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Abstract: The study was undertaken to clarify the differences in metabolite groups between Aster yunnanensis
and Pulicaria insignis to establish plant origin and identify plant resources. Non-target metabolomics of 4. yunna-
nensis and P. insignis was undertaken with sample derivatives and gas chromatography-mass spectrometry (GC-
MS). Principal component analysis (PCA), partial least-squares discriminant analysis (PLS-DA) and orthogonal
partial least squares-discriminant analysis (OPLS-DA) were used to characterize the differing metabolites of 4. yun-
nanensis and P. insignis. Correlation analysis of these metabolites and metabolic pathway analysis allowed us to
identify metabolic pathway changes between samples. Characterization of the antibacterial activity of the essential
oil from A. yunnanensis and P. insignis showed that 384 metabolites were identified in the two species, including

amino acids and peptides, phenylpropanoids, aromatics, glycoside, nucleotide, flavonoid, alkaloids, saccharides,
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vitamin, organic acid, lipids, esters, alcohol. A total of 92 differential metabolites with significant differences in

content (P < 0.05, VIP > 1) were identified. In conclusion, a new method based on pre-column derivatives and GC-

MS metabolomics was used to distinguish and compare 4. yunnanensis and P. insignis metabolites.
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Table 1 Sample information of Aster yunnanensis and Pulicaria insignis. YNZW: Aster yunnanensis; CZC: Pulicaria insignis

No. Collecting spot Altitude /m Collecting time Longitude and latitude
YNZW-1 Cuo 'a Mountain, Dege County, Sichuan 3910 2020.7.30 E99°31'45", N31°46'00"
YNZW-2 Hongxing Town, Ruoergai County, Sichuan 3471 2020.7.26 E102°36'24", N33°56'43"
YNZW-3 Marong Township, Baiyu County, Sichuan 3676 2020.7.13 E99°18'58", N31°04'57"
YNZW-4 Xinrong Township, Shiqu County, Sichuan 4018 2020.7.30 E98°18'33", N33°03'04"
YNZW-5 Tangke Town, Ruoergai County, Sichuan 3463 2020.7.26 E102°35'30", N33°11'25"
YNZW-6 Ranch, Shiqu County, Sichuan 3977 2020.7.30 E98°38'46", N32°22'00"
CZC-1 Quxia Town, Lazi County, Rikeze City, Tibet 4000 2019.7.21 E87°24'15", N28°4724"
CZC-2 Angke Township, Gongjue County, Tibet 3900 2019.8.10 E98°30'15", N30°32'17"
CZC-3 Jiangzi County, Tibet 4170 2019.8.24 E89°45'39", N28°50'39"
CZC-4 Qiere Township, Angren County, Tibet 4240 2019.9.01 E87°17'13", N29°12'33"
CZC-5 Xuejila Mountain, Jiangda County, Tibet 3720 2019.9.12 E93°06'11", N30°01'24"
CZC-6 Tongkong Village, Basu County, Tibet 3260 2019.8.24 E96°11'27", N30°29'34"




-+ 3120 - 252 %4 Acta Pharmaceutica Sinica 2021, 56(11): 3118 -3129

2375735, J¢H Oxoid A PR A W] ); ¥ VRIS B O T 548
(LNG-T98, KE M HFEAMAEE ).

WFNFIAG 1R DR B S R TR C, (Bt
51 G162300). L& FH I C, (L5 : N-9M-AU4-B). %[
HIE C,, (5 : N-10M-A18-D).+ — ke 2 H fig/ 7 H: 1R
H G C,, (L5 : N-12M-AU15-D). |- VU 42 B8 H i/ &
FEPR FE C,, (L5 : N-14M-A24-E). /N e iR H g /Ax
R R RS C, (150 G161798) )\ Jt R F i/ fIE T
HI g C,, (it 5 : N-18M-09-C) (3 #it Larodan /A &]); —
e R /A ZE IR R C,, (FiE 50 N-20M-J27-E) —
| e R H R/ LL AT IR R C,, (5 N-22M-JY30-E).
T DY B RR R R B R R C,, (65 N-24M-S6-A).
Z N ke W R C, (15 N-26M-A6-E) (3% [ Nu-
Chek 24 @); MEIE (L5 : W296600). O- F 3 5 i £ 1R
£ (97%) (#it 5 : M0343). BSTFA+1% TMCS (fit 5 :
B3402) (g 2k st i RBHE A PR A A)); L-2-F R A&
R (Ik5: $60230, L EAIZEMH R AF). FLERAR
S0 B EARANIE SR (S 118190906, }iLkS: 500 mg/
250 mL, Wi VL& 25 B0 A7 BR A \]); 2 b B2 2 Ak
Fr (5 2529788, MG : 5 ug, OXOID Ltd. UK); 51k
BNVE S (5 M20040806C, U J1| BFAE 26 \V B 3 A
2 7]); DMSO (it 5 2022/12, db 5t A=W TikHE A IR
AF])s

