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Abstract

Copy number variants (CNVs) are the most common form of structural genetic
variation, reflecting the gain or loss of DNA segments compared with a reference
genome. Studies have shown that CNVs are linked to various disorders like autism,
intellectual disability, and schizophrenia. Consequently, the interest in studying a
possible association of CNVs to specific disease traits is growing. However, due to
the specific multi-dimensional characteristics of the CNVs, methods for testing
the association between CNVs and the disease-related traits are still few and
underdeveloped. The research presented in this thesis addresses several aspects of
research on the association between CNVs and disease related traits , and the
broader concepts of the association between CNV sequential order with adverse
phenotype, and the association of the CNV and other genetic variation interactions
with disease related traits.

This work makes three contributions to knowledge, relating to the significance
of CNVs on some chromosomal regions in association with disease related traits.
Contribution 1 proposed a multi-dimensional CNV kernel based association test
(MCKAT). MCKAT performs better than the state of the art methods and was
evaluatd on both simulated and real data. MCKAT can identify chromosomal
regions at cytogenetic band level containing CNVs that are significantly associated
with disease related traits. MCKAT considers all CNV characteristics in testing
the association and can provide strong evidence, small p-values, to accept or reject
the association hypothesis. MCKAT is applicable to both frequent and rare CNV
data sets.

Contribution 2 is a sequential multi-dimensional CNV kernel based association
test (SMCKAT). SMCKAT tests the association between the CNV sequential order
and disease related traits. SMCKAT considers not only the CNV characteristics
but the CNV sequential order. SMKAT can identify the chromosomal regions that

the CNV sequential order is significantly associated with disease related traits.

Xix



XX ABSTRACT

Based on our knowledge, SMCKAT is the first such method to test the association
between the CNV sequential order and disease related traits.

Contribution 3 uses our proposed method to demonstrate that considering
the CNV-gene intersection along with the CNV characteristics in testing the
association between CNVs and disease related traits is informative and can
provide more insights about the disease development. This is because CNVs can
affect their intersected genes in different way like changing the gene expression or
disturbing their function. Our proposed methods can be used not only in testing
the association between the dual effect of CNVs and their intersected with disease
related traits but any other genetic variations based on data availability.

Overall, this research confirms that having association tests, specific to CNVs
and compatible with CNV characteristics, to identify the chromosomal regions
which contain CNVs that are significantly associated with disease related traits
are of biological significance. This work provides methods that can help biologists
to identify CNV hot spots associated with disease related traits without doing
extensive investigations at the individual level to find significant CNVs. The
results of these methods may also provide them with a better understanding of
how the interaction between CNVs and other genetic variations like genes can

have association with a disease related traits.
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