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Summary

The National Center for Biomedical Ontology is an NIH National Center for Biomedical Computing (NCBC): a consortium comprised of leading biologists, clinicians, informaticians, and ontologists who are working together to develop innovative technology and methods that allow scientists to record, manage, and disseminate biomedical information and knowledge in machine-processable form.  The goals of the Center are:  (1) to help unify and integrate the divergent and isolated efforts in ontology development by promoting open-source, standards-based tools to create, manage, and use ontologies, (2) to create new tools and unify existing software to help scientists to use ontologies to annotate and analyze biomedical data, and (3) to provide a national resource for the ongoing demonstration, evaluation, and evolution of biomedical ontologies and associated tools in the context of driving biomedical projects (DBPs). 

In the field of computer science, an ontology is a representation of the entities, and the relationships among those entities, within a defined application domain.  Ontologies are explicit models that drive modern information technology and thereby support the development of systems for decision support, data integration, data annotation, and natural-language processing, among others.  

The National Center for Biomedical Ontology seeks to provide tools and methods to enhance the use of ontologies throughout biomedicine, and welcomes all kinds of collaborative projects that will benefit from the Center’s resources and that will provide strong “applications pull” to stimulate the Center’s ongoing research and development activities.
The Center is developing two major repositories of biomedical content: (1) Open Biomedical Ontologies (OBO), a comprehensive, online library of open-content ontologies and controlled terminologies, and (2) Open Biomedical Data (OBD), a database resource that will allow expert scientists both to archive experimental data that is fully described (annotated) using the OBO ontologies and terminologies.  The biomedical research community will access OBO and OBD via a system called BioPortal—a Web site and a set of Web services that will enable both human users and computer-based agents to access the rich content that the Center will curate. 

The Center’s ongoing technological development is driven by the core needs of the Center’s driving biological projects, which currently focus on needs (1) to create, access, and browse relevant ontologies, (2) to use ontologies to annotate large experimental data sets—both biological and clinical, and (3) to visualize and draw inferences from the annotated data.  The Center seeks to acquire, curate, and disseminate electronic knowledge resources that can enhance experiment design, experiment execution, data analysis, information synthesis, and hypothesis generation. The Center’s goals are not only technological in nature; there is a pervasive desire to stimulate a cultural shift in the way that biomedical scientists think about online knowledge resources and the application of codified knowledge in their research. 

An Overview of the Center

Like each of the seven National Centers for Biomedical Computing, the activities of the National Center for Biomedical Ontology are divided into seven core components: (1) computer science, (2) bioinformatics, (3) driving biological projects, (4) computing infrastructure, (5) training, (6) dissemination, and (7) management.  The Center’s Web site (http://www.bioontology.org) describes its current work in all these core areas and provides the most up-to-date list of the Center’s staff.  Mark A. Musen, M.D., Ph.D. (Stanford University) serves as principal investigator and Suzanna Lewis, M.S. (Lawrence–Berkeley National Laboratory) serves as co-principal investigator.  A complete roster of the Center’s key personnel appears at the conclusion of this section.

The National Center for Biomedical Ontology is international in its scope, bringing together groups from Stanford Medical Informatics (developers of the Protégé system for ontology editing and management), the Gene Ontology Consortium (responsible for DAG-Edit, OBO-Edit, and the hugely successful collaboration of scientists who contribute to the development of the Gene Ontology), the Department of Medical Informatics at the Mayo Clinic (responsible for the development and subsequent adoption by HL7 of the Common Terminology Services API), the CHISEL Research Group at the University of Victoria (developers of the JAMBALAYA system for ontology visualization), the Department of Philosophy at the University at Buffalo (SUNY; a center for dissemination of best practices in ontology development), and includes driving biological projects centered at the University of California, San Francisco (RCT Bank), the University of Oregon (ZFIN), and Cambridge University (FlyBase).  The Center’s personnel work collaboratively across core activities and across geographic sites.  The extensiveness of its activities and the diverse talents of the Center’s staff make the National Center for Biomedical Ontology an extremely supportive partner for collaborative research.

