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Differential Metabolite Analysis of Leaves from Different Lonicera ja-
ponica Thunb. Cultivars Based on UHPLC-Q-Orbitrap HRMS
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Science, Zhengzhou 450002, China; 2. Zhengzhou Academy of Agricultural Science and Technology,
Zhengzhou 450005, China; 3. College of Pharmacy, Ningxia Medical University, Yinchuan 750004, China)

Abstract: An untargeted metabolomics approach based on ultra—high—performance liquid chromatog-
raphy coupled with quadrupole—Orbitrap high—resolution mass spectrometry (UHPLC—Q-Orbitrap
HRMS) combined with AntDAS software was employed to systematically characterize the metabolite
composition and inter—cultivar differences in the leaves of six Lonicera japonica Thunb. (L. japonica
Thunb. ) cultivars, namely Beihua No. 1, Fenghua No. 1, Jinhua No. 3, Qinhua No. 6,

Zhengyinhua No. 3, and Yuyinlei No. 1. HRMS data were acquired in data—dependent acquisition
(DDA) mode and subsequently subjected to automated extraction, interpretation, and identifica-
tion using AntDAS. A total of 72 metabolites were identified, mainly including flavonoids, phenyl-
propanoids, amino acids, terpenoids, and lipids, among which flavonoids and phenylpro-
panoids accounted for 43. 1% and 23. 6%, respectively, and 24 metabolites were further confirmed

by reference standards. Hierarchical cluster analysis (HCA) , principal component analysis
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(PCA), and partial least squares—discriminant analysis (PLS-DA) effectively differentiated the
six cultivars. Fenghua No. 1 and Jinhua No. 3 showed relatively similar metabolic characteristics,
as did Zhengyinhua No. 3 and Yuyinlei No. 1. The PLS-DA model showed good explanatory and pre-
dictive performance, with R?X, R?Y, and Q? values of 0.942, 0.846, and 0.768, respec-
tively. Hierarchical clustering heatmap analysis further revealed distinct metabolite accumulation pat-
terns among the cultivars. Beihua No. 1 and Fenghua No. 1 exhibited relatively high levels of flavo-
noids and coumarins; Qinhua No. 6 showed higher accumulation of iridoids, flavonoid glyco-
sides, and lipids; some iridoids and flavonoid glycosides were relatively enriched in Zhengyinhua
No. 3; whereas Yuyinlei No. 1 was characterized by higher levels of chlorogenic acid and isochloro-
genic acids. Based on the variable importance in projection (VIP) scores of the PLS-DA model,
17 key metabolites with important contributions to cultivar discrimination were screened using VIP >
1 as the criterion. Among these, cynaroside, chlorogenic acid, sweroside, luteolin, rutin,
isoquercitrin, and isochlorogenic acid A were confirmed by comparison with reference standards.
Further comparison between Yuyinlei No. 1 and Fenghua No. 1 revealed that chlorogenic acid and
isochlorogenic acids A, B, and C accumulated at higher levels in Yuyinlei No. 1, whereas Feng-
hua No. 1 showed relatively higher levels of flavonoid glycosides such as cynaroside and rutin. These
results demonstrate that the leaves of different L. japonica Thunb. cultivars exhibit distinct metabolite
accumulation patterns, providing a scientific basis for cultivar discrimination, quality evaluation,
superior cultivar selection, and high—value utilization of L. japonica Thunb. leaves.

Key words: Lonicera japonica Folium; UHPLC-Q-Orbitrap~HRMS; untargeted metabolomics;

chemometrics; AntDAS software

LA (Lonicerajapanica Thunb. ) AZBABIZEAE 2 AN GG EA, TR IE ) 25 A
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a2 S A Y R R & i SRR R 3, R A ] s & BRAEM ) A 4
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T R AL Jr A R AE B 22 e ARSI AR SRR, DA BB B RO & R AR IR e e s e 2 A
ek

1 SCIGERSY

1.1 EEMEHESIKHA

Ultimate 3000—Q Exactive & 5 R50FH 0 3% — DU AR AT # B 37 B0 B i 23 FE i 15 HAY. (UHPLC-Q-
Orbitrap-HRMS) (& [E] Thermo Fisher Scientific 23 7] ) ; SCIENTZ-18N/C £ 8 204 % TEEHL (T I 2
HTRFRH AR AT ); BCE224-1CCN LT RKF (FZRMBHAGE (Jbnd) AR AR ; KQ-
500DE Bl p i i e ey (VL0 R LB A e A PR 2 7)) 5 5810 R BRI AE R R RIS R .OHL
(1515 Eppendorf 23] ) ; Milli-Q Synthesis #8Z/K 248 (1[5 Merck 23 7))

HEE ., CHEEHER (98%—100%) ¥ ke, W B fHEE Merck 23 7]
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—H MR, BRSO e MEY S EE . WS h SR A HEIRIRAR T, BRI
JERKY, JFE T-80 CHIREEIRAT . BiEdsHilFES (Quality control sample, QC) H 364 &R AEMH F
HARERURSFERR (0.2¢) REIIENMNL.

