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Abstract; Phenolics content and antioxidant activity of methanol extracts from bulbs of three Lilium
species were compared, their flavonoids and related compound composition were determined, and
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screening of differential metabolites, functional annotation, and enrichment analysis were conducted. The
results show that DPPH - scavenging ability and reducing capacity of cupric ion of methanol extracts from
bulbs of L. regale Wilson are significantly ( P<0.05) higher than those of L. brownii var. viridulum Baker
and L. duchartrei Franch., while there is no significant difference between the latter two species. Contents
of total phenols, total flavonoids, and total flavanols in three Lilium species all show extremely significant
(P<0.01) positive correlations with their antioxidant activities. Eighty-six flavonoids and related
compounds are identified from methanol extracts from bulbs of three Lilium species, in which, there are
67 flavonoids ( containing 4 anthocyanidins, 44 flavones, 12 flavanones, 5 flavonols, and 2 chalcones) ,
14 phenolic acids, 4 coumarins, and 1 alkaloid. Compared with L. brownii var. viridulum, there are 34
differential metabolites ( 18 of significantly up-regulated and 16 of significantly down-regulated ) in
methanol extracts from bulbs of L. duchartrei, and 43 differential metabolites (38 of significantly up-
regulated and 5 of significantly down-regulated) in L. regale; compared with L. regale, there are 39
differential metabolites ( 6 of significantly up-regulated and 33 of significantly down-regulated ) in
methanol extracts from bulbs of L. duchartrei. Flavonoids and related compounds in three Lilium species
are mainly enriched in the biosynthesis pathways of flavones, flavonols, anthocyanidins, phenolic acids,
and phenylpropanoid. In general, compared with L. brownii var. viridulum, the relative contents of
flavonoids and related compounds enriched in the biosynthesis pathways of anthocyanin, flavone, and
flavonol are significantly up-regulated in L. regale, while those in L. ducharirei are significantly down-
regulated or mnot significantly regulated. Nine flavonoids and related compounds enriched in the
biosynthesis pathway of phenolic acids and phenylpropanoid are mainly accumulated in L. regale. It is
speculated that the accumulation of phenolic acids, phenylpropanoid, anthocyanin, and isorhamnetin O-
hexoside is responsible for the high content of total flavonoids and strong antioxidant activity in L. regale,
while the accumulation of chrysoeriol 7-O-rutinoside, syringetin O-hexoside, naringenin 7-O-glucoside ,
and prunin is responsible for the strong antioxidant activity in L. brownit var. viridulum. The comprehensive
result shows that L. regale has a great potential for development and utilization.

Key words: Lilium Linn.; flavonoids and related compounds; differential

metabolites ; functional annotation and enrichment
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B A8 (Lilium Linn.) H 9 £ )8 T &5 & F
(Liliaceae) , A Z 4F A BRI AL I, =t 52 115
P, R E 2y 55 F o EDR A AR TR At
W% e F &4 (L brownii var. viridulum
Baker) \E2%H 4 (L. duchartrei Franch.) FIIRYLH &
(L. regale Wilson) FHVEWLELAE ) A2 A4, Horb,
RAEAER=REREHEGZ-Y XA A
FRYL A A ) Z 0 18 38 0 AR 30 P 1 434
SEABESE . TAER, H G B R 2K A 2R
I LA A (0 T R A T e b A W iz
T ARG TT U ah Ol 2R 25405 W) 2
FALGYh i 1 — KA G, R R TR )
Tz AT AR . T AR B B A RES
BB AL G, PR R A B R 2R A S P A
e EE

A A B A A T A3 B A3 AT R L R
SRR T SRR RS R RO €3
(HPLC) e o RVRH €73 — H s 55 = o DO AT o 3%
(UPLC-TQ-MS) | T5i= [ A A ORI AR (3% - i

