




Figure 2: Distributions of selection coefficients estimated by LASSIE. (a) Variant-specific selec-
tion coefficients |s| estimated for all potential mutations in a 60-bp region in the CP gene. Non-
reference alleles are distinguished by color and drawn with height proportional to |s|. The y-axis
indicates cumulative |s|. The three nonsynonymous variants indicated at top in red (c.2953A>G,
c.2962G>A, and c.2991T>G) are associated with Mendelian diseases and the synonymous vari-
ant indicated in blue (c.2991T>C) is benign. (b) Estimates of |s| for all potential mutations in
a 72-bp region in the BRCA1 gene. The two nonsynonymous variants indicated at top in red
(c.5053A>G and c.5054C>T) are pathogenic and the two nonsynonymous variants indicated in
blue (c.4991T>C and c.5044G>A) are benign. (c) Distributions of estimated selection coefficients
|s| for nonsense, nonsynonymous, and synonmyous mutations. (d) Distributions of |s| for genes
expressed at low, medium, and high levels, based on tertiles of RNA-seq readcounts from Roadmap
Epigenomics data82, showing a positive correlation between expression level and |s| (Spearman’s
rank correlation coefficient ρ = 0.338; p < 10�15 , two-tailed t-test).
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Figure 3: Performance in predicting disease-associated nonsynonymous variants. Performance is
quantified using the area under the receiver operating characteristic curve (AUC) statistic. Results
for LASSIE are compared with those for Eigen54, PolyPhen-221, CADD29, SIFT11, and phyloP8.
(a) Performance for pathogenic variants from ClinVar55. (b) Performance for cancer driver muta-
tions from ref. 56. (c) Distributions of estimated |s| for variants in BRCA1 predicted to be “func-
tional” (FUNC; i.e., nondisruptive), “intermediate” (INT), or “non-functional” (NONFUNC; i.e.,
disruptive) by saturation genome editing57. Colored dots indicate those variants also having expert-
reviewed status in ClinVar (CLINREVSTAT=reviewed by expert panel). (d) Performance for rare
(MAF < 1%) GWAS hits. (e) Performance for common (MAF > 5%) GWAS hits, showing that
all methods have limited power.
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Figure 4: Genes under “enhanced” or “relaxed” selection relative to the exome-wide LASSIE
model. (a) Number of potential missense mutations per gene (x-axis) vs. fold-change of the
observed number of rare missense mutations relative to the number expected under a Poisson-
Binomial null model based on LASSIE (y-axis; see Methods). Each dot represents a single protein-
coding gene. Dots for genes showing significantly more rare variants than expected (“relaxed”;
n = 773) are colored red, whereas those for genes showing significantly fewer rare variants than
expected are colored blue (“enhanced”; n = 1118). (b) Groups of genes enriched for enhanced or
relaxed selection. Dots represent odds ratios of enrichment, with bars indicating 95% confidence
intervals. Genes under enhanced selection tend to be exclusively expressed in the central nervous
system or associated with autism spectrum disorder. In contrast, genes under relaxed selection tend
to be exclusively expressed in liver and skeletal muscle.
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