F1 EEESMMEE
Table 1  Information on the L. japonica Thunb. cultivars

Cultivar Code Cultivar Name Cultivar Approval Number Breeding Institution
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Ve A 1 IDZYC 20260612 T 2 A RR S B A 7 il T Bk 28 AR 9 T

A P 7 = 24 A RS

HER AR 5 . RSB TREEERAEH FoBy R 20. 0 mg, BT 2 mLEOEH, JIA 1. 5 mLIZEEHI
(HIfE/K=8/2, VIV), ZiMiEIRA)GEAIEE30 min (500 W, 20 kHz, Z5i%). ST 12000 r/min &
BEGL 10 min, A% EEREEFS R 1. 5 mL AP RO T
1.3 ERkHEEEEHN

% H Waters Acquity UPLC HSS T3 {4 i 4E (2. 1x100 mm, 1.8 um) #4500 ; HahtHA M 0. 1%
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(viv) BIHTRCHE, WAIHBA0.1% (viv) HER/KER . PREYERL: 0~2 min, 100%~99%B; 2~5 min,
999%~95%B; 5~8 min, 95%~90%B; 8~16 min, 90%~85%B; 16~23 min, 85%~80%B; 23~28 min, 80%~
70%B; 28~30 min, 70%~60%B; 30~38 min, 60%~22%B; 38~40 min, 22%~10%B; 40~43 min, 10%-~
0%B; 43~50 min, 0%B, Wi 0.2 mL/min; FFiR40 C; PHAERE2 pl,
1.4 BHBREEG

K H % B 1 JF  (Electrospray ionization, ESI), FEIEE THINTF, DIEIRMEE RE (Data
Dependent Acquisition, DDA) BT IS EHE REE, HHi7700 Full MS-ddMS? (TOP4), H4iliElH
}3120~1000 Da; WEZEHLE M 3. 5KV, & FARMBAMEIERREE 2320 °C; MRS NES, WESD
124 30 arb 2 10 arb, LIl 43 HEZ43 54 35000 FWHM (MS1), 17500 FWHM (MS2); [ Zh4 45 151
(AGC) ¥k 5e6, B RTENBIES 54100 ms (MS1), 25 ms (MS2), —ZRJikhfd%ae & A AR,
(20, 40, 60eV),
1.5 UHPLC-HRMS ##E 4 1
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FOIERT R AE——AntDAS ) W e 758 o0 b, SEIEE AT AL S g . @it 5ERE (Extracted ion
chromatogram, EIC) WEAAEESHEEC, WEXt5r . FOgEmaE . &R0, fRE R ER S Y
SRR PR, N T 3 20 ) v DTG BE AL W 0 5T 1 5 MS-DIAL Ui %48 % (https: //systemsomicslab.
github. io/compms/msdial/main. html#MSP) RO H ) B S R T S C LS E . s )
SR (m/z) . (R EHE] (retention time, RT) RIGHEFZE(EBHREMYEER, HT Gt
B ZICHIT T SR L B2 1347 R 15 5 IR 5 P 58k
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PRI T . 6 DA S Fh G HAEM R FE A (2 T 3% 8] (Total ion chromatogram, TIC) #[& 1a
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M AR BAT B AR . R ICR & (DDA) #UF, 36457, 197 MAiBIERS 10y
MS/MS R JFIEAE S, MIGEEET S P s &40 (HRAM) FE R & FRAER R S e e 1
GRS T

FT QCHEASXS UHPLC-Q—-Orbitrap-HRMS A5 I8 ) Fo e e AT PR . 252 R, KER4r EICIE
AR AR M2 (Relative Standard Deviation, RSD) ¥4 HIAEHR/KFE (B 1b) ., Hr, RSD<
20% Fll RSD<30% F14) £, 1106 45 1] b5 MUEHI 77. 86% Fl189. 52%, 1B K 22 fa iide BAT B Iy B A 1,
FNZITIETER B R P P R B B B T T 5, T 2 S SRR 1) AR AR 52 7 BT oK

ERE AT REH, L EWTREREIEN M (in—source fragmentation) , FPAEZ MR BT £
ELHERT B T TR, Il —Ab S W i B i 1 S LR P R 55 - T RE B R TR A 2N AS ] R AR ) o
AntDAS 38 i J5 PN S0 25 RN 5 007K NS, A8 T Il — L S A DG B - 3E AT ORHE, ARAERR TIRN
R R UARER, m TR EEN WM. &2 8 AnDAS #4755 R B . 7
AntDAS IR A — RS R (B12a) B, (REEEY 22, 73 min T, m/z 449. 1050 Da i#)%
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1 AntDAS #4F UHPLC-Q-Orbitrap-HRMS HHRH B /R 6. o AlElSFP SR Fr i S s Fi@iiE; b 557
QC BEZAS Y EIC W A AR HPRIERZZ (RSD); c. m/z 449. 1050 Da BI3REGE T iG55 d. (b &S TG/ Aii s &
Fig. 1 Representative UHPLC-Q-Orbitrap~HRMS data extraction using AntDAS. a. TICs of leaves from different cultivars of
L. japonica Thunb. ; b. The relative standard deviation (RSD) of EIC peak area of QC samples; c. The EIC peak extraction
results of m/z 449. 1050 Da; d. Scatter plot of compound ion peak distribution
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BT BRI S RE, DL RICEE R T 0. 7 A0k a0, e il 2 MRy (W#k2),
FE A ORI, CFHREEIZE3A . FNRKITA BEEREHATEY T4 wik5 A NERS AL
AR 7 A seAh, Hob 24 A REYriEd bRt Sn B TIIE . IR RIS O, B2 AIOR
PRI A e BRI, 23 R R S 43, 19 123, 6% ([3a) . iX—
4R 5 EWACIETE (Lonicerae Japonicae Flos) LABHAZE . RPN RIS B EMMTERG 2 )8 73 0 ZURFAERI L
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Fig.2 Representative example of metabolite identification using AntDAS. a. MSI spectrum of the identified metabolite; b.
Matching results for the construct spectrum with the reference spectral library; ¢. Chromatographic elution curves correspond to

the fragment ions of the identified metabolite; d. Chemical structure information of the identified metabolite

