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ABSTRACT

We develop statistical methods for two problems in genetic association analysis. At the heart of our methods are
approaches to addressing relatedness and hidden sample structure. The first part of the thesis is concerned with the
selection of an optimal subset of individuals, chosen from a set of pedigrees, to genotype for a genetic association
study. We consider samples that include arbitrarily related individuals, with the kinship matrix assumed known.
Dependence is an important feature of this type of family data --- dependence not only between genotypes and
phenotypes, but also among genotypes and among phenotypes. The retrospective version of a linear mixed model
provides a natural way to incorporate partial information by making use of this dependence when both phenotype
and pedigree information are available for a larger set of individuals from the same pedigree. We propose G-
STRATEGY, which uses simulated annealing to maximize the non-centrality parameter of the quasi-score test for
association in the retrospective model. We demonstrate that G-STRATEGY compares very favorably to existing
methods and achieves robustness of power against a wide range of alternative models.

The second part of the thesis focuses on joint genetic mapping studies involving two interactive organisms, e.g.,\ a
highly coupled host-pathogen pair. Existing approaches to association mapping typically consider a single organism
type and aim to identify genes on the genome that are statistically associated with the phenotype of interest.
However, in a host-pathogen interactive system, the response (e.g.,\ infection) often depends on the specific pairing
of host and pathogen. Our solution to this problem is to develop a two-way mixed model to account for the
background genetic heterogeneity due to the polygenic contributions from both organisms and their inter-genome
interaction. We use empirical genetic relatedness matrices for both organisms to account for hidden sample
structure, such as population stratification, admixture and/or cryptic relatedness. We propose various score tests,
depending on the specific goal, for assessing genetic association effects of individual SNPs and/or SNP pairs.
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