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Online Methods
Meta-analysis of three omics based on their P values

The meta-analysis Z-scores (Z,..., ) and P values (P, . ) for each gene were computed as

meta eta

Z .= Zwizi and P

meta — > meta
W

computed from the gene-based association P values. The weights w; were assigned based on the

=®(Z,,,),in which Z, =®'(P) are the z-scores for each omics data,

number of AF cases in each omics data set: W, = Ncase:/ V. in which i was the type of data (i=

GWAS, EWAS, or TWAS), N__ was the number of AF cases for each omics data, and j was set

equal across the three types of data. As the GWAS sample size dominates the other two data sets,
we used j to up-weight the EWAS and TWAS data compared to the GWAS data. As j increases,
the weights for each data set became more similar. We first considered integer values j=1, 2, 3,...,
1000; we also considered values ranging from 2 to 10 by 0.2 increments, for more weights
compositions if needed. We also investigated two extreme scenarios: 1) 100% weight for GWAS
while no weights for EWAS and TWAS, and 2) equal weights for all three omics data.

Bonferroni correction was used to account for multiple testing, and genes with P, <0.05/M, in

meta
which M=14,364 is the number of tested genes that were considered as significant AF-related

genes. The relative weight of GWAS was annotated as W_(Q:

i
NcaseGWAg

(i/NcaseGWAS + i/NcaseEWAS + i/NcaseTWAS)

w_g =
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Network-wide Association Study (NetWAS)

NetWAS ' is a machine learning-based method that combines gene-level association results with
tissue-specific interaction network. The network was built from over 14,000 publications and
low-throughput tissue-specific expression data. The list of datasets used to build the network is

shown in https://hb.flatironinstitute.org/data. A specific network is built for each tissue type (e.g.,

heart, blood, and brain), which may be used for downstream analyses. The tissue-specific

networks were downloaded from https://hb.flatironinstitute.org/download.

NetWAS trained a support vector machine classifier using nominally significant (e.g., P <0.01)
genes as “pre-positive” examples and non-significant (e.g., P > 0.01) genes as “pre-negatives”.
The classifier was constructed using a tissue network relevant to a disease (e.g., general heart
tissue for AF), where the classifier or hyperplane could maximally distinguished pre-positive and
pre-negative genes in the network. Genes were re-ranked using their distance from the
hyperplane, which represented as the NetWAS score. If a “pre-positive” gene was predicted
positive (i.e., NetWAS score > 0, or referred as “post-positive”), the gene was considered as a
disease related genes. The implementation of NetWAS has been described in the previous
publication.' Detailed steps of how to use the NetWAS online tool

(https://hb.flatironinstitute.org/netwas) are shown in Online Figure XI with the summary

statistics from meta-analysis for the tissue-specific analysis.

Description of gene expression sequencing data

e The Genotype-Tissue Expression (GTEX) project
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The gene expression data in GTEx project was from 53 types of normal, non-diseased tissues
across nearly 1,000 donors. We downloaded the raw RNA sequencing (RNA-Seq) data
(reads per kilobase of transcript, RPKM) by genes from the GTEx V6 analysis freeze (dbGaP
Accession phs000424.v6.pl):

https://storage.googleapis.com/gtex_analysis_v6/rna_seq data/GTEx_ Analysis v6 RNA-

seq RNA-SeQCvl1.1.8 gene_rpkm.gct.gz.

Gene expression in left atrium

There were 101 non-structural heart disease samples obtained from Myocardial Applied
Genomics Network (MAGNet) repository. RNA-Seq was performed on the [llumina HiSeq
4000 platform at Broad Institute Genomic Services by standard procedures. Gene expression

levels were also defined as RPKM values.

Gene expression levels across multiple heart tissues

As genes could have varied expression levels across different samples, we converted the raw

expression levels (RPKM values) into percentiles. An illustration is shown in Online Figure VIII.

Assuming a specific tissue has m samples, each with n genes, the expression level of gene i across

all genes in sample j is represented as a percentile R; ;. The representative gene expression level
for gene i is defined as the median ranking of gene i across all m samples for the tissue.
Independent AF-related genes were defined as those AF-related genes with Spearman’s r? <0.25.
Similarly, independent non-AF-related genes were defined as those non-AF-related genes with
pairwise Spearman’s r* <0.25. There were 1,057 (left atria, LA) and 773 (right atrial appendage,

RA) independent genes in AF-related gene set, while 5,030 (LA) and 3,901 (RA) in non-AF-
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related gene set. Two-sample Kolmogorov-Smirnov test was then used to compare two

independent gene sets.

Tissue-specific expression analysis

The tissue-specific expression analysis (TSEA)” was calculated by two steps: the first is an
algorithm to define sets of genes with enriched or specific expression in each tissue, and the
second is to identify and display significant overlaps between tissue-enriched gene sets and lists

of candidate genes. Mathematically, for any gene i in a tissue t, tissue enrichment is defined as

m . [ RPK M,
2 (“”"{‘ ( REK M5 ))

S, =
! m—1

, where m represents the number of tissues, RPKM represents the

expression level. In order to account for different number of expressed genes in different tissues,

) pSl;, = Probability(SIi‘t|Data of tissuet) ) .
pSl is calculated as , which represents the probability of the

rankings of one transcript expression level in a specific tissue (t) comparing to other tissues. For
each tissue, genes with pSl <0.05 are considered as significantly enriched in the tissue. Then we
can calculate the significance of the overlap between the candidate genes and the genes enriched

in each tissue using the Fisher’s Exact test.

Heritability estimation from summary statistics (HESS)

Before the heritability estimation, HESS 3 (http://bogdan.bioinformatics.ucla.edu/software/hess/)

needed to set up the parameters to get a more accurate estimates: 1) Adjust the heritability by the
genomic control factor, because the GWAS summary statistics in our analysis were all
accounting for population stratification to some degree, we should adjust the heritability

estimates by the genomic control factors estimated by HESS (the genomic control factor in
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AFGen 2018 Europeans * was 1.194, and in UKBB Europeans > was 1.246). 2) The number of
eigenvectors of the truncated-SVD regularization of LD matrices which should be chosen based
on the GWAS sample size, the default number of eigenvectors in HESS was 50 which was based
on the simulations of 50,000 individuals, but the total sample size in AFGen 2018 or UKBB
Europeans were much larger (both above 300,000 individuals). Because a GWAS with large
sample size should use a large number of eigenvectors, we increased the number of eigenvectors
until we could get a stable heritability estimation (Online Figure IX and Online Figure X). In

our situation, we chose 200 as the number of eigenvectors.

