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Metabolomics analysis of flower color substances
in three Rosa rugosa cultivars

WEI Ligin, CHONG Peifang ™ , BAO Xinguang, HE Hailing, LI Qingqing
(' College of Forestry, Gansu Agricultural University, Lanzhou 730070, China )

Abstract; Rosa rugosa is a deciduous shrub belonging to Rosa L. in Rosaceae. It has a high ornamental value and
commercial value, but its single color limits the development and utilization of rose and its application in landscape
architecture. In order to explore the coloring substances of three different varieties of roses, ‘ Rosa rugosa X Rosa
sertata’ , ‘Rosa Crimson Glory’ and Rosa alba’, this study used ultra-high performance liquid chromatography-
quadrupole-time-of-flight mass spectrometry ( UPLC-Q-TOF-MS) to detect the types and contents of flavonoids in
petals. The KEGG database was used to enrich the differential metabolites, screen out the key metabolites, and analyze
the correlation with the phenotypic value of flower color. The results were as follows: (1) A total of 58 metabolites were

detected in the petals of three different color rose varieties, of which only one anthocyanin was cyanidin-3-0-glucoside,
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accounting for 30.45%. (2) K-means clustering analysis showed that a total of 12 key metabolites were annotated to the

KEGG metabolic pathway. Among them, pinocembrin and myricetin were the main substances that determined the red

color of ‘Rosa rugosa X Rosa sertata’ and ‘ Rosa Crimson Glory’ ,

and eriodictyol, luteolin and kaempferol were the

main substances that determined the white color of ‘ Rosa alba’. In conclusion, this study can provide a theoretical basis

for the breeding of roses with specific colors and promote the application of roses in landscaping.

Key words: Rosa rugosa cultivars, flower color substances, metabolomics, UPLC-Q-TOF-MS, correlation

A8 €5, 2 Bl PACRE P 1 B AR DR L E AR
AR B A (BRI R L A B (BP0, 2017) , EAEOR,
A 2BV I, 5% W A6 R i E 2R R 2 )
CRWNFEMEE, HYARNMETEER =K
2 B2 ER (flavonoids) (ZEEHEE b £ ( carotenoids)
FAEY) B 2K (alkaloids ) ( ZERRHEAE, 20215 & H 5,
2021 ) , Herp 28 B R v A= A5 7 ) ) R 22 5 el 46
CIE R B BRI R B S — M) b Db
HEXHBMESE R, ERAR a6 HE E0
SEBE ) E B ALY, A R R AR e —
AR 8, (L o T T 3 S R TG (8 BOR
& (KA, 2000 3 MR D745, 2021) o XFAE S FE R
VIR 5E A B, A8 (0 I T 28 i T 4y o 1 2| HG
HRAE (AR S SC B T T e R e RS B 4 B
EORER (£ &4, 20205 5K 45, 2022) . 3T 4R
S, Bt A AR 2 R 1 & Jre RN N, F 2 W E
FEPA) 2 EALERAS 2] T 00858, WL 2K ( Camellia
japonica ) | 1l ¥ A€ ( Prunus serrulata ) . ¥ ¥k ( P.
pseudocerasus) (Guo et al.,2018) . [n] H %% ( Helianthus
annuus ) (R SE,2021) % it 58 4 (2020) FH AL
WHH A B B AN TR A3 7 ) S A i AR T T
CELLHUR N SBLLHUR B 2E R, Li BRI
KT WERYAE AP R EA R T B RZ
TN LIE /R ERE UL i s - L AW IR 7 e
SEFCMAEYIAE A2 S K (Fu et al. 2021 ;81
5545 ,2023) .

