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That’s the whole problem with science. You've got a bunch of empiricists trying to

describe things of unimaginable wonder.

— Bill Watterson, Calvin and Hobbes



Abstract

Complex disease risk is characterised by a combination of multiple genetic
factors along with the environment. Since 2005, genome-wide association
studies have discovered thousands of genetic variants associated with hundreds
of such diseases. Following on from these types of studies, custom genotyping
arrays with dense SNP content have allowed for greater refinement across risk
loci, while their low cost has enabled powerful locus discovery projects and
cross-phenotype comparisons in very large sample sizes. Combining risk loci
with disease-relevant functional genomic data allows for insights into the biology
of disease. In this dissertation, I explore locus discovery, cross-phenotype
comparisons and functional data integration across four immune-mediated
complex diseases - primary biliary cirrhosis, primary sclerosing cholangitis, and
the two forms of inflammatory bowel disease - Crohn’s disease and ulcerative

colitis.

In Chapter 1, [ provide a historical background of our understanding of how
genetic variation contributes to phenotypic variation, and the technological and
theoretical advances in the last twenty years that have lead to the large-scale

high-throughput locus discovery projects of today.

In Chapter 2, I describe a locus discovery project using the Immunochip
custom genotyping array for primary biliary cirrhosis. In addition to identifying
three new risk loci and refining associated variants within known risk loci, I
explore how integrating association results with functional genomic annotations
across various cell lines from the ENCODE Project can provide insights into the

cell types and genomic features most relevant to disease.

In Chapter 3, I describe a similar locus discovery project using the
Immunochip for primary sclerosing cholangitis (PSC), where nine novel risk loci
were identified. Over 80% of PSC patients are also diagnosed with inflammatory

bowel disease, the majority of which is ulcerative colitis. I explore genetic factors
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that may explain this overlap, and show that despite this high comorbidity,

around half of PSC risk loci appear unique to PSC.

In Chapter 4, I describe a trans-ethnic genome-wide association meta-
analysis for inflammatory bowel disease (IBD) comprising individuals of
European, East Asian, Indian and Iranian ancestry genotyped on a combination
of genome-wide arrays and the Immunochip. Forty new IBD loci were discovered
associated with Crohn’s disease, ulcerative colitis or both. I show that there
exists pervasive sharing of IBD risk loci between European and non-European
populations, while also noting specific loci where effect sizes differ between
populations. The study demonstrates the utility of performing large-scale GWAS

meta-analyses across different populations to identify novel susceptibility loci.

I then move beyond locus discovery in Chapter 5, where I describe a simple
method for integrating differential gene expression datasets with disease risk
loci. I applied the method to two gene expression datasets reflecting the genes
that are involved in maintaining intestinal T cell homeostasis, and those
triggered in the gut in response to infection. I find that in both cases, genes that
are differentially expressed between these conditions are significantly
overrepresented among risk loci for a range of autoimmune disorders, allowing
for the identification of additional candidate genes at these loci and the
generation of hypotheses about the mechanism through which they mediate

disease.

Finally, in Chapter 6, I discuss the major themes of the preceding chapters on
unravelling the genetic architecture of complex diseases. I then look to the types
locus discovery projects that will shape the field in the coming years, and the
potential for these to be ultimately translated into better treatment outcomes for

patients.
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