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Abstract: Astragalus membranaceus is a traditional genuine medicinal herb with a long history of medicinal use and a wide
range of distribution. The quality and therapeutic efficacy of Astragalus membranaceus from different places of origin vary
greatly, and the type and content of secondary metabolites are the material basis for determining the quality of the medicinal herb.
To study the differences in secondary metabolites of Astragalus membranaceus from different origins, provided an important
basis for analyzing the quality formation of Astragalus membranaceus and lay a foundation for the selection and breeding of high—
quality Astragalus membranaceus, the experiment was conducted on three Astragalus membranaceus var. mongholicus roots
from Hunyuan, Shanxi(S2-7), Wutai, Shanxi(S2-9), and Hezheng Pharmaceutical Garden, Gansu(S2-10) by LC-MS/MS-
based non-targeted metabolomics, and the methods of Principal Component Analysis(PCA) and Orthogonal Partial Least
Squares Discriminant Analysis(OPLS-DA) were utilized for differential metabolite screening and pathway enrichment analysis
was proceeded by KEGG database. The results showed thant a total of 674 metabolites were identified and classified into 29
categories, mainly including terpenoids, flavonoids, phenylpropanoids, and alkaloids. Based on the screening of differential
metabolites with P <C 0.05 and Variable Importance of Projection(VIP) =1, 81 differential metabolites were screened between
Astragalus membranaceus from Gansu(S2-10) and Astragalus membranaceus from Shanxi(S2-7, S2-9), and 67 differential
metabolites were screened between Astragalus membranaceus from two origins of Shanxi, Wutai(S2-9) and Hunyuan(S2-7);
there was a significant difference of these metabolites in terms of their contents. Enrichment analysis of the pathways showed that

three metabolic pathways with significant differences(P <C 0.05) were enriched in the groups of Astragalus membranaceus from
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Gansu and Astragalus membranaceus from Shanxi: isoquinoline alkaloid biosynthesis, indole alkaloid biosynthesis, and nicotinic

acid salt and nicotinamide metabolic pathways. In conclusion, the types and contents of secondary metabolites of Astragalus

membranaceus differed from different origins.
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Fig.1 Total ion chromatogram
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0-[(2S,3R,4S,5S,6R)-3,4, 5-trihydroxy-6-(hydroxymethyD) oxan-2-yl](2S, 4aR, 6aS, 6bR, 9R, 10R, 11S, 12aR, 14bS) - 11-hydroxy-9-Chy-
droxymethyD-2,6a,6b,9, 12a-pentamethyl-10-[(2S,3R,4S,5R)-3,4, 5-trihydroxyoxan-2-ylJoxy-1,3,4,5,6,6a,7,8,8a,10,11,12,13, 14b-tetra-
decahydropicene-2, 4a—dicarboxylate; D.2-methyl-3-[(2S,3R,4S,5S,6R)-3,4, 5-trihydroxy—-6-Chydroxymethyl) oxan-2-ylJoxypyran-4-one; E.3,
5,5-Trimethyl-4-[3-[3, 4, 5-trihydroxy-6-Chydroxymethyl) oxan-2-ylJoxybut-1-enyl]cyclohex-2-en-1-one; F.(2S,3R,4R,5R,6S)-2-[(2R, 3R,
4S,5R,6R)-2-[2-(3,4-dihydroxyphenyl)ethoxy]-3, 5-dihydroxy—6-Chydroxymethyl) oxan—4-ylJoxy—6-methyloxane-3, 4, 5-triol; G.(2R, 3R, 4R,
5R,6S)-2-[[(2R,3S,4S,5R,6S)-6-(4-ethenylphenoxy)-3, 4, 5-trihydroxyoxan—-2-ylJmethoxy ]-6-methyloxane-3,4, 5-triol, H.7-hydroxy-1,4a—
dimethyl-9-oxo-7-propan-2-yl-2,3,4,4b,5,6, 10, 10a-octahydrophenanthrene—1-carboxylic acid; I.(2R,3S,4S,5R, 6R)-5-[(2S, 3R, 4R) -3, 4~di-
hydroxy—4-(hydroxymethyD) oxolan-2-ylJoxy—-2-(hydroxymethy)-6-( 2-phenylethoxy)oxane-3, 4—diol
4 S2-10 vs SXZY MY B K E
Fig.4 S2-10 vs SXZY cluster heat map
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*,0.01<<P<C0.05, **. 0.001<<P<C0.01, ***, P<C0.001. A. 3,5, 5-Trimethyl-4-[3-[3, 4, 5-trihydroxy-6-ChydroxymethyD) oxan-2-ylJoxybut-1-
enyl]cyclohex-2-en-1-one; B. 4-Hydroxy-3, 5-dimethoxyphenyl 6-O-[(2S, 3R ,4R)-3, 4-dihydroxy-4-(hydroxymethyD tetrahydro—-2-furanyl]-
beta—D-glucopyranoside; C.(2R,3S,4S,5R,6R)-5-[(2S,3R,4R) -3, 4-dihydroxy-4-Chydroxymethyl)oxolan-2-ylJoxy—2-Chydroxymethyl)-6—
(2-phenylethoxy) oxane-3, 4-diol;D.(2S, 3R, 4R, 5R, 6S)-2-[(2R, 3R, 4S,5R, 6R)-2-[2-(3, 4-dihydroxyphenyD ethoxy]-3, 5-dihydroxy-6-
(hydroxymethyD) oxan—-4-yl] oxy—6-methyloxane-3, 4, 5-triol; E.(2S,6R, 8aS)-6-(2-hydroxypropan-2-yl)-8a-methyl-4-methylidene-1,2,3,

