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Abstract

Many important traits in biology, medicine and agriculture are complex and quantitative in that
they exhibit continuous variation and non-trivial patterns of genetic inheritance. They are largely
polygenic and influenced by factors such as gene-gene and gene-environment interactions.
Important reasons to study complex traits include trying to understand how the genetic
components operate on their own and how they relate to each other, quantification of the
contributions of these elements to trait variation, and elucidation of the underlying genetic
architecture behind a trait. An understanding of the sources and consequences of variation in
complex traits and identification of the genes involved provides us with a handle to manipulate
biological systems, which can have direct applications in medicine and agricultural production.
From an agricultural standpoint there are huge economic benefits to be achieved by a better
understanding and exploitation of the genetic architecture of complex production traits such as

milk yield in dairy animals and meat quality in e.g. sheep or cattle.

This thesis is centred on making some inroads to better understand the genetic architecture of
complex traits in sheep. The thesis progresses through a characterization of genetic structure and
variability in Australian sheep populations, followed by a genome-wide association study for
weight. Then a novel approach to improve estimates of genomic breeding values is discussed.
Lastly, the inheritance and partitioning of gene expression variance is studied. A more detailed

breakdown of the thesis follows.

Chapter 1 sets the scene with an overview of the genetics behind complex traits. Genome-wide
association studies (GWAS) and genomic selection methods are reviewed followed by a brief
discussion of heritability that discusses the notions of missing and phantom heritability. Next, an
overview of differential evolution (DE) which is a heuristic optimization method used in chapter

4 to improve genomic selection is summarized.

Chapter 2 estimates and compares linkage disequilibrium (LD) and several population metrics,
including gene diversity (H.) and fixation index (F), in five Australian sheep populations — 3
independent breeds: Merino, Border Leicester, Poll Dorset and 2 crossbred populations: Merino
and Border Leicester crosses and crosses of Merino, Border Leicester and Poll Dorset. In all five
populations LD decayed rapidly with increased distances between marker pairs. Out of these
populations, Merino exhibited higher rates of LD decay than the other pure breeds.
Simultaneously, Merino was found to be the most diverse breed among the three pure breeds.
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Results from this study are expected to provide an improved understanding of the genetic
diversity among the three main Australian sheep breeds as well as insights on the effects of

selection on these breeds and their crosses.

Chapter 3 presents a genome-wide association study for body weight (BW, 6 — 10 months)
conducted on 1,781 Australian Merino sheep that led to the identification of a major QTL region
on OARG6. Thirteen SNP on OAR6 were found to be associated with body weight and two
neighbouring genetic loci at NCPAG and LCORL were identified. The syntenic regions in some
other mammalian species are similarly associated with body size traits, thereby suggesting an
ancient and common underlying biological mechanism. These findings are anticipated to
facilitate the discovery of causative variants for body weight and will help inform marker-

assisted selection.

Chapter 4 suggests a method to improve the predictive ability of genomic best linear unbiased
prediction (GBLUP). In GBLUP, a genomic relationship matrix (GRM) estimated from markers
is used to define the covariance between individuals based on observed similarity at the genomic
level. Differential evolution was used to find a set of markers that maximized the prediction
accuracy which were then used to build the GRM. The predictive ability of GBLUP with this
new GRM was evaluated using simulated data that had different numbers of known QTL and
various levels of heritability. Results with empirical data using this method had better predictive

ability than conventional GBLUP.

Chapter 5 attempts to understand the basis of inheritance of gene expression in sheep half-sib
families using SNP chips and gene expression microarrays. Heritability of gene expression was
estimated and its variation partitioned into additive, haplotype and sire effects. Results indicate
that gene expression is highly conserved within families but additive and haplotype effects only
account for a small proportion of the variance. This suggests that conservation of expression
levels is more dependent on higher order interactions than on allelic variants or local regulatory

regions.

Chapter 6 provides a summary of the main findings of the thesis and discusses future research.
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