Evaluation of type 1 error for multi-omic meta-analysis with or without NetWAS

We estimated the type 1 error without NetWAS. Because we could simulate the gene-level
summary statistics for the meta-analysis (without NetWAS) appropriately, but it was difficult for
us to simulate the gene-gene interaction networks which were behind the summary statistics for
NetWAS.

We simulated the z-scores for three types of omics of 15,000 genes, following a multivariate
normal distribution with each mean of zero, and the covariance matrix as estimated from AFGen
2017 GWAS, EWAS, and TWAS (see partial table from Online Table I). The correlations
between GWAS-EWAS, GWAS-TWAS, and EWAS-TWAS were 0.06, 0.005, and 0.022
respectively. One thousand replicates were simulated. Then, we used meta-analysis to combine
those z-scores by different weights irrespective of the association directions. We calculated the
relative type 1 error assuming the significance level (a) of 0.05, and 3.3e-06 (0.05/15,000).

Relative type 1 error equaled the total number of genes with P value less than a across 1,000
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replicates, divided by the expected number of false positives (ax15,000%1,000). The results for

relative type 1 error was in Online Figure II.
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Online Figure 1. C-statistics for multi-omics integration approach across different weights compositions of AFGen 2017 GWAS, methylation, and

transcription. w_g is the relative weight of genotype data. NetWAS P value is the cutoff for defining “pre-positive” genes.
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Online Figure II. Relative type 1 error for multi-omics integration approach across different weights compositions of AFGen 2017 GWAS,
methylation, and transcription in heart tissues. w g is the relative weight of genotype data.
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Online Figure III. C-statistics for multi-omics integration approach across different weights compositions of AFGen 2012 GWAS, methylation, and
transcription in heart tissues. w_g is the relative weight of genotype data. NetWAS P value is the cutoff for defining “pre-positive” genes
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Online Figure IV. C-statistics for multi-omics integration approach across different weights compositions of FHS AF GWAS, methylation, and
transcription by in heart tissues. w_g is the relative weight of genotype data. NetWAS P value is the cutoff for defining “pre-positive” genes.
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Online Figure V. The expression of AF-related genes by multi-omics integration across different tissues in GTEX.
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Online Figure VI. Spearman’s correlations of gene expression levels (in ranking percentiles) for the AF-related genes by multi-omics integration
across different tissues in GTEx.
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Online Figure VII. Spearman’s correlation of -log1 0(P values) in association analysis of combing all CpGs
versus CpGs in promoter region (annotated as “TSS1500”, “TS200” and “5’UTR”) of the gene.
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Online Figure VIII. Analysis flowchart of gene expression levels across multiple heart tissues.

| Step 1: Calculate the percentile of each gene within the sample

/f‘;
Sample_1 | Sample_2 .. Sample_m
Gene_1.1 Ris Ry Rim Median(R; 1 Ry 5...Ry 1)
Gene_1.2 R, R:z Ram Median(R; 1 R;5...Ry )
Gene_2 Rs1 R3z Ram Median(R; ; R3;...R3 )
Gene_n Rni Rz Rt Median(R, 1 R, 5--Rym)

Step 2: Calculate the median percentile of the gene across all samples |

| Step 3: Obtain independent gene sets for both AF-related genes and non-AF-related genes (Spearman’s r?<0.25) |

| Step 4: Compare the expression of two independent gene sets by Kolmogorov-Smirnov test |
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Online Figure IX. Total heritability estimates by HESS across different number of eigenvectors of the LD
matrices for AFGen 2018 Europeans. The x-axis is the number of eigenvectors (k), while the y-axis is the total
heritability, red dots are the variants with minor allele frequency (MAF) >1% while green dots are MAF>5%,
and the number in the parenthesis are the total number of variants. Red dash line is the heritability estimates by
LDSC regression as 0.0388 (SE=0.0041), and the green dash line is the heritability estimates by individual level

data as 0.228 (SE=0.0454).
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Online Figure X. Total heritability estimates by HESS across different number of eigenvectors of the LD
matrices for UKBB European participants. The x-axis is the number of eigenvectors (k), while the y-axis is the
total heritability, red dots are the variants with minor allele frequency (MAF) >1% while green dots are
MAF>5%, and the number in the parenthesis are the total number of variants. Red dash line is the heritability
estimates by LDSC regression as 0.1197 (SE=0.0344), and the green dash line is the heritability estimates by
individual level data as 0.228 (SE=0.0454).
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Online Figure XI. Screenshots of how to use the NetWAS online tool to run the analysis.
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Online Table I. Correlations of genotype, methylation, and transcription calculated by their gene-based
association P values with atrial fibrillation.

FHS AFGen AFGen AFGen FHS FHS

Data GWAS 2012 2017 2018 EWAS TWAS
GWAS GWAS GWAS

FHS GWAS 1 0.094 0.043 0.015 -0.009 0.01
AFGen 2012 GWAS 0.094 1 0.269 0.117 0.056 0.026
AFGen 2017 GWAS 0.043 0.269 1 0.339 0.06 0.005
AFGen 2018 GWAS 0.015 0.117 0.339 1 0.065 -0.008
FHS EWAS -0.009 0.056 0.06 0.065 1 0.022

FHS TWAS 0.01 0.026 0.005 -0.008 0.022 1

The cells with yellow high-lighted background are the correlation coefficients across different
types of omics data by their Z statistics from association P values (e.g., GWAS-EWAS,
GWAS-TWAS, and EWAS-TWAS). FHS: Framingham Heart Study.
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Online Table I1. Twenty-five tissue groups for tissue-specific enrichment analysis from GTEx.

Tissue

Tissue group

Adipose Subcutaneous
Adipose Visceral Omentum
Adrenal Gland

Artery Aorta

Artery Coronary

Artery Tibial

Brain Amygdala

Brain Anterior cingulate cortex BA24
Brain Caudate basal ganglia
Brain Cerebellar Hemisphere
Brain Cerebellum

Brain Cortex

Brain Frontal Cortex BA9
Brain Hippocampus

Brain Hypothalamus

Brain Nucleus accumbens basal ganglia
Brain Putamen basal ganglia
Brain Spinal cord cervical
Brain Substantia nigra

Breast Mammary Tissue
Cells EBV transformed lymphocytes
Cells Transformed fibroblasts
Colon Transverse

Esophagus Mucosa
Esophagus Muscularis
Fallopian Tube

Heart Atrial Appendage
Heart Left Ventricle

Kidney Cortex

Liver

Lung

Muscle Skeletal

Nerve Tibial

Ovary

Pancreas

Pituitary

Prostate

Skin Not Sun Exposed Suprapubic
Skin Sun Exposed Lower leg
Stomach

Testis

Thyroid

Adipose Tissue
Adipose Tissue
Adrenal Gland
Blood Vessel
Blood Vessel
Blood Vessel
Brain

Brain

Brain

Brain

Brain

Brain

Brain

Brain

Brain

Brain

Brain

Brain

Brain

Breast

Not consider
Not consider
Colon
Esophagus
Esophagus
Fallopian Tube
Heart

Heart
Kidney
Liver

Lung

Muscle
Nerve

Ovary
Pancreas
Pituitary
Prostate

Skin

Skin
Stomach
Testis
Thyroid
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Tissue Tissue group

Uterus Uterus
Vagina Vagina
Whole Blood Whole Blood
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Online Table ITI. Comparisons of performances of multi-omics integration approach by to the single GWAS
analysis from AFGen 2017.