BRI (HS=SPME -GC-MS ) K i S0 (3 - 53
HRPUZAT ©AT I ] i3 ( HPLC-Q-TOF-MS) 0 &
BRI A= CHGEE A B )
RGP 2 50 B, 5 B AL G ) S
0.5% VAT o ITAER i o RORRH €7 — H 185 55 H 5~
HAIK % (UPLC-ESI-MS/MS) (1) {2 $ ] 1R 4 2%
3 PR v PR 3 B e SRR A M T A
PRI S AT R AR R E
TFHUFI I+ ( Arabidopsis thaliana (Linn.) Heynh.)" #}
% ( Citrus reticulata Blanco )" FI#; 5% 4 [ Fagopyrum
tataricum (Linn.) Gaertn.)'"" 254847,
HEEEY SR 25 B FEAE Y (H H Fi
27 A L E A BT AR T 80Rh 261 BRIk
2H RS A E AL AN B AR, DU AR Sy rh S
JERAF B A B IR Y A X A R A B IR
o AR A B 0RO 35 - R R B3 (UPLC -
MS/MS ) B A I 28 2, Lb 45 0 18 43 b X 2F 'F
B VT B AR FT 5 6 25 HY RS IR rh g 25 )
OB AT 14, 20 A ep B R 28 AR DG AL & W Y 20



44 N7/ I A SRS TR N

%31 &

B, AT 22 A O e D BETE R SR AT, L
S oA AL AR 2G RN (B 7 580 A b 18 7 285 T
(A2

1 AR 7 &

1.1

BEROR T B A WL [ 1Y )1 8 A B RO T K
ABRAF, EE AR AWNE 5B\ S EF A
(A% 102°47" Jb4h 30°38") IRIT A &% A WA
KBS & BELA (KL 102032 b4k 31°357)
201 ARl K 2F I I R B S e . F 2016 4F 10 H
TR T 81 Rl R A7 R IX (AR 48 103°57" b 465
30°38") DU S g M RS 22 °C ~35 €, %8
SAXHEE (68+2) %, T 2017 4F 10 Az H 8525 4
Tl UK /N FEAR— B 9525 30 A, F38 408 3 0, B
3 WwHER , BRI KRS KT SRS R B
JEEHLAIF S BOMS J ad 0 (FL4% 1 mm) |, F-80 °C vKAH R
i &
1.2 FHik
1.2.1 #Hr4&  FRECBSEE S K 100 mg,
1 mLARBU L 70% B KSR G , T 4 °CUKAS
A IRBE 3 W, B 30 s, [ FE 1 min, 25T 4 C |
10 000 g 5.0 10 min, B & 3% W, i FL g B (£L
£ 0.22 wm) & 985 R A T AR, T UPLC -

MS/MS53#T o

1.2.2  em &

1.2.2.1 Bl SIS GRS &N E 3% 1
SRAEST R I R R i, SR AR AR (ALCL,) [
kI B R R Lk
SVHCBERE S

1.2.2.2 PrEATEENE 2 88 Dudonne %' (197

P EDPPH - W R RE ST, 2 MR JR1 45 17 A 77 1

JE i B 130 I RE
1223 @R LM EGHNE 2% Zhou
ST R T UPLC-MS/MS 4 BURS: 28 478 % %
W2 K AR AL S AT e R E i A AT

FRFEPREEEIE 3 K,
1.3 HiRFEITHH

PRIEZ e[S SVALIE iy & i Rivp oy
KR RAE W HAT W, SH B H Ik,
A E RS 53HT (PCA) Xt 3 Rl e & Ja A RE AR ] 4
) SR 22 S RN ZH N REAS 8] 1) BR324 T 40 A, R
D foe /N T 32 H4 51 43 BT ( PLS DA ) X434 i) 25 i 2%
FABRAE W B2 5, T4 22 AU, A8
PEVERERZAH (variable importance in projection, VIP) K
T 1R ROA N JE 22 AR, 22 5 AR A (fold
change ,FC) 28 log, 7 ft., #E HX VIP>1,log, FC =2.0 B}
log,FC=<0.5,P<0.05 8 M2 KA A& )l 22 55
(927

