SUPPLEMENTARY MATERIAL: Akinrinade et al. Age and Sex Differences in the Genetics of Cardiomyopathy

SUPPLEMENTARY METHODS
[bookmark: _Hlk116141161]Sequencing data from the Ontario Registry are deposited in the European Genome-Phenome Archive (EGA) under accession EGAS00001004929, and are available for download upon approval by the Data Access Committee. The 100,000 Genomes Project data are available to researchers and trainees using the Genomics England Research Environment upon institutional approval through their Participation Agreement process. Additional data generated or analyzed during this study are included in the supplementary information files, and additional raw data used for figures and results are available from the corresponding author on reasonable request. Written informed consent was obtained from all biobank participants and/or their parents or legal guardians and the research protocol was approved by the Institutional Research Ethics Boards at all participating sites. The full methods are now available as supplemental data.

[bookmark: _Hlk116135925]Study cohort: The study cohort comprised 1,397 unrelated primary cardiomyopathy patients recruited through (i) the multi-institutional Ontario province-wide Heart Centre Biobank Registry (n=236), and (ii) the 100,000 Genomes Project accessed through the Genomics England Clinical Interpretation Partnership (version 8) (n=1,161).1-4 Of these, 471 were pediatric (<18 years old at diagnosis) (236 from the Ontario biobank, 235 from Genomics England), and 926 were adults (all from Genomics England). Cardiomyopathy phenotypic subtypes were defined based on published clinical criteria.5,6 Patients with secondary cardiomyopathies resulting from known or suspected inborn errors of metabolism, mitochondrial disorders, chromosomal malformations, neuromuscular disorders, ischemia, and congenital heart defects were excluded. Written informed consent was obtained from all biobank participants and/or their parents or legal guardians and the research protocol was approved by the Institutional Research Ethics Boards at all participating sites. 

Whole genome sequencing and protein-coding variant interpretation: Whole genome sequencing was performed on DNA derived from blood or saliva. The two cohorts were sequenced using a PCR-free method, on Illumina HiSeq X Ten or HiSeq 2500, with average 30X sequencing depth, and sequences were aligned to GRCh37 or GRCh38 using the Isaac Genome Alignment software as previously published.4,7 Whole genome sequencing quality control, data processing, and protein-coding variant identification were performed as previously described.7,8 Identified variants were annotated using Ensembl’s Variant Effect Predictor (VEP v92).9 Rare missense variants predicted damaging by SIFT and PolyPhen tools with a Combined Annotation Dependent Depletion score of at least 20 were classified as “deleterious”.10-12 Variants predicted to cause loss-of-function (LoF) i.e., frameshift, nonsense, and splice-site variants, were annotated by LOFTEE via VEP, and rare variants flagged as high confidence LoF by LOFTEE were classified as deleterious.13 Variants were defined as rare based on Minor Allele Frequency (MAF) <0.01% in aggregated data from the Genome Aggregation Database (gnomAD) v2.1.1 which includes 125,748 reference individuals with whole exome data and a subset of 15,708 individuals with whole genome sequence data.14 For TTN, only protein-truncating variants were analyzed.15 For the top mutated genes in the cohort (MYH7, MYL3, OBSCN, TNNT2, TTN, VCL), a search for structural variants in protein-coding and splice regions was conducted, defined using the UCSC Table Browser.16 For samples obtained from the Ontario Biobank Registry, structural variants were identified using Manta, LUMPY, Wham and DELLY. 17-20 Variants were included only if they were called by at least 2 of the 4 tools, affected protein-coding regions of the gene, and were observed in fewer than 10 unaffected parental controls from the MSSNG cohort of 2,620 families with autism.21 For data from Genomics England, structural variants were identified using Manta and Canvas.17,22 Variants were required to have a ‘PASS’ filter and have a gnomAD structural variant v2.1 allele frequency <0.001. Inter-chromosomal translocations were excluded. Copy number losses, gains, insertions and inversions were further visually reviewed to reduce false-positive calls. Variant annotations and American College of Medical Genetics and Genomics Association for Molecular Pathology pathogenicity estimates were verified using InterVar and AutoCNV.23-26 Variants classified as benign or likely benign were excluded. De novo variant calling was done using Platypus.27 Identified de novo variants were filtered using Genomics England de novo variant filtering pipeline. 

Cardiomyopathy candidate genes: Using information from Online Mendelian Inheritance in Man database (https://www.omim.org/), ClinGen (https://clinicalgenome.org/), published literature, and genes represented on commercially available cardiomyopathy gene panels, we manually curated a list of 78 cardiomyopathy candidate genes with autosomal dominant inheritance (Supplementary Table S1).28-32 30 genes with definitive or moderate evidence for association with cardiomyopathy based on the above sources were classified as Tier 1, and the remainder as Tier 2. Based on gene ontology, we grouped the 78 genes into 11 functional categories and identified protein-coding variants mapping to these genes (Supplementary Table S1).   

Variants mapping to constrained coding regions: Variants identified in genes with multiple transcripts were reported with respect to the canonical transcripts and were mapped to uniprot protein domains. Protein domain annotations for all canonical transcripts of cardiomyopathy genes were obtained by mining the uniprot database using a custom in house script (http://www.uniprot.org) (assessed May 28, 2020).33 We accessed the constrained coding region (CCR) map to obtain the CCR score for all 78 curated cardiomyopathy genes.34 By converting genomic coordinates to protein coordinates, we used the CCR map to obtain a measure of constraints on protein domains of cardiomyopathy genes.

Statistical analysis: All rare coding SNVs and indels, predicted deleterious or high risk for altering protein function and/or expression of known cardiomyopathy genes, were used in the final analysis. Variant yield and burden of multiple variants in pediatric versus adult, and male versus female cases were calculated for all cardiomyopathy patients as well as for the subset with only HCM or DCM, the two most representative cardiomyopathy subtypes. Comparisons of variant frequencies between subgroups were performed with either Chi-squared test or Fisher's exact test (limited to genes or gene categories with at least 5 variants). Ancestry was determined from the genotypes using Somalier.35 Additional statistical tests included a generalized linear model adjusted for gender, cardiomyopathy subtype and genetic ancestry to compare gene-level variant burden between pediatric and adult cases for genes harboring deleterious variants in the overall cohort. Benjamini–Hochberg false discovery rate correction was performed to adjust for multiple testing. Continuity correction was applied via Visualizing Categorical Data R package (v1.4-8) to estimate odds ratio and confidence interval for any zero cells in the contingency table.36 Variant CCR scores were compared between cases and reference control genomes available through the Genome Aggregation Database (gnomAD v2.1) (n=125,748) using Kolmogorov-Smirnov (KS) two-tailed test.14,15,37,38 The uniformity of the spatial distribution of deleterious variants within proteins was assessed by KS Goodness-of-Fit Test. All statistical analyses were performed using R statistical software (version 3.5.2). Using a two-proportion (2 sample, 2 sided equality) test, a sample size of 1397 provides a power of 0.78, type 1 error 5% to detect a 5% difference in variant frequency between sub-groups.
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