SUPPLEMENTARY TABLES

Supplementary Table 1. Significant difference of GM at the phylum level.

CON VS Phylum log2FC  p_value Significance Regulation
OovVX p__ Candidatus_Saccharibacteria 4.11 0.01 yes up
ovVXx p__Deferribacteres -Inf 0.01 yes down
OovVX p_ Candidatus Melainabacteria -2.40 0.01 yes down
ovX p__ Firmicutes 0.22 0.02 yes up
OovVX p__ Bacteroidetes -1.02 0.02 yes down
ovVXx p__Tenericutes 2.75 0.04 yes up
DIO p_ Candidatus Melainabacteria -2.70 0.01 yes down
DIO p__Candidatus_Saccharibacteria 2.87 0.01 yes up
DIO p__Verrucomicrobia -6.97 0.01 yes down
DIO p__Deferribacteres -6.38 0.01 yes down
DIO p_ Tenericutes 2.72 0.04 yes up
GIO p__Candidatus_Melainabacteria -2.63 0.01 yes down
GIO p__Deferribacteres -Inf 0.01 yes down
GIO p__Tenericutes 3.37 0.02 yes up
GIO p_ Candidatus Saccharibacteria 2.95 0.03 yes up
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Supplementary Table 2. Significant difference of GM at the genus level.

CON VS Genus log2FC p_value Significance Regulation
OovX g Bilophila Inf 0.00 yes up
ovX g Actinobacteria_unclassified Inf 0.00 yes up
OovX g_ Tidjanibacter Inf 0.00 yes up
ovX g Paramuribaculum -Inf 0.00 yes down
OovX g Erysipelatoclostridium -6.22 0.00 yes down
ovX g_ Sutterellaceae_unclassified -4.42 0.00 yes down
ovX g_ Negativibacillus 541 0.00 yes up
OovX g Bacteroidetes_unclassified -1.65 0.00 yes down
ovX g_ Ruminococcaceae unclassified 1.28 0.00 yes up
ovX g Candidatus_Saccharibacteria_unclassified  4.11 0.00 yes up
OovVX g Anaerotruncus -4.98 0.00 yes down
OovVX g Muribaculum -2.60 0.00 yes down
ovVX g Proteobacteria_unclassified -3.26 0.00 yes down
ovX g Pasteurellaceae unclassified -4.75 0.00 yes down
ovVX g Peptostreptococcaceae unclassified 4.63 0.01 yes up
OovVX g Desulfovibrionaceae unclassified -3.84 0.01 yes down
OovX g Defluviitaleaceae unclassified -3.22 0.01 yes down
ovX g_ Clostridiaceae_unclassified -1.86 0.01 yes down
OovX g Parasutterella -3.14 0.01 yes down
ovX g_ Allobaculum Inf 0.01 yes up
OovX g Mucispirillum -Inf 0.01 yes down
ovVX g Eubacterium -6.67 0.01 yes down
OovX g Candidatus_Melainabacteria unclassified  -2.40 0.01 yes down
ovVX g Tenericutes unclassified 2.67 0.01 yes up
OovX g Lachnospira -5.15 0.02 yes down
ovVX g Paludicola -2.69 0.02 yes down
OovVX g Firmicutes_unclassified 0.60 0.02 yes up
OVX giclostridialesfFamilyfIV.7Incertae7$edisﬁun 276 0.02 yes down
classified