With NetWAS Without NetWAS

Weights composition Nf  Nv  Sensitivity Specificity CD_ :tlis Nf Nv Sensitivity Specificity CD_ :tl:l?s
GWAS only (w_g=1) 378 103 0.500 0.981 Ref 44 40 0.194 1.000 Ref

=1 (w_g=0.98) 333 92 0.447 0.983 -0.025 44 40 0.194 1.000 0.000
=2 (w_g=0.833) 583 130 0.631 0.968 0.059 48 43 0.209 1.000 0.007
i=2.2 (w_g=0.802) 615 127 0.617 0.965 0.051 49 44 0.214 1.000 0.010
j=2.4 (w_g=0.773) 628 122 0.592 0.964 0.038 50 44 0.214 1.000 0.010
j=2.6 (w_g=0.746) 654 120 0.583 0.962 0.032 49 43 0.209 1.000 0.007
j=2.8 (w_g=0.721) 654 120 0.583 0.962 0.032 49 43 0.209 1.000 0.007
=3 (w_g=0.699) 677 109 0.529 0.960 0.004 49 43 0.209 1.000 0.007
j=3.2 (w_g=0.678) 720 118 0.573 0.957 0.025 49 42 0.204 1.000 0.005
j=3.4 (w_g=0.659) 860 139 0.675 0.949 0.072 49 41 0.199 0.999 0.002
j=3.6 (w_g=0.642) 873 136 0.660 0.948 0.064 49 40 0.194 0.999 0.000
j=3.8 (w_g=0.627) 880 130 0.631 0.947 0.049 50 40 0.194 0.999 0.000
=4 (w_g=0.612) 900 136 0.660 0.946 0.063 50 40 0.194 0.999 0.000
7=4.2 (w_g=0.599) 978 141 0.684 0.941 0.072 50 40 0.194 0.999 0.000
j=4.4 (w_g=0.587) 954 136 0.660 0.942 0.061 50 40 0.194 0.999 0.000
j=4.6 (w_g=0.576) 1041 141 0.684 0.936 0.070 52 41 0.199 0.999 0.002
7=4.8 (w_g=0.566) 1039 131 0.636 0.936 0.046 52 41 0.199 0.999 0.002
j=5 (w_g=0.557) 980 132 0.641 0.940 0.050 54 42 0.204 0.999 0.005
j=5.2 (w_g=0.548) 1135 136 0.660 0.929 0.054 54 41 0.199 0.999 0.002
j=5.4 (w_g=0.54) 1153 129 0.626 0.928 0.037 54 40 0.194 0.999 0.000
j=5.6 (w_g=0.532) 1195 129 0.626 0.925 0.035 53 39 0.189 0.999 -0.003
j=5.8 (w_g=0.525) 1230 137 0.665 0.923 0.054 54 39 0.189 0.999 -0.003
j=6 (w_g=0.518) 1323 136 0.660 0.916 0.048 53 38 0.184 0.999 -0.005
j=6.2 (w_g=0.512) 1355 142 0.689 0.914 0.061 53 38 0.184 0.999 -0.005
j=6.4 (w_g=0.506) 1334 137 0.665 0.915 0.050 52 37 0.180 0.999 -0.008
j=6.6 (w_g=0.501) 1339 130 0.631 0.914 0.033 52 37 0.180 0.999 -0.008
j=6.8 (w_g=0.496) 1418 141 0.684 0.910 0.057 52 37 0.180 0.999 -0.008
=7 (w_g=0.491) 1452 145 0.704 0.908 0.065 51 37 0.180 0.999 -0.008
J7=7.2 (w_g=0.486) 1462 142 0.689 0.907 0.058 51 37 0.180 0.999 -0.008
=74 (w_g=0.482) 1506 144 0.699 0.904 0.061 52 37 0.180 0.999 -0.008
j=7.6 (w_g=0.478) 1427 133 0.646 0.908 0.037 53 37 0.180 0.999 -0.008
7=7.8 (w_g=0.474) 1512 144 0.699 0.903 0.061 52 36 0.175 0.999 -0.010
=8 (w_g=0.471) 1506 140 0.680 0.903 0.051 52 36 0.175 0.999 -0.010
j=8.2 (w_g=0.467) 1459 130 0.631 0.906 0.028 52 36 0.175 0.999 -0.010
j=8.4 (w_g=0.464) 1475 137 0.665 0.905 0.045 52 36 0.175 0.999 -0.010
j=8.6 (w_g=0.461) 1524 134 0.650 0.902 0.036 52 36 0.175 0.999 -0.010
j=8.8 (w_g=0.458) 1504 138 0.670 0.903 0.046 52 36 0.175 0.999 -0.010
779 (w_g=0.455) 1619 144 0.699 0.896 0.057 53 36 0.175 0.999 -0.010
j779.2 (w_g=0.452) 1591 145 0.704 0.898 0.061 52 35 0.170 0.999 -0.013
j79.4 (w_g=0.449) 1614 142 0.689 0.896 0.052 51 34 0.165 0.999 -0.015
J=9.6 (w_g=0.447) 1651 139 0.675 0.893 0.044 51 34 0.165 0.999 -0.015
J79.8 (w_g=0.444) 1654 145 0.704 0.893 0.058 50 33 0.160 0.999 -0.017
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With NetWAS Without NetWAS

