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FEAEYIRREY); R MultiQuant SRR LR 2544 (4 8 TGk s UEA T A8 A0 HT s ST T R Al 4
AR BRI 24 Jik 72 AR S 68 R BB R, a3 HT T AR AR AR e W i AR B AR A
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FUSRVE SRAPIRO R (1)@ P2 RGN (GAP) Jeh, S RS 5 ()4 F B,
PARE SCHERE I Y 3RIK o S — Rl ik C7E A I8 2207 IX B S, (HUR 55 — Moy iE e e g1, 32
R AR BRI AR AR AR M AN BT, O HR & A R S ARG EZ AR W) B s AR h R 3 T 2
PR R RS DN RIS BE R . H T, X T R 42 U AR W) OB AR R U D R P E . kA
I 25 S A P S A 2 LA B A IS | 25— R B MR SRS I, AR B 07 24 7 = A 5%
SRR BEAEAL . TR S A R R C-3 i B s TR B RO/ T e E
B SIARSR , B AT X R 2 A & B B PR R SR TR A T T R0 AR 4
i AT EACHIRAS  CAHES I TR S Y, DR A B AR U E AR AR Y B R N SE 8 T A
ELii

ABIESEE Bl s 0 BB o M1 65 20 e e A B R W A A QI R AR 255 1B 5 D fie /N — S5 o3 A
(OPLS-DA) . Z4abn & i R AR 34T , TR 13 A Rl AL B P A A~ 22 57 (0 S i B 2L 9
FISCHERE . P AR A P2 DX AN R 48 A b ELRERSE AL AR TN o R AE R SR OGO B
P BRI, R 8 AR D R 4 (A5 AR R T A5 B Ul B A SC A 1 T e St — L TS IE
W] ABIFFEIE 10 PR A AR S BB A A A AR DG RS, D P A Al BB T Al b ot 77 24 it
THWNENZS% .

1 SEIER4Y

1.1 XFE5RF

UPLC-30A %8 = 0 A (i A . UV-2550 BUSEAMAT WA 0B EETH(H AR S H A F] ) 5 TripleTOF
4600™ I PURRAT ERIBE AT A a) 2 2 HE %1, A4 Analyst 1.6 TAEV, | PeakView 1.2.0.3 KU Ab B (4 A1
MultiQuant 2.1 Z#ig A PR (S [E Applied Biosystems A1) ;  KQ-500V B i PEHL (R L EFISHFL
A BRAT) ; ME204 7 53 22— Bt KV G AR IFE A 224 /1) 5 SM-1X 78 i BAVEE R s XU HR A
(R R AARRA ) ; FWI1000A el Z D RER AL (CH M TH S dn AR A 7)) o

EHEFFEZR S 28610-31-3), FHEAF VLS 118544-18-6) . F7AF 1 (A5 : 55395-07-
8) . EFEFUF I (it : 113558-15-9), EFFEE T AT : 39012-04-9) . EFRAT (5. 489-32-
7). WAKELFER S 116554-17-5) FIIFEE C(HLS . 110642-44-9) 5t HE it (>98% , AR IE I A= R
HFARAF); WIS, EE Merck 247 ) s W (A5, EE ACS A H]) . HAG A o ir4l,
S FHK A Ik W e K (DU Bk s B AT IR A R ) o 8 MR SF4E T 2015~2016 4R B E BT . 141
A STMAE R R TR T E T T 2R bR A , 2021 4F 5 16 H R . 23
R 2 T DT T 2GRS B 2B 2R S T X IR S, S UEAR A A T J DT TR 25 5 B P (SMD)
TEAIME B LR 1 A 1,

1.2 ZWAHE
1.2.1 REMNBRAGH&

HEFIFRBUE i AR . MK EER ST BRI, BEEmEiT A, BEE
. FETVMEEEC,LULT70% (VIV) HEBEREHIFEAZS0mL, BRI EHIEEER
(20.4 pg/mL) . /KR FAER (19.8 pg/ml) . FFEF 11 (22.2 pg/mL) . EFEERF 1 (21.0 pg/ml) . #
AR A(19.6 pg/ml)  FEFAIF(20.2 pg/ml) . FAFH V(21.2 pgml) FIFIFEE C(20.8 pg/ml) (1
BN R, T 4 CHBBIRAT
1.2.2 #iXABERNH &

