Supplementary Table 1 Demographic information about the study groups
	
	Total
	
	Rare-patient
	Rare-family
	KoGES

	No. of participants
	7,472
	
	2,186
	2,786
	2,500

	Age (years)
	
	
	
	
	

	Mean
	39.5±18.3
	
	21.5±20.4
	42.6±10.4
	51.8±8.3

	Median
	43
	
	14
	41
	50

	Sex (%)
	
	
	
	
	

	Men
	3,701 (49.5)
	
	1,161 (53.1)
	1,312 (47.1)
	1,228 (49.1)

	Women
	3,771 (50.5)
	
	1,026 (46.9)
	1,473 (52.9)
	1,272 (50.9)

	Family structure
	
	
	
	
	

	Singleton
	669 (13.5)
	
	669 (30.6)
	-
	-

	Duo
	590 (11.9)
	
	304 (13.9)
	286 (10.3)
	-

	Trio
	3,309 (66.6)
	
	1,103 (50.4)
	2,206 (79.2)
	-

	More than trio
	374 (7.5)
	
	110 (5.3)
	264 (9.5)
	-

	Others
	30 (0.4)
	
	
	30 (1.1)
	


Others consisted of one proband and two siblings, or sibling only


[bookmark: _Hlk103848156]Supplementary Table 2 Disease categories in rare disease study
	Disease category
	Cases (%)

	Cardiovascular disorders
	297 (11.6)

	Ciliopathies
	15 (0.6)

	Dermatological disorders
	31 (1.2)

	Dysmorphic or congenital abnormality
	120 (4.7)

	Endocrine disorders
	66 (2.6)

	Gastroenterologic disorders
	67 (2.6)

	Growth disorders
	95 (3.7)

	Haematologic or immunologic disorders
	113 (4.4)

	Hearing or ear disorders
	28 (1.1)

	Infectious diseases
	3 (0.1)

	Metabolic disorders
	57 (2.2)

	Neurologic or neurodevelopmental disorders
	1,019 (39.8)

	Ophthalmologic disorders
	108 (4.2)

	Psychiatric disorders
	26 (1.0)

	Renal urinary tract disorders
	88 (3.4)

	Respiratory disorders
	26 (1.0)

	Rheumatologic disorders
	39 (1.5)

	Skeletal disorders
	60 (2.3)

	Tumor syndromes
	302 (11.8)

	Total*
	2,560 (100)


*Several participants have multiple diseases



Supplementary Table 3 Overall frequency of SF genes according to the study groups
	
	Total
	Patient
	Family
	KoGES

	Cancer phenotypes
	
	
	
	

	Familial medullary thyroid cancer
	
	
	
	

	RET (1.0)
	3
	1
	1
	1

	Hereditary breast and/of ovarian cancer
	
	
	
	

	BRCA1 (1.0)
	15
	5
	6
	4

	BRCA2 (1.0)
	37
	13
	17
	7

	PALB2 (3.0)
	6
	3
	3
	

	Hereditary paraganglioma-phechromocytoma syndrome
	
	
	
	

	SDHD (1.0)
	1
	
	
	1

	SDHC (1.0)
	1
	
	1
	

	JPS
	
	
	
	

	SMAD4 (2.0)
	1
	1
	
	

	Lynch syndrome (HNPCC)
	
	
	
	

	MLH1 (1.0)
	7
	1
	2
	4

	MSH2 (1.0)
	1
	
	1
	

	MSH6 (1.0)
	6
	
	3
	3

	PMS2 (1.0)
	3
	1
	1
	1

	Neurofibromatosis type 2
	
	
	
	

	NF2 (1.0)
	1
	1
	
	

	PTEN hamartoma tumor syndrome
	
	
	
	

	PTEN (1.0)
	2
	2
	
	

	Tuberous selerosis complex
	
	
	
	

	TSC1 (1.0)
	1
	
	1
	

	TSC2 (1.0)
	6
	2
	3
	1

	Cardiovascular phenotypes
	
	
	
	

	Aortopathies
	
	
	
	

	FBN1 (1.0)
	3
	3
	
	

	TGFBR2 (1.0)
	1
	
	
	1

	SMAD3 (1.0)
	1
	
	1
	

	MYH11 (1.0)
	1
	1
	
	

	Arrhythmogenic right ventricular cardiomyopathy
	
	
	
	

	PKP2 (1.0)
	3
	1
	1
	1

	DSP (1.0)
	2
	1
	1
	

	DSC2 (1.0)
	6
	2
	2
	2

	DSG2 (1.0)
	7
	
	5
	2

	Dilated cardiomyopathy
	
	
	
	

	TNNT2 (1.0)
	10
	5
	5
	

	LMNA (1.0)
	3
	
	2
	1

	FLNC (3.0)
	2
	
	
	2

	TTN (3.0)
	49
	20
	7
	22

	Familial hypercholesterolemia
	
	
	
	

	LDLR (1.0)
	12
	4
	3
	5

	APOB (1.0)
	10
	5
	4
	1

	Hypertrophic cardiomyopathy
	
	
	
	

