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Motivation and Aim: Accurate variant detection in the coding regions of the human
genome is a key requirement for molecular diagnostics of Mendelian disorders.
Efficiency of variant discovery from next-generation sequencing (NGS) data depends on
multiple factors, including reproducible coverage biases of NGS methods and the
performance of read alignment and variant calling software.

Methods and Algorithms: In this work, we systematically evaluated the performance of
5 kits for whole-exome (WES) and whole-genome (WGS) sequencing, as well as
4 popular short read aligners and 9 novel and well-established variant calling and
filtering methods. We used a large dataset of both “gold standard” (provided by the
Genome In A Bottle (GIAB) consortium) and in-house WES and WGS samples.
Results: We showed that, contrary to a common view, most of the observed bias in
modern WES stems from mappability limitations of short reads and exome probe design
rather than sequence composition. When non-repetitive targeted exome regions are
considered, WES performs similarly to WGS in terms of coverage and variant calling
accuracy. Among software tools tested, Bowtie2 performed significantly worse than
other aligners, suggesting it should not be used for medical variant calling. When other
aligners were considered, the accuracy of variant discovery mostly depended on the
variant caller and not the read aligner. Among the tested variant callers, DeepVariant
consistently showed the best performance and the highest robustness. We have also
compared the consistency of variant calls in GIAB and non-GIAB samples. With few
important caveats, best-performing tools have shown little evidence of overfitting.
Conclusions: Our analysis showed that modern strategies of exome sequencing and NGS
data analysis allow for high accuracy of genetic variant discovery within coding regions
of the human genome. However, there is still a need for development of new library
preparation and variant calling methods to enhance variant discovery in the repetitive
regions of the coding genome.
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