AS] AP EARAEH o 2 2R R  AR  S BN 3b B o 25 SRREH, AN]SR R AR 2H
BRFEARL, ABAS 2RI AR AR R AP AR TE— € 22 5 . Hor, B2 FIR oo b o 2L
DUBRZH S o B ZE AR ZE & S A ef AR = B ORI S KT, o RS TR AR ) 55. 8%~68. 0%, K HH
B 2R W iR AR AR ) B SR Y o A SRR RS A P H B A — e 22 e, Hodr,
V1. V2RI VS s iR g i, 43k 3 68. 0%, 67. 3% F1 67. 1%; i V6 Al V3 H AT I,
1A 55. 8% H157. 3%, Mg e 2 R PAEAS ) ftv P ) 22 5 SEOMBA 55 o V4RI V6 g e 25 ARaa P b )48 i
g3 IR E 29. 2% 1 28. 0%, BH WL T HAd SRR, T VS V2RI VL iR 2R b A R A, 2 il
18.5%. 19. 1% F119. 9%, ZEPIZ R WALE Ve M V3 LBl i, 23510 9.5% F1 9. 3%, 254Vl
(2.8%) M13£%, $EnAESFITREFAEAFEREEN RN R RULRR I . 2080 AT EY . 52
S HAZRAR IR AE & AP ) LIRS B2, o M AEFRFAEL) 3. 0%~3. 8%, 2. 0%~3. 8% Fll 1. 5%~2. 4%
BARTE , AR B HA AR RS EERE, (HE R AERGLER Gl EIRE N Z 1~
) MR PAAEHRESR, WTRES WFhEEE = AR EELIAEG

2 AR EARAR: b AR ) S8 5 AR

Table2 The metabolite identification results in leaves from different L. japonica Thunb. cultivars