Computer Science and Bioinformatics

The Center’s research projects are sufficiently broad in scope to be applicable to a wide range of biomedical research domains and to future driving biological projects (DBPs), while remaining pertinent and useful to the needs of the current collaborators.  Although the Center’s work in bioinformatics has been constituted initially to concentrate on the application of ontologies to assist in the annotation and interpretation of large biomedical data sets, the Center’s long-term goals are expansive, welcoming collaborative activities that address the wide use of ontologies in all aspects of biomedical computation.
Because efforts in ontology development historically have been uncoordinated and because individual ontologies are spread widely across the Internet, a critical research focus of the Center is to unify and integrate ontologies, to help biomedical scientists to access and utilize them for annotating and interpreting experimental data, and to enhance the ability of biomedical scientists to analyze the resultant data by providing visualization and reasoning services (see Figure).  The Center is building a large ontology library known as Open Biomedical Ontologies (OBO), which is being seeded using the entries in the existing OBO site on SourceForge.
  The Center’s new OBO resource eventually will contain a very broad range of biomedical ontologies and terminologies.  The Center is developing methodologies and tools for annotating experimental data with terms from these ontologies.  The Center is also creating Open Biomedical Data (OBD), a database resource for storing, visualizing, and analyzing the ontology-based annotations that are linked to primary experimental data. 
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Figure.  Overview of the key Core 1 and Core 2 technologies of the National Center for Biomedical Ontology:  (1) an integrated library of open biomedical ontologies (OBO), (2) a database of annotations on experimental data summarizing key attributes such as anatomy, phenotype, and genetic features (OBD), and (3) a Web portal for accessing, visualizing, and analyzing experimental data informed using ontologies and annotations (BioPortal).  These components inform one another:  Ontologies provide terms for data annotation; the annotations provide a foundation for data query and analysis; the results of these studies inform revisions to the ontologies.
To build the new OBO resource, the Center is performing research and development in the following key areas:

· Methods for indexing and categorizing ontologies

· Methods for relating different ontologies and terminologies to one another and for creating mappings among them 

· Metadata to store information about ontology provenance, usability, and peer review 

· Capabilities for evaluation, versioning, searching, querying, and viewing ontologies 

· Methods for visualizing ontology libraries and their collective contents  

· Semantic Web technology that will provide both human users and intelligent software agents with comprehensive access to the virtual library of ontologies in the new version of OBO.

In Core 2, the Center is developing tools for utilizing ontologies to annotate biological data.  These tools will interoperate with OBD, a database resource to store ontology-based annotations.  The research in Core 2 is producing:

· Tools to capture, and to describe rigorously, experimental data using ontologies. 

· Methods to reconcile changes in annotations and to update them as the source ontologies change 

· Resources and design methods to help biomedical investigators to store, view, and compare annotations of biomedical research data 

· Algorithms and tools to permit scientists to link and compare annotated data across organisms, leveraging cross-species homology to learn about genes and diseases in humans based on data in model organisms.

The center is building BioPortal to make its technologies and resources available to the diverse community of biomedical researchers over the Internet using simple browser technology.  The goal is to enable integrated development of ontology-based tools and distribution of those tools on a global scale, keeping pace with the rapid changes in ontology content. BioPortal adopts a tiered software architecture.  At the lowest level, it provides the infrastructure to unify the component terminologies and ontologies (OBO), ontology metadata, and annotations on experimental data (OBD).  A middle layer of core ontology services—for ontology management and integration, ontology visualization, and peer-review will provide specific functionality for end users.  BioPortal’s interface layer will give users (and computer-based agents) seamless access to heterogeneous biomedical terminologies, ontologies, metadata about ontologies, annotations on experimental data, as well as access to the Center’s open-source visualization and analysis tools.

Driving Biological Projects

A major objective of the Center is to reach out to the scientific community to provide tools and methodologies to stimulate biomedical research, and to work with these scientists to drive future development of the Center’s resources and technologies.

The Center currently supports three driving biological projects that serve as test beds for the Center’s technology and that provide feedback on all activities within the Center.

