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Sample size

Data exclusions

Replication

Randomization

In this study, published datasets were reanalyzed. TCGA WES bam files of primary tumors and matched normal samples (dbGaP accession ID phs000178 [https://
www.ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?study_id=phs000178.v11.p8], restricted access that can be applied to following instructions on dbGaP) were
downloaded from the TCGA repository at NCI Genomic Data Commons [https://portal.gdc.cancer.gov/]. Somatic mutation calls for TCGA were downloaded from the
MC3 project (mc3.v0.2.8.PUBLIC.maf.gz in [https://gdc.cancer.gov/about-data/publications/mc3-2017]). Germline and somatic calls from PCAWG excluding ESAD-
UK and MELA-AU were downloaded from the ICGC data portal [https://dcc.icgc.org/repositories]; these were available under restricted access, which can be applied
for via the ICGC DACO [https://daco.icgc-argo.org/]. Bam files for tumor and normal samples from MELA-AU (dataset ID: EGAD00001003388 [https://ega-
archive.org/datasets/EGAD00001003388]) and ESAD-AU (dataset ID: EGAD00001003580 [https://ega-archive.org/datasets/EGAD00001003580]) were from the
European Genome-Phenome Archive ([https://ega-archive.org]); they are available under restricted access, which can be applied for via the ICGC DACO [https://
daco.icgc-argo.org/]. Mitochondrial somatic mutation calls in PCAWG were downloaded from [https://ibl.mdanderson.org/tcma/mutation.html]. Hartwig somatic
and germline variant calls were downloaded after acquiring restricted data access from the Hartwig Medical Foundation [https://
www.hartwigmedicalfoundation.nl/en/], request number DR-069; requests can be submitted at [https://www.hartwigmedicalfoundation.nl/en/data/data-acces-
request/]. Replication timing data from lymphoblastoid cell lines to calculate the replicative strand bias was downloaded from [http://mccarrolllab.org/resources/].
Processed genomic region densities of expression, histone mark H3K36me3, replication timing, CTCF/cohesin binding sites, and DNase I hypersensitive sites were
obtained by contacting authors of original publication [https://doi.org/10.1016/j.cell.2017.07.003]. Genomic regions for the CRG75 alignability track and blacklisted
regions by Duke and DAC were obtained from the UCSC Genome Browser [https://genome.ucsc.edu/cgi-bin/hgTables]. GnomAD v2 allele frequencies and pext
scores were obtained from the gnomAD browser [https://gnomad.broadinstitute.org/downloads]. Gene coordinates were obtained from the UCSC genome browser
[https://genome.ucsc.edu/cgi-bin/hgTables]. Regions with high amount of linkage disequilibrium were downloaded from [https://github.com/meyer-lab-cshl/
plinkQC/tree/master/inst/extdata]. Pre-computed SpliceAI scores were downloaded from Illumina Basespace [https://basespace.illumina.com/projects/66029966].
Download of SpliceAI scores are free, but require generation of a free account at Illumina Basespace. Complete list of tested 891 genes in Supplementary Dataset 1.
Missense tolerance score annotations were obtained from [http://biosig.unimelb.edu.au/mtr-viewer/downloads] and constrained coding region annotations from
[http://quinlanlab.org/blog/2018/12/20/constrained-coding-regions.html]. Interaction scores from STRING v11.5 were downloaded from [https://string-db.org/cgi/
download?sessionId=bPz0GBvgDw3p] and scores from HumanNet v3 (HumanNet-FN) from [https://www.inetbio.org/humannet/download.php]. Source data are
provided with this paper.

Sample sizes were not predetermined since the goal was to have as many samples as possible. Thus, all samples from TCGA, PCAWG, and
Hartwig were utilized. After filtering steps (see Data exclusions), the discovery cohort TCGA-WES involved samples from 6,799 individuals for
association testing, and the discovery cohort PCAWG-WGS + Hartwig-WGS involved samples from 4,683 individuals. Discovery and validation
cohort were independent without any overlap of individuals. Sample sizes of individual cancer types can be found in Supplementary Table 7.

In TCGA 93 samples which were reported to be positive for human papillomaviruses in head and neck cancer samples (https://
doi.org/10.1158/2159-8290.cd-17-1018) were excluded to prevent that this mechanism confounds the analysis. Based on the common
variants analysis duplicated and/or related individuals were removed to not bias the analysis (1,021 individuals). Samples with a high deviation
in the number of common variants were removed following established data qulity guidelines (630 individuals) (https://doi.org/10.1038/
nprot.2010.116). To exclude the possibility of population-specific germline variants showing spurious associations with mutational processes,
only individuals of European ancestry were kept for the analysis since this was the biggest group (12,555 individuals retained). Tumors with a
low mutational burden (<10 SNVs, 1073 indidivuals) were excluded as it was performed in the PCAWG study (https://doi.org/10.1038/
s41586-020-1969-6).

Hits were identified in the discovery cohort TCGA-WES. Testing in the discovery cohort was repeated several times while finding optimal
hyperparameters and identifying the most optimal test. Testing with SKAT-O led to more hits than with burden testing alone. Testing for
replication in the validation cohort PCAWG-WGS + Hartwig-WGS with SKAT-O was performed once.

Randomization in association testing was performed for the estimation of empirical False Discovery Rates via two approaches: (1) by randomly
shuffling the somatic components matrix and (2) by randomly selecting a list of 1,000 genes and performing the same analysis.

Furthermore, randomization was performed in the network analysis. For all network analyses, in each randomization a random set of genes
was taken out of the list of 891 genes while controlling for the the total number of interactions (also called node connectivity in this study)
each gene has to not confound the analysis (e.g. BRCA1 naturally interacts with a lot of genes). This was achieved, by splitting the genes into
10 equal sized bins based on their total number of interactions. During randomization the total number of interactions was controlled for by
randomly selecting the same number of genes from each bin as in the control group.




