


 
 
Figure S2. Using GTEx allelic expression (AE) and percent spliced in (PSI) to estimate the 
penetrance of coding variants at the individual level. A) Difference in allelic expression between rare 
potentially pathogenic missense variant and DAF matched benign synonymous variants across GTEx 
tissues. A negative difference indicates reduced expression of missense variants compared to 
synonymous controls. Bars show the 95% confidence interval of the difference calculated using a paired 
Wilcoxon signed rank test, and tissues labeled in red have a significant difference (FDR < 10%). B) 
Comparison of median AE between missense and DAF matched benign synonymous variants in exons 
where inclusion in that individual was 100% (PSI = 100), with p-values generated using a paired Wilcoxon 
signed rank test and 95% confidence intervals of AE generated by 1000 bootstraps. This indicates that 
reduction in allelic expression of potentially pathogenic coding variants occurs through regulatory 
variation affecting expression level, likely in addition to variation affecting splicing. C) Workflow for 
generating quantifications of individual level exon inclusion (see Materials and Methods). D) CDF function 
of calculated cross-tissue exon PSI median absolute deviation, which illustrates that 30% of exons show 
robust variation in PSI across individuals. E) Histogram of cross-tissue exon PSI median absolute 
deviation for all exons with non zero median absolute deviation. 
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Figure S3. Test for regulatory modifiers of coding variant penetrance using phased genetic data. 
A) As input the test takes phased genotypes of coding variants and the eQTL for that gene. For each 
individual heterozygous for a coding variant a binary measure is produced to indicate if the major (wild-
type) allele is on the higher expressed eQTL haplotype. B) Across a population of individuals, the null 
expectation is that the observed haplotype configurations are a random sampling of all possible 
configurations, and thus the proportion of observed major alleles on the higher expressed haplotype is 
equal to the frequency of the higher expressed haplotype in the population. The diagram depicts a single 
gene example, but observations are aggregated across genes, and the difference between the observed 
frequency of major alleles on the higher expressed haplotype and the higher expressed haplotype 
frequency across those genes is calculated. C) Results of test performed on simulated haplotype data 
from 1000 individuals at 500 genes with 1000 replicates using a higher expressed haplotype frequency 
of 50% and coding variant frequencies observed in GTEx, across a range of genes exhibiting joint effects 
between regulatory and coding variants and effect size. The simulated effect size is described by the x-
axis in terms of the percentage of observed haplotype configurations that decrease penetrance. D) Power 
to detect significant (a = 0.05) regulatory modifiers of penetrance from simulation data in (C) is robust 
across a range of effect sizes. E) Comparison of p-values calculated using either the bootstrap approach 
or with the Poisson Binomial distribution from 1000 simulations of 1000 haplotypes generated under the 
null shows that they are extremely similar. The equality line is shown in red. See “Materials and Methods 
– Test for Regulatory Modifiers of Penetrance Using Phased Genetic Data” for more information. 
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Figure S4. Gene level metrics of common (MAF > 5%) regulatory and rare (MAF < 1%) coding 
variant haplotypes. Haplotypes generated using potentially pathogenic missense (red) or benign 
synonymous (blue) coding variants and the top cross-tissue GTEx v6p eQTLs to define higher and lower 
expressed haplotypes. Histograms of higher expressed haplotype frequencies, number of coding variants 
with haplotype data, mean coding variant frequency, and number of haplotypes observed at the gene 
level for haplotypes from 620 phased GTEx v7 whole genomes (A) and 925 phased TCGA germline 
whole genomes (B). 
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Figure S5. Expression haplotype aware editing of a Mendelian SNP in 293T cells using the 
transcriptome as a phenotypic readout. A) Visualization of eQTL SNP (rs170862) genotyping reads, 
edited SNP (rs199643834) genotyping reads from representative monoallelic and single copy clones, 
and targeted RNA-seq reads from representative low SNP expression (snpLOW) and high SNP 
expression (snpHIGH) clones. Ratios of the reference allele and alternative allele in targeted DNA and 
RNA sequencing are indicated. A full list of primers used for sequencing can be found in Table S5. B) 
Volcano plot of differential expression analysis comparing two clones monoallelic for the edit SNP versus 
four wildtype clones. 
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