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Fig. S1 Overview of the multi-omics workflow for investigating calcium oxalate (CaOx) kidney stone formation. A Plasma, fecal, midstream urine, and 24-hour urine samples were collected from 119 participants, including 59 CaOx stone formers (CSF) and 60 healthy controls (HC). Detailed questionnaires were completed by all participants. Fecal shotgun metagenomic sequencing was performed, along with widely targeted metabolomics analyses of feces, midstream urine, and plasma. Targeted quantification of short-chain fatty acids (SCFAs) in plasma and feces, as well as 24-hour urine chemical analyses, were also conducted. Integrative multi-omics analysis was performed to explore interactions and associations across different omics data. B Using genome-wide association study (GWAS) datasets from public databases, two-sample Mendelian randomization (MR) analysis was conducted to investigate the causal relationships between bacterial species with significantly altered abundance in the CSF group and urinary stone formation. C A hyperoxaluria rat model was established by administering 3% glycolate. Eubacterium rectale, Faecalibacterium prausnitzii, and sodium butyrate were administered via gavage to evaluate their effects on kidney stone formation.
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[bookmark: OLE_LINK60]Fig. S2 Taxonomic distribution of gut microbiota at the phylum and genus levels in CaOx stone formers (CSF) and healthy controls (HC). A Relative abundance of the 11 detected phyla in CSF and HC. B Relative abundance of the top 20 most prevalent genera in CSF and HC.

[image: ]Fig. S3 Differences in the abundance of Oxalobacter formigenes and KEGG orthologs (KOs) involved in oxalate metabolism between CaOx stone formers (CSF) and healthy controls (HC).
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Fig. S4 Co-abundance networks of species for CaOx stone formers.
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Fig. S5 Co-abundance networks of species for healthy controls. 
[bookmark: OLE_LINK95][image: ]Fig. S6 Alterations in the co-abundance network of gut microbiota species in CaOx stone formers (CSF).   A–D Comparisons of global network properties between the Stone Network and Control Network, including degree (A), average shortest path length (B), betweenness centrality (C), and closeness centrality (D) for all nodes (microbial species). E–F Comparisons of the same network metrics for SCFA-producing bacterial species in the Stone and Control Network, including degree (E), average shortest path length (F), betweenness centrality (G), and closeness centrality (H). * P < 0.05, ** P < 0.01, ***P < 0.001.
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Fig. S7. Validation of SCFA synthesis-related functional modules that were differentially abundant between CaOx stone formers (CSF) and healthy controls (HC) based on MaAsLin2 analysis.
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[bookmark: OLE_LINK61]Fig. S8 Comparison of microbial functional modules, based on the KEGG module reference framework, between CaOx stone formers (CSF) and healthy controls (HC).

[image: ]Fig. S9 Differences in fecal and plasma SCFAs between individuals with and without a family history of urolithiasis. AA = acetic acid; PA = propionic acid; BA = butyric acid; IBA = isobutyric acid; VA = valeric acid; IVA = isovaleric acid; CA = caproic acid.

[image: ]Fig. S10 Characteristics of fecal (A), plasma (B), and urinary (C) metabolite profiles in CaOx stone formers (CSF) and healthy controls (HC). The X-axis shows the log2-transformed fold change (CSF vs. HC), while the Y-axis displays the −log10-transformed p-values from Student’s t-test. The point size indicates the variable importance in projection (VIP) values based on the OPLS-DA model. Red points indicate metabolites upregulated in CSF, whereas green points represent those downregulated.
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Fig. S11 Correlations between differential metabolites and stone-related parameters. A Partial correlation analysis between fecal differential metabolites and stone parameters. B Partial correlation analysis between plasma differential metabolites and stone parameters.  C Partial correlation analysis between urinary differential metabolites and stone parameters.  D Comparison of plasma succinic acid levels between CaOx stone formers (CSF) and healthy controls (HC). The partial correlation coefficients are color-coded: positive correlations in red and negative correlations in blue. * P < 0.05, ** P < 0.01. DEM= differentially expressed metabolites.
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[bookmark: OLE_LINK94]Fig. S12 Procrustes Analysis. A Procrustes analysis of fecal versus plasma metabolomes. Fecal and plasma samples are represented as triangles and circles, respectively. Samples from the same individual are connected by red lines (CaOx stone formers) and blue lines (healthy controls). B Procrustes analysis of plasma versus urinary metabolomes. Plasma and urine samples are shown as circles and diamonds, respectively. Samples from the same individual are connected by red lines (CaOx stone formers) and green lines (healthy controls). C Procrustes analysis of fecal versus urinary metabolomes. Urine and fecal samples are represented as diamonds and triangles, respectively. Samples from the same individual are connected by red lines (CaOx stone formers) and teal lines (healthy controls).