HEFFRUEFEM K 0.2 g, BT 50 mL HEEHIEHET, A 50 mL 70% (V/V) (1) H BESAWR , FRE B4
HEFEARBE (ThF 300 W, #5140 kHz)60 min, WHIZE IR, FRRFRE , F 70%(V/V) B BB AN 2 B2 1)
R4, 0d 022 pm JEAR . BEHUGETR 1 mL T 50 mL 255 N B 2, LR - 0T DGR . RS HL
JEVR 1 mL T 25 mL Z¥ a0 0 B RS 2%, B A
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Table 1 Epimedium sample collection information table

2y LR P U EEPRAS
Base source Group Collection location Voucher specimen
PrilEeE KAk IR AR E LiuX15050
Epimedium zhushanense K. F. Wu et S. X. Qian Large flower Wuxi, Chongqing
iR A KAk R .
L . . LiuX15064
Epimedium leptorrhizum Steam Large flower Wulong, Chongqing
TRufiE AR KAE IR E TR LiuX16005
Epimedium baojingense Q. L. Chen et B. M. Yang Large flower Zhangjiajie, Hunan
MREBIRFE KAE KT AR L LiuX15042
Epimedium glandulosopilosum H. R. Liang Large flower Wuxi, Chongqing
R 2 A 7N 1148 5 =
| FERFE IME PR & LiuX15036
Epimedium pubescens Maxim. Small flower Longchang, Sichuan
Witie A /ME IR TP A £ LiuX 15066
Epimedium borealiguizhouense S. Z. He & Y. K. Yang Small flower Youyang, Chongqing
K-8 /NE HIRTALR X .
L . o . LiuX15035
Epimedium myrianthum Stearn Small flower Beibei, Chongqing
R R IR N 4|
ot TR ME SN 5) !% LiuX15001
Epimedium dewuense S. Z.. He Small flower Wuchuan, Guizhou

K EEAAEARWERIE  (A~D, AERAY; E~H /MEEARL) . (A) PTIEFAE; (B) BUREFAE; (C) f&
WA (D) MBI (B) REREFE; (F) BHURTFE; () RPIEFAE; (H) 855 RFE
Fig.1 The Herba Epimedii cultivars (A-D, Large flower; E-H, Small flower): (A) Epimedium zhushanense;
(B) E. leptorrhizum; (C) E. baojingense; (D) E. glandulosopilosum; (E) E.pubescens; (F) E. borealiguizhouense;
(G) E. myrianthum; (H) E. dewuense

1.2.3 HHEHEILEYE

ACQUITY Premier BEH Cyg (4345 (100 mm x 2.1 mm, 1.7 wm); WA A HHEE R shA B 4 0.1%
F RV , SR TR BE VB (0~2.2 min, 6.5% B; 2.2~8.5 min, 6.5%~68% B; 8.5~14.5 min, 68%~90% B;
14.5~17.0 min, 90% B; 17.0~17.5 min, 90%~6.5% B; 17.5~20.0 min, 6.5% B); ii#: 0.2 mL/min; A
e 35 °C; R 2 pl.
1.2.4 FUE&EHE

BETUR: B TUR(ESD; SR I FHEH(POS)HE B XBCRAE(IDA); B FIRmIS Uk
(IS): 5500 V; EFIRIRE (TEM): 550 C; LA L(CUR): 103 kPa; 2546 (GS1): 365 kPa; i<
(GS2): 345 kPa; FEZMEHLE(DP): 60 V; Rif#EAER (CE): 40 V; RiEREETRSIVEE (CES): 20 V; J&
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TEFEHER: mlz 50~1000, LA WEMIN R FE A 1000 cps, % BEM S IA BB FEFHER.
1.2.5 EFRMSTHELETTE

HAT R B A AR T A O s R 1.2.2 A ik A R IRV, R TR R AR AL
i 4R A Notepad 4, A ShHR IR TR0 T0MT LU . OR B IS TR A8 B2 2505 8L, DR XA B 1204 T 9
5o # Notepad R AFHEBUAY BUHE R 1 SIMCA-P 14.1 8 /4 #E4T OPLS-DA #145, 155 Scatter 1323 K &
S-plots [, i th X 70 RAE . /INESRBEAE S 1Y B35 22 e Ve B 1 OPFZ S 75 B A Peak View 51, 45
A8 Formula Finder fl Mass Calculators ZFHIRE . 7R %% (Human Metabolome Database £l Pub
Chem, Chemical Book %5 ) K 2 Fr R UL AT 22 S A S IO S5 A e b
1.2.6 ZiEmEESTHAE