L ( Rosa rugosa) J2: 7% 1% Bt ( Rosaceae ) 5 15k J&
(Rosa L.) V& mHREAR, J5 ™ b [, HAT A6 Y Ak B
Pt AR B 25 A S E S RE Rt Y,
PR “AEH 57 M BAE ZAL” W 5672, ) o 3R
TR (BRI, 2015) , TR AR B BUEL A
il B A e gt AR R )
PESER TP 2 B 0 BB i Al 045 H R A K 3
L’ ( “ Rosa rugosa x Rosa sertata’ ) , N 1% 48 T
WS EAL A SRS, BB/ 2| SR 4T

& AR RS R R A B T
FEL(Wu et al.,2020); ‘ #2ZL FHL’ ( “ Rosa Crimson
Glory” ) , MR * AR S8 XUME ", J& 2% b K A 2=
( “ Rosahvbrida Hvbird Tea Rosa’) fl1Z<# < £ & H
7%’ (“Hybrid Perpetual Rosa’ ) 2% 32 ff, 162 IR
gL AR TRV AR | 7 i AR AL VRN
2 B P B 32 S Rh T g iz A (T A
2021) 5 PRINFIE IR ( Rosa alba’ ) , XFK ¢ 5k
B e iR e B e @, BAA 7w
s SO % e i SRR A S — ) AR IO RS
IR BB 40 8 1% 0 B T BB R (R R
2017) o AHECBLAE Ay — b Fi 2 0 el bR UL B AL 40, G
B FE L HE  H e 0, D W HAE
X R PR ) T BB A Bl Ak & Ak v 5 8 ( Cheng
et al.,2021) . HHT, EHN I A& BR BT 3%
AR TLE R Rt %) 45 EURN R | OB B U ) I R
TiArT BRI AL Z2 FEVE I 4 BT R0 53 TR ic BB AH
AT AR 7 | BB 0 B e DR 4 A L HOR | B
AN B BOARETrm (4RL,2018) . BARE&A
KT BIRAL O R I 4 BR 94l IF RS 17—
SE HYBIFFE R (B0 T8 BB AE 8 1T L A K&
FEOR AT W TEA IR AN S 58 3, IF HO B3
A6 520 1 ) BT Al A B = R e A B 3K BELA: 2 3
FE R T A e HEAE Bl bR A b i o T (o
KA ,2011 ;455555 ,2011)

ARWETEFEL) W KB SR EO A R
JAISE B 3 AN TR A6 € 1) £ 5 BB g )
G 10 3 1) AR 2H 5 B R AR ST 5 W AN [m] it b
BAE S (O 1 SC AR o3, AR LUE )t
(1) F3HrixX 3 A [] 48 60, B 3 5 b b 28 i R 1k 5
VI 2E SR I 22 5 5 (2) XFAS[R] bl b OB AL TR
rh 0 22 S A W K 2 S Al T e R AT O R, 0 A
S BCAE 5 O T AU R R, DL
ERE AN [ AE € 1) B A A4 A B AR AT
P 7 BB A bl bR Ak v i B H



2 1 CNESS

A B LRI AE P B A AL o B 283

1 MHEF®

1.1 #RREFAE
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FE A i 5 10 2% B A8 0 A vk & L
B HR I, Bt S T - 80 °C A vk A HR AR AE T T e
AR 27 o B ( EIRESE,2017) o
1.2 Ak
1.2.1 & &R mlw et fF E PR R 2 512
JERYCIE L™ a™ b" RAOK P (EIESE, 2017, ¥/
85,2019a) AT E . RAEHTEEIEME, FH WR18 A%
22 A (RN T AR G B A BR 2 | I e BUEg
AR BB (L") LB (o™ ) FIEEHE (b7 ), B
(C™) M8 M (h) SEBAE 6 1B F 1 (K3,
2015) , 7EJGIR C/2° 1 B AR CAL X i A I 3 1z
LA AT A, REAE A I R 3 SRR A
SR BOE4(E (Wang et al.,2004; Wan et al., 2019) ,
1.2.2 EF PRI B LI TT-80 CHR AT
M5 # HOBY E (60 Hz,30 s) AR ACIR, #F 100 mg
IR A 5 mL B0 8, i AR BUR (75% H
B8 1% 2 )3 000 wL, W€ 30 s,40 Hz )3 4
min, T VKK H#E A 30 min;4 °C,12 000 r » min™
[ .07 13 800( xg) , 4% 8.6 cm ] Bf.0> 15 min;
B2 500 L 09 B3, R E AW+, 5 H
1 500 wL $#2BUK B (50% H B & 0.1% IR, & N
FR) Z % imiE 1 min J5 T 0KKIBH#HE 15 min, 4
°C,12 000 r - min" [ B0 77 13 800( xg) , F1% 8.6
em ] &0 15 ming FIEWGE S 0.22 pum 38 f7 o 38
J& BT 2 mL SR, AR SR A TR
] (QC) FE i, LML 5 78 ( 07 4,
2017 ; Daneshpajooh et al.,2019; 5K F 45, 2022) .
1.2.3 £F My f 2 o4  HH UPLC-Q-
TOF-MS ¢ FHBE A 16 7 rh 28 B 047 2 M 5 e o

