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Supplementary Figure 1
[bookmark: _Hlk93860860]The GWAS analyses results for EP and CHD. A. The Manhattan plot for the variant level association results of EP, the red dash line denotes the genome wide significance of 5×10-8, same for panel C. B. QQ plot of variant-level association analyses of EP. C. The Manhattan plot for the variant level association results of CHD. D. QQ plot of variant-level association analyses of CHD.
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[bookmark: _Hlk93842163]Supplementary Figure 2
The IPA derived phenotypes associated with the top genes derived from SKAT-O analyses. A. EP genes related phenotypes. B. CHD genes related phenotypes.
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Supplementary Figure 3
LocusZoom plot of rs148994715 for their LD information in European population. The LD information for variant rs148994715 based on the LD structure in European population in 1000 genome, the -log10 p-value based on (A) EP associations and (B) CHD associations.
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Supplementary Figure 4
LocusZoom plot of rs57732048for their LD information in European population. The LD information for variant rs148994715 based on the LD structure in European population in 1000 genome, the -log10 p-value based on (A) EP associations and (B) CHD associations.











Supplementary table 1
SKAT-O analysis on Epilepsy using high impact rare variants
SetID, gene IDs tested by SKAT-O analyses. P.value, P values of SKAT. M, the number of individuals with minor alleles. N.Marker.All, a number of SNPs in the genotype matrix. N.Marker.Test, a number of SNPs used for the test. MAP, minimum possible P values. Method.bin, type of method to compute a P value.


[bookmark: _Hlk94182561]Supplementary table 2
SKAT-O analysis on congenital heart disease using high impact rare variants
SetID, gene IDs tested by SKAT-O analyses. P.value, P values of SKAT. M, the number of individuals with minor alleles. N.Marker.All, a number of SNPs in the genotype matrix. N.Marker.Test, a number of SNPs used for the test. MAP, minimum possible P values. Method.bin, type of method to compute a P value.

Supplementary table 3
SKAT-O analysis on epilepsy using BioMe exomes
[bookmark: _Hlk100514258]SetID, gene IDs tested by SKAT-O analyses. P.value, P values of SKAT. N.Marker.All, a number of SNPs in the genotype matrix. N.Marker.Test, a number of SNPs used for the test. MAC, the total minor allele count.

Supplementary table 4
SKAT-O analysis on congenital heart disease using BioMe exomes
SetID, gene IDs tested by SKAT-O analyses. P.value, P values of SKAT. N.Marker.All, a number of SNPs in the genotype matrix. N.Marker.Test, a number of SNPs used for the test. MAC, the total minor allele count.

Supplementary table 5
Merged P values for EP SKAT-O analyses and CHD SKAT-O analyses using different Biobanks.

Supplementary table 6
IPA canonical pathways among 134 candidate genes in CHD

Supplementary table 7
IPA canonical pathways among 143 candidate genes in EP

Supplementary table 8
InnateDB GO analysis among 134 candidate genes in CHD

Supplementary table 9
InnateDB GO analysis among 143 candidate genes in EP

Supplementary table 10
InnateDB Pathway Analysis among combined 272 candidate genes.

Supplementary table 11
Human gene connectome (HGC) analyses on candidate genes. The average distance to known EP genes and known CHD genes were calculated for each candidate gene.
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