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3.  Timeline:
We anticipate around three manuscripts ready to submit for Publications Committee
review in Fall, 2015.

4. Rationale:

Many methods have been developed to explore the influence of rare variants on the
complex diseases (Lee et al., 2014). A single rare variant association test often lacks
power. Rare variant set based tests that aggregate information across rare variants within
a gene have become attractive to enrich the rare variant association signal. Existing
methods are broadly based on the burden test (Li and Leal, 2008; Madsen and Browning,
2009) and the sequence kernel association test (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 SKAT assumes unequal variant risks, and
performs well for a mix of both protective and deleterious variants. To further improve
the power, SKAT has proposed to weight rare variants inversely proportional to their
minor allele frequencies (MAFs). Lee et al. (2012) proposed SKAT-O to adaptively
weight the burden test and SKAT. SKAT-O numerically chooses an optimal weight to
maximize the power, and is computationally very involved. SKAT based approaches
have commonly used the score statistics, and there have not been any systematic studies
of the impact of choice of score test statistics and the associated rare variant weights.

We propose to develop efficient algorithms to compute significance of adaptively
weighted burden and SKAT statistics. We also propose and empirically evaluate
alternative forms of score statistics and rare variant weights for SKAT. We further
propose an adaptive burden test and study the power of adaptively combining SKAT and
the proposed adaptive burden test.

5.  Main Hypothesis/Study Questions:

We will develop statistical methods for an association test of rare variant sets. We will
apply the proposed methods to the ARIC data to identify rare variant 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).

Consider a binary trait denoted as D. Denote X as the covariates to be adjusted for. For a
given set of m rare variants, denote (Gg, ..., Gn) as their copy of minor alleles. We model
the binary trait with a logistic regression model, logit[Pr(D=1|X,Gy,...,Gn)]
=0t Xo+G1f1+...+ GmPm. The rare variant set association is testing the null hypothesis
Ho: B1=...=Pm=0. Note that individual Bx can be estimated and tested using the score
statistics Uy, which can be very efficiently computed under the null model. To reduce the
number of degrees of freedom in the test, the burden test approach typically assumes
B1=...=Pm, and thus consider a test statistic based on the sum, U;+...+Uy. To allow the



effect Bk vary across SNPs with different directions, SKAT considers sum of squared
score statistics, Uy*+...+Un2 For both tests, we can incorporate a weight wy for the k-th
rare variant, which is typically computed based on the rare variant MAF.

We will evaluate several variations of the burden test and SKAT. First note that Uy is
typically not standardized, and it is not intuitive to directly compare them across rare
variants. We propose to use the standardized score statistics Vi in the burden test and
SKAT, and comparatively study different forms of rare variant weights {w}. Secondly
note that the burden test typically works well if all variants have similar effects, and has
reduced performance with a mix of protective and deleterious variants. We propose the
following adaptive burden test, B=max(max(w;V1,0)+...+max(wnVm,0), max(-
w;1V1,0)+...+max(-wnVm,0)), which tries to adaptively choose the sum of positive or
negative signals. Following Lin (2005), we can use Monte Carlo simulation to efficiently
evaluate the significance of B since it is based on the score statistics. We further propose
to use the minimum p-value of B and SKAT to adaptively test the significance of the rare
variant set. For other type of traits, we will assume the exponential family distribution
and generalized linear model. We will demonstrate the power of proposed methods using
extensive simulations.

We will illustrate the developed methods using the genetic data 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 in non-diabetic white samples in ARIC. In addition, we will compare results from the
proposed methods to existing alternative methods. We will adjust for standard covariates
(age, sex, center, and if necessary, principal components of ancestry).
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