(23RN ESY 7 S )7 R s e B Wity 7 S+ U S g il |
(MSSA) 58k ;= ) ik g- A Bt i g X 3% 45 B (E-)
SHk; Il TR (B-) S FE; 4R SR B B S bk B2
AR S R (VU NP R TALwE T BT Joi 2 5 ik
& B ATCC29213 K 3% 45 B ATCC25922 (At 446
BRAE P EARTH FL ) o

GC-MS XA AT TR RS % AR Al
60 mg, N 1.5 mL [ &0E 1, I 40 uL WFF (L-2-5-
RINEIR, 0.3 mg-mL", FEZECE), K70 PR /N
Bk, 360 puL H 74 1 HH B, 7E-20 °COKAE TS E 5 min;
HUCHY, BONAIEBE ML A F R (60 Hz, 2 min), VK/K i3 75 #i2
¥ 30 min; I 200 pL 5, FEII 400 pL (7K, i€
AR TE 2 min; 28 5 VKK A B 30 min; —20 °Cif
# 30 min J5 /K i 250 10 min (13 000 r-min™, 4 °C), i
150 pL (1) B3 WEAE NBEATAM A . RPEREA (QC)
BT FE AR 1) 32 B S5 (A RO 5 1 46170 B, QC AR 5
FEAAAE] o P B CIRAT TR AR 2 TFF iy, A1 BEEEATAE
TN 80 pL 7 HA A8 i BR R BRI e Y9 (15 mgmL™),
WIEE Y 2 min J5, T8 %5 R4 37 °Crh 90 min i3k
AT H A L K A B J5 FE NN 80 uL 1Y BSTFA (&
1% TMCS) #1437 F1 20 pL 1F S, TN 11 R A br
(cy/c,C,/C,/C,,/C,, 0.16 mg-mL"; C,/C,/C,,/C,,/C,

0.08 mg-mL™", BN FLE) 10 uL, %1€ % 2 min /5,
F70 °C 2 ¥ 60 min; CHAEA S, 78 % i 5CE 30 min,
BEAT GC-MS AU 2 73 #r

GC-MS & i &£ DB-5MS £ 414 # (30 m x
0.25 mm x 0.25 um, Agilent J&W Scientific, Folsom, CA,
USA), #A N s 42 (L EA /N T 99.999%), it id
1.0 mg-mL", BEFE R E 9 260 °Co #EFERE 1 pL, A
O THERE, VEFIAEIR 5 min.  FEFTHE: HHRA I WIMA
1N 60 °C, {74 0.5 min; LA 8 °C-min” £ 5 FHE &
125 °C; 4 °C -min” F+ & 2 210 °C; 5 °C ‘min” F+ i &
270 °C; 10 °C-min" F+iff 2 305 °C, & +F 3 min.

GC-MS Ri& &M wmrZ&Es U (ED, 81K
W 230 °C, PUZLAFIEIE 150 °C, L FRER 70 eV.
75 A A R A0 (SCAN), i & 1 # J5 Fl : m/z 50~
500.