OovVX g_ Faecalibaculum -Inf 0.02 yes down
OovVX g Erysipelotrichaceae unclassified 2.50 0.03 yes up
OovX g Mollicutes unclassified 5.86 0.03 yes up
ovX g Duncaniella -3.76 0.03 yes down
OovX g Parabacteroides -1.54 0.04 yes down
ovVX g Eggerthella 1.18 0.04 yes up
OovX g Mediterraneibacter -2.04 0.05 yes down
OovVX g__Anaerofustis -3.64 0.05 yes down
DIO g__ Erysipelatoclostridium -Inf 0.00 yes down
DIO g_ Actinobacteria_unclassified Inf 0.00 yes up
DIO g Paramuribaculum -7.79 0.00 yes down
DIO g_ Peptostreptococcaceae_unclassified 5.86 0.00 yes up
DIO g Proteobacteria_unclassified -3.60 0.00 yes down
DIO g Negativibacillus 6.59 0.00 yes up
DIO g Defluviitaleaceae unclassified -3.26 0.00 yes down
DIO g Parabacteroides -2.78 0.00 yes down
DIO g Muribaculum -2.10 0.00 yes down
DIO g Candidatus_Melainabacteria_unclassified  -2.70 0.01 yes down
DIO g_ Proteus -1.70 0.01 yes down
DIO g Candidatus Saccharibacteria_unclassified  2.87 0.01 yes up
DIO g_ Bilophila Inf 0.01 yes up
DIO g_ Helicobacter Inf 0.01 yes up
DIO g Tidjanibacter Inf 0.01 yes up
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Supplementary Table 3. Details of TOP10 KEGG pathways enrichment analysis in OVX vs

CON.

Level 2 Level 1 Pathway KEGG  P-value
Lipid metabolism Metabolism  Steroid hormone biosynthesis ~ map00140 3.60E-11
Amino acid metabolism  Metabolism Tryptophan metabolism map00380 1.64E-08
Amino acid metabolism  Metabolism Histidine metabolism map00340 5.61E-07
Lipid metabolism Metabolism Secondary bile acid biosynthesis map00121 1.87E-06

Supplementary Table 4. Details of TOP10 KEGG pathways enrichment analysis in DIO vs CON.

Level 2 Level 1 Pathway KEGG P-value
Amino acid metabolism Metabolism Tryptophan metabolism map00380  1.09E-09
Lipid metabolism Metabolism  Secondary bile acid biosynthesis map00121  3.04E-09
Amino acid metabolism Metabolism Histidine metabolism map00340  2.86E-08
Amino acid metabolism Metabolism  Arginine and proline metabolism map00330  1.27E-07
Lipid metabolism Metabolism Primary bile acid biosynthesis ~ map00120  5.61E-07

Supplementary Table 5. Details of TOP10 KEGG pathways enrichment analysis in DIO vs CON.

Level 2 Level 1 Pathway KEGG P-value
Amino acid metabolism  Metabolism  Arginine and proline metabolism map00330  2.56E-09
Lipid metabolism Metabolism Steroid hormone biosynthesis ~ map00140  3.32E-08
Amino acid metabolism  Metabolism Histidine metabolism map00340  8.81E-08
Amino acid metabolism  Metabolism Tryptophan metabolism map00380  7.45E-07

Supplementary Table 6. Differential metabolites in lipid and amino acid metabolism related pathways of OVX vs
CON.

