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Motivation and aims of the tutorial

Several recent papers, both methodological (eg Wakefield, Servin and Stephens, Marchini et al) and
applied (WTCCC), have emphasised the potential benefits of using Bayesian methodsin the analysis
of genetic association studies. However, although Bayesian methods are widely used in statistical
applications in biology, and in statistics more generally, many of todays scientists lack formal
education in these methods.This creates multiple barriers to the use of Bayesian analyses in practice,
and to scientific communication. Those unfamiliar with Bayesian methods will naturally struggle to
interpret published Bayesian analyses, and be unlikely to use them themselves in practice.
Furthermore, even those familiar and competent with Bayesian methods may elect not to apply them,
out of concern that many readers, and referees, will find them difficult to understand.

Our aim in this tutorial will be to help rectify this problem, by providing an introduction to the use of
Bayesian methods for the analysis of genome-wide assocation studies. The tutorial will cover use and
interpretation of these methods. We will cover both simple single-SNP analyses, more complex multi-
SNP analyses, and some of the most important practical issues that arise in this context (eg multiple
comparisons, replication). We will also cover the use of imputation-based methods to test untyped
SNPs, and to combine information across studies performed on multiple platforms.



Targeted audience

The review will be aimed at primarily at individuals who are familiar with association studies and
standard approaches to statistical hypothesis testing, but less familiar with Bayesian approaches.
Familiarity with some basic statistical ideas (e.g. normal distributions, likelihood, p-values) will be
assumed, but no exposure to Bayesian statistics will be assumed. We hope the material will be of
interest both to those applying methods and developing new methods.

Tutorial outline

e Introduction to Genome-wide association studies (5 minutes)

o Single-SNP tests: the Bayesian approach to Hypothesis testing. Bayes Factors: computation
and interpretation. (25 minutes)

e Contrast between Bayesian and Frequentist testing. Limitations of p values. (15 mins)

e Practical issues: Multiple Comparisons,Replication (10 mins)

e Multi-SNP analyses: candidate regions. Bayesian additive models. Comparisons with non-
Bayesian approaches. (20 mins)

e Multi-SNP analyses: whole genome. Comparison with LASSO and penalized regression. (15
mins)

e Imputation-based association analysis. Motivation for imputation. Methods for imputating
genotypes. Testing imputed variants. (30 mins)