Linking Mutations in Drosophila to Human Disease

Experiments that study the phenotypic consequences of mutations in laboratory organisms such as Drosophila provide valuable models for understanding human diseases.   Such research requires genomic data and a corpus of phenotypic annotations, for both human DNA and that of the model organism.  The annotations describe the consequences of genetic variation, represented in a structured, computable language, to support making the necessary comparisons.  In this Driving Biological Project, Dr, Michael Ashburner and his team are annotating mutations of Drosophila, giving priority to those genes whose human homologs are associated with disease, applying a Phenotype Ontology that currently is undergoing development in the biomedical community.  The investigators are using the Phenotype Ontology to curate the human homologs of the annotated Drosophila genes, using records from the Online Mendelian Inheritance in Man (OMIM) database as the main informative source for this curation. 

Relating Zebrafish Phenotypes to Human Disease Genes
The Zebrafish Database (ZFIN) currently provides extensive information about zebrafish genetics and genomics.  However, the database is limited in that it provides only superficial descriptions of mutant and wild-type phenotypes.  For this reason, Dr. Westerfield and his group are developing robust support for representing zebrafish phenotypes.  They are curating published phenotype data and data submitted directly from large-scale mutant screens, and are using these data to annotate allele records in ZFIN and to link them with human disease phenotypes. The investigators also will carry out a parallel annotation of the human homologs of the annotated zebrafish genes, using OMIM records as the informative source for this annotation.  

Analyzing Evidence in HIV Clinical Trials
Human Immunodeficiency Virus/Acquired Immunodeficiency Syndrome (HIV/AIDS) continues to be a worldwide pandemic. Two essential but controversial issues in HIV/AIDS care concern how to prevent mother-to-child transmission (MTCT) of the virus, and whether AIDS patients on chronic treatment can benefit from structured treatment interruptions (STI) of anti-retroviral drugs. As with clinical research in general, the highest quality evidence on these topics comes from randomized clinical trials (RCTs), of which there have been approximately 40 addressing MTCT and 13 addressing STI in chronic HIV infection. However, no clear clinical conclusions arise from the sum of these trials, in part because the trials differ so much in the treatment regimens tested, the patients enrolled, and the outcomes assessed. 

In this project, Dr. Sim and her group are developing a principled way to structure, summarize, and visualize the primary evidence from these trials. They will create an ontology of annotations for HIV/AIDS clinical-trial data, and will abstract and annotate MTCT and STI trial results. The goal is to use the Center’s resources to help answer whether, how, when, and to whom to administer STI or MTCT preventive strategies, in hopes of decreasing the burden of HIV/AIDS worldwide.

Dissemination and Outreach

A major activity of the Center involves teaching best practices of ontology development to biomedical scientists who wish to contribute to the OBO library and to train new users in the operation of the Center’s technologies.  By adhering to rigorous logically coherent practices we can ensure that independently developed ontologies will be interoperable. The National Center of Biomedical Ontology hosts highly interactive workshops and tutorials where Center staff participate in educational activities that will lead to enhanced ontology content and more usable knowledge resources for the biomedical community.

Center Personnel

Mark A. Musen, MD, PhD, Stanford University, Principal Investigator

Suzanna Lewis, MS, University of California, Berkeley, Co-Principal Investigator

Daniel L. Rubin, MD, MS, Stanford University, Executive Director

Sima Misra, PhD, University of California, Berkeley, Associate Executive Director

Barry Smith, PhD, University at Buffalo, Leader of Dissemination and Outreach

Christopher G. Chute, MD, DrPH, Mayo Clinic College of Medicine

Margaret-Anne Storey, PhD, Department of Computer Science, University of Victoria
Ida Sim, MD, PhD, University of California, San Francisco
Michael Ashburner, PhD, ScD, FRS, University of Cambridge
Monte Westerfield, University of Oregon

Deborah L. McGuinness, PhD, Knowledge Systems Laboratory, Stanford University
Natasha Noy, PhD, Stanford Medical Informatics, Stanford University

Chris Mungall, BSc, University of California, Berkeley
NIH personnel:

Peter Good, PhD, NIH Program Officer

NIH Lead Scientific Officer (TBN)
� http://obo.sourceforge.net/
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