Rosa sertata’

J3#t. ACQUITYTM UPLC I-Class #8 &5 &0 & HH (1%
Z 45 ( Waters Corporation, Milford, MA , USA ) , Xevo
G2-XSQTof MS Ji& it & 4t ( Waters Corporation,
Manchester, UK) , UNIFI 1.8 $kff £ %4, UPLC BEH
C o (O3EHE (Waters, 1.7 pm, 2.1 mm X 150 mm) , LA
0.1% M RRK I (A) NG (B) N WBAH €35 I 5h
AH, Jii# 0.3 mL + min™ ; YEREFE T 0.00 ~0.50 min,
10% B;0.50~15.00 min, 10% ~60% B;15.00~16.01
min,60% ~98% B;16.01~18.00 min,98% B;18.00~
18.01 min,98% ~10% B;18.01 ~20.00 min, 10% B,
40 CHYMEIRAR 8 C 1Y H ARSI 2 wL Y FEFE
i, BERAE LLZ SO I ( MRM) A5 =X 47 BT 3%
IrHT (ROF 45, 2021) .
1.3 HHEH

A BIF 5 8 a0 22 A0 8 BB AL i B R
(L") ELEE (o™ ) M RE (") IR B (CT)
e (b)) , AT C™ =(a"+b"%) 25k =
arctan(a”/b" ) , i SPSS 22.0 Z /4 X160 5 %
A AT AR OCHE i (1] B i i AR B2
SR AT BRZS F] UPLC-MS/MS A6 5 45 1 7€ AN [
PR BB P 2R B ERAC I, >R ] Metabo Analyst
5.0 BRAEXS B A REAS o i 1 I ) R AT E 1 E R O
B o FH TG M B 82 0 £ AR A 22 1R ) A 9 ik A 7
Zg it o, Jf Bkt il P<0.05 H VIP=1 #Y
3% 2 AR Y., A KEGG £ 4 1% . MB
ROLE 2.0 93l R/ £ 0 3t BEAT 308 5 3 4 A

2 &R 54

2.1 37K BB IE BT

EETE CIE L™ a™ b 3240 52 40 A8 b il 19 4 A
B BHEE (L) WG AR AL, L R AR 5
M, BT NI AL T BRI B RN ¢ 9 K B
BUw LT, RmANE B W LT R (78.41)
TR T A6, 205 (o) HIEAES RE, 2
LB AR, SBAHB W o R
TNFIE B 17 106.46, ¢ BT (1 4E (00
ML, B (L) HIE(E ] fE, ] i
B RERE ,  BRMAE A B B b A TR
ZIW A P HAy s, BE(CT ) EHBK,
iR B BRLTEC 1Y ¢ RR, O 110.37, B
) TIREL A, RG2S KB 1 ¢
71.60, FEA R M 5L, IS (h) X 7 Fhigt



