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Untargeted metabolomics analysis of metabolic differences in dandelions from
different origins
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Abstract: Objective This study aims to investigate the types, quantities, and expression differences of small-molecule metabolites
in dandelions from different origins using untargeted metabolomics and to provide a comprehensive understanding of dandelion
metabolite composition. Methods Untargeted metabolomics analysis was performed on dandelion samples from ten different origins
using UPLC-Q-TOF-MS technology. Metabolite data were preprocessed and identified using Progenesis QI software. Significant
differential metabolites were screened through principal component analysis (PCA), and KEGG pathway enrichment analysis was
conducted to elucidate the biological significance of the metabolic differences. Results A total of 2 843 metabolites were identified,
among which 1 537 were found to be significantly different, spanning 19 chemical categories. The most abundant categories were
lipids and lipid-like molecules (23.89%), organic acids and derivatives (16.33%), and organic oxygen compounds (15.55%). Compared
to dandelions from Baoding, Hebei, the number of differential metabolites varied significantly across the other nine origins, with the

highest number observed in Xining, Qinghai (731 metabolites) and the lowest in Qiqihaer, Heilongjiang (242 metabolites). The
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expression patterns of key metabolites, particularly phenolic acids (e.g., chlorogenic acid), displayed distinct regional and genetic
characteristics. Chlorogenic acid was downregulated in Nanyang, Henan (a cultivated variety) but upregulated in all other wild
varieties. D-tartaric acid was consistently upregulated across all groups, while 1-caffeoylquinic acid was uniformly downregulated.
KEGG enrichment analysis indicated that secondary metabolic pathways, such as phenylpropanoid biosynthesis and flavonoid
biosynthesis, play a significant role in the metabolic differences among dandelions. Additionally, pathways related to cofactor and
antibiotic biosynthesis also showed significant enrichment. Seventeen common differential metabolites were identified across the nine
comparison groups, encompassing various chemical categories. Notably, artemisinin and monocaffeoyltartaric acid, known for their
significant biological activity, were among these metabolites. These findings suggest that dandelions possess stable and conserved
secondary metabolic capabilities, enabling the continuous synthesis of pharmacologically active compounds across diverse
environments. Conclusion Dandelion metabolites exhibit significant diversity, with significant differences in composition and
abundance across different geographical origins. Both geographical environment and genetic origin (cultivated and wild varieties) play
crucial roles in the accumulation of secondary metabolites, providing scientific basis for dandelion breeding, medicinal development,
and quality control.

Key words: widely targeted metabolomics; dandelions; differential metabolites; phenolic acids; KEGG enrichment analysis; secondary

metabolic pathways; artemisinin; monocaffeoyltartaric acid
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S HEE 10 AR R ) R AR BlRR R A
FEFRF, 2021 9 4 A4 —#M T A iR T
2 0 DX JER 377 T AR} 2 e R B Ak 3, AT (]
#H 30 cm, FRER 30 cm, FH[A)AE ) A0 B HE G
Ji—F. 2022 4F 11 H#ATHEGRE, BNEA
JEAE S B AL B 3 RO — B A AR Ak, 3% 30
ANFEA, SLHVAVRIER A, FAEE-80 C, H
T AT A M, B AN A 258t H k) B
53 e 10 AN [EISRUE (1) 7 2 T8 28 JR 35 T AR AR
B2 B X e AN B 7 08 %8 R A TE T officinale
F. H. Wigg.. K&# 29 T junpeianum Kitam. .
ALV A PL T ohwianum Kitam.. FFHJHATE T
brassicaefolium Kitag.. % 47/~ % T sikkimense
Hand.-Mazz. fl)I| H # A% T. lugubre Dahlst. 6 4~
P 200, Hrp R B T A6 £R E AR R HT 2 ()T A 0
AR AR R, AR 8 MM BT A
MG B NE 1.