[bookmark: OLE_LINK62][bookmark: OLE_LINK2][image: ] Fig. S13 KEGG pathway enrichment analysis of differential metabolites in the fecal metabolome between CaOx stone formers (CSF) and healthy controls (HC) (Impact > 0). Edge width represents the impact value of metabolites in the corresponding metabolic pathway. "Up" indicates metabolites upregulated in CSF compared to HC, while "Down" indicates downregulated metabolites. 
[image: ] Fig. S14 KEGG pathway enrichment analysis of differential metabolites in the plasma metabolome between CSF and HC (Impact > 0). Edge width represents the impact value of metabolites in the corresponding metabolic pathway. "Up" indicates metabolites upregulated in CSF compared to HC, while "Down" indicates downregulated metabolites. 
[image: ] Fig. S15 KEGG pathway enrichment analysis of differential metabolites in the urinary metabolome between CSF and HC (Impact > 0). Edge width represents the impact value of metabolites in the corresponding metabolic pathway. "Up" indicates metabolites upregulated in CSF compared to HC, while "Down" indicates downregulated metabolites. 
[image: ]Fig. S16 Overlap of enriched pathways of differential metabolites in fecal, plasma, and urine metabolomes. A Venn diagram showing the overlap of enriched pathways for upregulated metabolites in the fecal, plasma, and urinary metabolomes of CSF. B Venn diagram showing the overlap of enriched pathways for downregulated metabolites in the fecal, plasma, and urinary metabolomes of CSF. 
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[bookmark: OLE_LINK63][bookmark: OLE_LINK76]Fig. S17 Clustering and comparison of co-varying differential metabolite clusters (metabolite modules) in fecal metabolomics using WGCNA. (A) Stacked bar chart showing the proportions of Class II substance classifications of metabolites within the fecal metabolic modules. (B) Comparison of fecal metabolic modules between CaOx stone formers (CSF) and healthy controls (HC). The metabolite module number is followed by the Class II substance categories corresponding to the core metabolites in the metabolite module, along with the names of the core metabolites. *P < 0.05, **P < 0.01, and ***P < 0.001.
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Fig. S18 Clustering and comparison of co-varying differential metabolite clusters (metabolite modules) in plasma metabolomics using WGCNA. (A) Stacked bar chart showing the proportions of Class II substance classifications of metabolites within the plasma metabolic modules. (B) Comparison of plasma metabolic modules between CaOx stone formers (CSF) and healthy controls (HC). The metabolite module number is followed by the Class II substance categories corresponding to the core metabolites in the metabolite module, along with the names of the core metabolites. *P < 0.05, **P < 0.01, and ***P < 0.001.
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Fig. S19 Clustering and comparison of co-varying differential metabolite clusters (metabolite modules) in urinary metabolomics using WGCNA. (A) Stacked bar chart showing the proportions of Class II substance classifications of metabolites in the urinary metabolic modules. (B) Comparison of urinary metabolic modules between CaOx stone formers (CSF) and healthy controls (HC). The metabolite module number is followed by the Class II substance categories corresponding to the core metabolites in the metabolite module, along with the names of the core metabolites. *P < 0.05, **P < 0.01, and ***P < 0.001.
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[bookmark: OLE_LINK1]Fig. S20 Associations among SCFA-producing bacterial species, microbial functional modules, metabolite modules, and stone-related phenotypes. Associations between bacterial species abundance and microbial functional modules, and between microbial functional modules and metabolite modules, were assessed using MaAsLin2, adjusting for gender, age, and BMI.  Associations between metabolite modules and stone-related phenotypes were evaluated using partial correlation analysis with the same covariate adjustments.  Grey edges indicate negative correlations, while orange edges indicate positive correlations.
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Fig. S21 Funnel plots for gut microbiota on urolithiasis.
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Fig. S22 Leave-one-out plots for the causal association between gut microbiota and urolithiasis.

image5.png
Control Network

Bacteroides_finegoldi

Hydrogenoanaerobacierium_saccharovorans

um_sp_AN22_11AC

Bacteroides_xylapisalte

uminococeus._bromi

scimonas_coprocola

1 5GB4750

Butyricimonas |
Parabacterol - ysosmobacier_welbionis

Alitipes_finegoldi

Family
©1_Rikenellaceae
©f_Lachnospiraceae
@ f_Bateroidaceae
@1_Clostridiaceae
© f_Eubacteriaceae
@f_Oscillospiraceae
 f_Streptococcaceae
@ _Veillonellaceae
© f_Desulfovibrionaceae
@f_Odoribacteraceae

f__Ruminococcaceae

f_Eubacteriales_unclassified
®1_Coriobacteriaceae
©f_Erysipelotrichaceae
@ f_Enterobacteriaceae
®f_Firmicutes_undlassified
_Pasteurellaceae
_Tannerellaceae
f_Acidaminococcaceae

Correlation
— positive

= nagative

Thickness

— 03
—08

SCFA-producing bacterial
Syes
oo




image6.png
B Cc D
- . . 1.00 -
p=003t. -, 100 " p<oo0t 100
— <0001
Hkk
. 075 075 —
75|
p=0874 ..
050
50 . 0.50
025 o
25| | T 0.25) . ¢
] W
a7, e 000 B e
Stone Network  Control Network Stone Network Control Network Stone Network Control Network Stone Network Control Network
Degree Average Shortest Path Length Betweenness Centrality Closeness Centrality
F G H
° 1.00f . 1.00 -
10.0
p=0.004
*x
078 075 —
75
050, p=0442
50, . 050
0.25
25 0.25 $
0.00 ey )

Stone Network  Control Network

Stone Network Control Network

Degree of SCFA-producing species Average Shortest Path Length of

SCFA-producing species

Stone Network Control Network
Betweenness Centrality of
SCFA-producing species

Stone Network Control Network
Closeness Centrality of
SCFA-producing species




image7.png
MF0087:acetyl-CoA to crotonyl-CoA

>

1.0e-05

7.5e-06

5.0e-06

2.5e-06

0.0e+00

CSF (n=59)

FDR: 2.5196-03
Coefficient: 1.956-02

HC (n=60)

w on
& £
i 1
ISR}
s 3

MF0093:propionate production |
Y
®
i
&
8

FDR: 1.2476-02
Coefficient: 1.11e-02

CSF (n=59)  HC (n=60)

MO00307:Pyruvate oxidation,

pyruvate =>acetyl-CoA

n
S
i
&
G

o
&
i
&
&

o
°
?