284 |1 I G/

44 ¥

RN IR I N IR K B AN A
I3 F 00 B3, £ 90° A2 A7 & B 8 X 3, 270° ~
360° /228 3 55 0 X B AR B T 40 B X Bk, ¢ AR LTI
B O AR ECR T BY he AEF 0° ~90° Z [,
J& Tl 2 8 A [ K ECEL  h T
270° ~360° 2 [i], Zad T 2K I,
223N B ATERPREMAFRMESE

FH & 2 AT 7E 3 B B A I 3 2 v
s A P 58 Fh, Horh 24 Fhow MR S (24
18.85%) .9 P BEA: (29,5 31.89%) .1 FiAE
R (4 53045%) .8 Fl ¥ be B 2K (45
14.49%) .6 F A B2 (29 47 0.08%) .3 i 5+
RS 2 FhAr R (2945 0.09% ) F1 5 FpLAh & £
BB (297 4.15% ) o 38 3k 4G I AE AT o B AR
W HEAT BRI HT 2 B, 3 b BB AL 3 v Al 28 2
MEHLAEEREES,
2.3 ZRRIFWIFHE ST

4 P<0.05 H VIP =1 fifi 4% 20 18] i) 22 57 28
RS, 22 545 %0 (fold_change ) %% 7~ AN [R) B
AR R Y A A e, WE 3. A-C
Ji7R, < BRLLB 5 GOMANE I B (B AE AR 2
SRS A 45 Fp, Hop, B3 FRE AR
YA 22 Fh, B E TR EREIAE 10 F  ARFE
B 5 FK B R AE Y 25 55 25 B 25 Al
YA 41 Bl Hodr B3 BRI 8, BE T
VAR 22 Ff; ¢ BT ECB 5 ¢ WK ECEL 1A)
FELEN 22 2R s 2R AR AT 41 i Horp g 28 A
AR 11 Fl B2 R 14 F,

TFFEAS ) €0, 2R B 300 28 B T AR 0 A X B i 1
AR XA 25 S A AR X T B
17 z-score bRl 2R 5 F1EAT K #4{H ( K-means )
Kb, A ELOAERaOA(EK2), B
FriE i 22 A 33 i RN 2L R
TR 8 Bl FEAEHRE (A R 1 (5 28 2821 (8 E R
ARk v SRR A A0 B R RS A I A TR
ARG, AE T REMIR A55-3-0 Mim B o 2
Fh i B HEM K 4256 -3-0 45 M 2 B AL 2
ARG S S W
2.4 ZRREWH KEGG IR REE D

TE K-means BI04 JE AR E T
PORF Bt B B AR AT AT, &
PUILA 12 F S 58 QI ™ P B T 1 B¢ - KEGG AL
Whl K, A2 BRI A 1IES 5 1 &R

W AR 2 REEZ AU (R 3) . 3
FpA L A X i 2 TR 33 R AR
A9 Mg E R L LR HIRR TR ES S
TR Y AR X () -REETILA
225 T REAY S MR AR A S
B MR (T ) 25 T HE WA YA B
T 1 T A ) L Ok A AR 1 A
Mz R LA R A R A RIS 5 T 28 A
YA R A AR B A 0 R TR B A R
AR EAR 4 FARIHE R, TR RZEWAEY &
JR B R T A ) i IR A B AR
B AP e A A A SRR s £ 5 AR i
SR 8 B2 T R B 3 Bkl R
b HAp R R LR AR RS S T
Pl A 4 A B R A S R R AR AR
A= 1A BRI 12 4 2R,
23 NHBAMUBRERRESXEREVSE
HH A i R a B AR e, AT
A R T (9 Bl MR (3 Fh) B4R
T R T A I B A R R A o e
B 53X 12 FpOCHEACHH ) & s b A7 A O 2, fR
40T R SRR AL Z R B (L) S
(a" )HUERE(C™) B2 B A AHL(P<0.01),
Wil 2 AR B 8 (%) 388 0, A R 2% T8 97 R 2, A6 R
TR, TR AR L 525 E A
(P<0.01,P<0.05) , J*irE o 1 C* 2B EIEH
K(P<0.01) , VLB TR A 2 A7t v TR 7 1 A R 3R
I 2 o AL 0 R R R A O A I 3R TR S R
Xl ARBEZRANZEBHS L7 8 #FEMX(P<
0.01),5 e M C" 28 EFAH K (P<0.01), UL
B B B BRI 2 T 1Y) 5 B, 7K R D
e, KBERERSEE (L) ZEME, 56
f(h ) BOAEX, HERHBEE 06T 8
i, b 5a  FlC R EBFERMEL(P<0.01),FiE
LRSI RGN, FE IR0 b BEAR, AL sk BBz 41
AT UL A 2R A% Al 95 R 2 52 1) B B 4K 2 B AT
B EEY T, S ENE NS seasa, It
FEAR TAEIR R W e By R R s R AL 25 1 2
S B AR ) Y R, s
IEBAEAAR A P ARRER S b RIEMHX, R
E T BORAGREEAN REY I, X5 A A
DIASEE @I 0N el T o b