	MYH7 (1.0)
	8
	3
	5
	

	MYBPC3 (1.0)
	10
	2
	5
	3

	TNNI3 (1.0)
	9
	3
	3
	3

	MYL3 (1.0)
	11
	3
	4
	4

	Long QT syndrome types 1 and 2
	
	
	
	

	KCNQ1 (1.0)
	4
	1
	1
	2

	KCNH2 (1.0)
	5
	1
	2
	2

	Long QT syndrome 3, Brugada syndrome
	
	
	
	

	SCN5A (1.0)
	5
	2
	2
	1

	Inborn errors of metabolism 
	
	
	
	

	Ornithine transcarbamylase deficiency
	
	
	
	

	OTC (2.0)
	2
	1
	1
	

	Miscellaneous phenotypes
	
	
	
	

	Hereditary hemorrhagic telangiectasia
	
	
	
	

	ACVRL1 (3.0)
	4
	2
	2
	

	ENG (3.0)
	1
	1
	
	

	Malignant hyperthermia
	
	
	
	

	RYR1 (1.0)
	36
	13
	18
	5

	CACNA1S (1.0)
	2
	
	
	2

	Total
	
	
	
	

	Genes
	41
	30
	31
	25

	Individual (%)
	280 (3.75)
	96 (4.39)
	106 (3.80)
	78 (3.12)






a

b

Supplementary Fig. 1 Secondary finding rate according the ACMG SF phenotype (a) and gene (b) grouped by study



Supplementary Fig. 2 Secondary findings in AR disorder related genes with heterozygous status



Supplementary Table 4 Age, sex and lipid profile among the affected person with pathogenic variant of LDLR at baseline examination in KoGES cohort
	SF genes
	Location/AA change
	Variant class
	Age
	F_age
	Sex
	B_LIP
	F_LIP
	TCHL
	TG
	HDL-C
	LDL-C
	B_HTN
	F_HTN

	LDLR
	Chr19:11102758-C-A (p.Cys95Ter)
	Stop gained
	42
	57
	M
	Y
	Y
	213
	142
	32
	152
	Y
	Y

	LDLR
	Chr19:11105567-G-A (p.Asp221Asn)
	Missense
	48
	65
	M
	Y
	Y
	265
	177
	36
	193
	N
	Y

	LDLR
	Chr19:11106666-G-A (p.Asp266Asn)
	Missense
	62
	78
	M
	N
	Y
	252
	144
	43
	180
	N
	Y

	LDLR
	Chr19:11113308-G-A (p.Arg406Gln)
	Missense
	44
	61
	M
	N
	Y
	225
	79
	52
	157
	N
	N

	LDLR
	Chr19:11116209-C-G (p.Leu568Val)
	Missense
	48
	64
	F
	N
	Y
	234
	73
	64
	155
	N
	Y


B, baseline; F, final examination; LIP, hyperlipidemia; HTN, hypertension; TCHL, total cholesterol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; HDL-C, High-density lipoprotein cholesterol; The LDL-C was calculated by LDL-C = TCHL - HDL - TG/5.


a
b
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Supplementary Fig. 3 Secondary finding rate using ClinVar database.
P/LP	Cardiovascular	Cancer	Miscellaneous	Inborn errors of metabolism	1.2846246487354476	1.1106650608858555	0.20072260136491368	1.3381506757660913E-2	
rate of secondary findings (%)



TTN	DSG2	MYBPC3	LDLR	FBN1	MYH7	TNNI3	APOB	KCNH2	SCN5A	KCNQ1	PKP2	DSC2	LMNA	MYL3	DSP	FLNC	RBM20	TGFBR1	MYH11	TNNC1	BRCA2	BRCA1	MLH1	TSC2	MSH6	PALB2	PMS2	RET	MSH2	SDHD	PTEN	OTC	RYR1	ACVRL1	0.73598287167135013	0.29439314866854005	0.17395958784959187	0.16057808109193095	0.13381506757660913	0.13381506757660913	0.12043356081894822	8.0289040545965473E-2	6.6907533788304566E-2	6.6907533788304566E-2	5.3526027030643651E-2	5.3526027030643651E-2	5.3526027030643651E-2	2.6763013515321826E-2	2.6763013515321826E-2	2.6763013515321826E-2	2.6763013515321826E-2	2.6763013515321826E-2	1.3381506757660913E-2	1.3381506757660913E-2	1.3381506757660913E-2	0.454971229760471	0.25424862839555734	0.14719657433427003	0.12043356081894822	0.1070520540612873	9.3670547303626381E-2	8.0289040545965473E-2	5.3526027030643651E-2	2.6763013515321826E-2	1.3381506757660913E-2	1.3381506757660913E-2	1.3381506757660913E-2	0.33453766894152281	2.6763013515321826E-2	
rate of secondary findings (%)



Patient	Cardiovascular phenotypes	Cancer phenotypes	Miscellaneous phenotypes	Inborn errors of metabolism 	0.76284796573875802	0.40149892933618841	0.21413276231263384	1.3383297644539615E-2	Family	Cardiovascular phenotypes	Cancer phenotypes	Miscellaneous phenotypes	Inborn errors of metabolism 	0.7093147751605996	0.52194860813704502	0.26766595289079226	1.3383297644539615E-2	KoGES	Cardiovascular phenotypes	Cancer phenotypes	Miscellaneous phenotypes	Inborn errors of metabolism 	0.69593147751605988	0.29443254817987152	9.3683083511777301E-2	0	
rate of secondary findings (%)