t/ MS2
/
No. }:;; min Compound Formula  CAS No. MF MS2 compound fragments
5 Ty R fea SFR CASH LR SRR T
R[] i3
Flavonoids (52 )
273. 25.7 R R 480-41- 0.95 153.0176, 147.0434,
Vo 2 Naringenin (K3) CisH120s 1 3 171.0286, 119.0492
287. 30.5 . - . 491-70- 1.00
2 s e Luteolin (ABEEZ) * €, H,0, 5 0 153.0175, 135.0435
299. 37.6 3’, 7-Dimethoxy—3-hydroxyflavone (3’, 7-_H&IE-3-% 151698- 0.97
3 0897 7 L) C,H,,0; 63-4 g 256.0729, 284.067
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y 0/ MS2
m,
No. T ; min Compound Formula CASNo. MF MS2 compound fragments
1==R .
iz ;Sz {RE8 EY AF CASE  PLAE R T
5[] i
301. 27.5 491-71- 0.99
ol (4% E - . 0458, 258.
0687 6 Chrysoeriol (43¢ # %) C,oH,,0, 4 3 286. 0458, 258.0511
305. 12.3 480-18- 0.82 153. 0176, 123. 0438,
. . TR T — = M — 107 .
5 061 9 Taxifolin ( — 4 Z) C,sH,0 5 6 149. 0224, 259.0593,
231. 0659
331. 32.7 I 520-32- 0.95  315.0483, 270.0511,
Trici H
796 7 ricin (BARZ) €t 1 2 287. 0538
417. 15.1 3681- 0.84 297. 0743, 267. 064,
7 1156 6’ Puerarin (%) ¢, H,,0, 990 '0 268. 0718, 399.1057,
381. 0952
433. 26.0 . ;. 578-74- 1.00  271.0588, 153.0175,
Apigetri Wk T4 H
8 e 7 pigetrin (RESTHH) Catl O 0 119. 0489
433 913 3681- 0,94 313.0697, 283.0594,
o 0'7 4 Vitexin (H31%) C,,H,,0, 934 '8 415. 1003, 284.0668,
397. 0904
433. 21.8 29702- 0.96 (ESHOREE RS ISR00a23
10 “16 7 Isovitexin (543 Z) €, H,,0,, 5sg '5 337.0687, 367.08,
309. 0751
449. 22.7 . 5373— 1.00
1 : R * H 287. , 153.0174
019 3 Cynaroside (ARJRHT) C,,H,,0,, s 0 87.0533, 153.017
449. 25.9 R, 480-10- 0.99
12 052 7 Astragalin (S8 7= 3EHF) C,,H,0,, 4 0 287.0537, 153.0182
449. 24.5 . e 6920- 0.99
13 Luteolin—4'-O-glucoside (AKEBEHFK-4'-0-H#HMH)  C,H,0, 287.0537, 85.0287
1057 7 38-3 5
165, 2.3 489-35- 0,99 303. 0485, 85.0286,
14 P Isoquercetin (SHi S ) * G, H,0,, ’ ' 229.0489, 153.0177,
1001 8 2 9 7
69. 034
477. 30. 1 e 13020~ 0.94
15 1375 1 Cirsimarin (JEH] ) C,,H,,0,, 19-4 . 315. 0848, 300. 0605
479. 23.4 569-90- 0.98  317.064, 302.0407
. o etineT—lucoside (ISR # " . ,
6 1159 8 Nepetin—7-glucoside (fEFHI57 @) C,,H,,0, 4 5 974, 0457
479. 26.2 . . e o 5041- 0.98  317.0641, 85.0287,
17 161 3 Isorhamnetin—3-0-glucoside (B RZEBERE-3-0-H&bT) * C,,H,,0,, 897 5 285. 0356
193, 273 39769 0,99 331.0796, 315.0482,
18 o Tricin S—glucoside ( =} IEHEH S-AHEHETT) C,,H,,0,, ‘ 270.0511, 316.0562,
1320 0 00-9 0
287. 0529
535. 27.2  Luteolin 7-0— (6''—malonylglucoside) (ARFEF ZE 7-0- 98767- 0.94
19 A C,H,0 287.0546, 127.0384
1059 6 (6" - B A% T ) ) WinT o385 1
303. 0483, 85.0289,
551. 24.0 Quercetin-3-0— (6'’—malonylglucoside) (ffftfzZ-3-0- 96862- 0.99
20 o0 s (6" — BB ) ) C,, 0,0, 01-0 s 81.0339, 69.0341,
- 127. 0393
563. 30.1 35775- 0.99
21 Chrysin 7-O-neohesperidoside  (H#H 7-0-FE L HEH)  C,H, 0, B 255. 0641
1737 7 46-3 2
579. 25.2 o . . 17306- 0. 98
22 674 1 Rhoifolin (HFEEMAT) C,,H,,0,, 16-6 5 271.0588, 433.111
581. 21.2 6''-O-L-Arabinopyranosylastragalin (6''—OL~Bl 7 {F i e 110352- 0. 99
2 H 287. . 449.1
468 8 R S 1 ) GO 99 g 87.0336 91059
I _ . 325.0693, 457.1113,
595. 16.1 Apigenin—6, 8—di-C-glucoside (3£ -6, 8-_—C—Hi%j 23666- 0.79
24 1623 o W) C,,H,,0, o o 295. 0588, 337.0689,
" 379. 0796
609. 27.1 520-27- 0.93  301.0691, 286.0457
o . . _ , ,
25 76 3 Diosmin (F&HAT) C,H,,0,, 4 4 258,051
611. 21.6 153-18— 0.98  303.0485, 85.0286,
H %
26 1568 4 Rutin (F7T) CatliOie 4 3 71,0496, 229.0481
625. 24.1 . o . 604-80- 0.97  317.064, 302.0406,
27 1723 5 Isorhamnetin-3—O—rutinoside (ZKAIlIT) CyH,,0 ¢ 8 3 974, 0462
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(g)
i MS2
m,
No. % ; min Compound Formula  CAS No. MF MS2 compound fragments
0 _
P ;ﬂl N wEY A CASS  ILRC R T
5[] 3
627. 13.5 Quercetin-3, 4'-O-diglucoside (#fit}¢ 23, 4’ —#j4jti 29125- 0.99 303. 0487, 465.1006,
28 C,,H, O
1521 8 ) 20T 80-2 1 85. 0287
29 641. 16.2 Isorhamnetin-3, 7—di—0—g£li(‘:0si(ie (B HZZE-3, 7-0-— C28H320|7 6758— 0.96 317. 0656
1674 6 HERE) ; 51-6 2
T41. 22.2 . . 301-19- 0.99 287.0537, 595. 1640,
30,6 o Robinin (fiJFL %) C,H,0, 0 s %5 0287
. 18. Ke ferol 3—0—gl 1-rh syl—glucosi 2=y 3- 136449- 0.
31 757. 18.8 Kaempferol 3 O“ugwu‘cosy T anrfnosy Sﬂif)sule QPN CLH,0, 36449- 0.99 287.0535. 449. 1066
2136 1 O A I - B M B - A i 1) > 09-7 0
Phenylpropanoids (ZEH#3E)
133. 12.2 . 14371- 0.86 105. 0699, 91.0545,
32 Trans—ci aldehyd : C,H,0
0644 5 rans—cinnamaldehyde (MR s 10-9 5 115.0540, 55.0185
163. 11.9 . . . X " 1866— 0. 87
33 0747 4 Methyl trans—cinnamic acid (X FF 5 R EER ) C,,H,,0, 39-3 4 131. 0487, 103. 0542
179. 12.1 305-01- 0.97 123. 0437, 133.0278,
34 Aesculeti = = H.O
0332 2 esculetin (FRELH) €04 1 2 151. 0386
179. 20649—- 0. 88 147. 0434, 119.0489,
o AT
35 0699 4.09 Coniferaldehyde (FAFATE) C,,H,,0, 497 6 91,0544, 161.0592
183. 12.8 134-96- 0. 84 95.0493, 123.0438,
36 Syringaldehyd C,H, O