BIEAIB NG9 4F  UNIFI 181 54 F TR
9h KU 1 R 4 K GO/MS 1Y R B iR (D i ) &
Analysis Base File Converter 3 {1 % 4t 4 43 B 3 A SC 1
abf g = LA Podi i R H e, 2 J5 % N MS-DIAL
HEAT WA I, AR ), MS2Dec [ 35 1, 52 P, WX 5%,
JEE, BORAE R 5 — RV TAL R o 4 Tl Ak 3 56 HE 11
s B 0 — 1L 5 5 N SIMCA-P #4347 32 4 70
B (PCA) i fe /I 3R ) 7] 43 B (PLS-DA) FIE A2 fhi £
/N 3R VE I 5] 43 BT (OPLS-DA) 25 2 70 %5 v 43 #1242,
P AR 4 A B0 4 A DT RRAS 4 (VIP > 1) AZH [A] AR 4K 11
ZERRI (KK BN (P <0.05) ~ZE R
VI iRk b e . 3T KEGG B35 I 5t 22 A AT
ARG I8 % B AR AT, B LR, R 5 A
SO L, 78 2 35 1 22 e R AR v 3 AR )
% H, HitE A A:
S0
p=1- Z l n-—i1

n
= (N)

A1, N H n 9 N 2 R R IR ACH
VIRIECH s MR R i AR AR E s m oA
RN R 1 2 AR B . BLP<0.058
BRI, 5 A2 0 SR 0l B R AE 22 AR T B3 4
138 %

A MAREE S B SRR (YNZW-5)
MR FFFE G (CZC-4) ¥R (1 2 5 1) %300 g, B2 L
(] JEC eI, HEHE el DU 2 vk 2P ,  ACBE  4E
RMEERET 20 mL =+, R EEM B2 %5, 12
5], 767K Na,SO, ik, JEid, BLER B AE o ik it 1
T, ¥ I IR B 43 7R 0.30% F110.24% .

(1



WS 2T GC-MSACHIZH A ) 2 1 558 A0 L & ) 22 T GE i 70 W B B P T - 3121 -

MR ERIEF 7R R e IR T & 3 IR -7
BRI B4 B8 Yk 43 4, 35~37 °CHE 33 5 BB V%, £ K
Fb L 22 20 0.5 2 IRBLAT (29 1x10° CFU mL™"), F-4%
I VR B B B AT 100 15 B B, A R B IR LN
1x10° CFU-mL" . FH 2 i 35 Fh (O P M B J5 1R BV T

35~37°Ci¥ & 24 h.

IEBME 4k K e 2 2 Kk
0.5, 21 1x10° CFU-mL", & Ji5 #i B¢ 100 £, HUH % 5 1
B R 100 pL, 35150 i A 22 ) 4% 47 1) MH (A) 3505 35 77
B b, R RS, OB AR, B LA
100 pL, XFHHEFL AN 50 pg-mL™" ) /£ SR 7D 22 100 pL,
NI FR AR 97 24 h J5 B T PE B AR .

YCRVE: B E 22 [GHE 0.5, 27 1x10° CFU'mL",
SR G R BE 100 £, HURARE J5 B B 100 pL, 350 3R A0 &
il £ 0P 1 MH (A) BRlERE R 2 b, RrR TR, A
B AR S mm 9725 {40, B R IR 5 20 pL, Xf
HEAE S pg/ B 10 72 S 00D AR A, RO 385 7% 40 15 77
24 h 5 BN H B BT .

HIEIEIRE MIC) FUNE  RHCGEE E KR
SEOG S AL SR 512 (CLSI) #4735 AR s fieigs itk
7 MIC I 5E . FEH I A 1 mL #2457,
IR 50 °C MH (A) B5772E 14 mL, J85]. R4
Ji 2 RUCERP OGP A TR, FEFI P 24078 1x10° CFU/AL,
ar FILES, 7E35~37 CCRE A B 24 he R W
J&i, BEAT R R RS2, P IO PN A D400 B 2 K ) R IR ik
FERI Y MIC.  [R] 52 SEAS AT ART A ot 1 2 1 1 0 HEE
J RN DMSO H 7 1 %F HE

