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For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Research guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A list of figures that have associated raw data
- A description of any restrictions on data availability

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size

Data exclusions

Signature Analyzer v1.1

NMF consensus clustering custom script uploaded to GitHub

MutSig 2CV v2CV

GISTIC2.0 v2.0

IGV v2.4.9

For the RNA sequencing output, we computationally processed the samples using the GTEx V8 pipeline and aligned them to Hg19 Gencode
v19.

Statistical analyses for correlation with clinical variables and outcomes were performed using R version 3.6.0 (2019-04-26)

R-Studio Version 1.0.153

R v3.6.0 with these packages:

survival v2.41-2

qvalue v2.6.0

knitr v1.15.1

ggplot2 v2.2.1

fgsea v1.12.0

limma v3.42.2

ggpubr v0.4.0

EnhancedVolcano v1.4.0

Python v3.7.7

All code to reproduce results in this paper is available here: https://github.com/getzlab/SMM_clustering_2020

Data Availability. The Genomic and transcriptomic data of the primary cohort generated in this study including the whole exome, targeted capture and RNA
sequencing data) have been deposited in the dbGAP database under accession number phs001323.v3.p1 (https://ncbi.nlm.nih.gov/projects/gap/cgi-bin/study.cgi?
study_id=phs001323.v3.p1). Access to the raw data can be obtained upon request. The other published data used as validations cohorts in this study are already
deposited in public databases. For the first validation cohort11, the targeted panel data are deposited in the European Genome-phenome Archive (EGA) database
under accession code EGAD00001005056 (https://ega-archive.org/datasets/EGAD00001005056). The whole-exome sequencing is deposited in the EGA database
under accession code EGAD00001005285 (https://ega-archive.org/datasets/EGAD00001005285). These data are available under restricted access; access can be
obtained upon request. The raw data of the published second validation cohort is deposited in the NCBI Sequence Read Archive (SRA) BioProject under accession
number PRJNA541307 (https://www.ncbi.nlm.nih.gov/sra/?term=PRJNA541307)12. The remaining data are available within the Article or Supplementary
Information file.

1) Composition and description of the cohort: Supplemental Online Methods.

2) With 214 tumors and the identified background mutation rate, we have >98% power to detect candidate cancer genes (CCGs) in at least
10% of patients (http://www.tumorportal.org/power).

3) For the clustering analysis, minimum sample size was calculated. To select the number of clusters (K) for the consensus clustering, we
randomly downsampled our input matrix and computed silhouette scores using Dice dissimilarity, residuals of factorization fit, variance
explained, and K-L divergence on binary matrix factorizations over a range of K. We found a decrease in K-L divergence with our full dataset
from K = 5 to K = 6, which suggested that 6 clusters were best suited to ensure a converged factorization for N = 214. Additionally, we found
that variance explained stabilized when we performed down sampling analyses at N = 75-100, suggesting we were powered to perform binary
matrix factorization for a cohort at this minimum size. We concluded that a minimum of 100 samples and 6 clusters were suited for this
approach.

Samples from patients who presented at diagnosis with overt multiple Myeloma symptoms, including hypercalcemia, renal impairment,
anemia, or bone lytic lesions (CRAB), or had any myeloma-defining event were excluded from the analysis. For the analysis of association of
the genetic clusters with clinical outcomes, samples from patients who enrolled in clinical trials for treatment of smoldering multiple myeloma
were excluded from this analysis. The final sample size for this sub-analysis was 87 samples.