X JH IBM SPSS Statistics 19.0 A4 9547 Pearson
AHOCAE A3 B A0 S o3 3B

2 BRI

21 3MEAEREYSEFERIYTHEYRS
EMRELFEERNEE

3 P E G JE AR 0 =5 T R HUY) b 2R A
SFYTE AT PR F el S WL 1, A S Br 4
W2,
2.1.1 BEHAAEME mELAIIRT S
{5 P R B v R R R A e e Y
LN 41,337 7415 F11.139 mg - ¢, B (P<
0.05)mTFRAAAMEMNAE, AR A A EHZEH
BRI S AL e S i B S TR E A
B35 (BB R o e B 2

®1 3HESAEBENSERERIYPBENRLEMRANEENLLE (X2SD) Y

Table 1 Comparison on phenolics content and antioxidant activity in methanol extracts from bulbs of three Lilium species (X+SD) ")

BRI B it/ (mg - g7')

Phenolics content

DPPH- %% i B8 8 SR

Fh . A A £/ (mol + g71) fief1/(pumol - g71)

Species RN psY Ll SNyl DPPH- scavenging Reducing capacity of
Total phenols Total flavonoids Total flavanols ability cupric ion

WA E A L brownii var. viridulum 8.990+0.766b 0.609+0.223b 0.410+0.048b 23.161+1.471b 0.919+0.053b

EMEHA L duchartrei
IRVTEH A L. regale

6.627+0.29%4¢
41.337£2.509a

0.933+0.220b
7.415+0.596a

0.200+0.062¢
1.139+0.086a

23.100+0.854b
46.156+1.379a

0.733+0.118b
2.046+0.084a

D [F3) R [RINE TR R 22 5 35 ( P<0.05) Different lowercases in the same column indicate the significant (P<0.05) difference.
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Table 2 Correlation analysis on phenolics content and antioxidant
activity in methanol extracts from bulbs of three Lilium species"

EE LN NG PSS

Ei=tan Correlation coefficient among indexes
Index
Cl Cc2 C3 C4 C5
C1 1.000
c2 0.979 %3 1.000
C3 0.970%%  0.956%=* 1.000
C4 0.990%*  0.988%%  0.971%*  1.000
C5 0.981#%  0.979#x  0.982%*  0.978+*x  1.000

DCl1; EEE R Content of total phenols; C2; B35l Content of
total flavonoids; C3. &L 75 % 7% # Content of total flavanols; C4.
DPPH-J&HE 1 DPPH- scavenging ability; C5: 45T iF 7 BE /1
Reducing capacity of cupric ion. ** . P<0.01.
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Fig. 1 Cluster heat map of flavonoids and related compounds in methanol extracts from bulbs of three Lilium species



FW R, A 3SR A S T B T S BT R A 1 S B B AR A S R A A Gl o b 47

AHRSFEEER O-COB C-Oi-/FEEK 0-  H BWHEE o-C T e E 7T-0-2/ W,
FRARETT Mt B M R 3-0- AT 2/,6'-— %  AWRESXFEER - . &4 &X i
Fe— 4 F AR A SRR -4 —O— PG B I R SR B iy F T-0-ZEFHT C-OMR - E 0- RN .
3 YL 22 A A 14 Bl 000 8-H & R E C-OMET ST M 2R 3-0-m AT
HECREME MEER FEE IREWR o-CM M T,

®3 3HEAREYNSHERERIY P EREREXLGUHERR DS

Table 3 Analysis on differential metabolites of flavonoids and related compounds in methanol extracts from bulbs of three Lilium species