Patient	TTN	LDLR	MYL3	APOB	MYBPC3	TNNT2	TNNI3	MYH7	DSG2	DSC2	KCNH2	SCN5A	KCNQ1	FBN1	LMNA	PKP2	DSP	FLNC	MYH11	SMAD3	TGFBR2	BRCA2	BRCA1	MLH1	MSH6	PALB2	TSC2	PMS2	RET	PTEN	MSH2	NF2	SDHC	SDHD	SMAD4	TSC1	OTC	RYR1	ACVRL1	CACNA1S	ENG	0.26766595289079226	5.353319057815846E-2	4.0149892933618841E-2	6.6916488222698065E-2	2.676659528907923E-2	6.6916488222698065E-2	4.0149892933618841E-2	4.0149892933618841E-2	0	2.676659528907923E-2	1.3383297644539615E-2	2.676659528907923E-2	1.3383297644539615E-2	4.0149892933618841E-2	0	1.3383297644539615E-2	1.3383297644539615E-2	0	1.3383297644539615E-2	0	0	0.17398286937901497	6.6916488222698065E-2	1.3383297644539615E-2	0	4.0149892933618841E-2	2.676659528907923E-2	1.3383297644539615E-2	1.3383297644539615E-2	2.676659528907923E-2	0	1.3383297644539615E-2	0	0	1.3383297644539615E-2	0	1.3383297644539615E-2	0.17398286937901497	2.676659528907923E-2	0	1.3383297644539615E-2	Family	TTN	LDLR	MYL3	APOB	MYBPC3	TNNT2	TNNI3	MYH7	DSG2	DSC2	KCNH2	SCN5A	KCNQ1	FBN1	LMNA	PKP2	DSP	FLNC	MYH11	SMAD3	TGFBR2	BRCA2	BRCA1	MLH1	MSH6	PALB2	TSC2	PMS2	RET	PTEN	MSH2	NF2	SDHC	SDHD	SMAD4	TSC1	OTC	RYR1	ACVRL1	CACNA1S	ENG	9.3683083511777301E-2	4.0149892933618841E-2	5.353319057815846E-2	5.353319057815846E-2	6.6916488222698065E-2	6.6916488222698065E-2	4.0149892933618841E-2	6.6916488222698065E-2	6.6916488222698065E-2	2.676659528907923E-2	2.676659528907923E-2	2.676659528907923E-2	1.3383297644539615E-2	0	2.676659528907923E-2	1.3383297644539615E-2	1.3383297644539615E-2	0	0	1.3383297644539615E-2	0	0.22751605995717344	8.0299785867237683E-2	2.676659528907923E-2	4.0149892933618841E-2	4.0149892933618841E-2	4.0149892933618841E-2	1.3383297644539615E-2	1.3383297644539615E-2	0	1.3383297644539615E-2	0	1.3383297644539615E-2	0	0	1.3383297644539615E-2	1.3383297644539615E-2	0.24089935760171305	2.676659528907923E-2	0	0	KoGES	TTN	LDLR	MYL3	APOB	MYBPC3	TNNT2	TNNI3	MYH7	DSG2	DSC2	KCNH2	SCN5A	KCNQ1	FBN1	LMNA	PKP2	DSP	FLNC	MYH11	SMAD3	TGFBR2	BRCA2	BRCA1	MLH1	MSH6	PALB2	TSC2	PMS2	RET	PTEN	MSH2	NF2	SDHC	SDHD	SMAD4	TSC1	OTC	RYR1	ACVRL1	CACNA1S	ENG	0.29443254817987152	6.6916488222698065E-2	5.353319057815846E-2	1.3383297644539615E-2	4.0149892933618841E-2	0	4.0149892933618841E-2	0	2.676659528907923E-2	2.676659528907923E-2	2.676659528907923E-2	1.3383297644539615E-2	2.676659528907923E-2	0	1.3383297644539615E-2	1.3383297644539615E-2	0	2.676659528907923E-2	0	0	1.3383297644539615E-2	9.3683083511777301E-2	5.353319057815846E-2	5.353319057815846E-2	4.0149892933618841E-2	0	1.3383297644539615E-2	1.3383297644539615E-2	1.3383297644539615E-2	0	0	0	0	1.3383297644539615E-2	0	0	0	6.6916488222698065E-2	0	2.676659528907923E-2	0	
rate of secondary findings (%)




ATP7B	GAA	MUTYH	TRDN	BTD	RPE65	1.2446466809421841	0.32119914346895073	0.30781584582441113	0.20074946466809421	9.3683083511777301E-2	1.3383297644539615E-2	
carrier rate (%)



Secondary findings	SF negative, [백분율]
n= 7,179

SF positive, [백분율], n= 195


Negative	P/LP	7179	195	P/LP	
Negative	P/LP	