0645 4 yringaldehyde () 910 3 8 140. 0461, 155. 0697
325. 10.2 L e 0.94
37 oo Skimmin (E2F) CgH, 0, 93-39-0 163.0383, 135.0437
341. 11.3 R 531-75- 0.97 179.0331, 123.0438,
1113 3 * )
¥ 0852 8 Aesculin (ETE) CisHc0, 9 8 133.0279
344. 12.9 . . . e g s 14364- 0.97 147. 0434, 165.0541,
39a 1323 2 p—Coumaric acid glucoside (X7 S RRE A1) CsH,s04 05—7 0 119.049. 85,0287
355. 12.6 327-97- 0.98 163. 0383, 135.0436
40 Chl nic acid (ZRJER) * C, H O, ’ ’
1003 5 orogenic acid (SRJif2) 167189 9 7 145.0279, 117.0332
355. 13.2 87099- 0. 81
41 1006 0 Cryptochlorogenic acid (Pasg)sifin) * CH, 0, 73-8 3 163. 0384, 145.0279
355. 10.5 L 906-33- 0.94
42 1008 7 Neochlorogenic acid CFIZgJEER) * C,H,50, ) g 163. 0382, 135.0432
369. 17.2 L. 29708- 0.90
3 e 0 Methyl chlorogenate (%%J5iMHA H [ ) Coly0y "o 0 177.0548, 145.0288
517. 24.9 2450- 0.98 163. 0383, 135.0437
44 Isochlorogenic acid A ZRJER A) * C,.H,,O ’ ’
1303 7 sochlorogenic acid A (I A) s 535 ) 145.0278, 117.0337
517, 24.2 14534 0.92 163. 0383, 135.0431,
45 13 16 5 Isochlorogenic acid B (SFeRfRB) * C,sH,,0,, 61-3 .7 89.0389, 145.0282,
117.0338
517. 26.8 X o Lo . 57378- 0.98 163. 0384, 135.0436,
46 1310 3 Isochlorogenic acid C (et c) * C,H,,0, 72-0 5 145. 0283, 117. 0337
. . 331. 1524, 151.0748,
540. 22.0 Dihydrodehydrodiconiferyl alcohol-9'-0—-B-d-glucopyrano- . 1992045- 0. 95
47a . Yy » s C,H,,0, 137.0594, 287.1272,
2410 6 side (“HEEXAMIEE-9’ ~O-B-D- ML A #I 1) : 13-2 6 313 1423
760. 20.3 §73-44— 0.93 205.0851, 173.0592,
48a 2976 7 Liriodendrin (T &8 HE %) (O IO 4 ‘7 265. 1061, 167.0697,
217.0853
Amino acids and derivatives (2 JEMR N HATEY))
132. 0.97 86. 0967, 72.9376
49 4.36 Isoleuci FEEREIR) * CH .NO, 73-32-5 ’ |
1017 solevcine (F73EHB) s 2 0 90.9480, 113.9635
50 132. 471 Leuci (EE) * CH.NO. 61-90-5 0.98 86.0967, 72.9376,
1017 cueme toe 67132 4 90.9479, 113.9637
147. 0.99 84. 0446, 130.0495
51 1.25 Glutamine (7% Bk CH,N,0, 56-85-9 ’ ’
0760 utamine (4 EBLE) st 6 56.0501, 101.0708
148. 0.99 84. 0446, 102.0549
52 1.29 Glutamic acid (A& FR) * CH/NO, 56-86-0 ’ ’
0598 utamic acid (FF2%) SO 8 130. 0494, 56. 0501
166. . " N . 0.99 120. 0804, 103.0541,
53 0858 8.48 Phenylalanine (ENE*R) C,H, NO, 63-91-2 g 131. 0486
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(&)
Y MS2
m,
No. ﬁ‘?‘; min Compound Formula CASNo. MF MS2 compound fragments
B .
F5 ;ﬁ 1488 &Y AFX CASE PLfp TR ET
B 1] HE
175. o IV 0.96 70. 0656, 60.0562,
54 1182 1.21 Arginine (R§ZR ) CH, N,0, 74-79-3 0 116. 0704, 130.0971
- 097 136.0752, 123.0437,
55 osoé 4.50 Tyrosine (FSZMR) * C,H,NO, 60-18-4 '4 119. 0488, 91.0543,
165. 054
Terpenoids (mEZ5)
107 210 sogr0- 004 179-1059, 133.1007,
56 T Loliolide (T #1#% YfE) C,H,0, ‘ 107.0854, 135.1163,
1162 7 3 6 5
161. 0955
350 15.6 215 0.9y  127-0386, 197.0801,
57 o Sweroside (C4Z5iF) * C, H,,0, ' 111. 0803, 179.0695,
1314 2 86-2 2
131. 0487
405, 17.9 sggn- 097 165054, 151.0384,
58 o Secoxyloganin (Wi Ak Sk 1) C,H,,0, ' 95.0492, 123.0437,
1363 7 47-2 9
225.076
408. 12.7 N 59472- 0.97  151.0384, 211.0602,
P 477 s Secoxyloganic acid (WL HATR) CelleOn 53 g s 95.0494, 123.0441
776. 26.8 i 82474- 0.74  165.0542, 367.1157
60: 7) —Aldosecologani 7) - B AR C,H,0 ’ ’
* 2917 9 () ~Aldosecologanin ( (2) ~—JRWr HEAFHHRE) whetnw g7.3 6 315.0855, 347.112
Lipids (J8fi%)
270 38,9 Y3d0- 097 67.0547, 81.0701,
61 o a-linolenic acid (o—3VJFRIE ) CH,;,0, ' 95. 0856, 109.101,
2301 7 : 1 1
123. 1164
478. 37.1 85046- 0.85  337.2723, 81.0702
62 LPE 18: 2 (A IMLRENE EfE (18 2 C,.H, NO.P ’ ’
2001 4 (i BRI L B C )) BT 18-0 6 67.0547, 95.0856, 69.0703
496. 37.7 17364- 0.94  184.0725, 86.0966
3 ~ . o3 A e ik u = . ~ > >
63 it o LPC 16: 0 (G MBEASHEALGL (16: 0) ) CHGNOP om0 124, 9995
520. 37.1 22252- 0.89  184.0725, 86.0966
4 LPC 18: 2 (A IMLBEIEMmEIR 18: 2 H P ’ ’
% 3370 9 C18: 2 CRRMBEISRRIAML (18: 2) ) Gl NOP 0 9 124.9994, 60.0813
522. 38.1 19420- 0.79 540726, 86.0966,
C o™ LPC 18: 1 (¥ IMBENgmEIR 18: 1 H P e 124.9994, 60. 0813,
65 o3 o C18: 1 (FFILBRISHEANGL (18: 1) ) CHoNOP 7 9994, 60.0813
504. 3422
Others (H:Ath)
123. o i 0.97
66 o3y 223 Nicotinamide (4EZ:Z B3) CHN,0  98-92-0 ' 80.0497, 96.0444, 78.0342
220. 0.98  90.0551, 202.1066
7 .51 Pantothenic acid (44 Z B5) * H 79-83-4 ’ ’
6 1164 9.5 antothenic acid (44 & B5) C,H ,NO, 9-83 4 184.0963. 98,0237
377. 15.8 , - . 0.96  243.0868, 172.0863,
68 434 8 Riboflavin (442 B2) * C,,H,)N,0, 83-88-5 5 198, 0663
136. 0.99
69 2.31 Adenine (JREER) * CHN,0  73-24-5 119. 0351
0614 9
152. i . 0.95
0 5234 Guanine (&) * CHNO  73-40-5 7/ 110. 0347, 135.0296
298. 10.9 ) ‘ , o ) _2457- 0.99  136.0613, 61.0112,
71 0957 0 5'=Methylthioadenosine (5-Wi s -5-F i b ) G, HN,0,S 80-9 g 75, 0266
190. 11.6 492-27- 0.98  162.0542, 190.049
. , ,
2 a1 1 Kynurenic acid (R IRMEVHAR) CoH;NO, 3 8 116.0492, 89.0385