1 HEARME. FhE ST BN FR

Table 1 Dandelion origins, species information, and

corresponding test name
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R FEREA (quality control, QC), TEAUAR M HTILFE
W, B S5~15 MFEAHIEA 1A QC FEA, LIBEREE
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mL/min. BEFEREM: 0~3 min, 100%~80%A; 3~
4.5min, 80%~65%A; 4.5~6.3min, 65%~100%
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Fig.1 Plot of PCA scores of dandelion metabolites
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Fig.2 Clustering heatmap of dandelion sample correlation
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O GHLR KX EATEY: 423 (16.33%)

® HHLELAE: 403 (15.55%)

® GHLAILEY: 361 (13.93%)
KRR GRETEY: 313 (12.08%)

® FERLEW: 272 (10.50%)
o R R 71 (2.74%)

® RULHEY: 34 (1.31%)

© VB HATAEY): 32 (1.24%)
HHEMLEY: 26 (1.00%)

o KIER. FIANER LHAEXAMAEY: 15 (0.58%)

o AL ED: 5(0.19%)

® HHUERALY: 5(0.19%)

® GBIl L3RIk E: 4 (0.15%)
JERTHEY: 3(0.12%)
HHREY: 2 (0.08%)

o BIAAES IR A 1 (0.04%)

o BHLx1EY): 1(0.04%)

o AHLEHELEY: 1 (0.04%)

3 EEMREVERUED XK E L

Fig.3 Proportion of identified metabolites in various chemical classifications
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Table 3 Statistics of differential metabolites in different comparison groups

BT BERREY HLIHEBvs HLJKDX vs HNXXYY vs QHXN vs SDQD vs SDXH vs SYDY vs TXTPX vs YNLJ vs

(L5 HE AGDZ AGDZ AGDZ AGDZ AGDZ AGDZ AGDZ AGDZ AGDZ
EET 823 353 125 245 397 275 378 299 133 377
BT 714 301 117 148 334 209 332 303 122 32
it 1537 654 242 393 731 484 710 602 255 699
342 MUY LM NAREZESR  BOfdbire WA 2Z T EIRAREIRRE R, JCRUER RIS R
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(QHXN) %, 15 731 ¢ (1 355, Tifl 376),
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A 710 Bl (1 228, TN 482) 1699 Fit (i
282, N 417). MBI /R (HLIKDX) K]
R r, 242 F (R 161, T 81).
R RIEEHA T, KA RIME T

7% (HLJHEB, Fifl 478). LA 4% (SDXH, Fiff
482) M= FENNYL CYNLI, R 417) NEZE . SR,
WORITFHFFME /R (HLIKDX, i 161, i 81)
AL 25 (SYDY, i 408, Fif 194) &
W FRAREY 2 T IR RE, R
X BT A T2 M TEAR I A R B AR S O MR
SRS, &7 A LA AR IR 8 SRk
KAF T SR EAAAE R E %, XS
AL BT PR T i % R %)
FHK
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Fig. 4 Analysis of differential metabolites in different groups
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Fig.5 Venn diagram analysis of different groups
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VIR & 22, FRBTLIS SR HB X PR 7 A 9%
UV Z FE I iy, S H A R S5 R KI5 AT BT
T S AR B B E

344 JLEFRIEWZERQWA T £ 9 DX
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KM (gein) 25 (R 4). X440 5
KR 11 KA, Rl mdElEs (2 .