Y e 5% DM1 DM2 DM3

No. Compound Class . yvip  F¢  wDp VvIP FC U/D VIP  FC U/D
LBV0001  dimethyl caffeic acid FSL 0.73 1.96 — 0.75 3.22 — 0.39 0.61 —
LBV0002  sinapoyl O-hexoside FSL 1.11 4.36 U 1.07 5.42 U 0.50 0.80 —
LBV0003  phellodenol H XDS 1.22 6.16 U 0.82 0.49 — .20 12.58 U
LBV0004  phellodenol H O-hexoside XDS 0.49 0.52 — 0.70 2.60 — 0.92 0.20 —
LBV0O005  caffeoyl shikimic acid FSL 1.17 3.67 U 1.09 3.77 U 0.11 0.97 —
LBV0006  benzamidine SWJ 0.38 0.81 — 0.37 0.80 — 0.06 1.02 —
LBV0007  8-methoxycoumarsabin XDS 1.23 4.55 U 1.15 9.00 U 1.13 0.51 D
LBV0008  acteoside FSL 1.17 18.19 U 0.96 4.78 — 1.18 3.80 U
LBV0009  coniferylaldehyde FSL 0.96 0.50 — 1.08 2.82 U 1.23 0.18 D
LBV0OO10  cinnamic acid FSL 0.95 2.60 — 1.10 7.73 U 1.04 0.34 —
LBVOO11  p-coumaric acid FSL 1.25 3.16 U 1.17 20.54 U 1.24 0.15 D
LBV0012  caffeic acid FSL 0.10 1.25 — 1.09 5.53 U 1.06 0.23 D
LBV0013  ferulic acid FSL 0.74 1.74 — 1.14 13.92 U 1.21 0.12 D
LBV0014  syringic acid FSL 0.66 0.85 — 0.73 0.76 — 0.32 1.11 —
LBV0O015  coumarin XDS 1.24 3.44 U 1.17 39.21 §] 1.24 0.09 D
LBV0016  ferulic acid O-hexoside FSL 0.95 3.26 — 0.97 7.00 — 0.62 0.47 —
LBV0017  gallic acid O-hexoside FSL 0.95 3.10 — 1.01 4.33 — 0.44 0.72 —
LBV0018  4-methoxycinnamic acid FSL 0.97 0.42 — 1.10 2.54 U 1.17 0.17 D
LBV0019  p-coumaric acid O-rhamnosyl-O-hexoside ~ FSL 0.95 2.68 — 1.15 70.95 §] 1.22 0.04 D
LBV0020  delphinidin O-hexoside HQS 0.85 0.49 — 1.16  25.92 U 1.22 0.02 D
LBV0021  cyanidin 3-O-glucoside HQS 0.82 0.75 — 1.14 4.01 U 1.22 0.19 D
LBV0022  cyanidin 3-rutinoside HQS 1.26 0.01 — 1.16  30.95 U 1.13 3.12 —
LBV0023  cyanin HQS 1.18 0.41 — 1.16  13.67 U 1.25 0.03 D
LBV0024  luteolin O-malonylhexoside HT 0.46 0.86 — 1.14 3.72 U 0.96 0.23 —
LBV0025  selgin O-hexosyl O-hexoside HT 0.20 0.76 — 0.56 3.89 — 0.69 0.19 —
LBV0026  tricetin HT 0.32 0.87 — 1.14 7.54 U 1.20 0.12 D
LBV0027  2,3-dihydroflavone HT 0.91 2.97 — 0.75 7.53 — 0.22 0.39 —
LBV0028  6-methylflavone HT 0.25 0.87 — 0.99 2.46 — 0.98 0.35 —
LBV0029  selgin O-malonylhexoside HT 0.29 1.96 — 0.56 16.93 — 0.45 0.12 —
LBV0030 tricetin O-hexoside HT 1.24 0.26 D 1.17 12.37 U 1.25 0.02 D
LBV0031  selgin O-hexoside HT 1.12 0.53 D 1.17  119.51 U 1.25 0.00 D
LBV0032  apigenin 7-O-rutinoside HT 1.24  48.57 U 1.15 108.89 U 1.20 0.45 D
LBV0033  apigenin 7-O-glucoside HT 1.23  20.62 U 1.12 7.61 U 1.06 2.71 —
LBV0034  tricin 5-O-hexoside HT 0.94 0.53 — 0.91 0.56 — 0.12 0.95 —
LBV0035  O-methylchrysoeriol O-hexoside HT 1.19 16.81 U 1.15  77.82 U 1.16 0.22 D
LBV0036  rhoifolin HT 1.01 6.79 — 1.0s  20.08 U 1.08 0.34 D
LBV0037  acacetin HT 1.00 9.27 — 0.94 15.37 — 0.32 0.60 —
LBV0038  tangeretin EQHT 0.86 0.75 — 1.01 0.53 D 0.81 1.42 —
LBV0039  hyperin HTC 1.21 0.27 D 1.16 11.71 U 1.24 0.02 D
LBV0040  apigenin 5-O-glucoside HT 1.24 2548 U 1.07 9.67 — 1.02 2.63 U
LBV0041  chrysoeriol HT 1.21 0.35 D 1.09 5.87 — 1.22 0.06 —
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4£3R3 Table 3 ( Continued)
s ey % DM1 DM2 DM3
No. Compound Class yip ¢ wD VIP FC WD VP FC  U/D
LBV0042  luteolin 7-O-glucoside HT 1.02 0.42 — 1.14 0.04 — 1.23 0.01 —