Weights composition Nf  Nv  Sensitivity Specificity (E segf[ls Nf Nv Sensitivity Specificity é)_ :tlet:tls
=10 (w_g=0.442) 1673 144 0.699 0.892 0.055 47 32 0.155 0.999 -0.020
j=20 (w_g=0.386) 1613 113 0.549 0.894 -0.019 45 26 0.126 0.999 -0.035
j=30 (w_g=0.368) 1681 112 0.544 0.889 -0.024 46 25 0.121 0.999 -0.037
j=40 (w_g=0.359) 1667 109 0.529 0.890 -0.031 45 22 0.107 0.998 -0.044
7j=50 (w_g=0.354) 1758 104 0.505 0.883 -0.046 46 22 0.107 0.998 -0.044
j=60 (w_g=0.351) 1740 107 0.519 0.885 -0.038 45 21 0.102 0.998 -0.047
=70 (w_g=0.348) 1635 96 0.466 0.891 -0.062 45 21 0.102 0.998 -0.047
j=80 (w_g=0.346) 1686 101 0.490 0.888 -0.051 45 21 0.102 0.998 -0.047
7790 (w_g=0.345) 1739 96 0.466 0.884 -0.065 45 21 0.102 0.998 -0.047
j=100 (w_g=0.344) 1691 97 0.471 0.887 -0.061 45 21 0.102 0.998 -0.047
j=200 (w_g=0.338) 1695 103 0.500 0.887 -0.047 47 21 0.102 0.998 -0.047
j=300 (w_g=0.337) 1656 99 0.481 0.890 -0.055 47 21 0.102 0.998 -0.047
j=400 (w_g=0.336) 1556 92 0.447 0.896 -0.069 47 21 0.102 0.998 -0.047
j=500 (w_g=0.335) 1475 89 0.432 0.902 -0.073 47 21 0.102 0.998 -0.047
j=600 (w_g=0.335) 1512 94 0.456 0.900 -0.062 47 21 0.102 0.998 -0.047
j=700 (w_g=0.335) 1477 84 0.408 0.901 -0.086 46 21 0.102 0.998 -0.047
j=800 (w_g=0.335) 1486 90 0.437 0.901 -0.071 46 21 0.102 0.998 -0.047
=900 (w_g=0.334) 1495 89 0.432 0.901 0.074 46 21 0.102 0.998  -0.047
j=1000 (w_g=0.334) 1526 87 0.422 0.898 -0.080 46 21 0.102 0.998 -0.047
Equal weights 1535 85 0413 0897  -0.085 46 21  0.102 0.998  -0.047
(w 2=0.333)

The j is the parameter as the weights function of number of AF cases during association studies, ~* Nede, ,

where w is the weight for specific omics data, N is the number of AF cases (the number of AF cases are 17,931,
183, and 177 for genotype, methylation, and transcription respectively), j is a squence of numbers, and i is the
type of data (i= GWAS, EWAS, or TWAS), w_g is the relative weight of GWAS,

‘\]I NcaseGWAS
(VNCGSl?GWAs + {/NC@SBEWAS + {/NC@SBTWAS)
Nf'is the total number of genes found by the integration approach, Nv is the number of genes validated by the
reference gene set (AFGen 2018 GWAS ), Delta C-stats is the difference of C-stats of C-stats (with omics
integration) minus the reference C-stats (only GWAS).

w_g =

The optimal weights are the weights compositions when we have a maxium postive delta C-statistics comparing
to Only GWAS. The optimal weights with NetWAS is j=4.2 (w_g=0.599, Delta C-stats = 0.07236).
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Online Table I'V. Number of AF-related genes by GWAS only versus by multi-omics when reached the
optimal C-statistics.

Number of AF-related

Parameters genes (by 2017 GWAS Number of AF-related genes (by

2017 GWAS + EWAS + TWAS)
only)
Without NetWAS 44 49
NetWAS Heart (P=3.5x10) 10 15
NetWAS Heart (P=0.0001) 26 69
NetWAS Heart (P=0.01) 378 978
NetWAS Heart (P=0.1) 1,700 2,627
NetWAS Whole blood (P=0.01) 276 630
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Online Table V. Comparisons of AF-associated genes by our multi-omics approach with other GWAS studies,
GWAS catalog, Open Targets Platform, OMIM.

Gene-based  Meta-analysis of

Multi- Gene-based result Open
Gene omics from AFGen 2017 g;s(l;lt from SNPs by two GWAS Tafgets OMIM
integration GWAS en 2018 large. AF GWAS  catalog Platform
GWAS in 2018

A1CF 0 0 0 0 0 1 0
A2M 0 0 0 0 0 1 0
A4GALT 1 0 0 0 0 0 0
AAGAB 1 0 0 0 0 0 0
AAK1 1 0 0 0 0 0 0
AAT8 0 0 0 0 0 0 1
AAT9 0 0 0 0 0 0 1
ABCA1l 1 0 0 0 0 1 0
ABCA12 0 0 0 0 1 1 0
ABCA3 1 0 0 0 0 0 0
ABCB1 0 0 0 0 0 1 0
ABCB4 0 0 0 0 0 1 0
ABCBS8 1 0 0 0 0 0 0
ABCB9 1 0 0 0 0 0 0
ABCC9 0 0 0 0 0 0 1
ABCD2 0 0 0 0 0 1 0
ABCD3 0 0 0 0 0 1 0
ABCD4 1 0 0 0 0 0 0
ABCG2 0 0 0 0 0 1 0
ABHD10 0 0 1 0 0 0 0
ABHD17C 0 0 0 1 1 0 0
ABHD6 1 0 0 0 0 0 0
ABI1 1 0 0 0 0 1 0
ABL1 0 0 0 0 0 1 0
ABL2 1 0 0 0 0 0 0
ABLIM1 1 0 0 0 0 0 0
ABO 0 0 0 0 0 1 0
ABS2 0 0 0 0 0 0 1
ACAAl 1 0 0 0 0 0 0
ACACA 1 0 0 0 0 0 0
ACADS8 1 0 0 0 0 0 0
ACADS 0 0 0 0 0 1 0
ACAP1 1 0 0 0 0 0 0
ACBD4 1 0 0 0 0 0 0
ACDMPV 0 0 0 0 0 0 1
ACE 0 0 0 0 0 1 0
ACE2 0 0 0 0 0 1 0
ACG2 0 0 0 0 0 0 1
ACHE 0 0 0 0 0 1 0
ACP5 0 0 0 0 0 1 0
ACP6 1 0 0 0 0 0 0
ACR 0 0 0 0 0 1 0
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Gene-based  Meta-analysis of Open
result from SNPs by two GWAS Tarcets OMIM
AFGen 2018  large AF GWAS  catalog g
GWAS in 2018 Platform

