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With the advent of high-throughput sequencing technologies, 
tremendous progress has been made in understanding how genetic 
mutations (genotypes) are linked to specific traits or diseases 
(phenotypes). Advances in related computational methods have 
enabled the development of different algorithms to help pinpoint 
which genetic variants might be responsible for specifc diseases. 
However, these algorithms are not adapted to detect more complex 
patterns of inheritance than the traditional “one gene – one disease” 
paradigm. Developping novel computational methods to identify these 
more complex combinations of genetic variants, known as oligogenic 
inheritance, is therefore essential. 
 
This thesis work builds upon existing methods to improve the 
detection of pathogenic variant combinations, specifically at the 
whole-exome level. First, a new database is a created that collects 
information on all oligogenic variant combinations reported in the 
literature. This database not only aggregates existing knowledge but 
also introduces a standardized framework for assessing the 
pathogenicity of variant combinations. Using this database, we 
develop a first oligogenic priorization tool: the High-throughput 
oligogenic prioritizer (Hop). Hop uses machine learning to assess 
which variant combinations are likely to cause disease, combining this 
with biological network information to rank how relevant these 
combinations are for a particular patient’s condition. This tool 
demonstrates superior performance to existing approaches for ranking 
oligogenic combinations in exomes. Finally, we investigate the 
usefulness of these computational tools on real patient data. We apply 
the Hop predictor on a cohort of patients affected with male 
infertility, a condition with heterogeneous genetic causes, and 
investigate the relevance of the prioritized combinations. This 
analysis validates the ability of Hop to detect oligogenic combinations 
that were manually identified by clinicians, and also showcases its 
capacity to identify novel oligogenic signatures in this disease. 
 
In  summary, this research demonstrates that it is now possible to 
directly detect  disease causing variant combinations in whole exome 
sequencing data using computational approaches. By introducing a 
new data repository, computational tools, and analysis protocols, this 
research opens the way for easier detection and analysis of oligogenic 
signatures for genetic diseases. 
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