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The Gene Ontology (GO) Project provides structured, controlled vocabularies in the domain of molecular biology.  These vocabularies are being incorporated in various bioinformatics resources the aid biological annotations. The GO project has provided a model for practical development of ontologies. This model has been extended for the development of other necessary ontologies for biological information management such as anatomies, phenotypes, and life stages.

The GO project has promoted an open community model for development for ontologies in general and has fostered common standards implementations among model organism database systems overall. Here I present an example of the extension of the GO paradigm to the general implementation of ontology representations in the Mouse Genome Informatics (MGI) system, a comprehensive public resource integrating information about the laboratory mouse from sequence (genotype) to phenotype.

The Mouse Genome Database (MGD) and the Gene Expression Database (GXD) are integrated components of the Mouse Genome Informatics (MGI) resource.  The MGI system presents both a consensus view and extensive experimental data sets concerning the genetics and genomics of the laboratory mouse.  MGI integrates information about genes, sequences, genomic features, maps, expression analyses, alleles, strains and mutant phenotypes as well as overall comparative mammalian data.  Multiple controlled vocabularies are used as tools for annotation, organization and querying the database. The GO annotation system is used to describe a gene product in terms of the function it performs, the process that the function is part of, and the cellular compartment or complex in which it is found. Gene products are annotated by manual curation of experimental results found in published literature as well as by electronic means. GO terms at the most precise level that can be determined by the information available.

In addition to full integration of the GO in the MGI system, the Mouse Anatomical Dictionary and Phenotype Classifications provide the mechanism for annotation of aspects of gene expression, QTL analysis, and incorporation of information about experimental mouse mutants. Annotation of such information combines molecular details as well as information about the normal and dysfunctional phenotypes and the relationship of these phenotypes to those in humans.  Mouse phenotypes are associated via carefully defined relationships with human phenotypes, particularly diseases. 

Data integration is dependent upon quality determinations of object identities and relationships and upon the use of defined, structured vocabularies (ontologies). The challenge for ontology developers is to construct ontologies that are fully documented and that can be updated, expanded and maintained in robust forms accessible to the larger scientific community.   The development of conceptualization formalisms in molecular biology such as those provided by the GO project provide a mechanism to connect disparate knowledge for data exploration.

New data structures in MGI support a general DAG model for all ontologies that facilitates edits, views, and queries of these vocabularies. Queries enable searching at any level in the graph to return sub-term annotations.  Browsers provide views of the graph structure as well as summary reports. The MGI annotation pipelines include several different classification schemes that enable a variety of query capabilities for our users. The independent annotation of genes with various classification systems provides the opportunity to explore the power and the limitation of the different classifications and to develop tools to logically extend by inference the data connections in this knowledgebase. The integration of disparate information within a model organism as well as the interconnection of information between species via shared ontologies will be discussed.
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