2 1 CNESS

A B LRI AE P B A AL o B 285

CHRBI’

‘Rosarugosa x Rosa sertata’

CRAH

‘Rosa Crimson Glory’

PRMAE H B

‘Rosaalba’

B 1 30 KBmMBREEK

Fig. 1 Phenotypic traits of flowers of three rose materials

1 AEABRURMNEERENYE

Table 1  Average values of L™, a”, b" in roses of different flower color phenotypes
i BIEE(L") a1 (a”) WHR(b™) HE(CT) B (h)
Cultivar Brilliance Redness Yellowness Chroma Hue angle
CERLLEOR’ 0+0.00c 108.24+8.06a 20.68+3.10a 110.37+7.41a 11.12+2.25¢
‘ Rosa Crimson Glory’
PR S B 78.41£0.99a 1.78+0.19c¢ 6.75+0.40b 6.98+0.44c 75.30+0.62b
‘ Rosa alba’
C KB 24.74+1.06b 66.05+2.20b -27.61+0.79¢ 71.60+2.20b 337.29+0.65a

‘ Rosa rugosa X Rosa sertata’

T R BRI PR EARHERE . ARG PR R AL O Z T, Duncan 2 567E P=0.05 WA B EMEZESR,

Note: Values are x+s. Different lowercase letters in the same column represent multiple comparisons of different flower colors, and Duncan

test showes significant differences at P=0.05.

W

Wik 5 ik

KEMAY RS SO BN 2 AR K
o3 Z—, o A8 6 2 8 B AL A W i E 22
BT, ARG i 25 T L R A ) R AR 6 (B R
£2,2012) . Khoo %5 (2017) 5 A MK G4 E M
HAGAEY T Z/E H TR L a8 28 3 5%
(2019b) 50 K BREL 8 1L 2% A6 i 32 810 JE 81
B R R B AE 2R -3-0-H BT s Du 45 (2016) B 5%
B 30 Fh A [A] 46 €6 59 F1 BY A b 23 €0 8 Fh P 28 42
HEM ST ER A, R IW, KR4 R EMY L
MR O F LRI, X GAMR 5SS
R—, &MFE 019 MR AERKFEHEE H

Cvél-

CLEL M FEEREWI A I H SR TR E S
THANY T ;25 502 (1997) FILE 45 (2019) BF
TR WK BOR LA R E 2N R T4 -3-
I AT A 3 b B AL IR b S K
&Y, 215 2] 58 2wl A o, Hrh R
W1 R AE B R A A5-3-0 R A RETT, 40 BBl
FETI S5 1930.45%, ¢ AR LD EUELT RN 9 K B
R (5 245 -3-0 1 %5 BT 53 ) o LSS BT A o
) 47.75% F 15.55% , 36 /=5 T ¢ A& i A S0 (1 B e
[1°0.04% , % W] 2% 7 48 R A 21 6 46 I 528 68 b i )
HENEH, T LAHEWT R 4245 -3-0 5 % Bl 2 <
JRECHR RN SRR B A FEY