Multi- Gene-based result
Gene omics from AFGen 2017
integration GWAS

ACSL1
ACSL6
ACSM3
ACTB
ACTC1
ACTN2
ACTNA4
ACTR1A
ACTR2
ACTRS8
ACVR1B
ACVR2A
ACVR2B
ACVRL1
ADA
ADAM15
ADAM17
ADAM32
ADAMTS1
3
ADAMTS1
4
ADAP1
ADAP2
ADAT2
ADCY10
ADCY3
ADCY4
ADCY6
ADCYAP1
ADGB
ADGRD1
ADH1B
ADIPOR1
ADK
ADM
ADM2
ADORA1
ADORA2A
ADORAZ2B
ADORA3
ADPGK
ADRAIA
ADRA1B
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omics
integration

Gene-based result
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GWAS

Gene-based  Meta-analysis of
result from SNPs by two
AFGen 2018  large AF GWAS

GWAS

in 2018

GWAS
catalog

Open
Targets
Platform

OMIM

ADRA1D
ADRB1
ADRB2
ADRB3
ADSS
AEBP1
AFAP1
AFDN
AGBL4
AGER
AGOTC
AGPAT1
AGPAT3
AGR2
AGR3
AGT
AGTR1
AGXT
AHRR
AHSP
AlF1
AIRE
AK1
AKAP10
AKAP5
AKAP6
AKIRIN2
AKR1B1P
6
AKT2

AL132671.

2
ALB
ALDH1A3
ALDH?2
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ALDOA
ALG10
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ALK
ALKAS
ALMS1
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GWAS
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GWAS
catalog

Open
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Platform

OMIM

ALOX15
ALPK1
ALS2CL
ALS5
ALX1
AMD1
AMER1
AMFR
AMH
ANAPC2
ANG
ANGPT4
ANK2
ANK3
ANKH
ANKHD1-
EIF4EBP3
ANKK1
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ANKS3
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Gene-based  Meta-analysis of Open
result from SNPs by two GWAS Tarcets OMIM
AFGen 2018  large AF GWAS  catalog g
GWAS in 2018 Platform

Multi- Gene-based result
Gene omics from AFGen 2017
integration GWAS
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AZ|2
B2M
B3GNT2
B3GNT8
B3GNT9
B3GNTL1
BA9D2
BAK1
BAMBI
BANF1
BANK1
BARTS3
BARX2
BAX
BAZ1A
BAZ1B
BAZ2A
BBC3
BBIS
BBS2
BBS7
BBS9
BCAP29
BCAT1
BCC1
BCHE
BCL11A
BCL2
BCL2A1
BCL2L11
BCL2L2
BCL3
BCL9
BCO1
BCO2
BCOR
BDH2
BDNF
BEND7
BEST3
BGLAP
BHLHE41
BID
BLK
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BLOC1S2 1 0 0 0 0 1 0
BMKS 0 0 0 0 0 0 1
BMP10 0 0 0 0 0 1 1
BMP2 0 0 0 1 0 1 1
BMP7 0 0 0 0 0 1 0
BMP8A 1 0 0 0 0 0 0
BMPR1B 1 0 0 0 0 0 0
BNC2 1 0 0 0 0 0 0
BNIP1 1 0 1 0 0 0 0
BOLAL 1 0 0 0 0 0 0
BOLL 1 0 0 0 0 0 0
BOPS 0 0 0 0 0 0 1
BOR1 0 0 0 0 0 0 1
BRAP 0 0 0 0 0 1 0
BRD1 0 0 0 0 0 1 0
BRD3 1 0 0 0 0 0 0
BRD8 1 0 1 0 0 0 0
BRD9 1 0 0 0 0 0 0
BRGDA1 0 0 0 0 0 0 1
BRGDAZ2 0 0 0 0 0 0 1
BRGDA3 0 0 0 0 0 0 1
BRGDA4 0 0 0 0 0 0 1
BRGDA5 0 0 0 0 0 0 1
BRGDA7 0 0 0 0 0 0 1
BRGDAS 0 0 0 0 0 0 1
BRINP3 0 0 0 0 0 1 0
BRMS1L 1 0 0 0 0 0 0
BRWD1 1 0 0 0 0 0 0
BRWS1 0 0 0 0 0 0 1
BSG 0 0 0 0 0 1 0
BSPRY 1 0 0 0 0 0 0
BSX 0 0 0 0 1 1 0
BTC 1 0 0 0 0 0 0
BTG1 1 0 0 0 0 0 0
BTK 0 0 0 0 0 1 0
BTRC 1 0 0 0 0 0 0
BVVLS1 0 0 0 0 0 0 1
BVVLS2 0 0 0 0 0 0 1
C10orfl1 0 0 0 1 1 0 0
C100rf55 1 0 1 0 0 0 0
C10orf71 1 0 0 0 0 0 0
C100rf76 0 0 0 0 1 0 0
C100rf95 1 0 0 0 0 0 0
Cllorf21 1 0 0 0 0 0 0
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Cllorf4d5 1 0 1 0 0 0 0
Cllorf52 1 0 0 0 0 0 0
C12orf76 1 0 0 0 0 0 0
C170rf99 1 0 0 0 0 0 0
C190rf18 1 0 0 0 0 0 0
C19orf54 1 0 0 0 0 0 0
Clorfll6 1 0 0 0 0 0 0
Clorf185 0 0 0 0 1 1 0
Clorf6l 1 0 0 0 0 0 0
C1QTNF7 0 0 0 0 0 1 0
C2 1 0 0 0 0 0 0
C2lorf2 1 0 0 0 0 0 0
C21lorf62 1 0 0 0 0 0 0
C220rf15 1 0 0 0 0 0 0
C2CD4A 1 0 0 0 0 0 0
C2o0rf40 1 0 0 0 0 0 0
C2orf42 1 0 0 0 0 0 0
C20rf69 1 0 1 0 0 0 0
C20rf88 1 0 0 0 0 0 0
C3orf52 1 0 1 0 0 0 0
C4B 1 0 0 0 0 0 0
C4BPA 1 0 0 0 0 0 0
Cborf24 1 0 0 0 0 0 0
C50rf30 1 0 0 0 0 0 0
Cborf47 0 0 0 0 1 0 0
C6orf106 1 0 0 0 0 0 0
C6orf15 1 0 0 0 0 0 0
C6orf48 1 0 0 0 0 0 0
C7orf31 1 0 0 0 0 0 0
C7orf50 1 0 0 0 0 0 0
C7orf61 1 0 0 0 0 0 0
C8orf44 1 0 0 0 0 0 0
C9orf3 1 0 1 1 1 1 0
C9orf40 1 0 0 0 0 0 0
C9orf72 0 0 0 0 0 1 0
C9orf84 1 0 0 0 0 0 0
CAl 0 0 0 0 0 1 0
CA12 1 0 0 0 0 0 0
CAl14 1 0 0 0 0 0 0
CAAP1 0 0 0 0 0 1 0
CAB39 1 0 0 0 0 0 0
CABIN1 0 0 0 0 0 1 0
CACNA1C 1 0 0 0 0 1 1
CACNA1 1 0 0 0 0 1 0