1D Metabolite KEGG Level 1 Level 2 Pathway Regulated
pos-3.491 264.11055 3alpha-hydroxy-;kl)eeta-pregnane-20- C05480 Metabolism Lipid metabolism Steroid hormone biosynthesis down
pos-3.427 310.1525 estriol C05141 Metabolism Lipid metabolism Steroid hormone biosynthesis up
pos-4.685 316.23923 20alpha-hydroxy-4-pregnen-3-one C04042 Metabolism Lipid metabolism Steroid hormone biosynthesis down
pos-4.685 290.22366 dihydrotestosterone C03917 Metabolism Lipid metabolism Steroid hormone biosynthesis down
pos-4.192 366.24003 cortolone C05481 Metabolism Lipid metabolism Steroid hormone biosynthesis up
pos-4.685 334.24965 5-alpha-thdoc C13713 Metabolism Lipid metabolism Steroid hormone biosynthesis down
neg-5.169 368.25556 cortol C05482 Metabolism Lipid metabolism Steroid hormone biosynthesis down
pos-7.166_346.21112 corticosterone C02140 Metabolism Lipid metabolism Steroid hormone biosynthesis down
neg-3.348 270.15783 estrone C00468 Metabolism Lipid metabolism Steroid hormone biosynthesis up
pos-4.213 364.22429 tetrahydrocortisone C05470 Metabolism Lipid metabolism Steroid hormone biosynthesis down
pos-5.793 314.22367 progesterone C00410 Metabolism Lipid metabolism Steroid hormone biosynthesis down
pos-4.61 272.2134 androsterone C00523 Metabolism Lipid metabolism Steroid hormone biosynthesis down
pos-4.684 272.2134 etiocholanolone C04373 Metabolism Lipid metabolism Steroid hormone biosynthesis down
neg-3.181_157.03705 2-aminomuconate C02220 Metabolism Amino acid metabolism Tryptophan metabolism down
neg-3.496 189.04223 kynurenic acid C01717 Metabolism Amino acid metabolism Tryptophan metabolism down
pos-3.177_208.08446 I-kynurenine C00328 Metabolism Amino acid metabolism Tryptophan metabolism up
pos-4.768 117.05781 indole C00463 Metabolism Amino acid metabolism Tryptophan metabolism up
neg-4.778 368.1038 indolylmethyl-desulfoglucosinolate C16517 Metabolism Amino acid metabolism Tryptophan metabolism up
neg-3.873_248.0793 5-hydroxyindoleacetylglycine C05832 Metabolism Amino acid metabolism Tryptophan metabolism up
neg-4.661_300.03853 cinnavalininate C05640 Metabolism Amino acid metabolism Tryptophan metabolism up
pos-5.054_191.05781 5-hydroxyindole-3-acetic acid C05635 Metabolism Amino acid metabolism Tryptophan metabolism up
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pos-0.922 163.06303 3-methyldioxyindole C05834 Metabolism Amino acid metabolism Tryptophan metabolism down
pos-3.491_264.11055 m:;leg;g’iﬁrr:z;i;ne C05642 Metabolism Amino acid metabolism Tryptophan metabolism up
neg-4.245_198.12493 hercynine C05575 Metabolism Amino acid metabolism Histidine metabolism down
pos-3.76_155.06925 I-histidine C00135 Metabolism Amino acid metabolism Histidine metabolism up
pos-4.017 _110.04778 imidazole-4-acetaldehyde C05130 Metabolism Amino acid metabolism Histidine metabolism up
neg-0.836_156.05273 4-imidazolone-5-propanoate C03680 Metabolism Amino acid metabolism Histidine metabolism down
pos-3.133_170.01483 thiourocanic acid C05571 Metabolism Amino acid metabolism Histidine metabolism up
pos-1.66_141.08994 I-histidinol C00860 Metabolism Amino acid metabolism Histidine metabolism up
pos-0.746_153.08976 4-(beta-acetylaminoethyl)imidazole C05135 Metabolism Amino acid metabolism Histidine metabolism up
neg-5.502_392.292 deoxycholic acid C04483 Metabolism  Lipid metabolism  Secondary bile acid biosynthesis up
pos-6.719_358.28622 lithocholic acid C03990 Metabolism  Lipid metabolism  Secondary bile acid biosynthesis up
neg-4.726_499.2962 taurochenodeoxycholic acid C05465 Metabolism  Lipid metabolism  Secondary bile acid biosynthesis up
neg-4.879_408.28703 cholic acid C00695 Metabolism  Lipid metabolism  Secondary bile acid biosynthesis up
pos-4.831_449.31236 chenodeoxyglycocholate C05466 Metabolism  Lipid metabolism  Secondary bile acid biosynthesis up
neg-4.322_465.3082 glycocholic acid C01921 Metabolism  Lipid metabolism  Secondary bile acid biosynthesis up
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Supplementary Table 7. Differential metabolites in lipid and amino acid metabolism related pathways of DIO vs