hy ik — 25 R ST BB AE A [R) A 608 1 22 AR
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432 Class 2
‘ HAf %2 Other polyphenols|
JEFHHH Anthocyanins 1
_|— # M2 Flavonoids
AR Flavonols
& #M% Dihydroflavones 0
#/RAAZ Chalcones
HIE Wi Flavanvones =l
F#EAZ Tsoflavones
LB CRILKH 2 BITHE  CEKEOR HEORBE2  CHOKHE3 ORI EEER ﬁUJD*JiIEEIIﬁUX 2 GRANFIIE F B3 2
‘Rosa Cnmson Glory’1 ‘Rosa Crimson Glory’2 ‘Rosa Crimson Glory’3 ‘Rosa rugosa x Rosa ‘Rosa rugosa < Rosa ‘Rosa rugosa < Rosa “Rosa alba’l “Rosa alba” “Rosa alba’3
sertata’| sertata’2 sertata’3
TEMALAL BS AR SRR e B A S" Wi & i AGR R &, aER IS =,
After normalization, different colors indicate the contents of flavonoid metabolites, red for high content and blue for low content.
B2 ARBRMBEELBERPLEMYRENSE
Fig. 2 Relative contents of flavonoids in different color rose petal samples
BFETE(10) BE A (22) BETHEQ3) BE LA (8) BFETHEA) B3 EiF (11)
Signifi 1y do i igni B Significantly dows AR Significantl: Significantly down ) Significantly up
B # Sl ' e @ Al oo regulaed o3) “Notchanged @ Nipuiiied ) reeulated (19)  © Notehanged @ “eoulaed (11)
6 . . . i
2 ; 24 E :
s g , . 26 .
& & . &
= " P . =5 .
! g3 ’ ’ g .
0 . . ' . O L - °
it il k-l " = e y ) ;
& 3 7 : ol . : G} s
= - . = s 3. :
", = b . P . t 4 e
Bl . X =P i 8 i
3 1 .
1 1
0 : 0 0
-10 -5 0 10 -10 -5 0 5 10 -5.0 25 0 2.5 5.0
IR % log,FC PFATH log,FC YIFxT log,FC

2 AR I SO A AR — AR . AL MHMG/BMG H 4L ; B. BMG/KSMG HU41; C. MHMG/KSMG H 41,
WO R R T IR AR, 4060 SR BRI AR, TR (0 i 287 22 5 8 B i AR 40

Volcanogram of differential metabolites, each point represents a metabolite. A. BMG/BMG comparison group; B. BMG/KSMG comparison
group; C. MHMG/KSMG comparison group. The blue dots represent down regulated metabolites, the red dots represent up regulated

metabolites, and the gray dots represent metabolites with no significant differences.

3 HBREINMEMERKEMSN

Fig. 3 Analysis on different metabolites of three cultivars of Rosa rugosa

ZRIE R S (5 4F 20205 Han et al.,  (EE03E T TG 64 Y 2 R R IR B A G0 2 (R4

2020) . HEBC BOEAEMRE P AUE A BB RS
Yo, PR AR By SR BOR M B RY © S
K& A E R AAETT R (5KF%,2015) s Il %
il B A T R XU R e v ) B
FALE W I A R R I B K -3-0 AR (%
VA ,2019b) 5 AR 646 P A

2009) , LIRSS FIAH 5% A 45 RAHZEA . AR
i P<0.05 H VIP =1 ffi s 3| 12 Fh &80 i =
W4y I 6 FhEERSS | 2 FhETLE S 2 i v A
1 Fh AR 1 Rl R, H B 2
TS 2R IV Al 2 T A 5 et B 5 2 5 el Al 0 1) W) B
(L") ZLJE (o™ ) MBI (CT)  HA& 7 Bm N L6
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Table 2 List of metabolites that increases or decreases during the color change from white to purple to deep red petal

