
Introduction
The allele frequency (AF) of a variant in different populations is 
often used as evidence when classifying the clinical significance 
of the variant. For instance, arguments against a variant 
being classified as pathogenic include it being too common in 
controls or not significantly more frequent in cases compared 
to controls. Two common sources for these control AFs are 
gnomAD and ExAC. We compared the AFs between these 
two datasets for variants in 176 genes associated with serious 
Mendelian conditions to assess whether AF discrepancies due to 
sequence context may influence variant interpretation.

Methods
Hard-to-sequence regions were defined from Global Alliance 
for Genomics and Health (GA4GH) resources. The two-tailed 
Fisher’s exact test or the chi-squared test (if all contingency 
table values >5) was used to calculate p-values of pairwise AF 
comparisons, and a Bonferroni correction was applied. Only 
entries with the PASS filter were included from ExAC and 
gnomAD; gnomAD entries with the lcr or segdup flags were 
ignored. Only entries overlapping genes commonly tested in 
carrier screening were analyzed.

Figure 1. Volcano plots of allele frequency differences 
in ExAC vs gnomAD. Left/right: variants not in/in “hard-to-
sequence” regions as defined by GA4GH. Red: significant 
(p < 0.05 / 210,534); black: not significant. Inset pie charts 
indicate the share of significant vs. non-significant differences 
with the numbers indicating the counts. Each row represents 
a different population.

Results (cont’d)
Most discrepant variants differed in their AF in one 
ethnicity, but 30.3% (282) had different AFs in two 
or more populations. Out of 2,138 variants that were 
evaluated in each of the six populations, 40 were discrepant 
variants with significantly different AF in all evaluated 
populations, and 14 (35%) were in hard-to-sequence 
regions. In general, ExAC tended to have the higher AF for 
discrepant variants compared to gnomAD, with a median 
fold-difference of 1.6.

Conclusions
Our results demonstrate that AF data must be carefully 
considered during variant classification—even for high-
frequency variants—because AF values can differ greatly 
in common population databases. These differences are 
enriched in hard-to-sequence areas and may only be 
revealed via comparison among subpopulations.
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All authors are employees of Myriad Women’s Health 
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Table 1. Examples of AF comparisons.

Variant Pop ExAC gnomAD log2 ExAC / 
gnomAD

-log10 
p-value

chr4:5800317 C>T 
(EVC: MODERATE) NFE 9 / 7506 = 0.120% 2 / 66332 = 0.003% 5.31 7.28

chr4:983296 G>A 
(IDUA:MODIFIER) AMR 1 / 328 = 0.305% 1 / 24420 = 0.004% 6.22 1.58

chr11:2181073 G>A 
(TH:MODIFIER) NFE 13691 / 58828 = 23.27% 23572 / 108226 = 21.78% 0.10 11.57

chrX:100662901 G>A 
(GLA:MODIFIER) SAS 2950 / 10047 = 29.36% 5397 / 19111 = 28.24% 0.06 1.34

Results
The AFs of 932 out of 148,269 variants analyzed were found 
to be significantly different between ExAC and gnomAD in at 
least one of six considered subpopulations (Figure 1). These 
“discrepant variants” were enriched in hard-to-sequence 
regions, which included 15.1% of discrepant variants but only 
4.5% of total variants analyzed (p<1e-10) (see pie charts in 
Figure 1). Most discrepant variant AF comparisons (51.6%) 
had gnomAD AF >5%. Typically, an AF cut-off of 5% is used 
to classify a variant as too common to be pathogenic; for 123 
(7.7%) discrepant variant AF comparisons, the AF was >5% 
in one dataset but <5% in the other, with a median absolute 
difference of 3.6% points (Figure 2).

Figure 2. 92 variants (123 variant-population pairs) 
have a significant AF difference spanning the 5% 
threshold commonly used to classify variants as benign 
due to being too frequent. Typically, ExAC had the higher 
allele frequency. Not all variants with discrepancies are 
in hard to-sequence regions (H). Three variants have a 
SnpEff impact of HIGH (most severe taken over multiple 
transcripts).
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