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Motivation and Aim: Genome structural variation (SV) is a potent source of genetic
diversity and may have a profound effect upon human health [1, 2]. Typically, discovery
algorithms rely on uniformity and evenness of sequencing coverage profile, as well as
read depth information for accurate detection of structural variants [3]. However, as
sequencing coverage signal is discontinuous, heterogeneous, and irregular, often even
erratic existing SV detection tools still generate highly discordant results [4-6]. A
comprehensive survey of signal coverage profiles in the vicinity of SV breakpoints may
significantly improve robustness and reliability of SV discovery. Here, for the first time
we present a detailed catalogue of various waveforms and patterns observed in the
sequence coverage signal associated with different types of SVs, as well as a toolkit for
coverage data management and analytics.

Methods and Algorithms: We used HGDP sequencing project data [7] which includes
929 whole-genome sequenced human samples with an average depth of coverage of
about 30x. Structural variation data generated by the consortium contains annotated
breakpoints for the following types of the events: CNV gain and loss, insertions,
inversions, deletions and duplications [8]. We have developed a software suite to extract
depth of coverage (DOC) profiles in a £ 256 bp vicinity of the breakpoints. Furthermore,
to speed up coverage data processing and optimize storage we introduced a simple binary
format (.bcov) for recording of coverage values. The extracted profiles and sequencing
samples metadata are stored in a relational database (SQLite) to facilitate data search,
retrieval and visualization.

A profound variability of waveforms associated with different classes of SVs has long
impeded the reliability and reproducibility of the discovery algorithms. We, therefore,
sought to identify repeated patterns found within DOC profiles (i.e., motifs) and
characterize conserved structures in a signal. Coverage profiles attributed to specific
classes of SVs were compressed, normalised and clustered using dynamic time warping
distance. To reveal predominant waveforms and to discover the most significant motifs
from the profiles, the signal was transformed into a SAX (Symbolic Aggregate
approximation) representation [9]. The SAX-based motifs, stored in the database may
have an important utility for development of novel improved approaches for breakpoint
detection.

Results: In this study we present Swaveform — a recourse providing easy access to
15705161 DOC signal profiles extracted from 911 human sequencing samples generated
by the HGDP. A portable database architecture and provided API facilitate easy and
seamless on-premises deployment encompassing data processing routines on all levels
i.e., from raw aligned data to visual representation of coverage profiles. We also propose
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a new binary format to manage sequence coverage data. Finally, as motif discovery has
been successfully applied throughout a large range of domains such as medicine, finance,
robotics and DNA analyses we designed an algorithm for motif extraction from the
coverage signal.

Conclusion: Robust and reproducible structural variation discovery still poses significant
computational and algorithmic challenges and as of today we are nowhere near to
resolving structural variation in personal genomes with accuracy required for
translational research. The developed catalogue and accompanying toolkit form an
indispensable resource that will facilitate development and honing of computational
tools for discovery of specific genomic rearrangement events. It is expected that
Swaveform will be of immense value to the machine learning and biomedical
communities.
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