W R AR A, T I 1.2.2 797 B 7 ol s A A I, 15 R 1.2.3 1A 1.2.4 1A i AT A
K R AN R D R R . DUKRFER, 5T L ., Brawd ., BraERt
AL BEFET . FET VMEIEE CRYE S 20l BCE R M 5 BRI S AR O IR TR
(10 pg/mL) & &, DR IR D 25 SR ISR A6 78 270 nm KA E OE R T3S iR &
B AT E M T IA R A B RO 2,
2 SRR Y i o PO E BT
Table 2 Quantitative analysis of 8 kinds of flavonol components by high resolution mass spectrometry

By A T TR T

B YATR . L o
) Parent ion range Quantitative ion range Qualitative ion range
Compound name
(m/z) (m/z) (mlz)
A /I$ﬁ=% 355.11~355.13 298.91~298.93 287.13~287.13
Noricaritin
bk e 22
e J({Iiéi% 369.32~369.34 313.16~313.17 301.24~301.26
Anhydroicaritin
el

Baohuoside Il
PR T
Icariside I
AR A
Epimedoside A
Icariin
FHEH Vv
Baohuoside V
WFE C
Epmedin C

501.34~501.36

515.37~515.39

663.28~663.31

677.34~677.35

809.41~809.43

823.41~823.43

355.12~355.14

369.21~369.22

355.10~355.12

531.34~531.36

517.14~517.15

531.30~531.32

299.14~299.15

313.15~313.16

517.23~517.25

369.22~369.24

663.32~663.33

677.43~677.46

1.2.7 REMmSHH %

AR AT B0 T2 P 22 IR A A A QR AR W E M AL S 015 R B R 251 55 R
H Peak View 1, FEXS A~ 254 K2 — 0068 7 A il b, S B 24 LUK 72 A P 68 b B BB 18 23 Y
B DRSS iR PR MR S A R A TP R e RIS A AR A B 28 TR A A S R AR AR R
AARH= R B S AR LR

2 GRS

2.1 EFEEWEDRERGREAMBN

SCHR ARG R 27 R 0 BRI AN 2L 68 BT AR B 0 A Mk RO A SR A Chem-
BioDraw £ 2 i H ¥ 72 BB B 0 AR A QT A (L ROCR SCRFR B R ST) o ERAR YRR A 25
PR, TRV E RN ZEIA 6 Fl: X1 R C-4 (2 58 K e SRR SN, X2 S BEA% C-3 ik
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FRIL R A RS AL RN, X3 W REA% C-7 A E3t K AR M A AL O, X4 KRR C-3 v & A RZERE T
LG T4 A — F AR, X5 NREZ C-3 1 & A4 R LG s & — 20 F BRSNS, X6 MRk C-3
P LR FESS & — 0 TR . I 2 R (Pl RSO S5 BB S2) AT, 2020 4F
R (20 ) TR E S 4 R (GRAEAETE . WA AL IR B WA O lTE &
R R AT T A XAREhaRE L JF Bk C-4 (0 RS RO (174
2.2 ERMSWMER

XiF 8 AR SR 72 AR S R A R B 1 1 4 B O B TR U B ST OPLS-DA #EAY
454 S-plots 437 . PeakView 31 FITEL B 55 25 e SR A W0hR &9 . B OPLS-DA 1543 (141 2A ) A]
L, KACBE S /INE SRR S B o5 X 8, R 2 A o A WA B 25 57 . 7 S-plots 43HTT R 3L
WE 18 MR EEFHE T, HhEE B FMFEN R T4 A 44, 58 5 e EmbeEy , s
1 P ERHT AN 4 P BB , 3BT as R S T S A W2 3. 1R 2B A 3. A T SGTE AR AL Y
WERBPEANAT 20, % OPLS-DA AT HEFIAR S (] 4) 5 R*Y B Q* I AT 451 0.886 FiT 0.815 , 15 B AR R
(UL BE 1 AT AE ) RLAF, 50 RBEDLHEZI G R* A1 Q* BYHIE A 0.306 F1-0.526 , 2¢ I AR G 3 411
Ho [RI FR AR X AR X Y AR i (B HE 71 (Variable influence on projection, VIP) K/NHEATHER

