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Abstract 1
Machine Learning for understanding tumour evolution
Cancers are characterised by ubiquitous somatic alterations, including single-nucleotide
variants (SNVs), short insertions and deletions, structural variants and somatic copynumber alterations (SCNAs) that contribute to intra-tumour heterogeneity (ITH). ITH has
been identified as the major cause for treatment failure in the clinic, yet most cancer
sequencing projects have focused on the identification of somatic driver SNVs that are
shared between samples and patients.
Our group was one of the first to demonstrate that SCNAs rather than SNVs affect
resistance development and patient outcome in high-grade serous ovarian cancer (Schwarz,
et al., 2015). This was enabled through dedicated machine learning algorithms for the
quantification of ITH from SCNA data (Schwarz, et al., 2014). I will report on these efforts,
as well as subsequent developments that confirmed SCNAs as the major driving force
behind genome evolution in non-small cell lung cancer (Jamal-Hanjani, et al., 2017; Abbosh,
et al., 2017). I will demonstrate how allele-specific SCNA profiling of multiple tumour
regions can detect convergent evolution in clinical samples with direct effects on patient
survival and will show how these findings extend to a pan-cancer setting. Lastly, I will report
on our recent efforts tracking the functional implications of both SCNA and SNV
heterogeneity on the cancer transcriptome through whole-genome and RNA-sequencing of
1200 clinical samples in the Pan-Cancer Analysis of Whole Genomes (PCAWG) project
(Calabrese, et al., 2017).
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Abstract 2
Binning directories: An efficient data structure to query k-mers in partitioned string sets
Motivation: Mapping-based approaches have become limited in their application to very
large sets of references since computing an FM-index for very large databases (e.g. >10 GB)
has become a bottleneck. This affects many analyses that need such index as an essential

step for approximate matching of the NGS reads to reference databases. For instance, in
typical metagenomics analysis, the size of the reference sequences has become prohibitive
to compute a single full-text index on standard machines. Even on large memory machines,
computing such index takes about 1 day of computing time. As a result, updates of indices
are rarely performed. Hence, it is desirable to create an alternative way of indexing while
preserving fast search times.
Results: To solve the index construction and update problem we propose the DREAM
(Dynamic seaRchablE pArallel coMpressed index) framework and provide an
implementation. The main contributions are the introduction of an approximate
search distributor via a novel use of Bloom filters. We combine several Bloom filters to form
an interleaved Bloom filter and use this new data structure. called binning directories, to
quickly exclude reads for parts of the databases where they cannot match. This allows us
to keep the databases in several indices which can be easily rebuilt if parts are updated
while maintaining a fast search time.

