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Introduction

A major challenge in Next Generation Sequencing is the development of efficient algorithms to detect
structural variants present in the genome. Several different approaches for the detection of structural
variants have been identified. Breakdancer searches for clusters of anomalous read pairs for sites to
investigate. Similarly, another analysis tool, SoftSearch, uses the soft clipped read data from the aligner to
determine sites of interest and heuristically report potential structural variants around them. Our
algorithm, HardSearch, expands on the approach of SoftSearch to further identify the exact break points
that support chromosomal structural variations. Paired end reads from DNA-seq with an unmapped mate
are collected around each potential fusion site; the unmapped mates are realigned to the reference
genome using a local aligner. The segment of each read that aligns with the highest alignment score
without gaps is subtracted from the original and the remainder is realigned allowing for the identification

of the breakpoint and breakpoint partners.

Discussion

We developed HardSearch to look at oncology panels targeting specific genes present in translocations
and inversions. By realigning initially unmapped reads, HardSearch can identify both ends of a breakpoint
as long as one side is sequenced. Read pairs on either side containing a mapped and an unmapped
sequence can be used to identify translocations or inversions present in the genome. In the case of an
inversion, both sequences of a paired end aligment will map with the same orientation to the reference
genome. Sequences spanning the breakpoint will contain a segment in each direction. Realigning the
unmapped reads in the EML4-ALK sample shows that the segment aligning before the breakpoint s in the

reverse orientation whereas the portion aligning after is in the forward orientation.

HardSearch offers a good compromise between performance and specificity. The program focuses on

regions likely to span a breakpoint by filtering for softclip reads first; then realigning reads with unmapped

mates situated near the softclips. Realignment of the unmapped mate allows HardSearch to identify

additional reads that support a structural variant overlooked by other detection tools.
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