A 6y B 1.0p M2
] B Large flower group - M5 ‘
[ M Small flower group 0.8 F M3 ’)‘ M4
4t 0.6F , b
= & 04f o®
it 2 A — B
2 0 A =
* A ,:\ -
g of 0 Pse e £ 00f
o " = -
Zof o ‘i‘ =-02p Ml
: AAA A 04 : [ ] \
r —0.6F
I . 08k
[ A oL
B — 0 2 4 6 10 0% =07 =02 00 02 04 06 08
1.00017*t[1] p[1]

B2 (A) IEAE/ N —FH B 50T (OPLS-DA) A543 E; (B) OPLS-DA HY S-plots #14 l
Fig.2  (A) Scores chart of orthogonal partial least squares discriminant analysis (OPLS-DA); (B) S-plots chart of
OPLS-DA

3 XA R e A I hn B e A R

Table 3  Identification results of potential biomarkers for distinguishing Epimedium flower groups

J5ifaj lb Mass-to-charge ratio

i oL ! FHAERL T W
T Tl () BT P Sy
N Retention time/ e o Molecular f y Identificati It Methyl transfer
o. min S S olecular formula entification resu reaction
Theoretical Measured
M1 7.06 433.11384 433.11408 Ca1Hy019 &Eﬁ%ﬁt —
Cosmosiin
FEEARRH 1
M2 7.24 531.18806 531.18877 CyH3001; qug_a.}\ﬁ‘ e
Icariside I Product
e
M3 7.35 823.30617 823.30548 C39H50019 EE{EN: T
Epmedin C Product
VR AE e )
M4 7.49 677.24683 677.24834 C33HyO15 Hﬁ:ﬁ%ﬁ -
Icariin Product
BUKIE AR P4
M5 8.13 369.13407 369.13511 Cy1Hy0
20 Anhydroicaritin Product

TE: IR 2 BBy

Note: * A new component identified from Epimedium samples.
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0 OH
A 100 271.0613
S 80
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'8 40 HOO\L(;I;(O»Qﬁ(’H
= HO OH
]
20 on
< 433.1110
0
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~H*
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% OH
OH H O OH
B 369.1353
5 on
B 100 313.0725
S 80
Q jIIJr
g 60 0. IHO. o H
g 40 : T Kon
O HO
20 O OH
= ) 531.)1901
200 250 300 350 400 450 500 550 600
m/z
H*
HO X Su . o OZH
C 100 369.1346 HO Y HO
531.1891
S 80 uo, 1H*
(]
o ’ i A OH
g & %OEH HO fI; ;gﬁt)ﬂ Ho
3 HO HO
S g0f HOYE, i;opOOH J g H
2 Ll 3130724 = 677. 2481
< oA | ) ) . ) 823 3097 )
250 300 350 400 450 500 550 600 650 700 750 800 850 900
m/z
- H*
- 0. H
HO P
D 100 369.1348
+
S g0 ’%OEIH —H
i
S "8 ou ‘ (rg])ﬁﬂ e
g 313.0718 > J ) 1g on O o Lo o
'E 40 0.0H HQ HO OH
=) 531.1890 HO O OH
¥ 5
< 20 H
677.2463
300 250 300 350 400 450 500 550 600 650 700 750
m/z
,O%OEH-#
HO O OH
E 100r 313.0731
S sof
5} 3 +
5) ~H
2 oop —]H+ 5
< [ ok oH
= 40F
= 3 BN Gu
2 20} o OH
< L 243.0670 298 0496 369. |1%52
L M al
140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

3 A YbRk
S (E) HR7J<¥£5|3»;%?§

Fig.3 Potential biomarker secondary mass spectrometry fragmentation diagram: (A) Cosmosiin; (B) Icarisid I;

23yt

I (A) BTG (B) RN I; (C) ¥IFEE G (D)

(C) Epmedin C; (D) Icariin; (E) Anhydroicaritin

m/z
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1.0
0.8 e
0.6
0.4

0.2

0.0 o

cum) and Q*(cum)

