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ABSTRACT

This work proposes a new approach for gene expression
data clustering. The technique proposed is based on acom-
bination of two algorithms — aiNet and the minimal span-
ning tree (MST) — through a complementary hybrid analy-
sis. The aNet (Artificial Immune NETwork) [1,2] is an
artificial immune system inspired by the immune network
theory, originally proposed by Niels Jerne (1974) [4]. It is
an iterative clustering algorithm that performs data com-
pression using a pattern recognition processinspired by the
human immune system. In the biological system, specific
antibodies are produced to recognize disease-causing
agents, broadly named antigens. In the present work, the
“antigens” correspond to the gene expression data, and the
antibodies are the aiNet cells, which will be representative
of the gene expression data. The aiNet algorithm thus plays
two hportant roles. First, it simplifies the complexity of
the problem by compressing the input data set, filtering out
outliers and using multiple prototypes for representing dif-
ferent classes of data. Second, aiNet places the prototypes
(network cells or antibodies) in regions of the input space
relevant for the clustering of multivariate data in spaces of
very high dimension, such as gene expression data.

The next step in the analysisis to use the minimal spanning
tree to detect inherent separations between the subsets pre-
sent in the spatial distribution of the network of antibodies.
The MST is a tool from graph theory that proved to be a
powerful artifice for data clustering [6]. Roughly, given a
set of points (data), a MST is built linking all these points,
and those links considered inconsistent are removed from
the tree, resulting in a disconnected graph. Each of the sub-
graphs generated correspond to one cluster. There are sev-
eral forms of evaluating the inconsistency of edges in an
MST. It has even aready been used for gene expression
data analysis [5], but with methods of identification and
removal of inconsistent edges conpletely different from
the method used here, which is based on a local criterion
originally proposed by Zahn (1971) [6]. In our approach, it
is possible to explore cluster boundaries by taking into ac-
count their relative densities, thus preserving the inherent
structure of the data spatial distribution. Another important
aspect of our proposal isthat the MST is built on the anti-
body network, and not directly on the data set. This charac-
teristic has a major impact in the clustering process, be-
cause the data compression performed by the aiNet and the
prototype positioning reduces the levels of noise and re-
dundancy in the data set and discovers key portions of the
input space for the detection and representation of clusters.
Therefore, the aiNet makes it possible for the MST to de-
tect inherent separations within the data set.

The hybrid method proposed was applied to a bench-
mark data set of the yeast Saccharomyces cerevisiae
gene eqression levels obtained in [3]. Four clusters
previously detected in [3] were chosen for the analy-
sis: clusters C, E, F and H, totalizing 68 genes in 79
different experimental conditions. These clusters were
the same used in the analysis performed in [5]. Using
the correlation coefficient as distance measure, the
hybrid algorithm was capable of cktecting correctly
the four clustersin ten test cases, with an average data
compression of 21%. Building the MST directly on
the data set and applying the proposed inconsistency
criterion, the clusters E, F and H were perfectly iden-
tified, but cluster C was divided into two subsets.
This may be due to the absence of the robustness in-
troduced by the aiNet, making the M ST susceptible to
noise. Thisresult, together with other empirical inves-
tigations currently being performed, suggest that
aiNet plays a key role in the detection of important
portions of the input space, and thus to be used in the
clustering process.

The results also demonstrate the feasibility of the
proposed method as a clustering technique. It is capa-
ble of accurately detecting the presence of clusters
within the data sets studied. Another remarkable ad-
vantage of this algorithm is that no knowledge about
the number of clustersisrequired a priori, as the most
classical approaches do, such as the hierarchical clus-
tering techniques[3].
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