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Figure 2. Mutational recurrence at large sample sizes. a) Number of unique variants observed, by
mutational context, as a function of number of individuals (down-sampled from ExXAC). CpG transitions,
the most likely mutational event, begin reaching saturation at ~20,000 individuals. B) Proportion of
validated !"#$%&%ariants from two external datasets that are independently found in EXAC, separated by
functional class and mutational context. Error bars represent standard error of the mean. Colors are
consistent in a-d. c) The site frequency spectrum is shown for each mutational context. d) For doubletons
(variants with an allele count of 2), mutation rate is positively correlated with the likelihood of being
found in two individuals of different continental populations. e) The mutability-adjusted proportion of
singletons (MAPS) is shown across functional classes. Error bars represent standard error of the mean of
the proportion of singletons.
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Figure 3. Quantifying intolerance to
functional variation in genes and gene sets. a)
Histograms of constraint Z scores [Samocha
2014] for 18,225 genes. This measure of
departure of number of variants from
expectation is normally distributed for
synonymous variants, but right-shifted (higher

5 OZ 5 10 raction of e 0 e constraint) for missense and protein-
score raction of genes with pLi =T, truncating variants (PTVs), indicating that
c more genes are intolerant to these classes of
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variation. b) The proportion of genes that are
very likely intolerant of loss-of-function
variation (pLI 2 0.9) is highest for ClinGen
haploinsufficient genes, and stratifies by the
severity and age of onset of the
haploinsufficient phenotype. Genes essential
in cell culture and dominant disease genes are
likewise enriched for intolerant genes, while

d e recessive disease genes and olfactory
15 - 15- receptors have fewer intolerant genes. Black
5 g error bars indicate 95% confidence intervals
£ g ﬁ% (CI). c) Synonymous Z scores show no
g 10 - % 10- correlation with the number of tissues in
= 2 which a gene is expressed, but the least
e % missense- and PTV-constrained genes tend to
be expressed in fewer tissues. Thick black bars
05" . ) 05" indicate the first to third quartiles, with the
low medium high low medium high . . . . .
constraint bins constraint bins white circle marking the median. d) Highly
missense- and PTV-constrained genes are less
fo‘s B likely to have eQTLs discovered in GTEx as the
average gene. Shaded regions around the lines
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indicate 95% CI. e) Highly missense- and PTV-
constrained genes are more likely to be
adjacent to GWAS signals than the average
gene. Shaded regions around the lines indicate
95% Cl. f) MAPS (Figure 2d) is shown for each
functional category, broken down by

<& & .S .0 & S S . H H
0 T I S constraint score bins as shown. Missense and
F S © b«f & & . . . . .
o S PTV constraint score bins provide information
< QT < . .
Al variants PoyPhen Missense Nonsense  @bout natural selection at least partially
CADD CADD orthogonal to MAPS, PolyPhen, and CADD
SynonymousZ  ee—e  Missense Z e L scores, indicating that this metric should be

useful in identifying variants associated with
deleterious phenotypes. Shaded regions
around the lines indicate 95% CI. For panels
a,c-f: synonymous shown in gray, missense in
orange, and protein-truncating in maroon.
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Figure 4. Filtering for Mendelian variant discovery. a) Predicted missense and protein-truncating variants
in 500 randomly chosen ExAC individuals were filtered based on allele frequency information from ESP, or
from the remaining ExAC individuals. At a 0.1% allele frequency (AF) filter, EXAC provides greater power to
remove candidate variants, leaving an average of 154 variants for analysis, compared to 1090 after
filtering against ESP. Popmax AF also provides greater power than global AF, particularly when
populations are unequally sampled. b) Estimates of allele frequency in Europeans based on ESP are more
precise at higher allele frequencies. Sampling variance and ascertainment bias make AF estimates
unreliable, posing problems for Mendelian variant filtration. 69% of ESP European singletons are not seen
a second time in ExAC (tall bar at left), illustrating the dangers of filtering on very low allele counts. c)
Allele frequency spectrum of disease-causing variants in the Human Gene Mutation Database (HGMD)
and/or pathogenic or likely pathogenic variants in ClinVar for well characterized autosomal dominant and
autosomal recessive disease genes3°. Most are not found in EXAC; however, many of the pathogenic
variants found in ExAC are at too high a frequency to be consistent with disease prevalence and
penetrance. d) Literature review of variants with >1% global allele frequency or >1% Latin American and
South Asian population allele frequency confirmed there is insufficient evidence for pathogenicity for the
majority of these variants. Variants were reclassified by ACMG guidelineszg.
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Figure 5. Protein-truncating variation in ExAC. a) The average ExAC individual has 85 heterozygous and 35
homozygous protein-truncating variants (PTVs), of which 18 and 0.19 are rare (<0.1% popmax AF),
respectively. Error bars represent standard deviation. b) Breakdown of PTVs per individual (a) by popmax
AF bin. Across all populations, most PTVs found in a given individual are common (>5% popmax AF). c-d)
Number of genes with at least one PTV (c) or homozygous PTV (d) as a function of number of individuals,
downsampled from ExAC.
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