&
8

0.0e+00

FDR: 3.8856-03
Coefficient: 1.30e-02





image8.png
Ascorbate and

aldarate metabolism MO0550:Ascorbate degradation, ascorbate

Arginine and

proline metabolism

Biosynthesis of
nucleotide sugars

Functional modules of the gut mircrobiota

D-xylulose-5P

=> UDP-GlcNAc

Thiamine metabolism M00899: Thiamine salvage pathway, HMP/HET => TMP'

Sulfur metabolism

Starch and

sucrose metabolism|

Pyrimidine
metabolism
Oxidative
phosphorylation

Galactose metabolis

Cysteine and

methionine metabolism

Citrate cycle

Carbon fixation

Biosynthesis
of cofactors

Biosynthesis
of amino acids

MO00854:Glycogen biosynthesis, glucose~1P => glycogen/starch

MO00855:Glycogen degradation, glycoge

glucose-6P

MO00611:Oxygenic photosynthesis in plants and cyanobacteria

MO0B14:Anoxygenic photosynthesis in green sulfur bacteria

m M00554:Nucleotide sugar biosynthesis, galactose => UDP-galactose

M00034:Methionine salvage pathway

MO00620:Incomplete reductive citrate cycle, acetyl-CoA => oxoglutarate

M00173:Reductive citrate cycle (Arnon-Buchanan cycle)
MO00374:Dicarboxylate-hydroxybutyrate cycle
MOO0169:CAM (Crassulacean acid metabolism), light

M00167:Reductive pentose phosphate cycle, glyceraldehyde-3P

ribulose~5P

MOO0125:Riboflavin biosynthesis, plants and bacteria, GTP => riboflavin/FMN/FAD

M00868:Heme biosynthesis, animals and fungi, glycine => heme:

M00570:Isoleucine biosynthesis, threonine =

2-oxobutanoate => isoleucine:

M00925:Cobalamin biosynthesis, aerobic,
uroporphyrinogen il => precorrin 2 => cobyrinate a,c-diamide

M00926:Heme biosynthesis, bacteria, glutamyl~tRNA => coproporphyrin IIl => heme
MO0577:Biotin biosynthesis, BioW pathway, pimelate => pimeloyl-CoA => biotin

M00123:Biotin biosynthesis, pimeloyl~ACP/CoA => biotin

M00924:Cobalamin biosynthesis, anaerobic,
uroporphyrinogen Iil => sirohydrochlorin => cobyrinate a,c-diamide

M00846:Siroheme biosynthesis, glutamyl-tRNA => siroheme-

M00028:Ormithine biosynthesis, glutamate => ornithine
MOO017:Methionine biosynthesis, aspartate => homoserine => methionine:
M00021:Cysteine biosynthesis, serine => cysteine

MO0018:Threonine biosynthesis, aspartate => homoserin

threonine:

B

kY

wﬂw

T

Group B csF EA Hc

o

’

b

%

P
o W@ &
Relative Abundance(%)




image9.png
Family History of Urolithiasis

©

o
(6/6w) sy40S™[ejo} (2934

25
20;
154

S
oS

o o
(6/6w) vg| |eoay

P

0529

=]
3

075 P

S
(B/Bw) VA 18994

0.160

p=

0.015

p=

0,076
b

|

S o

0

(Juy/Brl) Al ewseld

0.895

p=

06;
4]

© <
(6/6u) v 2094

Ty S

20

(luy/Br) vy ewseld





image10.png
-Log10 PValue

oe !
'
'
.

'
Ni-Acetyispermine |

p-Hydroxyphenylethangjamine

m
|

.
hefooserghine

'
'
1 Tauoursodeoxycholic acid
'
'

14
2
Fecal Metabolite
Statistics 10
Cantine C&:1 Insignificant: 1256 %
fine G142 Camine C100| & Doven 22 2,
famitine C6:0] VP 2
- 00 g
Mucic Add| o 09 s
wdl o 18
o 27
o 36 4
2

2

20

-Log10 PValue

Pogéstone

2,3.Dimethylsuccinic acid

LPG(0-14:0) LPE(P-150)
\ LPG(0-18:3)