(BT “a” BEEH2 [M+NH,] *, HARMEWII) [M+H] 5 *: SARiERHIE.)
a: Except for the compound detected as [M+NH,] * ( marked with a), all compounds were detected as adduct ion [M+H] ™. *: verified

by reference standards
2.3 AEMAMEREMFNSTSITSH

by R BHAEAR [ 0 A2 A IR R 2t A [ i e g AR Fr vp (O A i 22 S R R N R, AR
WFC I T 8 1) 12 Fh RS BE AT 2 e it oA, AR 4 PR . J2IRE KT (Hierarchical
clustering analysis, HCA) & —FhEEFHEAR B AP el 2 o0 RO T W B A i, ATAR SR AR IHRRAE 22
FAEABATIZR I, Wi~ AR B R A s . HCA 3R (Bl4a), 6 -mifhaiRIERER
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WXy, FFRAPIRZE, HH Vs, Vo, V3, V2Rh—3&, VAMVIR KD —K. HaEatrkil,
R A ORERA — MR, VIR FBERARR, duEERIEMT KRB
WERMR; V2ORIET RS LI V3, VARPRIETRRITGIRAEMR R, Hob v3 i R LRy A 4
e R SRR TCIE S H R, VAl “ETE197 (V1) ZFREFMR, V5 V6 ZUriE#i: B i) S
anf, BISRIE T R SRR R . A E B IE S st 57T RE S SO R AE 22 5

= Flavonoids{31)
= Phenylpropanoids{ 17)
= Amino acids and derivatives(T)
= Terpenoidsi 3}
= Lipids(5)
= Others(T)
100%,
Q0%
B0
T
g
g 6l
=
H
£ 5%
v
=
£ 40
o
=30
20%%
10
0%
V1 V2 V3 V4 Vi Ve
® Flavongids  ® Phenylpropangids @ Amino acids and derivatives 8 Terpencids ®Lipids  ® Others

3 AR AR T AR R AN . a0 SRRIEYRER Kb b ANE SRR B 2R R
EIEYLEE RO o 3
Fig. 3 Classification and relative abundance of metabolites in leaves from different L. japonica Thunb. cultivars.
a. Number and proportion of metabolite classes; b. Relative abundance of different metabolite classes in leaves from different L. japonica

Thunb. cultivars.

