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ABSTRACT though these functional prediction tools process GO annota-
Motivation: Bio-ontologies, such as the Gene Ontology,  tions they do not fully exploit the knowledge that can be
represent important sources of prior knowledge that may be extracted from analyzing relations of GO terms and their
automatically integrated to support predictive data analysis information content in different annotation databases. Fo
tasks. The assessment of similarity of gene products pro- instance, traditional functional prediction support arsttr
vides the basis for the implementation of classification tools analysis tools mainly process information about tree fr
and the automated validation of functional associations. This  quency of individual annotation terms associated withta lis
study discusses alternative techniques for measuring ontol- of genes. Furthermore, such applications may be improved
ogy-driven similarity of gene products. Relationships be- by explicitly considering similarity relationships between
tween these types of similarity information and key functional the genes, which may be estimated by analyzing both the

properties, such as gene co-expression, are discussed. information content and structure of the GO. It has been
suggested that by ignoring susdmantic similarity between
1 INTRODUCTION closely related GO terms (e.g., between a parent and a

Bio-ontologies represent important knowledge bases, whickhild), traditional methods may fail to identify thenttional
have traditionally been applied to enhance database annogimilarity between genes annotated with these closely
tion and interoperation as well as cross-databaseniaion  lated yet distinct terms.
retrieval tasks. Th&ene Ontology/7 (GO) (The Gene On- Thus, the GO has been proposed as a tool for measuring
tology Consortium, 2001) is one such resource that is besimilarity between genes. Previous research showedisigni
coming thede facto standard for annotating gene products. cant relationships between semantic similarity of pairs of
The relevance of the GO goes beyond annotation and igenes and their sequence-based similarity (Letrdal.,
formation retrieval applications. It has been shdlat GO 2003). Also we have evaluated relevant quantitative rela-
may facilitate large-scale predictive applications in functionships between GO-driven similarity and gene expressio
tional genomics. The analysis of GO annotations in geneorrelation (Wangt al., 2004). GO-driven clustering algo-
expression analysis may help to explain why a particularithms based on such approaches have been recently re-
group of genes share similar expression patterns. Severabrted (Wanget al., 2005, Speerst al., 2004). Moreover,
tools have been proposed to identify functionally-endche they have provided the basis for developing tools theyt m
clusters of genesratiGO (Al-Shahrouret al., 2004, for  facilitate the identification of relevant partitiofrom clus-
example, extracts GO terms that are significantly over- otering, using, for example, GO-driven cluster validityiind
under-represented in clusters of genes. GO-based annot&s (Bolshakovat al., 2005)
tions have been incorporated to construct functionalipre ~ This paper discusses our current research on the design of
tors that in combination with other information resmg GO-driven similarity assessment techniques. It aims to
have shown to improve functional association predictiorcompare two approaches to estimating between-gene simi-
(e.g. protein-protein interactions) (Jansen al., 2003). larity, which may be implemented using different schemes
Hvidstenet al. (2003) combined gene expression data witifor measuring between-term similarity. Relationshigs b
annotations originating from the GO biological practsx- tween semantic similarity and gene co-expression are fu
onomy. They appliedough set theory to assign biological ther investigated taking into account both approaches.
process terms to genes represented by expression patterns.
King et al. (2003) implementedecision treesandBayesan 2 SEMANTIC SIMILARITY APPROACHES TO
networks to predict new GO terms-gene associations based ASSESSING GENE SIMILARITY

on EXiSting annotations from the SGD and FlyBase. Al- Given a pair of termss; andcz, a traditional method for
measuring their similarity consists of calculating tis-
tance between the nodes associated with these teriies in
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ontology, whose limitations have been discussed elgewheregulation and protein-protein interactionsSncerevisiae
(Zhong et al., 2002). Information-theoretic models have and C. elegans. One of our hypotheses is that the GO-
been studied as alternative approaches to measuring similaitiven similarity of a pair of genes may be used as dn in
ity in an ontology. LeC be the set of terms in the GO. In- cator of regulatory and protein-protein interactions.
formation-theoretic approaches to measuring simildréy Furthermore, we are investigating how GO-driven seman-
tween termsG ] C , may be based on ttanount of infor-  tic similarity may be applied to support the detectioapnf-
mation associated with them or shared by them in commorfious (co-regulation or protein-protein) interactioregic-
Several techniques may be implemented using this princfions. After studying this, one could in principle justifie

ple, such as those proposed by Lin, Resnik and Jiang (Lof#sign of prediction support tools for co-regulation and pro-
et al., 2003, Wangt al., 2004). Similarity (or distance) val- tein-protein interactions, which in combination witther

ues for a pair of gene products described by GO terms m&§SOUrces, e.g. co-expression, may support a more accurate
be calculated based on such techniques (ebrl., 2003, and biologically meaningful identification of functiorzt-
Wanget al., 2004). Given a pair of gene produgsandg,, ~ WOrKS.

which are annotated by a set of teandA; respectively,
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