Table EV1. Summary of the computational VEPs usedd in this analysis, along with a description of utilised predictive features and the total number of DMS datasets each method generated predictions for in the format human/yeast/bacterial/viral.
	Predictor
	Category
	Features
	Data Source, method source or online predictor.
	Total prediction sets
(h/y/b/v)
	Reference

	DEOGEN2
	Supervised
	PROVEAN, sequence conservation, pathway features, early folding predictions, interface annotations from 3D structures.
	https://deogen2.mutaframe.com/
	13/0/0/0
	(Raimondi et al, 2017)

	Envision
	Supervised1
	DMS measurements.
	https://envision.gs.washington.edu/shiny/envision_new/
	13/3/0/0
	(Gray et al, 2018)

	FATHMM (weighted)
	Supervised
	HMM alignments, per-domain mutation consequences.
	http://fathmm.biocompute.org.uk/inherited.html
	13/0/0/0
	(Shihab et al, 2013)

	Fathmm-MKL
	Supervised
	Sequence conservation, epigenetic features, genome site features, DNA footprints.
	dbNSFP database
	13/0/0/0
	(Shihab et al, 2015)

	FathmmXF
	Supervised
	Sequence conservation, residue features, gene expression, RNA interactions, segmentation features.
	http://fathmm.biocompute.org.uk/fathmm-xf/
	13/0/0/0
	(Rogers et al, 2018)

	MPC
	Supervised
	PolyPhen2, ‘missense badness’, sequence conservation.
	dbNSFP database
	11/0/0/0
	(Samocha et al, 2017)

	MutationTaster
	Supervised
	Regulatory features, PhyloP, phastCons, splice sites, sequence conservation, functional and domain annotations.
	dbNSFP database
	13/0/0/0
	(Schwarz et al, 2014)

	MutPred
	Supervised
	Sequence conservation, biophysical features, and sequence-based features.
	dbNSFP database
	13/0/0/0
	(Pejaver et al, 2017)

	NetDiseaseSNP
	Supervised
	Predicted structural features, SIFT, sequence conservation.
	http://www.cbs.dtu.dk/services/NetDiseaseSNP/
	13/5/9/4
	(Johansen et al, 2013)

	PhD_SNP
	Supervised
	Sequence conservation, sequence features.
	http://snps.biofold.org/snps-and-go/snps-and-go.html
	13/5/9/4
	(Capriotti et al, 2006)

	PolyPhen2 (HumDiv)
	Supervised
	Sequence conservation, sequence features, residue-level structural features.
	http://genetics.bwh.harvard.edu/pph2/
	13/5/9/2
	(Adzhubei et al, 2010)

	PolyPhen2 (HumVar)
	Supervised
	Sequence conservation, sequence features, residue-level structural features.
	http://genetics.bwh.harvard.edu/pph2/
	13/0/0/0
	(Adzhubei et al, 2010)

	PonPS
	Supervised
	PonP2, sequence conservation, biophysical features, sequence features, co-evolution, predicted stability.
	http://structure.bmc.lu.se/PON-PS/
	13/0/0/0
	(Niroula & Vihinen, 2017)

	PonP2
	Supervised
	Biophysical features, GO terms, sequence conservation.
	http://structure.bmc.lu.se/PON-P2/
	13/0/0/0
	(Niroula et al, 2015)

	PrimateAI
	Supervised
	Sequence based features, predicted structural features.
	dbNSFP database
	13/0/0/0
	(Sundaram et al, 2018)

	S3D-PROF
	Supervised
	Structural environment, sequence conservation.
	http://snps.biofold.org/snps-and-go/snps-and-go-3d.html
	12/5/7/2
	(Capriotti & Altman, 2011)

	SNAP2
	Supervised
	Biophysical features, sequence conservation, predicted structural features, co-evolution, residue annotations.
	https://www.rostlab.org/services/snap/
	13/5/9/4
	(Hecht et al, 2015)

	SNPs&GO
	Supervised
	Sequence conservation, sequence features, PANTHER output, GO terms
	http://snps.biofold.org/snps-and-go/snps-and-go.html
	13/5/9/4
	(Capriotti et al, 2013)

	SNP&GOs3D
	Supervised
	PANTHER, GO terms, structural environment, sequence conservation.
	http://snps.biofold.org/snps-and-go/snps-and-go-3d.html
	12/5/7/2
	(Capriotti & Altman, 2011)

	SuSPect
	Supervised
	Network centrality, uniprot annotations, sequence conservation, predicted surface accessibility.
	http://www.sbg.bio.ic.ac.uk/suspect/about.html
	13/5/9/4
	(Yates et al, 2014)

	VEST4
	Supervised
	86 pre-calculated features from SNVBox.
	https://www.cravat.us/CRAVAT/
	13/0/0/0
	(Carter et al, 2013)

	DeepSequence
	Unsupervised
	Sequence conservation.
	https://github.com/debbiemarkslab/DeepSequence
	13/5/9/3
	(Riesselman et al, 2018)

	fitCons
	Unsupervised
	DNA accessibility, transcription, epigenetic features.
	dbNSFP database
	13/0/0/0
	(Gulko et al, 2015)

