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Abstract

Advances in throughput from Next Generation Sequencing (NGS) methods
has provided new ways to study molecular biology. The increased amount of
data enables genome wide scale studies of structural variation, transcription,
translation and genome composition. Not only is the scale of each experiment
large; lowered cost and faster turn-around has also increased the frequency
with which new experiments are conducted. With the data growth comes
an increase in demand for efficient and robust algorithms — this is a great
computational challenge. The design of computationally efficient algorithms
are crucial to cope with the amount of data and it is relatively easy to verify an
efficient algorithm by runtime and memory consumption. However, as NGS
data comes with several artifacts together with the size the difficulty lies in
verifying that the algorithm gives accurate results and are robust to different
data sets.

This thesis focuses on modeling assumptions of mate-pair and paired-end
reads when scaffolding contig assemblies or detecting variants. Both genome
assembly and structural variation are difficult problems, partly because of
a computationally complex nature of the problems, but also due to various
noise and artifacts in input data. Constructing methods that addresses all
artifacts and parameters in data is difficult, if not impossible, and end-to-end
pipelines often come with several simplifications. Instead of tackling these
difficult problems all at once, a large part of this thesis concentrates on smaller
problems around scaffolding and structural variation detection. By identifying
and modeling parts of the problem where simplifications has been made in
other algorithms, we obtain an improved solution to the corresponding full
problem.

The first paper shows an improved model to estimate gap sizes, hence
contig placement, in the scaffolding problem. The second paper introduces a
new scaffolder to scaffold large complex genomes and the third paper extends
the scaffolding method to account for paired-end-contamination in mate-
pair libraries. The fourth paper investigates detection of structural variants
using fragment length information and corrects a commonly assumed null-
hypothesis distribution used to detect structural variants.
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