Supplementary Table 1. Distribution of monogenic genes associated with human urolithiasis in the overall cohort and according to risk groups.
	Category
	Gene
	Inheritance
	Primary Phenotype
	Level of Evidence
	Overall
	High-risk
	Low-risk

	High-Confidence Monogenic Stone Genes
	
	
	
	
	

	Monogenic
	AGXT
	AR
	Primary hyperoxaluria type 1
	Definitive
	4 (2.8%)
	2 (2.6%)
	2 (2.9%)

	Monogenic
	GRHPR
	AR
	Primary hyperoxaluria type 2
	Definitive
	7 (4.9%)
	7 (9.3%)
	0 (0.0%)

	Monogenic
	HOGA1
	AR
	Primary hyperoxaluria type 3
	Definitive
	2 (1.4%)
	2 (2.7%)
	0 (0.0%)

	Monogenic
	APRT
	AR
	2,8-dihydroxyadenine stones
	Definitive
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	SLC3A1
	AR
	Cystinuria type A
	Definitive
	2 (1.4%)
	2 (2.7%)
	0 (0.0%)

	Monogenic
	SLC7A9
	AR/AD
	Cystinuria type B
	Definitive
	7 (4.9%)
	7 (9.3%)
	0 (0.0%)

	Monogenic
	CLDN16
	AR
	FHHNC
	Definitive
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	CLDN19
	AR
	FHHNC + ocular defects
	Definitive
	2 (1.4%)
	2 (2.6%)
	0 (0.0%)

	Monogenic
	CLCN5
	XL
	Dent disease type 1
	Definitive
	1 (0.7%)
	1 (1.3%)
	0 (0.0%)

	Monogenic
	OCRL
	XL
	Dent disease type 2
	Definitive
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	SLC34A1
	AR
	Infantile hypercalcemia / phosphaturia
	Strong
	15 (10.5%)
	9 (12.0%)
	6 (8.8%)

	Monogenic
	SLC34A3
	AR
	HHRH
	Definitive
	8 (5.6%)
	8 (10.7%)
	0 (0.0%)

	Monogenic
	ATP6V1B1
	AR
	dRTA with deafness
	Definitive
	4 (2.8%)
	0 (0.0%)
	4 (5.9%)

	Monogenic
	ATP6V0A4
	AR
	dRTA
	Definitive
	3 (2.1%)
	2 (2.7%)
	1 (1.5%)

	Monogenic
	SLC4A1
	AD/AR
	dRTA
	Definitive
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	CA2
	AR
	CA II deficiency (RTA)
	Definitive
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	CYP24A1
	AR
	Idiopathic infantile hypercalcemia
	Definitive
	11 (7.7%)
	11 (14.7%)
	0 (0.0%)

	Monogenic
	SLC2A9
	AR
	Renal hypouricemia type 2
	Strong
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	SLC22A12
	AR
	Renal hypouricemia type 1
	Definitive
	9 (6.3%)
	9 (12.0%)
	0 (0.0%)

	Monogenic
	KCNJ1
	AR
	Bartter syndrome type II
	Definitive
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	SLC12A1
	AR
	Bartter syndrome type I
	Definitive
	4 (2.8%)
	4 (5.3%)
	0 (0.0%)

	Monogenic
	BSND
	AR
	Bartter syndrome type IV
	Definitive
	4 (2.8%)
	4 (5.3%)
	0 (0.0%)

	Monogenic
	FOXI1
	AR
	dRTA
	Strong
	3 (2.1%)
	3 (4.0%)
	0 (0.0%)

	Monogenic
	HPRT1
	XL
	Lesch–Nyhan (uric acid stones)
	Definitive
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	XDH
	AR
	Xanthinuria
	Definitive
	4 (2.8%)
	4 (5.3%)
	0 (0.0%)

	Monogenic
	MOCOS
	AR
	Xanthinuria type II
	Definitive
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Monogenic
	MOCS1
	AR
	Molybdenum cofactor deficiency
	Strong
	2 (1.4%)
	2 (2.7%)
	0 (0.0%)

	Monogenic
	MOCS2
	AR
	Molybdenum cofactor deficiency
	Strong
	3 (2.1%)
	3 (4.0%)
	0 (0.0%)

	
	
	
	
	
	
	
	

	Risk-Modifier / Susceptibility Genes
	
	
	
	
	

	Risk-modifier
	CLDN14
	
	GWAS hypercalciuria risk
	Strong (GWAS)
	3 (2.1%)
	3 (4.0%)
	0 (0.0%)

	Risk-modifier
	ADCY10
	
	Hypercalciuria candidate
	Limited
	14 (9.8%)
	13 (17.3%)
	1 (1.5%)

	Risk-modifier
	SLC26A1
	
	Oxalate transport
	Moderate
	7 (4.9%)
	5 (6.7%)
	2 (2.9%)

	Risk-modifier
	KL
	
	Calcium/phosphate metabolism
	Limited
	3 (2.1%)
	3 (4.0%)
	0 (0.0%)

	Risk-modifier
	VDR
	
	Vitamin D signaling polymorphisms
	Association
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	SLC9A3R1
	
	Phosphate handling
	Limited
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	UMOD
	
	Tubular function polymorphism
	Moderate
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	HNF4A
	
	Tubular transcription factor
	Limited
	5 (3.5%)
	3 (4.0%)
	2 (2.9%)

	Risk-modifier
	WDR72
	
	Amelogenesis/stone reports
	Limited
	3 (2.1%)
	3 (4.0%)
	0 (0.0%)

	Risk-modifier
	FAM20A
	
	Enamel-renal syndrome
	Moderate
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	GPHN
	
	Rare reports
	Limited
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	CLPB
	
	Syndromic association
	Limited
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	ALPL
	
	Hypophosphatasia
	Moderate
	4 (2.8%)
	4 (5.3%)
	0 (0.0%)

	Risk-modifier
	CASR
	
	Calcium sensing
	Variable penetrance
	4 (2.8%)
	2 (2.7%)
	2 (2.9%)

	Risk-modifier
	GNA11
	
	CaSR signaling
	Moderate
	2 (1.4%)
	2 (2.7%)
	0 (0.0%)

	Risk-modifier
	AP2S1
	
	FHH type 3
	Moderate
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	ATP7B
	
	Wilson disease (secondary stones)
	Limited
	15 (10.5%)
	13 (17.3%)
	2 (2.9%)

	Risk-modifier
	PRPS1
	
	Purine metabolism
	Moderate
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	MAGED2
	
	Transient antenatal Bartter
	Moderate
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)

	Risk-modifier
	CLCNKA
	
	Tubular channel
	Limited
	3 (2.1%)
	3 (4.0%)
	0 (0.0%)

	Risk-modifier
	CLCNKB
	
	Bartter type III
	Strong
	7 (4.9%)
	7 (9.3%)
	0 (0.0%)

	Risk-modifier
	ATP7B
	
	Secondary hypercalciuria
	Limited
	0 (0.0%)
	0 (0.0%)
	0 (0.0%)



* High-confidence monogenic stone genes were defined as genes with definitive or strong gene-disease validity for Mendelian nephrolithiasis/nephrocalcinosis. Risk-modifier genes include those with GWAS-level association, incomplete penetrance, or secondary stone formation in systemic disorders.