-0.2

~

-0.4

R*Y

-0.6
-0.8

-1.0
-0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

Correlation coefficient

P4 OPLS-DA HHE5 146 el
Fig.4 OPLS-DA permutations check chart

VIP>1 JIifiiiide i 25 57 25 75 S-plots Tk 45 R —5, 25T as R nT A, S i 4 e s s o35
FBER C-4 5 B AL SO 1 7= ), B M0 HH SR 8 I 7 2 DX 43 AR I N 3 2 BT B 2B Al
RN AR | i Bl 1 AT A o i — 2D A
2.3 ZIEREEDW

KA UPLC-Q-TOF-MS $ AR MR FZERAL . /IMEM A b Y 28 B R A 61 T b, X s 2
F14) TR S 5310 o R SSRGS RO ) P R ) (16 5) 8 a0 235 28 (UL L WS R SRR B 3R S1) 3R B,
INAG TR SR E T AR B ) B S A R TR R A T /B R AR T H A RO I ) s 2R
RN /INMEERE E R TP L R B IS PR o S TR . PR EESEAE AR . BER B e A E(E LA B 3D
Pre& I (K 6) AT, 5/IMERERA LG, KA FFE D& o & 22 5, DR EAE T FEEE C i i
o 2020 AFM (P EIZGHL ) XPVEERE . WiMREE . R BIERTENEHERR T IR AT WA A,

24¢ 3

20F
’g; 16F 4 1
=
& i2k
2z 6
[72]
5
Z 08f

5
i
04} 8 ﬂz
0 ﬁ . " L .

(15 8 Tl e st il A3 B 1 (1% 14 (TIC) [

L EHNERAE 2 BUKEEFAAIEG 3 S0 1 4 PR 1 5 PRty A; 6 BPATH; 7. 54000 V; 8. WliiEC
Fig.5 Total ion chromatogram (TIC) of 8 kinds of flavonol components

1. Noricaritin; 2. Anhydroicaritin; 3. Baohuoside II; 4. Icariside II; 5. Epimedoside A; 6. Icariin; 7. Baohuoside V; 8. Epmedin C
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50  mEpimedium zhushanense
L B Epimedium leptorrhizum
u Epimedium baojingense
401 B Epimedium glandulosopilosum
s - u Epimedium pubescens
%ﬁ 30 u Epimedium borealiguizhouense
é T B Epimedium myrianthum
E B = Epimedium dewuense
1)
£ 20f 7
o
U -
10}
O 1 1 L 1 1 1 I
W U a o o©
L Y e P e L el (o™ s R
\\G o\c \)0$ ASY 605\ i 0‘5\ 6\6
o 6\@\‘\\3 R (\‘S\\J I\ ° o \033 ‘?&-\‘“e %{Ao\\\) ©
06

o 8 TR AL B AL & T2 K

Fig.6  Broken line diagram of characteristic flavonol content of 8 kinds of Epimedium

WIAE B FIIAE C BOE S REZOR N BIEHE FAEATHITT 0.5%(5000 ngfg) , EFAE . SR LEM
FBELEAELT 1.5%(15000 pg/g) ™, 2B — M ZERRIE N T, KA SRl R a5 51 25 SLEK
M/ NE A REIR BN 25 ML A RLE (B RIS, 24 M BB & AR T 5% , AL b (B I V2 R 48
IRBNER (5%) , T/NEA RIS g 25 REAE R 2 5 A Aol B3RO SR AT, /NAE TR SEFE R 2 it ot
WS T RAE SRR 25 SR AR SEAL LA TR E 2R 8 ANl o TREAKU TR 45 e e A 15 T
ifE— L RIE
2.4 KRS

PRAE 2.1 715 fifp Ay A R 2 BT It AR AR AR TE T B 0800 M S I Rl I 4R IBCR AR A4l
FA BAMEE 0 B R . AR SO Fi S o i e B I AR A i A A . AN
[FI T Al A2 SR AR TP 68 A1 J3 15 5 B2 A8 AL AL L KORE I 1) A A SO RS A TR A G AT B, /NI
LA LA A AR P T BB SE S (W B R B 2R (AN IR R R UK R . AT TR
H 1T . Ikarisoside F-FiMZFFE® B, Ikarisoside B-TEEFEFSE)TE C-4N FRH KA H ELAERL I VTG
BRI N A B YIS EI K BT T, SO . RO R ORI AR R Y
Yya e oW AR AY A A TR A S W Y B SR R AR A AR (LI 7 B H - RS SRR R

m Epimedoside C B O-methyltransferase substrate
25~ n Iia:ifigle_ I_ mEpimedoside A B O-methyltransferase product
! 1 Wlcariin A: Large flower group

