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A biomedical revolution is taking place that is dramatically changing our understanding of human health, has already produced many new therapeutics, and promises even more exciting advances in the years to come. Fundamental to this progress is the integration and exchange of information among many research centers. Standardized, structured vocabularies are major components of data integration efforts. Associating objects with standard terms enables reliable, consistent queries across data sets of varying types. Further, structured vocabularies, in contrast to simple lists, accommodate different levels of resolution in data reporting (at annotation time) and retrieval  (at query time). Finally, common vocabularies used by different databases enable queries and comparisons across domains.

The Gene Ontology (GO) consortium is a community effort to facilitate biomedical research by providing such a semantic standard for molecular biology. The GO comprises three complementary ontologies for describing aspects of the biological functioning of genes and their products. The Molecular Function ontology organizes the “low level” tasks occurring at the molecular level, e.g., chromatin binding and ion transport. The Biological Process ontology organizes the “higher level” tasks that have specific biological objectives, e.g., DNA repair and homeostasis. Finally, the Cellular Component ontology describes the cellular anatomy, organizing the different structures in which gene products are active, e.g., nuclear chromatin and plasma membrane.

In the realm of biomedical research, the laboratory mouse is the premier model organism. Mice and humans share most of the same genes and get most of the same genetically based diseases. Clearly, the integration and exchange of information about the mouse is important to research. The Mouse Genome Informatics (MGI) system at The Jackson Laboratory is the world’s primary integration nexus for information about the laboratory mouse. This information spans the range from genotype to phenotype and comes from a wide variety of sources, including the scientific literature, direct submissions from researchers, and downloads from other data resources. MGI is an active participant in community efforts to develop data integration and exchange standards and was a founding member of the Gene Ontology Consortium. The GO is an integral part of the MGI system.

Structured vocabularies such as the GO are becoming increasingly common in bioinformatics. MGI has therefore developed generic mechanisms for representing them and for associating vocabulary terms with other database objects. Our approach comprises three components: DAGs, Vocabularies, and Annotations. Ontologies such as the GO have the structure of directed acyclic graphs, or DAGs. As well, there are other objects of interest that are DAG structured, such as the breeding histories of inbred strains and the grouping of genes into gene families. For these reasons, we developed core database support for DAGs. A Vocabulary comprises a set of Terms that may (or may not) be structured into one or more DAGs. Each term has a label, may have a definition and synonyms, and may have external identifiers. The GO is thus represented as a Vocabulary in which the terms are structured into three separate DAGs. Finally, MGI’s generic Annotation mechanism supports the association of Vocabulary terms to other database objects, with each annotation supported by citations and evidence codes. We use this mechanism for numerous purposes, notably, the association of mouse genes to GO terms.

MGI is both a consumer and producer of data in the growing community of bioinformatics databases. We regularly exchange data with virtually every major public informatics resource, including GenBank, SwissProt, LocusLink, and the other model organism databases. We receive and process data in many different formats. Likewise, MGI data are publicly available in the form of complete database dumps and numerous specialized reports. Both are produced daily and are formatted as delimited ASCII. We rely heavily on the use of unique accession identifiers, as does the rest of the bioinformatics community. For example, one report consists of all the mouse-gene-to-GO annotations; this is a tab-delimited text file containing 15 columns, the two most notable being the MGI id of the annotated gene and GO id of the term to which the gene is annotated. This file is uploaded to the central GO web site and is loaded into the AmiGO database, along with similar files contributed by other consortium members. AmiGO then provides cross-species queries and reports. This powerful capability is enabled by the shared use of the GO, simple, well-defined data exchange formats, and the willing participation of the bioinformatics database community. MGI remains committed to fostering this kind of productive data exchange.  Advances and consensus in data exchange standards are of great interest to MGI and to the GO consortium in their work as public integrators of biological information.
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