PeQe ‘)\/LPE[OVWB 1108,
.
/U;PEUE—W i

LPC(O

o
!
i
i
!
I 2 Amino-4.6-plridinediol
Carnitine C13:11 /
[ 1" Plasma Metabolite
Camitng C11 | Statistics
\ 1 / La-Phenylactic acid Insignificant:601
| « Down:77
« Up:108
Tatrolihochalic atid ' Phenylaciate(Pla)| * F
\ 1 % Tropate vie
\ . .00
8.10ERon- e ydroryochiedans pyrdonic Asd © 09
Czﬁems“‘ \12‘|S-DL\.H¥E | P o 18
epioyoitetni® adk | eogphend O 26
|\ <ol o 35
hecbrorine) o Enone S-sulfale
L\ ‘8
i Lo Ni-Acetyispermine
\ Ry Propylparaben
Becn--do 2 g g |
T Pometnyanining:
Theophyline V
5 20 45 10 05 00 05 10 15 20 25 50 a5
Log2 FC
Caprolactam
o ) ’
Urine Metabolite
Alysine Statistics
- Insignificant:1038
+ Down:186
- Upi260
VIP
. 00
o 08
o 17
o 25
o 33
T —F 8:2)
" Tyrleu
o+ Ethyimalol
A e T Cysteifyidopa
2 3 4 s




image11.png
Fecal DEM Plasma DEM Urine DEM
T TyrAsn 8-Methylnonenoate * Carnitine C5-OH 5 08
* LPC(22:6/0:0) E;g'ig"oe/zgaéw *  25-Didehydro-D-gluconate ke s
* % 3.Methoxytyramine | chiz-z 5/0'0; * Hexadecanal = -
* | Choline * AaAl *  4-(Methylamino)phenol S 0.0
_*% (245)-24,25-dihydroxyvitamin D3 * Asn-Hyp 2 ~04
*x FAHFA 24:3 *  2-Chloroadenosine I . -
~*% | Cysteic acid *  4-hydroxybenzylamine 3 -0.8
(%% (R)-3-Hydroxy-tetradecanoic acid *  2-Hydroxyadenosine
*  Phosphatidylethanolamine lyso alkenyl 18:3 * lle-lys
*  5-Hydroxy-2"-deoxyuridine . G
% 2-Amino-4,6-pteridinediol = ;Z”N(Z'LEET“ Ly
*  N-lactoyl-phenylalanine -G, NG-Trimethyl-L-lysine
wx | FFA(120) *  Folinic acid
* Subericacid * 1,3-Dicyclohexylurea
* Methylmalonic Acid *  10-Formyl-Thf
* | L-Rhamnose ! * * Galicacid
- *_ 1,5-Anhydro-D-Glucitol * | N-Acetylaminooctanoic acid
w— Suecinic Acid *  Isopropyl 3-(3,4-dihydroxyphenyl)-2-hydroxypropanoate
& & 7 p-Cresol glucuronide
» &0 s
) *  Piperic acid
e & -
RS Tropate
2 Q_e(’ * 2"-O-methyluridine
D *  Ethionamide
. *  Cysteinyldopa
_ *  Erythrose
p=0.010 * N-acetylomnithine
g o8 — *  2-Methyl-5-nitroimidazole-1-ethanol
< . *  Ethylsalicylate
S *  LErythrulose
E Group * Argininosuccinic acid
06
< 3 CsF wox Subericacid
_g E8 HC * Phenyllactate(Pla)
% Ala-Ala
2 2
04 RIS
© @
& S
& &
&
<€

Succinic Acid




image12.png
0.4

o
Ny

Dimension 2

0.0

M2= 0.8279
P <0.001

Plasma
e HC
e CSF
Feces

A HC
A CSF

-0.2 -0.1 0.0 01
Dimension 1
Cc
2=
04 M2=09257
P <0.001

Dimension 2

04

Dimension 2

M2=0.8735
P <0.001

Plasma
e HC
e CSF
Urine

+ HC
+ CSF

1 0.0
Dimension 1

Urine
+ HC
+ CSF
Feces

A HC
A CSF

Dimension 1

0.1




image13.png
Faecal metabolome

Arachidonic acid metabolism e
beta-Alanine metabolismi™

Biotin metabolism|

Fatty acid biosynthesis =
Galactose metabolisme=1

Tryptophan metabulism

Glycine, serine and threonine metabolism| |
Glycolysis / Gluooneogenesis.

Histidine metabollsmﬂ

Inositol phosphate metabolism

Pantothenate and CoA biosynthesis |
Glycerophospholipid metabolism==

Down

Phenylalanine, tyrosine and tryptophan biosynthesis|
R

inositol signaling systempmm
bile acid biosynthesis =
Purine metabolism [l

Pyrimidine metabolism==

Up Riboflavin metabolism|

Vitamin B6 metabolismm
Tyrosine metabolisml

Terpenoid backbone biosynthesis| |




image14.png
Plasma metabolome

Glycerophospholipid metabolism

Steroid hormone biosynthesis:
Aminoacyl-tRNA biosynthesis ==

Caffeine metabolism

Down Citrate cycle (TCA cycle)mm
Glycerolipid metabolismﬂ

Arginine and proline metabolism [Il]

Glutathione metabolism

\Glyclne, serine and threonine metabollst

N
\noailol phosphate metabolismm
Pentose phosphate pathway mm
Phosphatidylinositol signaling system( |

Up Taurine and hypotaurine metabolism

Glyoxylate and dicarboxylate metabolism.
Pantothenate and CoA biosynthesis.