F 534381 (Principal component analysis, PCA) f&—FIRWE Zcgeitorfiirik, @idxhmgert
IR A TR AR P, NS FEARHY 2 32 o ) R AR 25 8], DL AR ) 3 A FROSHRRATE 1) 22 5
A E AR RS PCA 70 P 25 RN 4b 7R, QCHEARBREET b Xk, FI LIl e,
M A B e EE MR SEME . BT 84 PC1 I PC2 23 lfRE 1 M 7 2210 29. 1% F1123. 7%, Rit
TUHRZEIRE] 52. 8%, BEMS LI 1 S WAE A [) ¥ B AR AR AE AR AL o AS ) A AR HE PCA 23 [) v 43 1) 3R
SERMNT AR, Hdrv2 5 V3, V5 5 Ve i s, RIMEGEAHRINE; W VLS VAR ST,
HHAS B] S Fh ) FEAEAS ) R B Y AROS 2H b 22 5

3t PR AN [ A 4 R AR N ARORAE 0 22 55 R AR 40 2808 7, SR e /N 3= 4 Bt
(Partial least squares—discriminant analysis, PLS-DA) #Ff78 WER RS 081, PLS-DA 45 S FEAR
NG RSB G AT 2 R) 25 e DTBRAS R i AR &, NI SE AL AR 73 2 S RO AIE 22 5740 #T o
MK e iR, PLS-DA 43 BT 455 5 PCA Sy Bl 3 —3, AR SR e S0 T BT 0 2R 25 S5 0 SR i) 40 55
s, HIF—SFhi Ay e A ARRE RS, REREA R IFR 7 2888 IFIFaE M. PLS-DA 1
Hirp AR RRIATEE R, AR DL A P8 AL R2Y R 28 OB GIE T 48 40 Q2B 43 1] o4 0. 942, 0. 846 Al
0.768, iHHBR AR RIERE IR TINIPERE . 2647 200 K B KIS K S E s b G, RE
PRSI S R B A A, AN ] s b T ARG 22 S B 5 SR AR v 5E

R AR RAS R P B AR B RS R R AR, BT 72 B AR A B R 21 T2
RREPE S (Bl4d) . dRER, H—mMrEY B R EARER L, AR 22
[ ) AR AR R AR 72 PR AR HE AR X BT ROM 3 A EZESG] . Cluster I (309Y) 322 Hy #E il
K. BHEEE ., o ImEknG L Z R4, 76 VA V2 iR R s, mAE VS Flve
FHXTEAAIG; Cluster 1T (224Y) EZLAFRIMERED . SEIHET . A8 SR 4 KR, #£ varpok



55 XX 2S5 % . T UHPLC-Q-Orbitrap HRMS (A 6] S Fh 4 ERAE M Fi (R 22 S 404 11

PREERE, HAE VS E S, Cluster 1T (204Y) FEEHERER LA EIEZE . ik ZMRRZE
TSI S IR Rk, FEVerP B EE, WAEH RN S EANER, RHVe AT
MR RIS RAFE . BARRE, AR SRR v B & B IEE R R R, SHid
HCA . PCAFIPLS-DA 43 Hrah —3%,

r—

-3 -2 -1 1] 1 2 3

a e d s |
E - [ bt
5
: |#WﬁyEm =t SET 5
7 = V4 vi ! - = 1
(Jinghun No3) (Fenghus Ne. 1) (inhua Nooh {Beibua No. 11 T 1 54
PCA
: il i

w2 T
03 Vi 'l
4 1)
1a
02 ~ v %
F o : '_..“ . o =t i
- 1l
o R NS 3
g0 X aw i
= #
L i 1 it
0.2 e " ]
{ / 1 U &
03 - | o - - 3
04 03 02 01 0 01 02 03 o - E
PCI1(29.1%) [ 4
L= i
C s PLS-DA | (= <
F
pmmen Vi kN
1 v2 IL| {- L b
2 vi | = 3 ]
05 e W . Vi e ———— [
R Ve | - bl
0 ~ ¢ I = _:
x| - 5 o - il
0.5 : i
s #
il
i
n
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£}
42

, _E
T Y | 0.5 [ 1.8 '

u Vi V2 V3 Ve Vs Ve
K4 AR R R i 2 Testit ot
Fig. 4 Multivariate statistical analysis of metabolites in leaves from different Lonicera japonica Thunb. cultivars.
the compound number in heatmap analysis is referred to Table 2. (7%: PR HTH LSS 003 2. )

2.4 SREMAXERBYNERSHT

FHTF PLS-DA FLRY ) AR 2 B B 52{H (Variable importance in projection, VIP) PEM AR 6
AR A RAE B FEAR S 2B TR, LLVIP > 1 i sEbriE, JE3RA 17 S AP X o B E 25T
BRI SCERIRIY (F63), Hr, NEFZEANSEEIZ AR G4 2], ARG BRI 2 M2 v AR AR
R AR AT RE A F] S Fh g ERAE I Fr G 22 e B R . TR RS 1 G b, LPC 18 1,
Cynaroside, LPC 18: 2. Puerarin #l Diosmin F) VIPAE I K T2, FHHX LRI A ] e 28 H
ARG TR, Hr, LPC 18: 1FILPC 18: 2R TR LB R Yy, H 2R RIE R b ARt nT
REZ 5 A A S8 B AR AE R TR i, eAh, 2R IR S (W Cynaroside, Puerarin
Diosmin, Luteolin, Rutin, Apigetrin i Isoquercetin ) RIHE S VIP{E, 188H B EZR AU n] 5E A&
%ﬂlﬁlﬁ [] &ﬁé%ﬁ%ﬁﬁ#%?ﬁ%ﬁ%ﬁ%%ﬁ%ﬁm o [HERENL, KBRS (Cynaroside , VIP=
2.603) . ZFJRME (Chlorogenic acid, VIP=1.995) . W25 (Sweroside, VIP=1.756) FI %R HEEE A
(Isochlorogenic acid A, VIP=1.001) S5#k5y (e 2580) B LR h iy DhREtE ooy AR B AL E i
X3 Tk, $E7mH 22 5 AR R 0T RE S5 AN F] i Fh AR AE i BURHE IR T 188 DITAR G