Z#HR
1 ZEEEMRFENGC-MSLER

GC-MS Xt 2 7 48 56 Al L 35 BLEAT 40 7, 15 2 H 2
BT E (B ). GC/MS R 4 ¥ 28 1 3 4 3 LA
Ja, K LUG %0 #E £ (Untarget database of GC-MS
from Lumingbio) #F 47 £ 2 UL AT LA K % [ #H OC STk 5%
ARFES0Lof 8 1l 0 AT 48 8 A T, AR 2519 31 384 FRAR Y
W, WK 2. FEAHE 6 Fhal S L HATAEY 13 Bk
PR 38 P 05 B e« 13 P 25 .36 FiAZ P IR 7 i 3 i
A0 P AT (AT FPORE R 3B 4EAE R 52 M AL
g .57 RIS (8 PR 2 (O PSS . [] AR A A X AR
AT 8 B i, BN FEAS T, TSN L-2-5 K&
i R0 10 Tl i 7 1 B P A, AR S P9 bR 1 R R
% B B (8] E 4T N 58 PR A, K BT B #£ 4 H RSD > 0.3
9 P AR NI B, 7 B2 RSD < 0.3 19 9 A%, B RE Fa AR i 4%
PR B B 8] 43 X BEEAT AR 3 — b, R RN IE(E 5 50

A 6x1074

Intensity
&
X
S

)
X
2

o
5 10 15 20 25 30 35 40 45
Retention time / min

6x107+

Intensity
s
X
g

S
X
<

ol
5 10 15 20 25 30 35 40 45
Retention time / min

Figure 1 Total ion chromatogram (TIC) of Pulicaria insignis (A)

and Aster yunnanensis (B)
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Table 2 384 differential metabolites in Pulicaria insignis and Aster yunnanensis. Rt: Retention time