CON.
ID Metabolite KEGG Level 1 Level 2 Pathway Regulated
_ acetyl-n-formyl-5- . Amino acid .
pos-3.491 264.11055 methoxykynurenamine C05642 Metabolism metabolism Tryptophan metabolism up
S . Amino acid .
pos-0.922 163.06303 3-methyldioxyindole C05834 Metabolism metabolism Tryptophan metabolism  down
neg-3.181_157.03705 2-aminomuconate C02220 Metabolism Amino a!md Tryptophan metabolism  down
metabolism
. . Amino acid .
pos-3.177_208.08446 l-kynurenine C00328 Metabolism metabolism Tryptophan metabolism up
) indolylmethyl- . Amino acid .
neg-4.778 368.1038 desulfoglucosinolate C16517 Metabolism metabolism Tryptophan metabolism up
. . Amino acid .
pos-4.611_117.05776 indole C00463 Metabolism metabolism Tryptophan metabolism up
pos-5.678 175.06289 3-indoleacetic acid C00954 Metabolism Amino a!md Tryptophan metabolism up
metabolism
L . Amino acid .
neg-3.449 189.0422 kynurenic acid C01717 Metabolism metabolism Tryptophan metabolism up
0s-5.054 _191.05781  5-hydroxyindole-3-acetic acid C05635 Metabolism Amino acid Tryptophan metabolism u
pos=> 8o _ToL yaroxy metabolism Typtop P
neg-4.661_300.03853 cinnavalininate C05640 Metabolism Amino acid Tryptophan metabolism  up
metabolism
. . . Amino acid .
neg-3.873 248.0793 5-hydroxyindoleacetylglycine C05832 Metabolism . Tryptophan metabolism up
metabolism
neg-4.712_449.31359  glycochenodeoxycholic acid C05466 Metabolism  Lipid metabolism Secopdary blle. acid up
biosynthesis
pos-4.831_449.31236 chenodeoxyglycocholate C05466 Metabolism Lipid metabolism Secopdary blle. acid up
biosynthesis
neg-4.322_465.3082 glycocholic acid C01921 Metabolism  Lipid metabolism  Sccondary bile acid up
biosynthesis
neg-4.726_499.2962 taurochenodeoxycholic acid  C05465 Metabolism Lipid metabolism Secgpdary blle. acid up
iosynthesis
p0s-6.596_358.28617 lithocholic acid C03990 Metabolism  Lipid metabolism ~ Sccondary bile acid up
biosynthesis
neg-3.962_515.29062 taurocholate C05122 Metabolism Lipid metabolism Secopdary bﬂe. acid up
biosynthesis
neg-4.825_392.292 deoxycholic acid C04483 Metabolism Lipid metabolism Secor.ldary blle. acid up
biosynthesis
neg-4.879 408.28703 cholic acid C00695 Metabolism  Lipid metabolism Secg‘.lda"y bile acid up
iosynthesis
neg-4.194 454.29268 beta-muricholic acid C17726 Metabolism Lipid metabolism Secopdary blle. acid up
biosynthesis
neg-4.245 198.12493 hercynine C05575 Metabolism Amino acid Histidine metabolism  down
metabolism
pos-0.925_141.08985 I-histidinol C00860 Metabolism Amino a!c1d Histidine metabolism up
metabolism
neg-3.987 156.05322  4-imidazolone-5-propanoate  C03680 Metabolism Amino acid Histidine metabolism up
metabolism
4-(beta- . Amino acid e .
pos-0.746_153.08976 acetylaminoethyl)imidazole C05135 Metabolism metabolism Histidine metabolism up
p0s-0.896 258.08461  (1-ribosylimidazole)-4-acetate C05131 Metabolism Amino acid Histidine metabolism up
metabolism
pos-0.917_155.06892 l-histidine C00135 Metabolism Amino ?Cld Histidine metabolism up
metabolism
neg-1.357 15403746  imidazol-5-yl-pyruvate 03277 Metabolism Amino acid Histidine metabolism  down
metabolism
pos-3.133 170.01483 thiourocanic acid C05571 Metabolism Amino a.CId Histidine metabolism up
metabolism
pos-0.802_129.08996 4-guanidinobutanal 02647 Metabolism Amino acid Arginine and proline up
metabolism metabolism
p0s-0.926_115.06295 d-proline C00763 Metabolism Amino acid Arginine and proline up
metabolism metabolism
pos-0.907 _259.11617 linatine C05939 Metabolism Amino acid Arginine and proline up
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metabolism metabolism
pos-1.38_145.08487 4-guanidinobutanoate ~ C01035 Metabolism Qﬁ;%%ﬁgg Arginmire‘faﬁgﬁspr;"““e up
neg-3.183_247.06878 n-succinyl-1-glutamate C05931 Metabolism gﬁ;ﬁﬁgﬁ Arginmirelfairg;iislargoline up
neg-4.193 399.14628 s-adenosyl-1-methionine C00019 Metabolism ﬁgﬁzﬁzﬁ Argiﬁzfasgﬁgloline down
pos-0.882_131.06919 creatine C00300 Metabolism gﬁ;%‘;ﬁgﬁ Arginmire‘faﬁrgﬁgfh“e up
pos-0.847 274.12698 n2-succinyl-l-arginine ~ C03296 Metabolism gﬁ;%‘;ﬁ:ﬁ Arginmizteasgﬁ Spr;‘)““e up
pos-4.102_100.05215 5-aminovaleric acid C00431 Metabolism gﬁ;‘l‘)‘;ﬁgﬁ Argi“migfaﬁgﬁspnrf““e up
neg-0.807 125.01433 taurine C00245 Metabolism Lipid metabolism Prg?;gnt:li};?:id up
neg-4.389 532.30619 Sbeta-cyprinolsulfate C05468 Metabolism  Lipid metabolism Prﬁfgnl:}i}:s?;id up

