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3.  Timeline:
We anticipate a manuscript ready to submit for Publications Committee review in
summer, 2014.

4. Rationale:

When analysing low frequency SNPs generated by next-generation sequencing, power is
often a concern for single-SNP association tests. One common approach is to analyze a
set of SNPs simultaneously, which aggregates information across multiple variants and
reducing the burden of extreme multiplicity of testing (Liu et al., 2010; Madsen and
Browning, 2009; Neale et al., 2011; Price et al., 2010; Wu et al., 2010, 2011; Wang and
Abbott, 2008). One research question concerns the significance of a given SNP set, where
we test whether the SNP set contains any risk variant associated with the phenotype.
Existing methods are broadly based on the burden test (Li and Leal, 2008; Madsen and
Browning, 2009) and variance component based score test approaches (SKAT; Wu et al.,
2010, 2011). The burden test aggregates the variant scores within a set and performs well
under strong assumptions of similar variant risks. The variance component based
approach assumes unequal variant risks, and performs well in the presence of both
protective and deleterious variants. The SKAT approach is based on the principle of the
score test.

The score test has a considerable computational advantage since typically just one
common null model needs to be estimated. However the score test may not have the best
detection power especially for low-frequency and rare variants. We propose to develop
alternative approaches based on the Wald and likelihood ratio test, which could offer
much improved detection power compared to the score test (especially for association
studies of discrete trait and rare variants).

5. Main Hypothesis/Study Questions:

We will develop statistical methods for testing whether a SNP set contains any risk
variants. We will apply the proposed methods to the ARIC data to identify SNP sets
associated with type 2 diabetes and related phenotypes.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

For single-SNP association test, we first assume a linear model. Let G denote the
genotype score, Y the trait of interest, and Z the covariates to be adjusted for. For a set of
K SNPs, the Y-G association can be jointly tested in the following regression model:

K
J:

where the null hypothesis: Hy: 81 = -+ = Bx = 0. To reduce the number of degrees of
freedom in the test, the burden test approach typically assumes §; = --- = Bg. To allow



the effect f; vary across SNPs with different directions, score-type tests were developed
by Pan (2009) and Wu et al. (2010; 2011). Note that the score test statistic is derived
under the null hypothesis. Under the alternative hypothesis that some SNPs in the set are
associated with the trait, the variance estimated is (in general upward) biased, which may
lead to loss of power. We consider other type of test statistic in this proposal.
Specifically, we propose to use the t-statistics or likelihood ratio test (LRT) from the
single-SNP linear regression model, and construct new test statistics. Under the null
hypothesis, these single-SNP test statistics will approximately follow the multivariate
normal distribution with zero mean and some covariance matrix, which can be readily
computed based on the score statistics. We will demonstrate the power of proposed
methods using extensive simulations.

For discrete traits, we will adopt a generalized linear model (GLM), such that Y
independently follows an exponential family distribution. The LRT statistic for each SNP
can be readily obtained from the single-SNP GLM, and signed square root of the LRT
will be used to construct the new test statistics.

We will use the developed methods to answer research questions relevant to public health
in the Atherosclerosis Risk in Communities (ARIC) study. Specifically, we will apply our
methods to re-examine the association of exome chip SNPs with type 2 diabetes and
related traits, including fasting glucose, fasting insulin, 2-hour glucose after an oral
glucose tolerance test, and hemoglobin Alc in non-diabetic white samples in ARIC. In
addition, we will compare results from the proposed methods to existing alternative
methods.
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