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Abstract:

Kernel-based association test (KAT) has been a popular approach to evalu-
ate the association of expressions of a gene set (e.g., pathway) with a phe-
notypic trait. KATSs rely on kernel functions to capture potential linear or
nonlinear relationship among features in a gene set. A kernel function cap-
tures the sample similarity across multiple features. When calculating the
kernel functions, features in a gene set are treated as independent in all the
KAT-based methods. While genes in a functional group (e.g., a pathway)
are not independent in general due to regulatory interactions, incorporating
such regulatory network (or graph) information can potentially increase the
power of KAT. In this work, we propose a graph-embedded kernel associ-
ation test, coined as gKAT. gKAT incorporates prior pathway knowledge
when constructing the kernel function into hypothesis testing. We apply a
diffusion kernel to capture feature similarities in a pathway, then incorpo-
rate such information to calculate sample similarities for further association
test. We illustrate the geometric meaning of the approach. Through ex-
tensive simulation studies, we show that the proposed gKAT algorithm can
improve testing power compared to the one without considering feature sim-
ilarities. Application to a real data set further demonstrate the utility of
the method.
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