Page 35 of 114



Gene-based  Meta-analysis of Open
result from SNPs by two GWAS Tarcets OMIM
AFGen 2018  large AF GWAS  catalog g
GWAS in 2018 Platform

Multi- Gene-based result
Gene omics from AFGen 2017
integration GWAS

D
CACNA1LF 0
CACNALS 0
CACNBL 1
CACNB2 0
CACNB3 1
CADM1 0
CAGE1 1
CAID 0
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CALD1 1
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CALHM2 1
CALHM3 1
CALM1 0
CALM2 0
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CALR 1
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CAND2 0
CAP2 0
CAPN12 1
CAPNS1 1
CAPRIN2 1
CAPZB 1
CARD9 1
CARF 0
CASC15 0
CASC20 0
CASKIN1 1
CASP3 0
CASP4 1
CASP8 0
CASP9 0
CASQ2 1
CASR 1
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CASZ1 1
CAT 0
CAV1 1
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MYLPF 1
MYO18B 1
MYO1C 1
MYO1H 1
MYO6 1
MYOCD 1
MYOG 1
MYOM3 1
MYOT 1
MYOZ1 1
MYPN 0
MYRIP 1
MYSM1 0
MYZAP 0
NAAA 0
NACA 1
NACC2 0
NAGLU 1
NAMPT 0
NANOS1 1
NAPA 1
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NAPB
NAPRT
NAPSA
NARFL
NARS2
NAT14

NAT2
NAT8B

NAT9

NAV2

NCAPG2
NCEH1
NCF1
NCKAP1
NCKAP5
NCKAPSL

NCLN
NCOA2
NCOR?2

NCR3
NCSTN
NDEL1

NDH
NDST2
NDUFA1
NDUFA10
NDUFA11
NDUFA12
NDUFA13
NDUFA2
NDUFA3
NDUFA4
NDUFA4L
2
NDUFA5
NDUFAG
NDUFA7Y
NDUFAS8
NDUFA9
NDUFAB
1
NDUFAF
1

NDUFAF
2
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NDUFAF
3
NDUFAF
4
NDUFB1
NDUFB10
NDUFB11
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NDUFB4
NDUFB5
NDUFB6
NDUFB7
NDUFB8
NDUFB9
NDUFC1
NDUFC2
NDUFS1
NDUFS2
NDUFS3
NDUFS4
NDUFS5
NDUFS6
NDUFS7
NDUFS8
NDUFV1
NDUFV2
NDUFV3
NEAT1
NEB
NEBL
NEDDA4L
NEGR1
NEIL1
NEIL2
NEIMY
NEK10
NEKS8
NEO1
NEU1
NEURL1
NEURLA4
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NF1
NF1
NF2
NFATS
NFATC1
NFATC2I
P
NFATC3
NFATC4
NFE2
NFE2L2
NFIA
NFIX
NFKB1
NFKB2
NFKBIL1
NFKBIZ
NFNS
NFYB
NFYC
NGF
NGPS
NHLH1
NHLH2
NIN
NIP7
NISCH
NKD2
NKIRAS1
NKX2-1
NKX2-2
NKX2-3
NKX2-5
NKX6-2
NLGN2
NLRP3
NLS1
NMB
NME1
NME3
NME4
NME5
NME7
NMI
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NNT 0 0 0 0 0 1 0
NOG 0 0 0 0 0 1 0
NOS1 0 0 0 0 0 1 0
NOS2 0 0 0 0 0 1 0
NOS3 1 0 1 0 0 1 0
NOSTRIN 1 0 0 0 0 0 0
NOTCH4 0 0 0 0 0 1 0
NOX4 0 0 0 0 0 1 0
NOXO1 1 0 0 0 0 0 0
NPAS1 1 0 0 0 0 0 0
NPC1 1 0 0 0 0 0 0
NPEPL1 1 0 0 0 0 0 0
NPHP3 0 0 0 0 0 0 1
NPM2 1 0 1 0 0 0 0
NPM3 0 0 1 0 0 0 0
NPPA 1 0 0 0 0 1 1
NPPB 1 0 0 0 0 1 1
NPPC 0 0 0 0 0 0 1
NPR1 1 0 0 0 0 0 1
NPR2 0 0 0 0 0 0 1
NPR3 1 0 0 0 0 1 1
NPS 0 0 0 0 0 1 0
NPTN 1 0 0 0 0 0 0
NPTXR 1 0 0 0 0 0 0
NPY4R 0 0 0 0 0 1 0
NQO1 0 0 0 0 0 1 0
NR1D2 0 0 0 0 0 1 0
NR2F2 0 0 0 0 0 0 1
NR3C1 1 0 1 1 1 1 1
NR3C2 1 0 1 0 0 1 0
NRAP 1 0 0 0 0 0 0
NRBF2 1 0 1 0 0 0 0
NRBP1 0 0 0 0 1 0 0
NREP 0 0 0 0 0 1 0
NRG1 1 0 0 0 0 1 0
NRG2 1 0 0 0 0 0 0
NRIP1 1 0 0 0 0 0 0
NRTN 0 0 0 0 0 1 0
NRXN2 1 0 0 0 0 0 0
NRXN3 0 0 0 0 0 1 0
NS1 0 0 0 0 0 0 1
NS3 0 0 0 0 0 0 1
NS4 0 0 0 0 0 0 1
NS7 0 0 0 0 0 0 1
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NS8
NSD1
NSLH1
NSLH2
NSLL
NSUNG6
NT5C1A
NT5C2
NT5C3A
NTF3
NTHL1
NTM
NTN3
NTRK2
NUBP2
NUCKS1
NUDT13
NUDT3
NUP155
NXD
NXPH3
OAZ3
OBSCN
ODDD
ODF3L1
OFD11
OGDNS
OLA1
OLFML2B
OMOD1
OPA3
OPN1SW
OPN4
OR10AE3
P
OR1G1
OR7C2
OR8B4
ORMDL3
OSBP2
OSBPL10
OSBPL1A
OSBPL6
OSCAR
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0SCS
OSM
OSTF1P1
oTC
OTUD6B
OTUDT7B
P2RY12
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P4HB
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PACSIN1
PADI2
PAFAH1B
2
PAK2
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PAM
PANCR
PANX1
PAPA8
PAPLN
PAPOLG
PAQR3
PAQR5
PAQR6
PAQR7
PAQRS
PAQRY
PARM1
PARP16
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PCID2
PCM1
PCMT1
PCNA
PCNX1
PCSK7
PCSK9
PCYOX1
PCYTIA
PDC
PDCD11
PDE3B
PDE4B
PDE4D
PDESB
PDGFRA
PDGFRB
PDHB
PDLIM2
PDLIM5
PDPK1
PDPN
PDRG1
PDS5B
PEAL5
PEAMO
PEE5
PELP1
PENK
PEOA3
PEOB1
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PFKFB2 1
PGAP2 1
PGAP3 1
PGD 1
PGK1 0

