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Abstract

Clustering is a common methodology for analyzing the
gene expression data. In this paper, we present a new clus-
tering algorithm from an information-theoretic point of
view. First, we propose the minimum entropy (measured
on a posteriori probabilities) criterion, which is the condi-
tional entropy of clusters given the observations. Fano’s in-
equality indicates that it could be a good criterion for clus-
tering. We generalize the criterion by replacing Shannon’s
entropy with Havrda-Charvat’s structural α-entropy. Inter-
estingly, the minimum entropy criterion based on structural
α-entropy is equal to the probability error of the nearest
neighbor method when α = 2. This is another evidence that
the proposed criterion is good for clustering. With a non-
parametric approach for estimating a posteriori probabil-
ities, an efficient iterative algorithm is then established to
minimize the entropy. The experimental results show that
the clustering algorithm performs significantly better than
k-means/medians, hierarchical clustering, SOM, and EM in
terms of adjusted Rand index. Particularly, our algorithm
performs very well even when the correct number of clus-
ters is unknown. In addition, most clustering algorithms
produce poor partitions in presence of outliers while our
method can correctly reveal the structure of data and effec-
tively identify outliers simultaneously.

1. Introduction

When the cell undergoes a specific biological process,
different subsets of its genes are expressed in different
stages of the process. The particular genes expressed at
a given stage (i.e. under certain conditions) and their rel-
ative abundance are crucial to the cell’s proper function.
Technologies for generating high-density arrays of cDNAs
and oligonucleotides enable us to simultaneously observe
the expression levels of many thousands of genes on the
transcription levels during important biological processes.
Such global view of thousands of functional genes changes

the landscape of biological and biomedical research. Large
amounts of gene expression data have been generated. Elu-
cidating the patterns hidden in these gene expression data is
a tremendous opportunity for functional genomics.

A preliminary and common methodology for analyzing
gene expression data is the clustering technique. Clustering
is the process of partitioning the input data into groups or
clusters such that objects in the same cluster are more sim-
ilar among themselves than to those in other clusters. Clus-
tering has proved very useful for discovering important in-
formation from gene expression data. For example, cluster-
ing can help identify groups of genes that have similar ex-
pression patterns under various conditions or across differ-
ent tissue samples [7,14]. Such co-expressed genes are typ-
ically involved in related functions. Clustering is also often
the first step to discover regulatory elements in transcrip-
tional regulatory networks [1, 28]. Co-expressed genes in
the same cluster are probably involved in the same cellular
process and strong expression pattern correlation between
those genes indicates co-regulation.

The clustering problem can be formally stated as fol-
lows: 1 given a dataset of X = {xi|i = 1, . . . , n} and
an integer c > 1, map X onto C = {Cj |j = 1, . . . , c}
so that every xi is assigned to one cluster Cj . Besides ana-
lyzing gene expression data, clustering can also be applied
to many other problems, including statistical data analy-
sis, data mining, compression, vector quantization, etc. As a
branch of statistics, cluster analysis has been studied exten-
sively in the literature. A large number of clustering algo-
rithms have been proposed, such as hierarchical clustering,
k-means/medians [8, 16], expectation maximization (EM)
algorithm [5], self-organizing maps (SOMs) [19], etc. In hi-
erarchical clustering, a nested set of clusters is created. Each
level in the hierarchy has a separate set of clusters. At the
lowest level, each object is in its own unique cluster. At the
highest level, all objects belong to the same cluster. The
hierarchical clustering methods, though simple, often en-

1 As seen later, this definition is not so general as to be consistent with
all the types of clustering strategies, e.g. hierarchical clustering and
EM algorithm. For our purpose, however, it is adequate enough.
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