Supplementary Table 8. Differential metabolites in lipid and amino acid metabolism related pathways of GIO vs

CON.
ID Metabolite KEGG  Levell Level 2 Pathway Regulated
pos-0.907 259.11617 linatine C05939 Metabolism “ minoacid  Arginine and proline up
metabolism metabolism
pos-3.536_145.08496  4-guanidinobutanoate C01035 Metabolism *“ino acid  Arginine and proline up
metabolism metabolism
p0s-0.926_115.06295 d-proline C00763 Metabolism “minoacid — Arginine and proline up
metabolism metabolism
neg-4.193 399.14628 sadenosyl-l- 60619 Metaboligm  AMino acid - Arginine and proline ;0
methionine metabolism metabolism
neg-3.183 247.06878  n-succinyl-l-glutamate C05931 Metabolism “~ino acid  Arginine and proline up
metabolism metabolism
pos-0.882_131.06919 creatine C00300 Metabolism minoacid — Arginine and proline up
metabolism metabolism
pos-0.836_131.05794  CiSAhydroxy=d- 65000 Megaboligm  AMine acid - Arginine and proline up
proline metabolism metabolism
pos-0.847 274.12698  n2-succinyl-l-arginine C03296 Metabolism Amino ap1d Arginine and. proline up
metabolism metabolism
pos-0.845 131.10558 n-carbamoylputrescine C00436 Metabolism Amino a.01d Arginine and. proline down
metabolism metabolism
pos-0.76 _130.12149 agmatine C00179 Metabolism Amino %Cld Arginine and. proline down
metabolism metabolism
pos-0.802_129.08996  4-guanidinobutanal ~ C02647 Metabolism ““minc acid  Arginine and proline up
metabolism metabolism
pos-4.77 31825491  Salpha-hydroxy-Sbeta- 5400 \rerabolismLipid metabolism ~ Oter0ld hormone up
pregnane-20-one biosynthesis
pos-4.192_366.24003 cortolone C05481 MetabolismLipid metabolism Ster.01d hormp ne up
biosynthesis
neg-4.004_368.25572 cortol C05482 MetabolismLipid metabolism > cr0id hormone down
biosynthesis
pos-6.691 29022366  dihydrotestosterone  C03917 MetabolismLipid metabolism  >'cr0id hormone down
biosynthesis
pos-4.213 364.22429 tetrahydrocortisone ~ C05470 MetabolismLipid metabolism Ster'md hormp ne down
biosynthesis
p0s-6.495_362.2058 cortisol C00735 MetabolismLipid metabolism ~ >tcroid hormone down
biosynthesis
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Steroid hormone