Pentose and glucuronate interconversions [l

Purine metabolism s

Tryptophan metabolism[ |

Primary bile acid biosynthesis =
Valine, leucine and isoleucine degradation==
Pyrimidine metabolism==1





image15.png
i Urine metabolome

Up

Down

__ Aminoacyl-tRNA biosynthesis
[ Arginine and proline metabolism
[ Arginine biosynthesis

[ beta-Alanine metabolism

= Cysteine and methionine metabolism

= Fatty acid biosynthesis
Folate biosynthesis

Glycine, serine and threonine metabolism

Glycolysis / Gluconeogenesis

1 Glyoxylate and dicarboxylate metabolism
Histidine metabolism

Linoleic acid metabolism

[ Alanine, aspartate and glutamate metabolism
= Citrate cycle (TCA cycle)

| Steroid hormone biosynthesis
1 Lysine degradation

Pentose and glucuronate interconversions
Glycerophospholipid metabolism
I Phenylalanine metabolism
— Galactose metabolism
[ 7] Phenylalanine, tyrosine and tryptophan biosynthesis
~ Glutathione metabolism
— Primary bile acid biosynthesis
{1 Biotin metabolism
— Pentose phosphate pathway

D-Glutamine and D-glutamate metabolism

Porphyrin and chiorophyll metatiolism
= Pantothenate and CoA biosynthesis
== Pyrimidine metabolism
Starch and sucrose metabolism
I Taurine and hypotaurine metabolism
= Inositol phosphate metabolism
= Vitamin B6 metabolism

Terpenoid backbone biosynthesis
Nicotinate and nicotinamide metabolism
= Tryptophan metabolism

Tyrosine metabolism

Purine metabolism
== Phosphatidylinositol signaling system
— Steroid biosynthesis

Valine, leucine and isoleucine degradation





image16.png
A B

Feces Plasma Feces Plasma
'@ Inositol phosphate metabolism
Phosphatidylinositol signaling system
= <\ | citrate oycle (TCA cycle)

Porphyrin and chlorophyll metabolism
Glycine, serine and threonine metabolism
Aminoacyl-tRNA biosynthesis

Steroid hormone biosynthesis
Glycerophospholipid metabolism
Tryptophan metabolism

Vitamin B6 metabolism Urine

Pyrimidine metabolism
Purine metabolism

Primary bie acid biosynthesis
“Tryptophan metabolism

R

Urine

Pathway enrichment of up-regulated metabolites Pathway enrichment of down-regulated metabolites




image17.png
>

0

Percentage(%)

ST RSP PP EPESSETES
Fecal metabolite Modules

0

M Amines Esters LPE Phenolic acids Small Peptide

& Amino acid derivatives FFA LPS Phenolics Sugar acids

B Amino acids Heterocyclic compounds Medicine Phosphate sugars Sugar alcohols

Class 1 . Benzene and substituted derivatives B Hormones and hormone related compounds Ml MG Phosphoric acids Sugars

M Bie acids indole and lts derivatives B Nucleotide and Its metabolites & Pigments Sulfonic acids
CAR Ketones Organic acid and Its derivatives Bl Polyamines B Tryptamines

M Cholines LPA Others Pleridines and derivatives

B CoEnzyme and vitamins M e Oxidized lipids 15 Pyridine and pyridine derivatives

B Group BB cSF B3 HC

F36 Small Peptide: Lys-Ala
F34 Nucleotide and Its metabolites: Flavin Adenine Dinucleotide(FAD)
F32 Small Peptide: Phe-Leu-Leu

F30 Heterocyclic compounds: Palatinose

F29 Phenolics: 2-Aminophenol

F28 Organic acid and Its derivatives:Tranexamic Acid

F27 Others: D-Turanose

F26 Organic acid and Its derivatives: 3-(4-Hydroxyphenyl)-1-propanol
F24 Nucleotide and Its metabolites: 5-Deoxy-5-fluoroadenosine

F23 Small Peptide: Asn-Ala

F20 Small Peptide: Arg-Leu

F19 Organic acid and Its derivatives: 2-Methylglutaric Acid

F18 Polyamines: Oxidopamine

F15 FFA: FFA(14:1)

F14 Hormones and hormone related compounds: 7a,12a-Dihydroxycholest-4-en-3-one
F12 small peptide: Tyr-Ala

F11 Phenolics: 4-tert-Octylphenol

F10 Phenolic acids: 3-Amino-2-naphthoic acid

F09 small peptide: His-Val,Val-His

F08 FFA: 8,15-Dihete

F06 LPE: LPE(0:0/14:0)

F03 LPE: LPE(16:0/0:0)

FO1 small peptide: small peptide

F35 CAR: Carnitine C14:1

F33 Amino acids: N-Formylglycine

F31 Sugar acids: Mucic Acid

F25 Indole and Its derivatives: Indole-3-glyoxal

F22 Heterocyclic compounds: 5-Aminoimidazole-4-carboxamide
F21 CAR: Carnitine C10:1

F17 Bile acids: Taurohyocholic acid

F16 Amino acid derivatives: Acetylvaline

F13 Tryptamines: Serotonin { ©

F07 Organic acid and Its derivatives: L-Homoserine

F05 CAR: Carnitine C7:0

F04 Amino acid and its derivatives: L-Tyrosine

F02 CAR: Carnitine C14:2

ES 00
Relative Abundance




image18.png
>

Percentage(%)

