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Abstract

Microarrays are new biotechnological devices that permit the simultaneous evaluation of expression
levels of thousands of genes in one or more tissue samples. We develop a new method for identifying
differentially expressed genes in replicated cDNA and oligonucleotide microarray experiments. The
method is based on a nonparametric prediction interval which is computed as an order statistic of
n control measurements and is applied sequentially to a seripgaylicate sets of experimental
measurements, each of size We illustrate how reasonable experiment-wise false positive and false
negative rates can be attained for any practical number of genes based on manipulating the order
statistics, n, p and;. The method is used to identify gene expression levels that are associated with
a pathological condition beyond chance expectations given the large number of genes tested. We
illustrate use of the method on replicated gene expression data in tumor and normal colon tissues, and
compare it to an alternative approach based on permutation tests.
© 2004 Published by Elsevier B.V.
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1. Introduction

With the advent of methods for large-scale gene expression studies, such as microarray
technology Chee et al., 1996 evaluation of large numbers of gene mRNA levels amongst
different individuals is now possible. An immediate consequence of this new technology
is the ability to differentiate gene expression among normal and diseased states, a problem
of central importance to modern biology and medical research and has wide applicability
to high throughput pharmaceutical screening. From a statistical perspective, the problem
is complex for three primary reasons. First, determining whether an observed difference
between two sources (e.g., normal children versus children with Down’s syndrome) is due to
chance, is an almost insurmountable problem when testing several thousand genes. Second,
little is known about the distributional form of intensity data of this type. Often, the data
vary over several orders of magnitude with a proportion of the distribution censored below a
limit of detection Audic and Claverie, 1998In many cases (e.g., cDNA microarrays), the
data for each gene are expressed as a ratio of two fluorescence intensity measures, leading
to both left and right censoring problems. Third, the number of available measurements is
typically small (i.e., 10 or 20 at most), at least in part, due to the high expense of these
new technologies, and for some applications due to the limited availability of postmortem
human tissue of sufficient quality for the analysis.

Note that the problem addressed in this paper (i.e., identifying differential expression
levels in replicated microarray experiments) is only one of several important statistical
problems associated with microarrays (S8&verie, 19990r a review of the earlier work).

Some ofthe earliest approachesto this problem involved the identification of groups of genes
with similar function using cluster analysigiéen et al., 1998 Such methods are often
referred to as “unsupervised” in that they do not consider auxiliary information regarding
gene function or their relation to relevant outcomes of interest. Alternative “supervised”
methods have been introduced to take advantage of auxiliary information by incorporating
disease classes or related outcomes. For example, some investigators have focused on the
identification of genes of similar function (e.g., classification of various tumor types) using
various forms of discriminant analyses applied to the expression level pr&fitesif et al.,

200Q Dudoit et al., 2000Brown et al., 1999; Ben-Dor et al., 20p®astie et al. (200 ave
combined supervised and unsupervised approaches by developed “gene shaving” and “tree
harvesting™ algorithms in which hierarchical clustering is used to reduce the dimensionality

of the problem and the resulting gene clusters are then related to outcomes of interest
(e.g., survival time). A similar approach using linear modeling of “genetic profiles” (i.e.,
identified using unsupervised hierarchical clustering) has been suggestad Bpmeren

et al. (2000)

Methods for analysis of variance components in a single microarray slide have been
developed byNewton et al. (2001); Kerr et al. (200@nd Sapir and Churchill (2000)n
such experiments, the data for each gene consist of two fluorescence intensity measures,
(R, G), representing the expression level of the gene in the red (Cy5) and green (Cy3)
labeled mRNA samples. Typically, one of the two dyes corresponds to a pooled set of
control tissues (e.g., normal colon tissue samples) and the other to an experimental tissue
of interest (e.g., tissue taken from a malignant tumor in the coldnjloit et al. (2002)
classify various “single-slide” methods in terms of whether they are based solely on the
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