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a b s t r a c t
Biclusters are subsets of genes that exhibit similar behavior over a set of conditions. A
biclustering algorithm is a useful tool for uncovering groups of genes involved in the same
cellular processes and groups of conditions under which these processes take place. In this
paper, we propose a polynomial time algorithm to identify functionally highly correlated
biclusters. Our algorithm identiﬁes (1) gene sets that simultaneously exhibit additive, multiplicative, and combined patterns and allow high levels of noise, (2) multiple, possibly
overlapped, and diverse gene sets, (3) biclusters that simultaneously exhibit negatively
and positively correlated gene sets, and (4) gene sets for which the functional association
is very high. We validate the level of functional association in our method by using the GO
database, protein–protein interactions and KEGG pathways.
Ó 2010 Elsevier Inc. All rights reserved.

1. Introduction
Finding sets of co-regulated genes can lead to identiﬁcation of their functionality and eventually the genetic pathways
involved. Clustering co-regulated genes from a microarray dataset is performed by examining the expression values of
the genes under various conditions. Each condition, also called a sample, denotes the state to which the gene was exposed
(e.g., temperature) or the stage of an arbitrary cellular processes. Note that not all samples are observed in a particular cellular process, nor do all genes in a microarray dataset participate in it. We can expect subsets of genes to be co-regulated
under certain experimental conditions, but to behave almost independently under other conditions [7]. The data mining
technique used to ﬁnd a submatrix of a functionally coherent gene and sample set in a microarray is known as biclustering,
as presented by Cheng and Church [9]. A set of genes in a bicluster exhibits several patterns of expression values. The data
matrix in Fig. 1(a) exhibits no obvious pattern when plotted in Fig. 1(b). Biclusters that exhibit various patterns can be identiﬁed from the data matrix with various biclustering algorithms, as indicated in Fig. 1(c)–(e).
Many biclustering algorithms have been introduced [17], and most variants of the biclustering problem have been shown
to be NP-hard [9], so all of these algorithms use heuristic methods or probabilistic approximations. Accordingly, these algorithms have various strengths and weaknesses and each identiﬁes different patterns. Biclustering algorithms can be generally divided into two groups according to the type of patterns:
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