S o> e & S
S&FT S &S

Plasma metabolite Modules

Amines. CoEnzyme and vitamins
1 Amino acid derivatives L Esters
Amino acids FFA

Benzene and substituted derivatives

Heterocyclic compounds
Bile acids

Class 1l Hormones and hormone related compounds

SR o A ]
S ¥ @ N ¢ P P

'Y Y

i
& ¥

> ® N D
PSS S

Oxidized lipids

M Phenolic acids

Phenolics

Phosphate sugars
Phosphoric acids
Pl

CAR Hydrocarbon derivatives Nucleotide and Its metabolites
Carbohydrates and Its metabolites Indole and Its derivatives Organic acid and Its derivatives Bl Polyamines
W Cholines W LPA Others I polypeptide

B32 CoEnzyme and vitamins: Folinic acid
B31 Hormones and hormone related compounds: 6&-hydroxytestosterone
B26 Phenolics: 3-Sulfocatechol
B25 FFA: FAA(19:0)
B24 Sugars: L-Rhamnose
B23 Oxidized lipids: 12,13-DiHOME
B18 Phosphoric acids : Inositol 1,3,4-trisphosphate
B16 Small Peptide: Leu-Leu
B15 LPC-O: LPC(0-20:3)
B14 Organic acid and Its derivatives: Succinic Acid
B13 Organic acid and lts derivatives: 8-Methylnonenoate
B12 Nucleotide and Its metabolites: Theobromine
B10 Bile acids: alpha-Muricholic acid
B09 Indole and Its derivatives: Methoxyindoleacetic Acid
BO7 Hormones and hormone related compounds: 7-Ketocholesterol
BO3 Others,LPE: AMC Arachidonoyl Amide
BO1 CAR: Carnitine C11:0
B33 Organic acid and Its derivatives: 2-Hydroxy-2-Methyl Butyric acid
B30 Sugars: L-Erythrulose
B29 Nucleotide and Its metabolites: 1-Methylguanine
B28 Organic acid and Its derivatives: (R)-2-Hydroxybutyric acid
B27 Organic acid and Its derivatives: 2-Methylglutaric Acid
B22 Small Peptide: Sei U
B21 Organic acid and lts derivatives: Creatinine
B20 Amino acids: L-Valine
B19 Organic acid and Its derivatives: 2-amino-4-oxovaleric acid
B17 Sugars: D-Arabinose
B11 Organic acid and Its derivatives: L-3-Phenyllactic acid
BO8 Phenolics: 4-acetoxyphenol
B06 Amino acid derivatives: 1-Aminocyclobutanecarboxylic acid
BO05 Small Peptide——Ser-Leu
B04 Amino acid derivatives: N-Methylalanine N-Ethylglycine
B02 Benzene and substituted derivatives: 3~(4-hydroxyphenyljacrylaldehyde

Group BB CSF BE HC

1 Pteridines and derivatives
1 Small Peptide

Sugar acids

Sugar alcohols

Sugars

M sulfonic acids

03
Relative Abundance




image19.png
>

Percentage(%)

of I l

S &> S P Q& S I I I I I O I I I I S A I D o o o0
R O I R S O RIEOIIIOEC R ARG R R R AR R R ORISR R RN
Urinary metabolite Modules

M Alcohols M CoEnzyme and vitamins MW LPE M Phenolics
Esters LPE-P Phosphate sugars
FFA LPG Phosphoric acids
Heterocyclic compounds. Medicine Pigments
Class T Hormones and hormone related compounds [ll MG Polyamines.
Hydrocarbon derivatives ucleotide and Its metabolites polypeptide I Tryptamines
Indole and Its derivatives rganic acid and Its derivatives Pteridines and derivatives
AR Ketones thers Pyridine and pyridine derivatives
arbohydrates and Its metabolites. LPC xidized lipids SM
I Cholines. | Qi) W Phenolic acids W small Peptide
Group Bl csF BE HC
B U35 LPE-P: LPE(P-16:0) e = * ¢ -
U33 Phenolic acids: 3-Amino-2-naphthoic acid e

U32 Organic acid and Its derivatives: L-Dihydroorotic Acid
U31 Phosphoric acids: Inositol 1,3 d-trisphosphate
U30 Organic acid and Its derivatives: L-2-amino-6-oximelic acid
U27:SPH: SPH(d16:1)
U23 Amino acid derivatives: 2.3-Dimethylsuccinic acid
U22 LPC-O: LPC(0-18:3)
U20 Bile acids: Taurohyocholic acid
U19 Organic acid and Its derivatives: 2-Methylsuccinic Acid
14 CAR: DL-Carnitine
U13 Amino acids: Pyroglutamic acid
U12 Alcohols: Bis(1-inositol)-3,1-phosphate 1-phosphate
U07 Benzene and substitited derivatives: 2,6-Dihydroxyacetophenone
U04 Organic acid and lts derivatives: 5-Hydroxymethyl-2-furancarboxylic acid
U01 Organic acid and lts derivatives: Quinic acid
U36 Pigments: Biliverdin
U34 Amino acid derivatives: S-Adenosyl-L-Methionine
U29 CoEnzyme and vitamins: Folinic acid
U28 SPH: SPH(d20:1)
U26 Organic acid and lts derivatives: 3-(4-Hydroxyphenyl)~1-propanol
U25:Sugars: D-Glucose
U24 Phosphoric acids : 2-Amino-3-phosphonopropionic acid
U21 LPC: LPC(0:0/18:2)
U18 Organic acid and Its derivatives: 2-Hydroxy=3-Methyl Butanoic Acid
U17 Organic acid and s derivatives: 1,4-Cyclohexanedicarboxylic acid
U16_Small Peptide: Thr-Leu
U15 Sugars: L-Erythrulose
U11 Small Peptide: lle-Lys R
U10 Polypeptide: gamma-Glu-Phe E——=rag
U09 Heterocyclic compounds: 2-Methyl-1-Pyrroline = ——
==
S