ETHRIRE 15 (Vo) g mfh, #8159 (V2) Mg KA FREE M, dE—P
BT WP e R A (B15) . ZREHH, VorhgER . RRIFEIRA . RERIRB.
SR C I (2) - RIS mEENIE IR B2 m T V2, Hp g flliR ., Fat iR A Fl 5ot R R
CoMR N, HEAh, MZTERIB A D ETEM RN 22 R 2, MARBRREENTE V2 b 2w 4,
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Table3 Key metabolites contributing to the discrimination of different L. japonica Thunb. cultivars based on PLS-DA analysis

Key metabolites Com ID* VIP value
KA &Y ID* VIP{i
LPC18: 1 65 2.778
Cynaroside 11 2. 603
LPC 18: 2 64 2. 464
Puerarin 7 2.436
Diosmin 25 2.358
Chlorogenic acid 40 1.995
Sweroside 57 1.756
Luteolin 2 1.591
Rutin 26 1. 556
Apigetrin 8 1. 541
Isoquercetin 14 1.325
LPE 18: 2 62 1.298
Phenylalanine 53 1.231
6''~0-L-Arabinopyranosylastragalin 23 1.224
a~linolenic acid 61 1.079
Apigenin—6, 8-di-C-glucoside 24 1.024
Isochlorogenic acid A 44 1.001

* The Com ID in this table is referred to Table 2. (*ZAFHAY Com ID L% 2.)

TEHCES B RE o Z2 R B FE A |, Ch AR R
V6 5 V2 2 [l R 22 5, BT 72 R A B i
KiliE (E6) . UAFEAR L (Fold Change, FC) >25%
<0. 5 B RFEPEKF P<0. 05 Rk brife, LG 18
T 25 22 e AR, AR IIRZS | B2 B oAt
KNEZEY . b LY 1270, 4055 5 Fhm:
22446 &% (Chlorogenic acid, Cryptochlorogenic acid
Isochlorogenic  acid B Hll
LA U R S S A g7/

(Astragalin, Isoquercetin, Cirsimarin, Isorhamnetin—3-

Neochlorogenic  acid

Isochlorogenic acid C)

O—glucoside, Luteolin 7-O— (6”—malonylglucoside)
Quercetin—3-0- i
Isorhamnetin-3, 7-di—O-glucoside) ; TER Y 6 Fh,
LG 2 FIR N Z L&Y (Methyl trans—cinnamic acid
Aesculetin) Fl 4 FPEE 2R 59 (37, 7-Dimethoxy—
3-hydroxyflavone, Taxifolin, Luteolin—4—glucoside #l
Rutin) o Herpr, 2% BRI AR50 5 R RTE V6
V2R B R AR . 2R, PSP 22
St IR BLE N 26 AR ZOKF B S, i R Bl
AR AL S i I BEERR R o Ve 2 S

(6”-malonylglucoside )

a

(2

i ackd C

k1T

Chlorogenic acid ackd A ic acid B d
e+aT
e - RDROE » e
—_— IoeHi] —— —
! 17
2 s 1 Ses0E &
z 2 < d
= P Il ?
E - E £ e
8
6008
1 5e 08
g .6
S0erli?
VI V6 VI Ve VI e VI V6
i i Secoxyloganin Cynaroside
1 GeHr
e -
A8 (B s
E A et
a7
e ] i 2
= £ Leesd? -
3 1w H ! e
= (B g
Ldesd
o5 o

VI Ve

VI V6

¥z Ve

V2 V6

Bls HAE1T (V2) MBRHGE 1S (Vo) M JH 8 Fh
Dy RE MoV TR H

Fig.5 Comparison of peak areas of eight functional com-

pounds in leaves from L. japonica Thunb. cultivars V2
and V6
Statistical significance is indicated as * P<0. 05,
#k% P<0, 001, *¥%% P<0.0001; ns, notsignificant. (7:
BEWERFRN: #P<0.05, ##P<0.01, *** P<0.001,

ik P<0,0001; ns #FREFALE.)

#* p<0.01,

HERE A TR Y, AARAR IR S e i, RIS RO A RS BRI 1m0 v2 )l
BEARRE, AT SIS . IR S WS S AR AL | B Y % 24 P
PEJ7 T BAAF R Y~ 06E, P sa Rl BETE i 7 AN R S A AE R DI RE DL 5



55 XX 2S5 % . T UHPLC-Q-Orbitrap HRMS (A 6] S Fh 4 ERAE M Fi (R 22 S 404 13

3 & it

R3¢ 3 F UHPLC-Q—Orbitrap HRMS 455 AntDAS 3R 4F (Y
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