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HUNT (The Nord-Trøndelag Health Study): The HUNT survey, which began in 1984, is a population-based health study carried out in Nord-Trøndelag, Norway.1 To participate in the HUNT Study, informed consent is required, and the study has been approved by the Data Inspectorate and the Regional Ethics Committee for Medical Research in Norway. The genotyping was performed at the Norwegian University of Science and Technology (NTNU) using the Illumina HumanCore Exome v1.0 and v1.1, and quality control was conducted at both the marker and sample levels. Furthermore, variants from the HUNT low-pass genomes were imputed into The Haplotype Reference Consortium (HRC) samples using Minimac3, and only variants with imputation r2 values exceeding 0.3 were selected for analysis. The genetic associations with atrial fibrillation were estimated by a generalized mixed model including covariates birth year, sex, genotype batch, and principal components 1-4 as implemented in SAIGE. PLINK v1.905 was then used to exclude variants if their probe sequences could not be perfectly mapped, cluster separation was < 0.3, Gentrain score < 0.15, showed deviations from Hardy Weinberg equilibrium in unrelated samples of European ancestry with p-value < 0.0001), had a call rate < 99%, or another assay with higher call rate genotyped the same variant

deCODE: The study collected data on atrial fibrillation at Landspitali, The National University Hospital, in Reykjavik, and Akureyri Hospital (the two largest hospitals in Iceland) from 1987 to 2015. Controls were 358,161 Icelanders recruited through different genetic research projects at deCODE genetics, excluding those in the atrial fibrillation cohort. The study was approved by the Icelandic Data Protection Authority and the National Bioethics Committee of Iceland (no. VSNb2015030021). The research is centered on 15,220 Icelanders who took part in various disease projects at deCODE genetics, and whole-genome sequence data was used for the analysis. The sequencing process employed Illumina standard TruSeq methodology, and the mean depth was 35× (s.d. 8).2 The identification of autosomal SNPs and indels was done using Genome Analysis Toolkit version 3.4.0, with variants that failed quality control being removed following Genome Analysis Toolkit best practices. The SNPs and indels identified from sequencing were then imputed into 151,677 Icelanders and their close relatives who had been genotyped using Illumina SNP chips (familial imputation). Variants for the meta-analysis were selected based on matching with either the 1000 Genomes Project reference panel (Phase 3) or the Haplotype Consortium reference panel, taking into account factors such as allele, frequency, and correlation matching. To test for the association between SNPs and atrial fibrillation, logistic regression was used. Additionally, LD score regression was employed to adjust for inflation in test statistics due to cryptic relatedness and stratification.

MGI (The Michigan Genomics Initiative): The MGI cohort is a hospital-based study conducted at Michigan Medicine in the United States, which was approved by the Institutional Review Board of the University of Michigan Medical School. Genotyping was carried out at the University of Michigan using the Illumina Human Core Exome v1.0 and v1.1, followed by quality control at the sample and marker level. Variants from the Haplotype Reference Consortium (HRC) reference panel were imputed using the Michigan Imputation Server (refer to URLs), and variants with imputation r2 >0.3 were retained for further analysis. The association between the variants and atrial fibrillation was assessed using the Firth bias-corrected logistic likelihood ratio test. 

DiscovEHR: The DiscovEHR human genetics cohort analyzed here included 58,124 consented enrollees of European ancestry from the ongoing MyCode Community Health Initiative of the Geisinger Health System (“DiscovEHR study”). Participants were recruited from outpatient primary care and specialty clinics, the cardiac catheterization laboratory, and from patient populations referred for bariatric and abdominal vascular surgery between 2007 and 2016. Clinical laboratory measurements, International Classification of Diseases, Ninth Revision (ICD-9) disease diagnosis codes, medications, and procedural codes were extracted from the electronic health records (EHR) recording a median of 15 years of clinical care. Cases were defined as DiscovEHR participants with at least one electronic health record problem list entry or at least two diagnosis code entries for two separate clinical encounters on separate calendar days for ICD-10 I48: Atrial 
fibrillation and flutter. Corresponding controls were defined as individuals with no EHR diagnosis code entries (problem list or encounter codes) for ICD-10 I48. Aliquots of DNA were sent to Illumina for genotyping on the Human OmniExpress Exome Beadchip. All individuals of European ancestry, as determined using principal components (PC) analysis, were imputed to the HRC Reference Panel using the Michigan Imputation Server. Markers with imputation r2 > 0.3 were carried forward for analysis with no filtering for MAF. BOLT-LMM was used to analyze BGEN dosage files, and variants were tested for association with atrial fibrillation under an additive genetic model, adjusting for sex, age, age2, and the first four PCs of ancestry; additionally, a genetic relatedness matrix (calculated using variants with MAF > 1%, per-genotype missing data 
rate < 1%, and HWE P-value < 1 × 10-15) was included as a random-effects variable in the model.