U08 Amino acid derivatives: Ser-Ala
U06 Organic acid and Its derivatives: Hydroxyphenyliactic acid
U05 Amino acid derivatives: L-kynurenine

U03 Small Peptide: Gly=Trp

U02 FFA: FFA(17:0)

<3 o0 3 3

03
Relative Abundance




image20.png
Node
Bl SCFA-producing bacterial species
B Microbial functional modules

IMOO&SS'GIymgen degradation
[JF17.Bile acids:Taurohyocholic acid

v - IMOO793;dTDP-L-rhamnose biosynthesis Metabolite modules
I Lachnospiraceae_bacterium_AMA48_27BH U F31 Sugar acids:Mucic Acid B Stone-related phenotypes
EEubacterium_SGB62; M00002:Glycolysis Edge
I Positive correlation

N Negative correlation
=M00118:Glutathione biosynthesis

mMO00746:Multidrug resistance
Ruminococcus-sp-AFA3:28 M00939:Pyrimidine degradation
)Y p imi i erivatives:2,3-Dimethylsuccinic acid
e,
-
Blautia massiliensi

D Blautia wexlerae

Valine/isoleucing biosynthesis

Urolithiasis
| MO0015:Proline biosynthesis
5 iotaomicron W MO0570:Isoleucine biosynthesis
w‘ xyribonucleotide
5%
__ Clostridiam, 1270H_150608_G6
= Wfegasphasra_sp_NM10
Citrate

=-Faecalibacterium prausnitzii
[M00022:Shikimate pathway.
[V00010:Citrate cycle

[ Ruminococeus lactaris =M00549:Nucleotide sugar biosynthesis
[IM00021:Cysteine biosynthesis.

[M00844:Atginine biosynthesis

— Dialister hominis

HDL

= Bacteroides finegoldii

Phenolic acids:3-Amino-2-naphthoic acid




image21.png
Bacteroides thetaiotaomicron

>
w
[2]
< .
2. . °
1.
-05 0o 05
Biv
Bifidobacterium bifidum
10.0.
>
w
Q b
T 15,
50.
0.2 0.0 02
Biv
Faecalibacterium prausnitzii
50. ¢
45,
>
[ 40.
@ 5
=
35.
3.0.
01 00 01 B‘vdz 03
Ruminococcus callidus
9.
> 8.
w
] o
7.

002 004 0.06

Biv

Bacteroides finegoldii

-0.2 0o 02
Biv
Eubacterium rectale

1/SEv

-62  -01 00 01 02

Biv

Klebsiella pneumoniae

1/SEv

o 5 5 5

. pIv .
Ruminococcus lactaris

. Biv

MR Method
Inverse variance weighted
MR Egger

03

0

02




image22.png
rs496238

rs61994923 l—_—

i 152393782
1512940351 L L 1 | 1510744662
: 1562210593
1511688016 LI S 151430034
206835 : 15111426764
" i 1512889912
158141896 : 152717057
: 110970830
s10411474 — L . 1558255229
i 154809943
1574904967
Al
H Al e
0o 02 04 -3.10 -0.05 000 0.05
Bacteroides thetaiotaomicron Bacteroides finegoldii
152449527 H 1511742884 :
1572645666 1511010572 3
146695790 S I Y B 177977788 _—
1562190196 S SN S S
rs1890115 . L ]
1516960344 S I S S —
rs1452438 T H
i 157296347 L L [ |
rsto30678 . i ]
g rs6483459 .
14333070 — .- 200970 — L
Al Al
-0.3 -0.2 0.1 do a1 -0 0o a1
Eubacterium rectale Bifidobacterium bifidum
1578840944
136720 rs241813
152623197 I S S —
03 S R 1577927889 S . S S
H rs556191356 T .
10113323 7 15112956180 L1 1L
7es822 : rs4984579 ) SN (S S S —
' - 1530386 L1 L % 1 |
7494922 i rs12475616 . L
o 3 159995890 A S IS S
154288735 1 Lt | |
rs2364574 — .
All
Al
-0.2 00 .02 s -02 01 do 5]
Faecalibacterium prausnitzii Klebsiella pneumoniae
1s1321631 157148318
15495828 SN S Y S —
rs12008609 — 1 .
1572698095 L & |
rs4268390 @—— - . rs1878735 T
157851638 — . L
Al al
-0.1 ) 0.1 02 0.2 -0.1 0o 0.1

Ruminococcus callidus Ruminococcus lactaris




image1.png
A Multi-omics analysis

Mﬁ Healthy controls(n=60)
141414 caox stone formers(n=s9)

ree

[ 24-hour ] [

Questionnaire ]
urine

Cewna | [ ume | o

' Y

e 7

i == = —
Microbiome Metabolome Quantification 24-hour urine
(UPLC-MS/MS) of SCFASs metabolic profiles.