*4 TREFEQREBEXREHERREY

Table 4 Common differential metabolites in different dandelion comparison groups

Eile] R HFR B E)/min KEGG ID R milz
1 HEE C15H20s 35330  C09538 IEET 265.143 1529
2 MR A R C13H1209 52442 - BT 311.0406123
3 FMfhER CH»NoO4 3.486 1 - fUET 5262131922
4 §-FHINEERR CisHi604 54501 09392 IEET 261.111 842 4
5 HREHAE C21H20mn 53695  C17449 fiBF 449.108 5757
6 KM C21H30011 45583 C17058 IEET 441.174 8303
7 S-IRFH-L-EAR CisH2NeOsS — 4.4573 C01137 IEEF 398.1957549
8 RAAZFEH C20H220s 47147 C10275 IEET 423.164 3811
9 No-y-B &M C10H17N306 39124 C05283 BT 5492180229
10 B85 TR 9 ) T A e CisH2005 47147  C09747 IFBF 261.111781 1
11 JEWHEIHA CisH2sNOs 3.5240 - BT 428155493 1
12 CFK I C14H200:2 3.6425 - IEET 1851323916
13 N-[3-Q/KMMH -2 -4- P A IR I N - L-o- RARBE-L- R NAR  CosHasN207 2.9913 —  IEBET 445.199 6472
14 5L @ -4 2 -5 = - R A 2 - P A CoHFN4Oy  4.1276 - BT 4732024130
15 3R,7R)-1,3,7- ¢ =M CsHis0s 5.8390 - BT 197.096 616 6
16 7-FHH:-1,4,5-28 ZRE4-DRBERE-(1-6)- B HE T CHas012 4.1704 - FEF 529.155495 5
17 FLBE-HE R CisH34N2012 47085 - BT 469.207229 4
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TE9 MNP 2 LS N HREESR RAE
WV T I ARE S WE B = B A
B RRRIE S 80%, THERIELLL 20%; 2
TL55 550G R AN BRI RG IR FiRRIE A T 70%,
RIS G 30%; ILARRE EIFFRIE ST 60%,
TR G 40%; WAtz 28 FIRREH T
RIEMRBPISE 50%; VM TR EZ T
FiAFRE, BREXEE 40%, FIHERIER ST
60%. (HAFRIERZE, D-EARIERTA /3435 -
WKL, 1-WNHENE 2 TR AE P A o b 3 R iR
1K A ERRAET e BH N AR AL, AR AR A
¥ BiRZRIA,

x5 MBKIGIAERELNERIT

Table 5 Inter-group annotation analysis of dominant metabolites

- QHXNws  SDQDvs  SDXHvws  HNXXYYws  TXTPXvws  HLIKDXws HLJHEBws  SYDYws  YNLJvs
Fg vk TR
AGDZ AGDZ AGDZ AGDZ AGDZ AGDZ AGDZ AGDZ AGDZ
I KER CoHisOr iw'i iw'i iw'i T L i i i iR
) BER CieHisOs iw'i iw'i iw'i T L i i i iR
3 UneEg CoHs0; M M M T Ll T T T L
4 ERR CiHi:06 iR iR iR Ll Ll Ll Ll T L
5 WHER o0, L iR T Ll T Ll T Y T
6 FARIEIB CoHoOre iw'i L TR T L TR i i iR
7 DEAR C:HeOe iw'i iw'i iw'i L L i i i iR
§ 3HIM CoHs0s iw'i iw'i iw'i L L i i TR iR
9 HMUBHEAR  CoHuOo iR iR iR T Ll Ll Ll Ll L
10 LEETHR Cellols T T T T T TR TR TR TR

3.6 EFREHIH KEGG pathway THEEEE N

KEGG & #5032 H 12 8 i 1 A g A
= 2 S AR T AT, R AR
ANTRJAERE 5 B AT S5 A T AR AR A A 73 1 HL
il o D9 1 ik — ST AN [F) ol iR i A TR 22 S AR )
Dhfe, PRARLN S 300 2 AT KEGG
BN (B 6). X R 5 2L LUK St A=
BT REEE, BB Y S
o-ERRRAR I HE Z R A R R AR Sl B 7 2
A ES, SO A SRR .
&b, HLJHEB vs AGDZ 5 YNLJ vs AGDZ 7E {8 %)
WRESHIMESRPE T HYEEEEE £
B I LA TR AR 1] RS PR B IE RPEAR OG . EASE =
fi5&, SYDY vs AGDZ fll TXTPX vs AGDZ 7E5#il

HF AP REW SR LN ZE R T8, TR T
WA DA E IR N AEDIE R R 2 .
ERF, AR BTN B I 2 A 388 B &% 2L TR 1)
BHEZO, MAMRERENEREE, R TA
[F) Foft 55 5 2> S AE [R) A A KR 58 T o vk AR AR 1 R
PR

MBS EEE, YNLI vs AGDZ HEH£ZER T
ERARE (11 %), fEMETFAgEERRE. 5
5 i AR DT T R A ARG S, BEH AR
WHE PR . SDQD vs AGDZ 41H % 7 B8
BWEZ (10 %), EETRAH AL EDR
WA M E £, TREHMEEMNRER KA
% . HNXXYY vs AGDZ. QHXN vs AGDZ. SYDY
vs AGDZ 1 TXTPX vs AGDZ 4043 7l 76 & S B4 it
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Fig. 6 KEGG enrichment analysis plot among different groups
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