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Detail description of processing of genotyping data

Sequencing validation of GBA variants
Processing of genotyping data
Genotyping data (all Illumina platform based) was obtained from International Parkinson’s Disease Genomics Consortium (IPDGC) members, collaborators and public resources (Supplementary Table 2 and 3). All datasets underwent quality control separately, both on individual level data and variant level data before imputation as previously described (Blauwendraat et al. 2018; Nalls et al. 2018). In brief, we excluded individuals with discordance between genetic and reported sex, low call rate (<95%), heterozygosity outliers (F statistic cut-off of > -0.15 and < 0.15), ancestry outliers (+/- 6 standard deviations from means of eigenvectors 1 and 2 of the 1000 Genomes phase 3 CEU and TSI populations from principal components(Genomes Project et al. 2015), and individuals with cryptic relatedness of > 0.125 using PLINK (version 1.9) (Chang et al. 2015) or GCTA (version 1.02) (Yang et al. 2011) keeping a random proband from any related groups. We further excluded genotypes with a missingness rate of > 5%, a minor allele frequency < 0.001 and Hardy-Weinberg equilibrium of P =>1E-6. Remaining samples were submitted per dataset separately to the Michigan Imputation Server (Das et al. 2016) using Eagle v2.3 imputation (Loh et al. 2016) based on reference panel HRC r1.1 2016 (McCarthy et al. 2016). After imputation, all datasets were merged and analysed for duplicates. One individual was removed at random from pairs of duplicated or related individuals. Age at onset was defined based on patient report of initial manifestation of parkinsonian motor signs (tremor, bradykinesia, rigidity or gait impairment). When this information was not available, age of diagnosis was used as a proxy for onset age, which previously has been shown to be highly correlated with age of onset (Blauwendraat et al. 2018). 

Principal components (PCs) were created on directly assayed genotypes overlapping in all datasets using PLINK. For the PC calculation, variants were filtered for minor allele frequency (>0.05), genotype missingness (<0.25) and Hardy–Weinberg equilibrium (P =>1E-6). Remaining variants were pruned using a PLINK pairwise pruning (default settings, window size of 50, window shift: 5 SNPs and r2 of 0.5) and the additional following high LD regions were excluded chr5:44000000-51500000, chr6:25000000-33500000, chr8:8000000-12000000 and chr11:45000000-57000000. PCs were calculated on the pruned variants.

Sequencing validation of GBA variants
In order to validate the genotyping and imputation of GBA variants we mined sequencing data from two parallel IPDGC projects. In total, 144 GBA carriers (17 controls and 127 cases) were genome sequenced and 184 GBA carriers (55 controls and 129 cases) were targeted resequenced, with 9 GBA carriers overlapping between both, bringing the total to 319 GBA carriers (65 controls and 254 cases). All 49 p.N369S carriers were confirmed by sequencing of which 47 were genotyped and 2 were imputed. One heterozygous carrier in genotyped data appeared to be a homozygous carrier in the genome sequence data. In total 79 p.T369M heterozygous carriers were confirmed by sequencing and all were directly genotyped. 190 out of 193 p.E326K carriers were confirmed by sequencing of which 63 were directly genotyped and 130 were imputed. Four p.E326K carriers were homozygous in the sequence data of which two were confirmed and two were not (all imputed). Three p.E326K carriers were imputed to be heterozygous but could not be confirmed in the sequence data. Additionally, the majority of the PROBAND cohort was Sanger sequenced. Of the 89 p.E326K imputed carriers 86 were Sanger sequenced and 81 were confirmed (94%). Additionally, both p.N369S and p.T369M were not properly imputed (R2<0.8) in the PROBAND and therefore by Sanger sequencing we identified 10 additional p.N369S carriers and 33 p.T369M carriers. Overall, the concordance rate between the imputed/genotype data and the sequence data for the presence of at least one p.N369S and p.T369M allele was 100% and for p.E326K was 98% and 94% in the next-generation and Sanger sequencing data, respectively. GBA carriers were corrected or excluded if they could not be validated from the sequencing data in subsequent analysis.

Whole genome sequencing
Whole genome sequencing (WGS) data was generated at the Laboratory of Neurogenetics (LNG) at the National Institutes of Health from multiple cohorts. Paired-end read sequences were processed in accordance with the standard pipeline developed by the Centers for Common Disease Genomics (https://www.genome.gov/27563570/). This standard allows for whole-genome sequence (WGS) processed by different groups or centers to generate "functionally equivalent" (FE) results (Regier et al. 2018). The GRCh38DH reference genome was used for alignment as specified in the FE standard (https://github.com/CCDG/Pipeline-Standardization/blob/master/PipelineStandard.md). The Broad Institute’s implementation of this FE standardized pipeline, which incorporates the GATK (2016) Best Practices (Van der Auwera et al. 2013), is publicly available (https://github.com/gatk-workflows/broad-prod-wgs-germline-snps-indels) and was used for WGS processing. Single-nucleotide (SNV) and InDel variants were called from the processed WGS data following the GATK (2016) Best Practices using the Broad Institute’s workflow for joint discovery and Variant Quality Score Recalibration (VQSR) (https://github.com/CCDG/Pipeline-Standardization/blob/master/PipelineStandard.md).

For quality control each sample is checked using common methods for genotypes as well and sequence related metrics. Using PLINK v1.9 (Chang et al. 2015) each sample’s genotype missingness rate (included in this study if < 95%), heterozygosity rate (exceeding +/- 0.15 F-stat was an exclusion criteria here), sex concordance between genetically ascertained and clinically scertained sex status were used in initial sample filtering and excessive relatedness (>0.125) and having non-European ancestry based on a principal components analysis with the Hapmap Genome reference panel (International HapMap et al. 2010). The King v2.1.3 kinship tool (Manichaikul et al. 2010) was used to check for the presence of duplicate samples and to check concordance with existing genotypes for subjects for whom data are available. Sequence and alignment related metrics generated by the Broad’s implementation of the FE standardized pipeline were inspected for potential quality problems. This included the sample’s mean sequence depth (< 30X as an exclusion criteria) and contamination rate (> 2%, also an exclusion criteria), as reported by VerifyBamID (Jun et al. 2012), and SNV count as reported by Picard’s CollectVariantCallingMetrics (< 3 StDev resulted in sample exclusion) based on the sample’s genomic vcf (gvcf). Subsequent genotypes were filtered to exclude minor allele frequency of less than 0.01, missing rate more than 5%, and HWE threshold of 1.0E-4 in controls. 
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