PGP 0
PGS1 1
PHA2A 0

PHACTR2 1
PHC2 1
PHF1 1
PHF13 1
PHF19 1
PHLDA1 0
PHLDB2 1
PHOX2A 1
PHTF2 1
PHYHIP 0
PIGL 1
PIGQ 1
PIGX 0

PIK3C2B 1
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PIK3CA
PIK3R1
PIK3R3
PILRA
PIM1
PINK1
PIP4K2A
PIP5K1B
PITPNA
PITPNC1
PITX2
PITX3
PKD1
PKD2L1
PKD2L2
PKD4
PKHD1L1
PKLR
PKN2
PKP2
PKS
PLA2G12
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PLA2G1B 0 0 0 0 0 1 0
PLA2G4A 1 0 0 0 0 0 0
PLA2G4E 1 0 0 0 0 0 0
PLA2G7 1 0 0 0 0 1 0
PLACS8 1 0 0 0 0 0 0
PLAT 0 0 0 0 0 1 1
PLAU 0 0 1 0 0 1 0
PLBD2 1 0 0 0 0 0 0
PLCD1 1 0 0 0 0 0 0
PLCD3 1 0 0 0 0 0 0
PLCG1 0 0 0 0 1 1 0
PLCL1 1 0 0 0 0 0 0
PLCXD2 1 0 1 0 1 0 0
PLCXD3 0 0 0 0 0 0 1
PLD1 0 0 0 0 0 0 1
PLD3 1 0 0 0 0 0 0
PLEC 0 0 0 0 0 1 0
PLEKHA3 1 1 1 0 0 0 0
PLEEHG4 1 0 0 0 0 0 0
PLE2K HM 1 0 0 0 0 0 0
PLG 1 0 0 0 0 1 0
PLIN1 1 0 1 0 0 0 0
PLN 1 0 0 0 0 1 1
PLSCR3 1 0 0 0 0 0 0
PLXNC1 1 0 0 0 0 0 0
PLXND1 1 0 0 0 0 0 0
PMCH 1 0 0 0 0 0 0
PMP2 1 0 0 0 0 0 0
PMSE 0 0 0 0 0 0 1
PMVK 1 1 1 0 0 0 0
PNKD 0 0 0 0 0 1 0
PNMT 1 0 0 0 0 0 0
PNOC 1 0 0 0 0 0 0
PNPLA3 1 0 0 0 0 0 0
POC5 0 0 0 0 1 1 0
POFUT2 1 0 0 0 0 0 0
POLDIP3 1 0 0 0 0 0 0
POLK 0 0 0 0 1 1 0
POLL 1 0 0 0 0 0 0
POLR1A 1 0 0 0 0 0 0
POLR1B 1 0 0 0 0 0 0
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POLR2A 0 0 1 0 1 1 0
POLR2B 1 0 0 0 0 0 0
POLR2E 1 0 0 0 0 0 0
POLR3B 1 0 0 0 0 0 0
POLR3G 1 0 0 0 0 1 0
POMC 1 0 0 0 0 1 0
PON1 0 0 0 0 0 1 0
POP7 1 0 0 0 0 0 0
POR 0 0 0 0 0 1 0
POSTN 0 0 0 0 0 1 0
POU2F2 1 0 0 0 0 0 0
POUSF1 0 0 0 0 0 1 0
PPARA 0 0 0 0 0 1 0
PPARD 0 0 0 0 0 1 0
PPARG 1 0 0 0 0 1 0
PPAiGCH 0 0 0 0 0 1 0
PPB 0 0 0 0 0 0 1
PPFIA4 0 0 0 1 1 1 0
PPFIBP1 1 0 0 0 0 0 0
PPH1 0 0 0 0 0 0 1
PPIA 1 0 0 0 0 1 0
PPIE 1 0 0 0 0 0 0
PPIL4 1 0 0 0 0 0 0
PPL 1 0 0 0 0 0 0
PPM1G 0 0 0 0 1 1 0
PPOX 0 0 0 0 0 1 0
PPP1CB 0 0 0 0 0 0 1
PPP&'RH 0 0 0 0 0 1 0
PPPé RIS 1 0 0 0 0 0 0
PPPé_ R16 1 0 0 0 0 0 0
PPP1R1B 1 0 0 0 0 0 0
PPP1R3E 1 0 0 0 0 0 0
PPP1R9B 0 0 0 0 0 1 0
PPP2R2B 1 0 0 0 0 0 0
PPP2R3A 1 0 0 1 1 0 0
PPP2R5C 1 0 0 0 0 0 0
PPP3CB 1 0 0 0 0 0 0
PPP4R1 0 0 0 0 0 1 0
PPP5C 1 0 0 0 0 0 0
PPRC1 0 0 0 0 0 1 0
PPT2 1 0 0 0 0 0 0
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PQBP1
PRAM1
PRDM16
PRDMS
PRDX2
PREP
PREX1
PRF1
PRH1
PRIM1
PRKAG2
PRKAR2B
PRKCD
PRKCE
PRKD1
PRKD2
PRKD3
PRKG2
PRKN
PRKRA
PRL
PRMT2
PROK?2
PROS1
PROX1
PROZ
PRPF40B
PRR19
PRRT1
PRRX1
PRSS27
PRSS48
PSD
PSD2
PSD4
PSEN1
PSG7
PSMA1
PSMB10
PSMB3P
PSMB7
PSMC1P5
PSMD2
PSMD3
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PSME4 1
PSMF1 0
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PSORS1C
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PYGO2 1
QPCT 1
QSOX2 1
1
1
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RAB10
RAB11B
RAB11FIP
3
RAB12
RAB17
RAB1A
RAB25
RAB26
RAB40C
RABSB
RABAC1
RABEP2
RABGEF1
RACGAP1
RAF1
RAI
RALA
RANP6
RAPGEF5
RARRES2
RARS2
RASA1
RASA2
RASAL1
RASGRP2
RASL10B
RASL12
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RBBPS
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RBM20
RBM24
RBM25
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RBM4B
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RBS
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RCM1 0 0 0 0 0 0 1
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RIN1 1 0 0 0 0 0 0
RIT1 1 0 0 0 0 0 0
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WDR27 1 0 0 0 0 0 0
WDR41 1 0 0 0 0 0 0
WDR55 1 0 0 0 0 0 0
WDR5B 1 0 0 0 0 0 0
WDR6 0 0 0 0 0 0 1
WDR62 1 0 0 0 0 0 0
WDR72 0 0 0 0 0 1 0
WDR73 1 0 0 0 0 0 0
WDR81 1 0 0 0 0 0 0
WDR90 1 0 0 0 0 0 0
WDR93 1 0 0 0 0 0 0
WDYHV1 1 0 0 0 0 0 0
WHS 0 0 0 0 0 0 1
WIPF1 1 0 1 1 1 1 0
WNK1 1 0 0 0 0 0 0
WNT3 1 0 0 1 1 0 0
WNT5A 1 0 0 0 0 0 0
WNT8A 1 1 1 1 1 1 0
WNT9A 1 0 0 0 0 0 0
WRAP53 1 0 0 0 0 0 0
WRB 1 0 0 0 0 0 0
WRN 0 0 0 0 0 1 0
WS3 0 0 0 0 0 0 1
WSS 0 0 0 0 0 0 1
WT1 1 0 0 0 0 0 0
WTAP 0 0 0 0 0 1 0
XBP1 1 0 0 0 0 0 1
XIRP1 0 0 0 0 0 1 0
XKR6 1 0 0 0 0 0 0
XPO1 1 0 1 0 1 1 0
XPO7 1 0 1 1 1 1 0
XRN2 1 0 0 0 0 0 0
XXYLT1 0 0 0 1 1 1 0
XYLB 1 0 0 0 0 0 0
YAP1 1 0 0 0 0 0 0
YARS2 1 0 0 0 0 0 0
YBX2 1 0 0 0 0 0 0
YIPF4 1 0 0 0 0 0 0
YME1L1 1 0 0 0 0 0 0
YPEL3 1 0 0 0 0 0 0
YWHAE 1 0 1 1 1 0 0
YWHAG 1 0 0 0 0 0 0
YWHAZ 0 0 0 0 0 1 0
YY1 0 0 0 0 0 1 0
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Online Table VI. AF pathogensis genes and their functions.