Y e S ki =k Py e S Gl =k
Compound Class I Variation trend Compound Class I Variation trend
KIHG-3-0 TE BT HHFRE T+ Up IS T+ Up
Cyanidin-3-0-glucoside Anthocyanins Kaempferide
MR TR T+ Up JLZER bR T+ Up
Taxifolin Dihydroflavones Cianidanol Flavanvones
HACTH FHi Up (=) -FRILAER B TR FHi Up
Engeletin (=) -epicatechin gallate
X THE Up JFAETF E B1 THeE Up
Eriodictyol Procyanidin B1
Hit B H BN F+ Up (H)-BEEFILER THE Up
Quercitrin Flavonoids Gallocatechin
FILER THE Up JRAET R B2 THE Up
L-epicatechin Procyanidin B2
W hR THE Up (-)-REETILER F+ Up
Spinosin (=) -epigallocatechin
TR THeE Up (=) -RILFER BT TR F+ Up
Pinocembrin (=) -epigallocatechin gallate
il B¢ 3 JH# Up (=) -BETILRREET TR THeE Up
Naringenin (=) -gallocatechin gallate
AR THi Up JEILZR R [UAIES T+ Up
Isorhamnetin Protocatechuic acid Phenolic acids
tte T+ Up il B 2R A I I e T+ Up
Myricitrin Chalconaringenin Chalcones
HH % 75 Up R % 75 Up
Vitexin Tectorigenin Isoflavones
A ARE JH Up it B E B F#A% Down
Diosmetin Avicularin Flavonoids
KA T+ Up AT FEAIE Down
Narcissoside Tiliroside
T A B THE Up ENI F#AIX Down
Myricetin Luteolin
3 F+E Up Wit Bz £ -3-0-F % M G [EeS F&AIX Down
Apigenin Isoquercitrin Flavonols
Iz H FHi Up 11 3R -3-D-2F LA FEA% Down
Kaempferitrin Hyperoside
YRR F+E Up it iz % F%AIX Down
Genistein Quercetin
HRE-T-0-H B F+i Up 1L Ay F#A% Down
Apigenin-7-0-glucoside Kaempferol
T B A THE Up EREA FEA% Down
Rutin Flavonols Astragalin
L 2% 19 -3-0- 25 AT THE Up
Kaempferol-3-O-rutinoside
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Table 3 12 key metabolites of KEGG metabolic
pathway successfully annotated

L7l ZH4r KEGG HREER
Compound Class 11 KEGG annotation result
hifz % B ES Map00941, Map01110, Map01061,
Naringenin (Na) Flavones Map01100
FrRE Map00941, Map00944, Map01110,
Apigenin (Ap) Map01061 , Map01100
HIHR Map00941
Vitexin (Vi)
PRI Map00941
Pinocembrin (Pi)
Tt BT Map00941, Map00944, Map01110
Myricetin (My)
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(-) -epigallocatechin

[(-)-Ep]
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Eriodictyol (Er) Dihydro-
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il Fz 2R A IR A IRESE Map00941, Map01110, Map01061,
Chalconaringenin Chalcones Map01100
(Ch)

A A T 1) 20 €0 5 T B R DS R R R
S ) 218 3 e P D IS 1 2 Y A R
SRR L™ o™ 1 C™ 5 o 8 w4 0
R A6 0 S i 1) T €, R R R B R
(b7 ) BEIEAHSC, HS i Y34 i = 2078 1 0 1) 3 1
e E B AR S BB 0 B 2N, XS R
A B AEMEA B 1 0 B A OGP, 7
FAZR Aty I A R RT3 R A L 4 2
SN B BAE S () A

bl L, 7EC woKEEL SR EeE M R
TNASE A BCBE 3 FhAS [R) 48 €0 ) BB e 1 2 2
A A ) B0 o 6 R A AR 2 S X BB
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BCHLARE S i LR I B 58 Fl 28 A AR,
RIEH-3-0 F B BT T H 32045 A B I 52 )
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SEce e Y = RN U S-S 3
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Table 4  Correlation analysis between flower color phenotype and key metabolites
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