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Introduction

'Small molecules' are a core element of biomedical data. They serve as signalling  To date, automatic classification of chemical entities within the ChEBI ontology has not been possible.
molecules, influence the behaviour of proteins and enzymes and generally form the However, with the growth in usage and the ever-increasing backlog of requests from users both within
small molecule metabolism in living organisms. As such, chemical ontologies, which the UK and abroad, we feel that automatic classification is essential. The size of the domain of
provide stable identifiers and a shared vocabulary for small molecules, are crucial to  biologically interesting chemicals is essentially infinite, but even if we focus only on those chemical
enabling the interoperation and semantic querying of such data. ChEBI' is a publicly  entities which are actively required for systems biological research and drug discovery, we find that the
available, manually annotated database of chemical entities and a chemical ontology,  size of the domain vastly exceeds the ability of manual classification methods to provide a high
containing approximately 18000 annotated entities at the last release (June 2009). percentage of coverage.

ChEBI is widely used for annotation of chemicals within biological databases, for text-
mining, and as a chemistry component for intelligent and semantic web applications.
Classification of entities into ontologies may be accomplished manually by careful
annotation, as is the case for ChEBI. However, the amount of information on small
molecules, like other areas of biomedical data, is growing exponentially and thus there is
no hope to continue to deal with them so/ely by manual means. Our work will synthesise logic-based approaches with relevant cheminformatics techniques.

The domain of chemistry is more tractable for automatic classification into ontologies than the domains
of many other bio-ontologies such as that of the Gene Ontology, as chemical structures are already
computationally accessible in standard formats, and the structures are integrally related to the
ontological classification.
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2. Use cheminformatics tools to extract features from structures 3. Apply automated classification

Description logic-based reasoning technology is a prime candidate for development of such an automatic classification system as it allows the rules of the
classification system to be encoded within the knowledgebase. Already at 18000 entities, ChEBI is a fair size for a real-world application of description logic
reasoning technology, and as the ontology is enhanced with a richer density of asserted relationships, the classification will become more complex and
challenging. We have successfully tested a description logic-based classification of chemical entities based on specified structural properties using the
hypertableaux-based HermiT?2 reasoner, and found it to be sufficiently efficient to be feasible for use in a production environment on a database of the size that
ChEBI is now.

Future work will combine the cheminformatics algorithms for feature detection and graph isomorphism such as in the open source CDK? library, with logic-based
and stochastic algorithms for automated classification to provide a general solution for automated structure-based classification of chemical entities.
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