Taxonomy. Fecal Plasma Urine Goncentration
11 phylum, 237 genus Total 1562 Total 786 Total 1484 SCFAS e

and 464 species identiied 306 identified, identified. 446 Goncentration Vo, B, oxalate,
Functional annotation significantly different 185 signifiantly different significanty different in % e o
3768 annotated KEGG metabolites enriched in metabolites enriched in metabolites. enriched in fecesiplasma eystine

KOs 24 metabolic pathways.

25 metabolic pathways. 58 metabolic pathways

N

i
Depleted SCFAS- |
producing bacteria |

Impaired SCFAs |
blosynthesis function

B landelian randomization

W o erentinl scras-
producing species related
’g GWAS datasets

« P<1x10°
LDR2<0.001
clumping distance
=10,000 kb

61 associated SNPs

1]
i

45 host properties
47 clinical indexes

Integrative association analysis Integratve association analysis

it
fhitetit
fiit it it

C  Animal experiments

)
57
=¥

‘SCFAS-producing becteria

GWAS of urolithiasis:
ebi-a-GCSTI0018715

Sa

‘Sodium butyrate

- 3% glycolate Hyperokaluria
s

=

Fonvard i + Pleiotropy: MR-Egger, MR-PRESSO
MR Sensitivity |+ Heterogeneity: Cochran's Q
analyses analyses | | o 2ve-one-out analysis
R + Funnel plot





image2.png
Relative abundance(%)

100

25

W p__Candidatus_Melainabacteria

= p_Lentisphaerae

= = p_Synergistetes

W [ Fusobacteria W p_Candidatus_Saccharibacteria
P—Actinobacteria W p_Bacteria_unclassified

P Verrucomicrobia

[ ]
L e—
HC CSF

Relative abundance(%)

100,

75|

50|

25

Genus

W g_Phocaeicola
g Bacteroides

= g Prevotella

W Others

g_Lachnospira

g Alistipes

g Parabacteroide:

g Clostridium

g Roseburia

W g_Faecalibacterium

g_Ruminococcus

W g Phascolarctobacterium

W g_Fusobacterium
g__Lachnospiraceae_unclassified

g_Escherichia

g_Desulfovibrio

G Mediterraneibacter

g_GGB51647

G_GGB3746

g_Megamonas W g_Sutterella




image3.png
>

Relative abundance(%)

0.10

0.05

0.00

P=052
. .. Group
B csF
B3 He
CSF HC

Oxalobacter formigenes

Formate dehydrogenase
(K08349)

Oxalatefformate antiporter
K08177

Formyl-CoA transferase
(K07749)

KEGG Orthology

Oxalyl-CoA decarboxylase
(K01577)

Group [l csF Ml e

2.56-07 5.0e-07 7.56-07)

Relative abundance(%)

1.0e-06




image4.png
Stone Network

Clostidles_bacterim
Lachnospiraceae_bacterium_AMdS_278H

®

Colinsella_SGB4121, Bactaroides, caccae!

Clostrighirfusp_AT4 (naerotignum_faecicola
[FR—— . @ -G . [—
il mmw,m Y W———

Parabacterides_distasq
x P

ClostridualigBa7so

Fusiatenibacter eagsharvorans. X
Lacrimispora_amygdaina

Firmicutes_bacterium_AF16_15

Anserostige

Clostridum_sp_AMS;

(o
o

cobutyicam_halii

osebura_nuivorans
Alistipes_finegoldii o

RuminacoccusH 4 o osilyticus
) o 7

J514_5G815049 =
Watera_inestialis
Faecalibadlus_intestnalis Clastridum_sp_ANG1 3

Rpocaeicola_plebeius

Dorea_ongiate Eubacterim_ecdl
) . nettsomicon Phacasiol_dorel

Ruminocoscusisp AF13_28
Blauta_massilens; Eubacteriom_ventriosu

uminogboks Bromt

S

clia_aerofaciens. 7.\ i sactefles fragils Phosasicnia_wigatus

Clostridiaceas_bacterum_AF153
tosostidium_rarosam Ruthenibacterim_lactatformans

Bialiatobeum Agatrotlum_buyrisproducen Tacteroides_pordi

Tyzzerela_nesiis Phocacicqiamméssiensis
Parabacterodes_merdae

ot spawners ) Bacterodes_uriformis
RIS, hominis
P

Bacterites_Hakinatis @ —————r

Closridaceas_bacterium

©f_Rikenellaceae
@1_Bacteroidaceae
©1_Lachnospiraceae
@1_Clostridiaceae
©f_Eubacteriaceae
@1_Oscilospiraceae
 1_Streptococcaceae
©1_Veilonellaceae
©1_Desulfovibrionaceae
@f_Odoribacteraceae
1_Ruminococcaceae
 1_Eubacteriales_unclassified
@1_Coriobacteriaceae
®1_Erysipelotrichaceae
@ _Enterobacteriaceae
@1_Fimioutes_unclassified
®f_Pasteurellaceae
1_Selenomonadaceae
©f_Tannerellaceae

Correlation
— positive
— negative
Thickness
— 02
— 04
— 05
SCFA-producing bacterial

Heyes
oo