4a,5,6,7,8-octahydronaphthalen-2-o

5 S2-10 vs SXZY Ky K LEAFE
Fig.5 Matchstick analysis for group S2-10 vs SXZY
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FA 18:1+30
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Dihydroartemisinic acid
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D
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Quercetin—3—0—glucoside
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E
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Isoxanthohumol

F
Benzoic acid + 10, 1MeO, O—Hex
G
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Alisol A

H

D—Gluconic acid
Diacerein
Benzoic acid

1

Soyasapogenol E base + O—HexA—Hex—dHex

Soyasapogenol B base + O—HexA+HexA+dHex

Methyl 4—hydroxy—3—methoxycinnamate

Group

1.5 I
1

0.5

—1.5

S2-9
S2-7

A.[(1S,3aR,5R, 5aR, 8aR, 9S,9aR) -1, 5, 8a—trimethyl-2, 8—-dioxo-3a,4,5,5a,9, 9a—hexahydro-1H-azuleno[ 6, 5-b]Jfuran-9-yl] 2-methylpropano-
ate; B.(2S,3S,4S,5R, 6R)-6-[[(3S, 6aR, 6bS, 8aS,14bR)-4,4,6a,6b, 11,11, 14b-heptamethyl-8a-[(2S, 3R ,4S,5S,6R)-3, 4, 5-trihydroxy—6-
(hydroxymethyl) oxan-2-ylJoxycarbonyl-1,2,3,4a,5,6,7,8,9,10,12,12a, 14, 14a—tetradecahydropicen-3-ylJoxy]-3, 4, 5-trihydroxyoxane—2-car-
boxylic acid; C.(2S,3S,4S,5R,6R)-6-[[(3S,6aR,6bS,8aR, IR, 14bS)-14b-formyl-9-hydroxy-4,4,6a,6b,8a, 11, 11-heptamethyl-1,2,3,4a,5,
6,7,8,9,10,12,12a, 14, 14a-tetradecahydropicen-3-ylJoxy|-5-[(2S, 3R, 4S, 5R) -4, 5-dihydroxy-3-[(2S, 3R, 4R, 5R, 6S)-3, 4, 5-trihydroxy-6—
methyloxan-2-ylJoxyoxan—-2-ylJoxy-3, 4-dihydroxyoxane—2-carboxylic acid; D.2,2,6b, 9,9, 12a-hexamethyl-4a-[3,4, 5-trihydroxy-6-Chydroxy-
methyl)oxan—-2-ylJoxycarbonyl-10-(3, 4, 5-trihydroxy-6-methyloxan-2-yDoxy-1,3,4,5,6,6a,7,8,8a,10,11,12,13, 14b-tetradecahydropicene—6a
—carboxylic acid; E.[1, 3-dihydroxy-1-(7-methoxy-2-oxochromen-6-yl)-3-methylbutan-2-yl]J( E) -2-methylbut-2-enoate; F.2H-Cyclohepta[b]fu-
ran-2-one, 3,3a,4,7,8,8a—hexahydro-6-(3-hydroxybutyl) =7-methyl-3-methylene-; G.7-methoxy-6-(1, 2, 3-trihydroxy-3-methylbutyl) chro-
men-2-one; H.3-[5, 7-dihydroxy-2-(4-methoxyphenyl) -4-oxo0-2, 3—dihydrochromen-3-yl]-5, 7-dihydroxy-2-(4-methoxyphenyl) -2, 3-dihydro-
chromen-4-one; 1.(2S,3R,4S,5S,6R)-2-[3-hydroxy-5-[(Z)-2-(4-hydroxyphenyDethenyl Jphenoxy ]-6—Chydroxymethyl)oxane-3,4, 5-triol

+50-
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Fig.6 S2-9 vs S2-7 cluster heat map
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FA 18:1+30