pos-7.166_346.21112 corticosterone C02140 MetabolismLipid metabolism biosynthesis down
pos-7.29 334.24973 5-alpha-thdoc C13713 MetabolismLipid metabolism St:)l;glsc}llllllglrerxsli(;ne down
pos-4.001_286.15639 16a-hydroxyestrone ~ C05300 MetabolismLipid metabolism Stgggr}:&:;gne down
pos-4.61 314.22372 progesterone C00410 MetabolismLipid metabolism Stebrigls(;r}llt(l)lrell;(;ne up
pos-4.219 272.21354 androsterone C00523 MetabolismLipid metabolism Stebri((;lscilrlllgerrsli(;ne up
pos-3.133 170.01483  thiourocanicacid ~ C05571 Metabolism TR0 acid  pr i dine metabolism up
metabolism
pos-3.76_155.06925 I-histidine C00135 Metabolism Amino ap1d Histidine metabolism up
metabolism
neg-4.245 198.12493 hercynine C05575 Metabolism Amino ap1d Histidine metabolism down
metabolism
neg-1357 15403746 midazolS vl hna000 Netabolism A0 0 i dine metabolism down
pyruvate metabolism
neg-0.836_156.05273 4-imidazolone-3- C03680 Metabolism Amino %CId Histidine metabolism down
propanoate metabolism
pos-0.896 258.08461 (1 Tibosylimidazole) gy 31 proapoligm ARG e metabolism up
4-acetate metabolism
4-(beta- Amino acid
pos-0.746_153.08976  acetylaminoethyl)imid CO05135 Metabolism . Histidine metabolism up
metabolism
azole
pos-0.925 141.08985 I-histidinol C00860 Metabolism 0 acid . i fine metabolism up
metabolism
) . Amino acid .
pos-3.177_208.08446 I-kynurenine C00328 Metabolism metabolism Tryptophan metabolism up
pos-5.678 175.06289 3-indoleacetic acid ~ C00954 Metabolism Amino %Cld Tryptophan metabolism up
metabolism
neg-4.661 300.03853 cinnavalininate C05640 Metabolism Amino %Cld Tryptophan metabolism up
metabolism
indolylmethyl- . Amino acid .
neg-4.778 368.1038 desulfoglucosinolate C16517 Metabolism metabolism Tryptophan metabolism up
5- . .
. . Amino acid .
neg-3.873 248.0793 hydroxylnd.oleacetylgl C05832 Metabolism metabolism Tryptophan metabolism up
ycine
pos-4.768_117.05781 indole C00463 Metabolism N0 acid o han metabolism ~ up
metabolism
pos-5.054 19105781 > hydroxyindole-3- 505\ roppoligm Ao acid o han metabolism  up
acetic acid metabolism
i acetyl-n-formyl-5- . Amino acid .
pos-3.491 264.11055 methoxykynurenamine C05642 Metabolism metabolism Tryptophan metabolism up
neg-3.181 157.03705 2-aminomuconate C02220 Metabolism Amino %Cld Tryptophan metabolism  down
metabolism
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