure 4 UPLC chromatograms of flavonoid extract from P. mume ‘Taohong Gongfen’ at detection wavelengths of 520 nm (A) and 350 nm (B)
[M-H]~. I BT [YO- FUBH L& Lt . F1. F2. F3. F5. F6. F7. FI12 1 F13 #4724 m/z 301
[YO] i R 51 (Mt RAFAE), W AR IEA S, . R, Rl o mfb e i, e
ot e R -3-0-2FFURE AT . M R -3-0- ST (0 T) 2 MRETIESL; F4. F8. F9. F10 Al F14 N
FEAE m/z 315 [YO] MR R B (RS ZRRAE), IR el e o0 S5 AR 3R -3-O- i A T S AT 2B s FL1 6T
HArF BT m/z 613 [M-H]™ Bor T 0t BILAA R ZObifT . BIRK e R IR 2,

23 ARBERMEERRES LB

AN[FIAREAE SRR B S AL T T AL R IR B —E 22 5. O RMPIEI BALT 11 TR 05k
Hemr, HERBMASSEH DR BT SIS [F @R &R 005016 %A B 800 AL
(B 5)o N HE U LA F S AL ARSI S DA B2 5, B ) 6 FiiEd b &9 .
14 BRI AL ST IR E 08T, X RAETT AL T 22 o0 Hr . IRl 6 IR . 841, Myer. ik
MORMATYEHEAEHE, Kb, $465 “BaRD SRR AEMOR AMmEE 1k
HHREHZI-0MEREYN . REHEI-0-EFMIT . A E3-0-MmERT . A2k
R-3-O-ZA BT SR AL R MR HRZUREY R GAR RREARE MREH
R-3-O-HHEMET . REHR-3-0-25FWEAT . ALK -3-O- BT . ALK -3-0- 25 F Wi A X &
WA HAL SRR . 4 D ORMEE T CHER R -3-0- 25 B 2B g 22 4 K -3-0- 5/ i-5-0-fl 2
BT ARG 2 A

B2, B, Bk, ARSI AR, I BAER 8 NI N R . S
F1~F14 HHT 10 N2 T A f A AL, J5 4 DR RAESRsrfhFlp i Bl Hodr, S At
Sraim, HUORM R -3-0-(2"-0-0-L- FRAHE)-B-D- ML I 4 2 A 1 A B 3R -3-0- 253 B . AR & 1A



5 42 5 5 W BT AFEMEE S P AE ORISR 70 961

®2 BEXEMUESY ERFEFMEER) NEEHE

Table 2 LC-MS/MS parameters and identification of flavonoid compounds (anthocyanins and flavones) in P. mume

. REe . , .
i oo T mlz L3y 47X HEE W)
[]/min
Al 5.64  449.10 287.10 Cy Hy 0y, REHHR-3-O-H% T cyanidin-3-O-glucoside
A2 6.13  595.17 287.10 Cy7H3 05  REHHR-3-0-EF M cyanidin-3-O-rutinoside
A3 8.01 463.12 301.10 CyHy0y  ATZYTEZ-3-0-#45H5 1T peonidin 3-O-glucoside
A4 835  609.18 301.10 CygH330y5  ATHER-3-0-Z5F T peonidin 3-O-rutinoside
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I Hz 223-0-(2,6"-a-L-MH IR BR 2= 1) -B-D- g 2 7L
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Fl11 9.97 613.18 145.00 CyyH3,0p6  JLASE ZCWHIT catechin dihexoside
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Figure 5 Bar charts of total anthocyanins (A) and total flavonoids (B) of different P. mume cultivars
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Figure 7 Correlation analysis between floral color phenotypes and pigment components in P. mume
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