Gene Functions

KCNQ1 Potassium channel mutations

KCNE1 Potassium channel mutations

KCNE2 Potassium channel mutations

KCNE3 Potassium channel mutations

KCNE4 Potassium channel mutations

KCNES Potassium channel mutations

KCNH2 Potassium channel mutations

KCND3 Potassium channel mutations

KCNJ2 Potassium channel mutations

KCNJ5 Potassium channel mutations

KNCJ8 Potassium channel mutations

ABCC9 Potassium channel mutations

KCNAS5 Potassium channel mutations

HCN4 Potassium channel mutations

KCNN3 Potassium channel mutations

SCN5A Sodium channel mutations

SCN1B Sodium channel mutations

SCN2B Sodium channel mutations

SCN3B Sodium channel mutations

SCN4B Sodium channel mutations

SCN1Bb Sodium channel mutations

SCN10A Sodium channel mutations

NUP155 Nuclear pore complex/reduction in nuclear membrane permeability
LMNA Nuclear envelope structure

GJA1 Gap-junction protein/impaired intracellular transport and intercellular electrical coupling
GJA5 Gap-junction protein/impaired intracellular transport and intercellular electrical coupling
NPPA Blood pressure regulation/elevated levels of mutant ANP
GATA4 Cardiogenesis

GATA5S Cardiogenesis

GATAG6 Cardiogenesis

NKX2-5 Cardiogenesis

NKX2-6 Cardiogenesis

PITX2 Cardiogenesis

GREM?2 Bone morphogenetic protein antagonist
JPH2 Calcium homeostasis

RYR2 Calcium homeostasis

AGT Renin-angiotensin system

ACE Renin-angiotensin system

GNB3 Signal integration

IL6 Cytokine

IL10 Cytokine

MMP2 Zinc-dependent enzyme

SLN Sarcoplasmic reticulum calcium-ATPase
eNOS Regulates L-type calcium channel

CETP Transfer between lipoproteins
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Gene

Functions

SYNE2
ZFHX3
PRRX1
WNT8A
CAV1
C9orf3
SYNPO2L
SYNE2
CAND?2
NEURL

TBX5

CuUX2
METTL11B
KIFAP3
ANXA4
GMCL1
CEP68
TTN
KCNN2
KLHL3
FAM13B
SLC35F1
PLN
ASAH1
PCM1
SH3PXD2A

SOX5

IL6R
CAV3
ANK2
MYOZ1
NEURL1

Cytoskeleton LINC complex

Transcription factor

Establishment of diverse mesodermal muscle types

Development of early embryos as well as germ cell tumors

Main component of the caveolae plasma membranes

Zinc-dependent metallopeptidase

Modulating actin-based shape

Maintenance of the structural integrity of the nucleus

Probable assembly factor of SCF (SKP1-CUL1-F-box protein) E3 ubiquitin ligase complexes
Hippocampal-dependent synaptic plasticity, learning and memory

Transcription factors involved in the regulation of developmental processes, e.g., in heart development,
specification of limb identity

DNA-binding motifs

Methyltransferase activity and N-terminal protein N-methyltransferase activity

Interaction of chromosomes with an ATPase motor protein.

Calcium-dependent phospholipid binding proteins

Nuclear envelope protein that appears to be involved in spermatogenesis

Protein kinase binding and protein domain specific binding

Abundant protein of striated muscle

Voltage-independent calcium-activated channel with three other calmodulin-binding subunits
Actin bindingand structural molecule activity

GTPase activator activity

Putative solute transporter

cAMP-dependent protein kinase in cardiac muscle

Acid ceramidase family of proteins

Electron dense granules scattered around centrosomes

Adhesion pathyways

Transcription factors involved in the regulation of embryonic development and in the determination of
the cell fate

Cytokine receptor

Component of the caveolae plasma membranes

Targeting and stability of Na/Ca exchanger 1 in cardiomyocytes
Tether calcineurin to the sarcomere of cardiac and skeletal muscle
Hippocampal-dependent synaptic plasticity, learning and memory
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Online Table VII. Heritability estimation by the UKBB Europeans GWAS summary statistics.

Regions Heritability, % (95% CI)
Genome-wide significant genes by GWAS alone 1.7 (1.6-1.9)
Top 1,931 genes identified by GWAS alone 5.5(5.2-5.8)
The 1,931 genes identified by multi-omics approach 8.0 (7.6-8.4)
All genes across the whole genome 18.9 (18.2-19.5)
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