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1

Introduction

Analysis of gene expression proﬁles of genome-wide data created in cDNA-microarray experiments
is a complex task that seems to require an inclusion of biological knowledge. We have attempted
to express this knowledge by using an approach of the so-called templates. An analysis method has
been deﬁned and implemented. It has been tested on the ﬁbroblast data set [3]. Preliminary results
suggests that the method generates biologically interpretable classes of related genes.

2

Methods and Results

We have approached the problem of gene expression analysis from two diﬀerent angles. In the ﬁrst
approach we used a clustering method that blindly bundles the time series of gene expressions. Similarity of the proﬁles that emphasizes an intuitively appealing concept of equal gradients was deﬁned
by means of a Haar wavelet transform [1]. A discernibility relation was constructed and gene proﬁles
which were indiscernible were clustered to the same classes. The method was tested on the ﬁbroblast
data that are publicly available [3]. The data set contains measurements of gene expression levels for
about 8600 human genes in response of ﬁbroblasts to serum. 517 genes showed a signiﬁcant∗ change in
the expression levels during a 24 hour experiment. Of these, about 340 genes are non-EST’s. Following
Iyer et al. [3] we applied the afore mentioned method to the measurements over the entire 24 hour
period. Our clustering results were similar although no detailed comparison analysis was performed.
The results were presented in [2].
We have later found indications that the requirement of similarity over the entire period of 24hours may be too restrictive and, supposedly, obscured the underlying biological knowledge. Although
we could have relaxed the 24-hour constraint to be time-windows of varying length, it seemed more
plausible to also pre-deﬁne which patterns of the gradients of the functions were to be searched for. So
motivated, we decided to explore a second approach in which we have encoded background knowledge
as a set of templates. A template is a prototypical pattern of expression level proﬁles restricted
to a predeﬁned time sub-interval. After initial experiments with several combinations of gradients
we arrived at ﬁve templates that capture the basic features of all functions: increasing–decreasing,
decreasing–increasing, increasing, decreasing and constant.
∗

For the deﬁnition of signiﬁcance see Note 7 in [3]
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The template approach has been tested on the same data set. The obtained clusters were then
manually partially validated using the current biological knowledge.
The preliminary analyzes showed that the cluster of genes with increasing expression levels at an
early interval (2–6 hours) contained a large amount of genes coding for proteins involved in protein
synthesis. The cluster of genes with increasing expression levels at a later interval (4–16 hours)
contained almost no protein synthesis associated genes, but instead a substantial number of genes
involved in cell cycle processes was found.
We are now in the process of annotating all the known genes in the 517 gene data set according to
Ashburner’s Gene Ontology [6]. A comparison of clustering according to Gene Ontology annotation
with clustering of the dynamics of gene expression levels will be presented at the meeting.

3

Discussion

By deﬁning templates restricted in duration and form we essentially restrict the family of proﬁles
under consideration to a well-deﬁned class. The temporal restriction, motivated by knowledge about
phases of the ﬁbroblast serum responses, helps illuminate how a single gene may play diﬀerent roles
at diﬀerent stages. The restriction to a pre-deﬁned set of time courses is appealing, as we think it is
possible to relate a pre-deﬁned time-course to a biologically plausible function or role in a process.
The issue of ﬁnding the best clusters is in part a problem of feature extraction and feature selection. In our case it translates into ﬁnding appropriate intervals and their combinations. One way of
achieving this is by employing Boolean reasoning to ﬁnd minimal sets of intervals from all the possible
combinations. The ROSETTA system [5] will be used to this end.
Several major challenges remain. Ultimately a good classiﬁcation should be informative and relevant to the type of questions asked (e.g. molecular mechanisms versus cell biological or physiological
processes). It should take into account that the same gene may participate in distinct processes at
diﬀerent time-points in the ﬁbroblast response.
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