The UK Biobank study: The UK Biobank is a cohort based on the general population that was collected from multiple locations throughout the United Kingdom. The study received approval from the North West-Haydock Research Ethics Committee (REC reference: 21/NW/0157), and all participants provided electronic consent. Participants were genotyped using two similar genotyping arrays designed specifically for the UK Biobank (Applied Biosystems UK BiLEVE Axiom Array and UK BioBank Axiom Array). Phasing and imputation were performed by the UK Biobank analysis team, utilizing the HRC reference panel and UK10K haplotype resource. The study focused on HRC-imputed markers, and analysis of genetic associations with atrial fibrillation was conducted among people of white British ancestry, utilizing a generalized mixed model implemented in SAIGE. SNPs for principal component analysis using the following criteria: MAF ≥ 5% and HWE p-value >10-6, in each of the populations CEU, CHB, JPT and YRI. Pairwise r2 ≤ 0.1 to exclude SNPs in high LD. (The r2 coefficient was computed using plink 9 and its ‘indep-pairwise’ function with a moving window of size of 1000 Kb and a step-size of 80 markers). Removed C/G and A/T SNP to avoid unresolvable strand mismatches. Excluded SNPs in several regions with high PCA loadings (after an initial PCA).

AFGen consortium (The Atrial Fibrillation Genetics consortium): The AFGen consortium is composed of 33 studies, mainly consisting of participants with European ancestry.4 The identification of atrial fibrillation cases involved documented atrial fibrillation on an electrocardiogram or one in-patient or two out-patient diagnoses of atrial fibrillation, while referents were free of atrial fibrillation. Ethics committees or institutional review boards approved the study, and informed consent was obtained from all cases and referents. Each study conducted genotyping and imputation using the 1000 Genomes Project Phase 1 reference panel, with pre- and post-GWAS filtering steps performed for quality control. The meta-analysis of GWAS results was conducted using an inverse-variance-weighted fixed-effects model and the METAL software.

The FinnGen study (R12): The FinnGen research project is a collaboration between public and private entities that integrates genotype data from Finnish biobanks with digital health record data from Finnish health registries. Genotyping was performed using Illumina (Illumina Inc., San Diego, CA, USA) and Affymetrix arrays (Thermo Fisher Scientific, Santa Clara, CA, USA), with genotype calls made using GenCall and zCall algorithms for Illumina and AxiomGT1 algorithm for Affymetrix data. Sample-wise quality control excluded individuals with ambiguous gender, high genotype missingness (>5%), excess heterozygosity (+-4SD), and non-Finnish ancestry. Variant-wise quality control excluded variants with high missingness (>2%), low Hardy-Weinberg equilibrium P-value (<1e-6), and low minor allele count (MAC<3). Imputation of genotypes was performed using the population-specific SISu v4.2 reference panel. The genetic associations were estimated using Plink. Detailed information can be found: https://finngen.gitbook.io/documentation/ 
	2. The quantitative real-time PCR (qPCR) primers