A
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B

monoolein
cuminyl alcohol
C
Androstane—3,17—diol
Karakoline
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D
alpha—Solanine
Jasmonic acid
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B
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Nicotinamide
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Compound name

Glycitin
Isorhamnetin
Hesperetin

F

Valine
Methylparaben

G

H

Gentisic acid
Flavone base + 30, 1MeO
Deoxyloganic acid
Diacerein

Benzoic acid + 10, 1MeO, O—Hex

* VIP
1.2

O 14
® s

log, FC

*.0.01<< P <20.05,%*. 0.001<< P <<0.01, ***, P<C0.001. A.Soyasapogenol E base + O-HexA-Hex-dHe; B.(2S,3S,4S,5R,6R)-6-[[(3S,6aR,
6bS,8aS, 14bR)-4,4,6a,6b,11,11, 14b—heptamethyl-8a-[(2S,3R,4S,5S,6R)-3,4, 5-trihydroxy—6-Chydroxymethyl) oxan—-2-ylJoxycarbonyl—-
1,2,3,4a,5,6,7,8,9,10,12,12a, 14, 14a—tetradecahydropicen—3-ylJoxy]-3, 4, 5-trihydroxyoxane—2-carboxylic acid; C.2,2,6b,9,9, 12a-hexa-
methyl-4a-[3,4, 5-trihydroxy—6-Chydroxymethyl) oxan-2-ylJoxycarbonyl-10-(3, 4, 5-trihydroxy-6-methyloxan-2-ylDoxy-1,3,4,5,6,6a,7,8,
8a,10,11,12,13, 14b-tetradecahydropicene—6a—carboxylic acid;D.[(1S,3aR,5R, 5aR,8aR, 9S,9aR)-1, 5, 8a—trimethyl-2, 8-dioxo-3a,4,5,5a,9,
9a—hexahydro—1H-azuleno[6, 5-b]furan-9-yl] 2-methylpropanoate; E.(2S,3S,4S,5R,6R)-6-[[(3S,6aR, 6bS,8aR,9IR, 14bS)-14b-formyl-9-
hydroxy-4,4,6a,6b,8a,11,11-heptamethyl-1,2,3,4a,5,6,7,8,9,10,12,12a, 14, 14a—tetradecahydropicen-3-ylJoxy]-5-[(2S, 3R ,4S,5R)-4,5
—dihydroxy-3-[(2S,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyloxan-2-ylJoxyoxan-2-ylJoxy-3, 4-dihydroxyoxane—2-carboxylic acid; F.7-me-
thoxy—-6-(1, 2, 3-trihydroxy—-3-methylbutyl) chromen-2-one; G.3-[5, 7-dihydroxy-2-(4-methoxyphenyD) -4-oxo-2, 3-dihydrochromen-3-yl]-
5, 7—dihydroxy-2-(4-methoxyphenyl) -2, 3-dihydrochromen-4-one; H.[1, 3-dihydroxy—1-(7-methoxy-2-oxochromen-6-yl)-3-methylbutan-2

-ylJ(E)-2-methylbut-2-enoate

7 S2-9 vs S2-7HY K LEAF
Fig.7 Matchstick analysis for group S2-9 vs S2-7
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A.S2-10 vs SXZY : 1~8 73 g 5 W A5 4 B A5 400 5 J < W5 e A 0 60 A 0 ol JORT TR 0 R J0R T e Q5 i T QA €0 ST A 39 T 0 57 T 752 242 400
BB E R FRE R A g AQ  B.S2-9 vs S2-7: 1~8 73 J9FE Kt , IR 1 1Lk W A= 1 B8 A 400 1 2 T R AT I e A L LA R T R B
IR R € U AR 5 1 R DA ot 288 2R 00 - i T AT 6 R 2R B — (RNAER B . 02k Ak 9 P=0.05, L2k PA L2 P<C0.05

A. S2-10 vs SXZY: 1~8 represented isoquinoline alkaloid biosynthesis, indole alkaloid biosynthesis, nicotinate and nicotinamide metabolism, tyro-
sine metabolism, tryptophan metabolism, flavone and flavonol biosynthesis, starch and sucrose metabolism, pyrimidine metabolism, respectively;
B.S2-9 vs S2-7: 1~8 represented tropane, piperidine and pyridine alkaloid biosynthesis, phenylalanine metabolism, purine metabolism, nitrogen
metabolism, phenylalanine, tyrosine and tryptophan biosynthesis, phenylpropanoid biosynthesis, glucosinolate biosynthesis, aminoacyl-tRNA bio-
synthesis, respectively. P=0.05 at the red line, and P<C0.05 above the red line
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Fig.8 The metabolic pathway of metabolite enrichment of Astragalus membranaceus from three different origins
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