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Abstract

Next-generation sequencing (NGS) is revolutionising Mendelian and complex disease
research by enabling variant information to single-base resolution in a high-throughput
way, scalable to the size of the human genome. In this dissertation, I describe four
distinct projects in which NGS technologies were employed, in combination with
different study designs and analytical strategies, to identify genetic determinants, or
modifiers, of diseases that have been poorly studied thus far.

In Chapter 1, I provide a historical background of our understanding of how genetic
variation contributes to disease phenotypes, and the technological advances in the last
twenty years that have led to the NGS-based gene-mapping studies of today.

In Chapter 2, I describe a NGS-based screening of genes that are known to cause thyroid
hormone production defects in a congenital hypothyroidism (CH) cohort of patients
with gland-in-situ. I show how a stringent variant filtering pipeline, combined with
pedigree segregation analyses and in silico predictions of pathogenicity for candidate
variants, led to the identification of likely causal mutations in 59% of the patients.

In Chapter 3, I describe a family-based exome and targeted-sequencing analysis to
identify novel genetic causes of CH. I explore different variant filtering pipelines to map
de novo, inherited and copy-number-variants segregating with disease within families. I
find that no gene is recurrently mutated across families over what is expected by chance.
I then explore how a candidate-gene screening approach, leveraging rare disruptive
mutations mapped in families, can highlight novel genes potentially associated with
CH or the extrathyroidal features of some patients.

In Chapter 4, I describe a series of analyses to better understand the genetic architecture
of very-early-onset inflammatory bowel disease (VEO-IBD). This condition is currently
viewed as a Mendelian form of inflammatory bowel disease (IBD), a complex disorder
of adulthood onset. Using exome data, I identify likely causative defects in known
primary-immunodeficiency genes and explore the broader contribution of rare variants
to VEO-IBD through case-control enrichment analyses at the level of single genes,
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genesets and biological pathways. Moving beyond rare alleles, I generate polygenic risk
scores leveraging the set of known, adult-onset IBD-risk alleles discovered to date, and
demonstrate a polygenic component operating in VEO-IBD.

In Chapter 5, I describe a meta-analysis combining low-coverage whole-genome sequenc-
ing data and three genome-wide-association studies to identify genetic modifiers of age
at IBD diagnosis. Four loci were discovered associated at suggestive significance with
Crohn’s disease (CD), ulcerative colitis or both, one of which may have a pleiotropic
effect, being associated with both the risk of CD and a decrease age at CD diagnosis.

Finally, in Chapter 6, I highlight the major lessons learnt with these projects, discuss
some immediate impact some of these results had for patients, and look forward to
the future NGS-based studies that will shape gene-mapping strategies over the next
coming years.
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