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Abstract: This study develops a unified test procedure for nonparametric functions

in a reproducing kernel Hilbert space of high-dimensional or functional covariates.

The test procedure is simple, computationally efficient, and practical because we

do not need to distinguish high-dimensional or functional covariates. We derive the

asymptotic distributions of the proposed test statistic under the null and a series

of local alternative hypotheses. The asymptotic distributions depend on the de-

cay rate of the eigenvalues of the kernel function. This decay rate is determined

by the kernel function and the types of covariates. We also develop a novel ker-

nel selection procedure to maximize the power of the proposed test by maximizing

the signal-to-noise ratio. The proposed kernel selection procedure is shown to be

consistent in selecting the kernels that maximize the power function. Moreover, a

test with a regularized kernel is constructed to further improve the power. It is

shown that the proposed test nearly achieves the power of an oracle test if the reg-

ularization parameter is properly chosen. Extensive simulation studies evaluate the

finite-sample performance of the proposed method. Finally, we apply the proposed

method to a Yorkshire gilt data set to identify pathways that are associated with

the triiodothyronine level. The proposed methods are included in an R package

“KerUTest.”

Key words and phrases: Gene set analysis, kernel function, nonparametric regres-

sion, reproducing kernel Hilbert space.

1. Introduction

High-dimensional or functional data arise in a wide range of areas, including

biology, imaging, and climate. In genetic studies, millions of single nucleotide

polymorphisms (SNPs) can be measured simultaneously using high-throughput

technologies. The identification of genes that are associated with certain traits,

such as blood pressure and grain yield, is becoming increasingly important in

health and agriculture sciences. Although the traditional methods focus on a
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