LBV0043  apigenin HT 1.19 0.29 — 1.07 0.36 — 0.85 0.82 —
LBV0044  luteolin HT 0.10 1.01 — 0.98 0.73 — 0.59 1.39 —
LBV0045  chrysoeriol 7-O-rutinoside HT 1.26 0.01 D 1.15 0.12 D 1.21 0.07 D
LBV0046  chrysoeriol O-hexoside HT 1.17 0.14 — 1.04 0.13 — 0.23 1.11 —
LBV0047  isorhamnetin O-hexoside HTC 1.05 0.49 — 1.16  132.52 U 1.25 0.00 D
LBV0048  isorhamnetin O-rutinoside HTC 0.79 0.41 — 1.15 84.08 U 1.23 0.00 D
LBV0049  luteolin O-hexosyl-O-hexoside HT 0.35 1.04 — 1.06 7.67 U 1.22 0.14 D
LBV0050  luteolin O-rutinoside HT 0.38 0.42 — 1.09 0.01 — 1.22 0.00 —
LBV0051  syringetin O-hexoside HTC 1.26 0.01 D 1.04 0.15 D 1.13 0.06 —
LBV0052  C-hexosyl-luteolin O-hexoside HT 0.16 0.75 — 0.77 2.34 — 0.87 0.32 —
LBV0053  di-C, C-pentosyl-luteolin HT 1.26 0.17 D 0.40 1.19 — 1.23 0.14 D
LBV0054  luteolin 6-C-glucoside HT 1.06 0.67 — 0.68 0.77 — 0.39 0.86 —
LBV0055  C-pentosyl-chrysoeriol O-hexoside HT 0.99 2.23 — 0.92 2.30 — 0.19 0.97 —
LBV0056  C-hexosyl-chrysin O-feruloylhexoside HT 0.78 3.45 — 0.94 17.95 — 0.75 0.19 —
LBV0057  C-hexosyl-apigenin O-rhamnoside HT 1.22 21.16 U 1.15 113.00 U 1.18 0.19 D
LBV0058  hesperetin C-hexoside EQHT 1.22 0.28 D 1.15 10.06 U 1.24 0.03 D
LBV0059  quercetin 3-8-0O-galactoside HT 0.15 1.04 — 1.07 0.30 — 1.19 3.47 U
LBV0060  quercetin 3,4'-0-di-B-glucopyranoside HT 0.97 0.17 — 1.14 0.04 — 0.70 4.84 —
LBV0061  quercetin HT 1.24 3274 U 1.14  27.04 U 0.34 1.21 —
LBV0062  quercitrin HT 1.16 0.05 — 0.96 0.28 — 1.03 0.18 D
LBV0063  isoquercitrin HT 1.20 0.30 D 1.17 13.81 U 1.24 0.02 D
LBV0064  isorhamnetin HT 0.73 1.22 — 1.17 58.46 U 1.25 0.02 D
LBV0065  avicularin HT 1.26 0.01 D 0.69 0.75 — 1.24 0.01 D
LBV0066  nicotiflorin HTC 0.50 0.76 — 1.04 0.04 — 0.98 0.03 —
LBV0067  astragalin HT 1.15 0.12 D 0.56 0.73 — 1.02 0.17 —
LBV0068  quercetin 3-O-glucoside HT 1.27  245.64 U 1.15 10.39 U 1.25 23.64 U
LBV0069  rutin HT 1.26 0.18 D 1.16  30.40 U 1.25 0.01 D
LBV0070  quercetin O-hexoside HT 1.20 0.20 — 1.16  38.79 U 1.25 0.01 D
LBV0071  quercetin O-rutinoside HT 1.10 0.21 — 1.13 0.02 — 1.24 0.00 —
LBV0072  2',6'-dihydroxy-4-methoxychalcone- CET 1.23  203.93 U .12 63.19 U 1.18 3.23 —
4'-0-neohesperidoside
LBV0073  5,3’-dihydroxyflavone HT 0.89 1.20 — 1.16 10.69 §] 1.23 0.11 D
LBV0074  5-methoxyflavanone HT 1.24 3.23 U 0.80 1.74 — 0.98 1.86 —
LBV0075  7-hydroxyflavone HT 0.01 0.38 — 0.48 1.50 — 1.06 0.25 —
LBV0076  3,4,2',4',6'-pentamethoxychalcone CET 1.23 0.06 — 0.83 0.34 — 0.98 0.19 —
LBV0077  sakuranetin EQHT 1.23 0.20 D 0.94 0.48 — 1.09 0.42 —
LBV0078  naringenin 7-O-glucoside EQHT 1.25 0.03 D 1.09 0.02 D 0.52 1.25 —
LBV0079  O-methylnaringenin C-pentoside EQHT 0.47 0.81 — 0.14 1.15 — 0.47 0.71 —
LBV0O080  6-prenylnaringenin EQHT 1.20 0.13 — 0.65 0.62 — 1.19 0.21 D
LBV0081 eriodictyol 7-O-glucoside EQHT 1.12 0.23 D 0.35 1.66 — 1.05 0.14 —
LBV0082  eriodictyol EQHT 1.26 4.90 U 1.16 4.08 U 0.84 1.20 —
LBV0083  hesperetin 5-O-glucoside EQHT 0.22 0.54 — 0.69 6.36 — 0.87 0.08 —
LLBV0084  isohemiphloin EQHT 1.19 0.14 — 1.12 0.16 — 0.39 0.88 —
LBV0085  prunin EQHT 1.22 0.02 D 1.10 0.02 D 0.06 0.84 —
LBV0086  naringenin EQHT 1.16 3.34 U 0.24 1.13 — 1.12 2.97 U