Rt/min Compound Rt/min Compound Rt/min Compound Rt/min Compound
5.269 Methylamine 15.508 Erythritol 23.249 3-Dehydroshikimic acid 32.938 3-Hydroxypalmitic acid
5.916 Diacetone alcohol 15.72 L-Asparagine 23.288 3-Deoxyhexitol 33.011 Oleic acid
6.349 Butane-2,3-diol 15.819 Salicylic acid 23.436 L-Cysteine-glycine 33.153 Elaidic acid
6.584 Pyruvic acid 15.999 Cytosin 23.629 Hypoxanthine 33.305 Alloxanoic acid
6.638 Phenol 15.112 D-Threitol 23.727 3,4-Dihydroxybenzoic acid 33.341 Sinapinic acid
6.655 L-Lactic acid 15.215 Nicotinamide 23.77 Citric acid 33.444 Stearic acid
6.78  2-Ketobutyric acid 15.309 Parabanic acid 23.922 Isocitric acid 33.497 Spermidine
6.929 Glycolic acid 15.381 5,6-Dihydrouracil 23.944 Citrulline 33.567 L-Cystine
6.97 Isobutene glycol 15.414 Adipic acid 23.959 O-Phosphoserine 33.583 Xanthurenic acid
6.986 Cyclohexylamine 15.425 Malic acid 24.136 3-(3-Hydroxyphenyl)-3- 33.991 D-Fructose-6-phosphate
hydroxypropionic acid
7.251 Maleimide 15.508 Erythritol 24.19 D-Tagatose 34.38 D-Fructose-1-phosphate
7.26  Acetophenone 15.72  L-Asparagine 24.197 4-Aminobenzoicacid 34.509 Glycerol-3-galactoside
7.365 L-Alanine 15.819 Salicylic acid 24.304 Myristic acid 34.703 Diclofenac
7.399 Hydroxylamine 15.999 Cytosin 24.434 1,5-Anhydroglucitol 35.209 Pseudo uridine
7.432 Butylamine 16.113 Methionine 24.545 Hippuric acid 35.358 Eicosanoic acid methyl
ester
7.64  Oxalic acid 16.12  Oxoproline 24.788 Adenine 35.363 Mannose 6-phosphate
7.758 2-Hydroxybutanoic 16.135 Aspartic acid 24.814 Quinic acid 35.505 Ricinoleic acid
acid
7.883 2-Hydroxy-2- 16.315 4-Hydroxyproline 24.913 Dehydroascorbic acid 35.698 Glucose 6-phosphate
methylbutanoic acid
7.937 Sarcosine 16.351 4-Aminobutyric acid 25.129 D-Fructose 35.957 1-Methyladenosine
7.982 2-Ketoisovaleric acid 16.641 Pyrogallol 25.255 Phenaceturic acid 36.093 Eicosapentaenoic acid
8.061 3-Hydroxypropionic 16.68 L-Threonic acid 25.375 N-Carbamylglutamate 36.144 Arachidonic acid
acid
8.084 Butyrolactam 16.896 5-Hydroxynorvaline 25.411 Gluconic acid lactone 36.395 6-Phosphogluconic acid
8.094 Piperidone 16.962 L-Cysteine 25.435 Altrose 36.42 D-Myo-inositol
4-phosphate
8.291 Benzylalcohol 17.041 Phenylethylamine 25.619 Glucose 36.572 N-Acetyl-D-tryptophan
8.325 3-Hydroxybutyric acid || 17.099 Creatinine 25.71 Syringic acid 36.632 cis-Gondoic acid
8.365 Sulfuric acid 17.149 Isothreonic acid 26.036 Tryptophol 36.67 Oleamide
8.527 N-Methylalanine 17.256 3-Hydroxybenzoic acid 26.049 Glucosamine 36.741 D-Erythro-sphingosine
8.597 4-(5-Methyl-2-furanyl)- | 17.257 Dodecanol 26.061 Isopentadecanoic acid 36.745 N-Acetyl-5-
2-butanone hydroxytryptamine
8.642 2-Ketoisocaproic acid 17.389 Tyrosol 26.1  L-Histidine 36.872 Dehydroabietic acid
8.877 p-Alanine 17.427 2-Isopropylmalic acid 26.122 Mannitol 37.254 5-Methoxytryptamine
9.082 Malonic acid 17.465 7-Hydroxynicotinic acid 26.182 Tyramine 37.308 Abietic acid
9.122 2-Hydroxyvaleric acid 17.501 Glycocyamine 26.293 L-Lysine 37.404 Uridine
9.192 3-Aminoisobutyric acid || 17.539 L-2-Hydroxyglutaric acid 26.314 N-Carbamoylaspartate 37.475 Saccharopine
9.28  Methylmalonic acid 17.63 oa-Ketoglutarate 26.339 Sorbitol 37.823 5-Methyluridine
9.293 L-Valine 17.645 3-Phenyllactic acid 26.495 Galactitol 37.909 Homocystine
9.465 Norvaline 17.651 4-Aminophenol 26.64 L-Tyrosine 38.375 Serotonin
9.564 Phenylethanol 17.753 Phosphoenolpyruvate 26.667 4-Hydroxycinnamic acid 38.824 Arbutin
9.615 2-Hydroxyhexanoic 18.041 L-Alanine-alanine 26.763 3,4-Dihydroxyhydrocinnamic | 38.847 Leucrose
acid acid
9.649 Pyrophosphate 18.12 1,2,4-Benzenetriol 26.802 Pentadecanoic acid 39.126 Inosine
9.681 4-Hydroxybutyric 18.12 Digitoxose 26.957 Adrenaline 39.435 1-Monopalmitin
acid
9.894 Urea 18.195 3-Hydroxy-3-methylglutaric | 27.045 Ononitol 39.46 Nicotianamine
acid
9.899 Benzoic acid 18.298 2,3-Dihydro-8-methoxyfuro || 27.104 Indole-3-acetate 39.524 Docosahexaenoic acid
(2,3-b) quinoline
9.91 Dihydroxyacetone 18.307 Pimelic acid 27.13  Conduritol-f-epoxide 39.674 Phytosphingosine
10.188 Thymidine 18.367 3-Hydroxyphenylacetic 27.154 Ascorbic acid 40.002 Erucic acid
acid
10.254 Ethanolamine 18.547 Ornithine 27.28 Galacturonic acid 40.08 Adenosine
10.319 Epsilon-caprolactam 18.69 Glutamic acid 27.284 Lipoic acid 40.176 Sucrose
10.349 Leucine 18.739 Phenylalanine 27.323 2,6-Diaminopimelic acid 40.243 Glycyl tyrosine
10.402 Glycerol 18.831 4-Hydroxybenzoate 27.665 Glycyl proline 40.333 Behenic acid
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Rt/min Compound Rt/min Compound Rt/min Compound Rt/min Compound