	GenoCanyon
	Unsupervised
	Sequence conservation, biochemical signal.
	dbNSFP database
	13/0/0/0
	(Lu et al, 2015)

	phastCons
	Unsupervised
	Sequence conservation,
	dbNSFP database
	13/0/0/0
	(Siepel & Haussler, 2005)

	PROVEAN
	Unsupervised
	Sequence conservation.
	http://provean.jcvi.org/index.php
	13/5/9/4
	(Choi et al, 2012)

	MutationAssessor
	Unsupervised
	Sequence conservation, conservation between subfamilies.
	dbNSFP database
	12/0/0/0
	(Reva et al, 2011)

	BLOSUM62
	Empirical (substitution matrix)
	Sequence conservation.
	https://www.ncbi.nlm.nih.gov/Class/FieldGuide/BLOSUM62.txt
	13/5/9/4
	(Henikoff & Henikoff, 1992)

	GERP++
	Empirical
	Sequence conservation.
	dbNSFP database
	13/0/0/0
	(Davydov et al, 2010)

	Grantham
	Empirical (substitution matrix)
	Amino acid property differences.
	Matrix available in reference.
	13/5/9/4
	(Grantham, 1974)

	LRT
	Empirical
	Sequence conservation.
	dbNSFP database
	13/0/0/0
	(Chun & Fay, 2009)

	PANTHER
	Unsupervised
	Alignment scores from protein subfamilies.
	http://snps.biofold.org/snps-and-go/snps-and-go.html
	13/4/1/0
	(Thomas & Kejariwal)

	phyloP
	Empirical
	Sequence conservation.
	http://papi.unipv.it/
	13/0/0/0
	(Pollard et al, 2010)

	SIFT
	Empirical
	Sequence conservation.
	https://sift.bii.a-star.edu.sg/www/code.html
	13/5/9/4
	(Sim et al, 2012)

	SIFT4G
	Empirical
	Sequence conservation.
	dbNSFP database
	13/0/0/0
	(Vaser et al, 2016)

	SiPhy
	Empirical
	Sequence conservation.
	dbNSFP database
	13/0/0/0
	(Garber et al, 2009)

	CADD
	Metapredictor
	949 features including numerous other predictors. Uses the same feature set as DANN.
	https://cadd.gs.washington.edu/snv
	13/0/0/0
	(Kircher et al, 2014)

	CONDEL
	Metapredictor
	Mutation Assessor, SIFT, PolyPhen2, MAPP, Pfam E-value, Fathmm.
	http://bbglab.irbbarcelona.org/fannsdb/
	13/0/0/0
	(González-Pérez & López-Bigas, 2011)

	DANN
	Metapredictor
	949 features including numerous other predictors. Uses the same feature set as CADD.
	dbNSFP database
	13/0/0/0
	(Quang et al, 2015)

	Eigen
	Metapredictor2
	SIFT, PolyPhen2, MutationAssessor, conservation metrics.
	dbNSFP database
	13/0/0/0
	(Ionita-Laza et al, 2016)

	M-CAP
	Metapredictor
	SIFT, PolyPhen2, CADD, MetaLR, MutationTaster, MutationAssessor, Fathmm, LRT, evolutionary conservation metrics, substitution matrices.
	http://bejerano.stanford.edu/mcap/
	13/0/0/0
	(Jagadeesh et al, 2016)

	MetaLR
	Metapredictor
	SIFT, PolyPhen2, GERP++, MutationTaster, MutationAssessor, Fathmm, LRT, SiPhy, PhyloP.
	dbNSFP database
	13/0/0/0
	(Dong et al, 2015)

	MetaSVM
	Metapredictor
	SIFT, PolyPhen2, GERP++, MutationTaster, MutationAssessor, Fathmm, LRT, SiPhy, PhyloP.
	dbNSFP database
	13/0/0/0
	(Dong et al, 2015)

	MVP
	Metapredictor
	Sequence context, sequence conservation, conservation metrics, predicted structural features, mutational tolerance, Eigen, VEST3, MutationTaster, PolyPhen2, SIFT, PROVEAN, fathmm-MKL, FATHMM, MutationAssessor, LRT.
	dbNSFP database
	13/0/0/0
	(Qi et al, 2018)

	PAPI
	Metapredictor
	PolyPhen2, SIFT, PseAA RF model (evolutionary conservation metrics, sequence environment).
	http://papi.unipv.it/
	13/0/0/0
	(Limongelli et al, 2015)

	REVEL
	Metapredictor
	MutPred, PROVEAN, SIFT, PolyPhen2, LRT, MutationTaster, MutationAssessor, Fathmm, VEST3, GERP++, SiPhy, PhyloP.
	https://sites.google.com/site/revelgenomics/
	13/0/0/0
	(Ioannidis et al, 2016)


[bookmark: _heading=h.gjdgxs]1 Envision is a supervised method, but trained on DMS data, thus not used for calculating the RankScore in table EV7.
2 Unlike the other metapredictors, Eigen uses an unsupervised machine learning method.
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