DFSL; W}EZE Phenolic acids; XDS; &FE X Coumarin; SWJ: AHHK Alkaloid; HQS: £7 & Anthocyanin; HT:

i il Flavone; EQHT. — S

Flavanone; HTC; #fii% Flavonol; CET: /K| Chalcone. DM1 ; BT EHE5EXE S AT 2ZE S Differential metabolites between Lilium
brownii var. viridulum Baker and L. duchartrei Franch.; DM2; T FH A SR E A a a2 540 Differential metabolites between L. browonii var.
virtdulum and L. regale Wilson; DM3; IRV EH & 55 2% E 4 i) 22 AR Differential metabolites between L. regale and L. duchartrei. VIP; AR
FEEMRRZE Variable importance in projection; FC: 25 5% %4 Fold change. U &3 [ Significantly up-regulated; D. f3% T ¥ Significantly
down-regulated ; —: JoiE 3 2% 5 No significant difference.
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indicate number of differential metabolites.
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Fig. 2 Venn map of differential metabolites of flavonoids and related
compounds in methanol extracts from bulbs of three Lilium species
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Fig. 3 Flavonoids and related compounds enriched in biosynthesis pathways of flavone, flavonol, and anthocyanin in
methanol extracts from bulbs of three Lilium species
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Fig. 4 Flavonoids and related compounds enriched in phenolic acids
and phenylpropanoid biosynthesis pathway in methanol extracts from
bulbs of three Lilium species
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