10.709 2-Deoxyerythritol 18.886 Acetaminophen 27.728 Galactonic acid 40.363 Spermine

10.727 L-Isoleucine 19.003 Lyxose 27.789 Hexose 40.634 Xanthosine

10.777 L-Threonine 19.129 Tartaric acid 27.938 N-Acetylornithine 40.69 Lactulose

10.807 Nicotinic acid 19.135 4-Hydroxyphenylacetic acid | 28.01  Pantothenic acid 40.846 Cytidine

10.84 L-Proline 19.402 D-Arabinose 28.025 Gluconic acid 40.852 Cellobiose

10.916 Phenylacetic acid 19.414 Lauric acid 28.088 Isohexonic acid 41.163 D-Fructose-1,6-
bisphosphate

10.964 Maleic acid 19.439 D-Xylose 28.238 Urocanic acid 41.308 2-Monoolein

11.032 Glycine 19.445 2,4-Hexadienedioic acid 28.298 Saccharic acid 41.317 Lactose

11.194 Catechol 19.552 N-Acetylaspartic acid 28.322 3-Hydroxy-3-(4'-hydroxy-3'- || 41.516 Trehalose

methoxyphenyl)propionic acid

11.264 Succinic acid 19.79 D-Ribose 28.494 Glucosaminic acid 41.666 Resveratrol

11.41 2-Methylglyceric acid 19.822 Taurine 28.509 Xanthine 41.745 1-Monoolein

11.494 Glyceric acid 19.907 3-Ureidopropionate 28.665 Palmitoleic acid 41.881 D-Maltose

11.583 2,3-Dihydroxybutanoic | 19.969 Guanidinosuccinate 28.719 p-Hydroxymyristic acid 41.917 2'-Deoxyguanosine

acid

11.609 2-Picolinic acid 20.113 N-Cyclohexylsulfamic acid | 28.899 Scopoletin 42.085 5'-Deoxy-5'-methylthio-
adenosine

11.695 Uracil 20.159 D-Xylulose 29.061 Hexaric acid 42.134 Lactitol

11.73  1-Methylhydantoin 20.215 Tranexamic acid 29.077 2,4,7-Trihydroxypteridine 42.181 Guanosine

11.809 2-Deoxytetronic acid 20.566 D-Xylitol 29.245 Palmitic acid 42.27 Sophorose

11.842 Citraconic acid 20.618 Levoglucosan 29.523 DL-Dopa 42.316 1-Monostearin

11.991 Pyrrole-2-carboxylic 20.7  2,4-Diaminobutyric acid 29.624 Glutamyl-valine 42.693 p-Gentiobiose

acid

12.109 Fumaric acid 20.78 Arabitol 29.9  N-Acetylgalactosamine 42.724 Lactobionic acid

12.241 Serine 20.892 Phthalic acid 29.919 Allantoic acid 42.808 Uridine
5'-monophosphate

12.312 Pelargonic acid 21.061 Metharbital 30.127 D-Ribose-5-phosphate 42.863 Epicatechin

12.329 Pipecolic acid 21.138 N-Acetylputrescine 30.13  myo-Inositol 42.87 Maltitol

12.488 Cyano-l-alanine 21.142 D-Fucose 30.214 Ferulic acid 42.907 4',5-Dihydroxy-7-
glucosyloxyflavanone

12.537 Erythronic acid 21.156 a-Aminoadipic acid 30.313 Dimethyluric acid 42.981 Melibiose

12.722 Salicylaldehyde 21.267 Ribitol 30.423 Naproxen 43.05 Catechin

12.727 4-Methylcatechol 21.558 Putrescine 30.449 Uric acid 43.222 Digalacturonic acid