B: Small flower group

i : X
N [ |
20| A . |
s i ! | '
72} ! ! ]
o 1 ! 1 i
Il |
'y i - i
S 1.5k ' o '
— = o ] ! 1 i
X mDesmethylicaritin I : 1 '
=~ ¥ Anhydroicaritin : | H : m Baohuoside V
2 -y B N | " Epimedin C
I
£ 10F | ] i - ] i !
3} 1 ' 1 1 | H 1 :
=] : ! mBaohuoside II | < ! ! i
- i i Blcaisidel ! [ i I !
1 : ot = 1 : 1 | 1 : m Ikarisoside C
! 1 1 i I 1 i Il T :
0.5F i P - | wEpimsdosidoE ! { PR
! T ' ! d ! 1 EEpimedinB ! I '
1 1 1 Il 1 ! ! 1 I 1 1
1 | 1 ' I ! 1 | |k ! 1 ! 1 |
| H 1 H 1 1 | H | ! | 4 1 |
[ | ! | ! ! 1 | 1 D) ; 1 |
00 u | E 1 i 1 ! |

7 AN RIS R v B BRSO i J ) o i A £ &
Fig.7 Changes of substance quality before and after methyl transfer reaction in

different groups and varieties of Epimedium



1822 oy B Ak 2 %51 &

% S2); 45H OPLS-DA FIE R M MIEE A, C-4'( i F BEREAS BN AN [R) AR R B o 48 PP iz U AR AR
AL A B IR . A AN RO SIR I ES AR, I HLI A A [R] — 3 PR 0 m AT, DR A T
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Correlation Analysis Between Flower Type Traits and
Flavonol Secondary Metabolism of Epimedium Based on
High Resolution Mass Spectrometry

QIN Wei-Han', LAN Xiao-Zhong’, YANG Yong', ZHANG Xiao-Mei',
RAN Ji-Chun', LIU Xiang™
Y(Chongqing Institute of Traditional Chinese Medicine, Chongqing 400065, China)
2(School of Food Sciences, Tibet Agriculture and Animal Husbandry University, Nyingchi 860000, China)

Abstract Ulira-high performance liquid chromatography-quadrupole time-of-flight mass spectrometry (UPLC-
Q-TOF-MS) was used to study the correlation between flower type traits and major flavonol components from
metabolic accumulation. Electrospray spray ion source using positive ion scanning and information correlation
acquisition were used for mass spectrometry. A secondary metabolic pathway of flavonols with desmethylicaritin as
the nucleus was constructed, and the main types of biochemical reactions were summarized. Orthogonal partial
least squares discriminant analysis (OPLS-DA) was established by SIMCA software. The potential biomarkers for
distinguishing flower type groups were identified by combining Peak View software, online database and secondary
fragment fragmentation law. MultiQuant software was used for quantitative analysis of 8 kinds of active components

in Epimedium. The screening data table of flavonol components was established, and the ionic strength of 68
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components in 72 samples from 24 batches was extracted to analyze the accumulation and change of secondary
metabolites in the whole pathway. OPLS-DA clustering results showed that the data points of the two flower type
groups were clearly distinguished. Five potential biomarkers were identified, one of which was a new component,
and the others were the products of methyl transfer reaction. The results showed that the contents of flavonol and
total flavone in small flower varieties were significantly higher than those in large flower varieties. Compared with
large flower Epimedium, the content of methyl transfer reaction products of small one was significantly higher.
Through metabolic flux analysis, it was found that the methyl transfer reaction of C-4’ in the mother nucleus was the
key reaction step of this pathway. Through this study, it was found that there were significant chemical differences
between the flower type groups of large flower and small flower Epimedium, and the medicinal quality of small
flower was significantly better than that of large flower Epimedium. As a result, the flower phenotype of Epimedium
was significantly related to the secondary metabolism of flavonol. There should be some genes, transcription factors
and intermediary proteins that could co-regulate the flower type traits and O-methyltransferase (COMT) activity.
The results were of great significance for the quality improvement and variety breeding of Epimedium.
Keywords FEpimedium; Flower type group; Ultra-high performance liquid chromatography-quadrupole time-of-
flight mass spectrometry; Flavonol; Secondary metabolism; Relevance
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