	
	Forward Primer
	Reverse Primer

	ANO5/rs4408310
	ATGAGTGAGCAGAGCCTGAG
	ACTGATTAGAGTGTTGATTT

	IRAK1BP1/rs9350781
	CTCTGTTGTCATCAGCCCACCT
	CAACGAGGTCACAGACTTCCTG

	KLF12/rs1886512
	CCTTTCCATAGCCAGAGCAGTAC
	CTGGCGTCTTGTGCTCTCAATAC

	ZBTB38/rs1991431
	GAGAATGCCGCCTCTGTGATCA
	CTGAAAAGGCTCTGTGGTTGCTG

	ADGRG1
	TGAGACCGTCAGGAGAGAAACC
	AGGCTCAGGTAGTGCTTGTGCA

	APOH
	AGAGTATGTCCTTTTGCTGGAATC
	GGCTCCATTTTCCTTCCTCAGTG

	COL15A1
	GGTGACACTGGTTTACCTGGCT
	GCCTTTCCAGAGGAATGTCCTC

	CRLF1
	GAGACCTTCCTCCACACCAACT
	CATAGGGCGTAAAGAGAGCCAG

	CTHRC1
	CAGGACCTCTTCCCATTGAAGC
	GCAACATCCACTAATCCAGCACC

	DPP6
	GACCGACAGATGCCTAAAGTGG
	TGTCGGTGAAGGTTGCTGGCTT

	ERBB2
	GGAAGTACACGATGCGGAGACT
	ACCTTCCTCAGCTCCGTCTCTT

	FABP3
	GTGGAGTTCGATGAGACAACAGC
	TGGTCTCTTGCCCGTCCCATTT

	FETUB
	GTGCTGAGACTCAACCGAGTGA
	CCTCATTCCACAGTCTTGCCATG

	GRN
	CTCTCCAAGGAGAACGCTACCA
	GACTGTAGACGGCAGCAGGTAT

	HSPB6
	GCCACTTTTCGGTGCTGCTAGA
	GCGCGACGAATCCGTGCTCAT

	KAZALD1
	AGTGATGAGGGCACTTACCGCT
	GGAACCAGGTTTAGTGATCGCAG

	LRP11
	ACAGGAGGGAACCTACACCTTC
	TGGTAGCGTGAGCAAGTGTGCA

	LRRC37A2
	AGAGCAGAGGCTCCGCCAAGT
	CTCGGTCCAACTGTATGCTTTCC

	NFATC1
	CACCAAAGTCCTGGAGATCCCA
	TTCTTCCTCCCGATGTCCGTCT

	NOS1
	ACACGCATGTCTGGAAAGGCAC
	CTCTGTGGCATAGAGGATGGTC

	PCSK9
	GACACCAGCATACAGAGTGACC
	GTGCCATGACTGTCACACTTGC

	PENK
	AATGCAGCCAGGATTGCGCGAC
	[bookmark: _GoBack]TCTGGTTTGGACAGCTGCAGGA

	PFKFB2
	TACCGACCTCTTGACCCAGACA
	TAAATGGTGCGAGGCTGGACGT

	PODXL2
	GAACTGACACCTTCCTCTGCTAC
	CAGCCAGATTGCTCCAGTCCTT

	POMC
	CTGGAGAGCAGCCAGTGTCAG
	AGAGGCTGCTCGTCGCCATTTC

	SCARF1
	AGCTACCGTGTCCAGGATGAAG
	GGCTCGATGAAGCTGTGGTTGA

	SNCA
	ACCAAACAGGGTGTGGCAGAAG
	CTTGCTCTTTGGTCTTCTCAGCC

	TIE1
	ATGGCTGCTCTTGTGGATCTGG
	CGGTCACAAGTGCCACCATTCT

	TIMP4
	CACTACCATCTGAACTGTGGCTG
	GCTTTCGTTCCAACAGCCAGTC

	TNFSF12
	AAAACACGGGCTCGAAGAGCGA
	TGGAGCTGTTGATTCTGGCTTCC

	TPM3
	CTCAAGTCTCTTGAGGCTCAGG
	TTCCAGCTTGGCTACCGATCTC

	YOD1
	CCATTCTGGAAGACTTGCCCATC
	ACCACGGTTCTGGTAAGCACAG

	GAPDH
	GTCTCCTCTGACTTCAACAGCG
	ACCACCCTGTTGCTGTAGCCAA