12.807 Allothreonine 21.594 Orotic acid 30.452 D-Ribulose 5-phosphate 43.501 Piceatannol

12.888 Resorcinol 21.628 Diglycerol 30.511 N-Acetylmannosamine 43.546 Formononetin

13.065 O-Acetylserine 21.698 UDP-glucuronic acid 30.602 Isoheptadecanoic acid 43.679 Isomaltose

13.131 Thymine 21.699 Ciliatine 30.732 Linoleic acid 43.777 Epigallocatechin

13.204 Hydroquinone 21.781 6-Deoxyglucitol 30.932 Guanine 43.862 Palatinitol

13.306 Glutaric acid 21.819 Xylonic acid 30.939 N-Acetyl-D-hexosamine 43.862 Gallocatechin

13.379 Biphenyl 21.834 Agmatine 30.942 Isoxanthopterin 43911 5,7-Dihydroxy-4'-
methoxyisoflavone

13.561 2-Methylglutaric acid 22.051 3,6-Anhydro-D-galactose 31.258 3,4-Dihydroxycinnamic acid || 44.312 3'-Adenylic acid

13.974 1,3-Dihydroxypyridine | 22.054 Aconitic acid 31.348 Heneicosanoic acid 44.547 Daidzein

14.339 Homoserine 22.254 3-(4-Hydroxyphenyl) 31.401 Noradrenaline 44.709 Coniferin

14.397 Dihydroxymalonic acid propionic acid 31.456 Octadecanol 44.889 y-Tocopherol

14.422 Threose 22.319 Vanillic acid 31.585 L-Kynurenine 44.984 Isochlorogenic acid

14.584 Capric acid 22.335 Ribonic acid 31.883 Glutathione 45.119 1-Methylinosine

14.686 N-Methylglutamic acid | 22.369 Glycerol 3-phosphate 31.97 Phytol 45.204 Cerotinic acid

14.801 Aminomalonate 22.479 Homovanillic acid 32.224 7-Methylguanine 45.729 Adenosine-5'-
monophosphate

14.83 Citramalic acid 22.492 Glucose-1-phosphate 32.31 Phytanic acid 45.848 Chlorogenic acid

14.878 Phenylacetamide 22.616 L-Glutamine 32.371 Indole-3-lactate 45.866 Galactinol

15.112 D-Threitol 22.714 N-Acetylglutamate 32.436 L-Cystathionine 46.654 Trehalose-6-phosphate

15.215 Nicotinamide 22.746 4-Hydroxymandelic acid 32.555 p-Mannosylglycerate 46.802 Alpha tocopherol

15.309 Parabanic acid 22.818 5-Thymidylic acid 32.666 L-Tryptophan 47.582 Cholesterol

15.381 5,6-Dihydrouracil 22.976 Shikimic acid 32.666 5-Hydroxy-3-indoleacetic 47.681 Dihydrocholesterol

acid
15.414 Adipic acid 23.102 3-Phosphoglycerate 32.753 D-Fructose 2,6-bisphosphate | 47.876 Zymosterol
15.425 Malic acid 23.105 Terephthalic acid 32.867 Linolenic acid 48.298 Cholesterone
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Figure 2 Multivariate statistical analysis (A-D) of YNZW and CZC
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Figure 3 Loading plot (A) and Splot (B) of Aster yunnanensis and Pulicaria insignis. The yellow dots represent substances that have a

strong influence on the grouping, and the green have a very weak influence
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Figure 4 Heatmap of 92 differential metabolites in Aster yunnanensis and Pulicaria insignis (P <0.05, VIP>1). Rows represent samples;
columns represent metabolites. The degree of color saturation indicates the metabolite expression values with blue representing the lowest

expression and red representing the highest expression
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Figure 5 Volcanic map of Aster yunnanensis and Pulicaria insig-
nis (VIP > 1, P <0.05). The red indicates the high content of differ-
ential metabolites in Aster yunnanensis, and the blue indicates the

high content of differential metabolites in Pulicaria insignis
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Figure 6 Correlation analysis of the differential metabolites between Aster yunnanensis and Pulicaria insignis. Red is a positive correla-

tion and blue is a negative correlation
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Figure 7 Metabolic pathway enrichment map (A) and bubble diagram (B) of TOP-20 of Aster yunnanensis and Pulicaria insignis differen-

tial metabolites
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