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*abstract

Motivation: Data standards and object models are being developed for a variety of functional genomics domains.  Many of these object models include a reference to an ontology concept in order to provide a rich set of terms for annotation.  The MGED Ontology was developed to provide terms to be used with the MicroArray and Gene Expression Object Model and has been successfully implemented in production annotation applications.  This work is being used as the foundation to develop a Functional Genomics Ontology, intended to model additional functional genomics domains such as Proteomics, Metabol/nomics Toxicogenomics, Environmental Genomics and Nutrigenomics as well as Transcriptomics.

1 introduction 

The MGED Ontology (MO) was developed as a collaborative effort by members of the MGED Ontology working group to provide descriptors required to interpret microarray experiments (Stoeckert and Parkinson, 2003).  The concepts that these descriptors represent were derived from the MicroArray and Gene Expression Object Model (MAGE-OM), which is a framework to represent gene expression data and relevant annotations (Spellman et al., 2002).  The MAGE-OM contains a mechanism to add annotations from an ontology by providing an association from a given class to the MAGE-OM class OntologyEntry.  The MO provides descriptors for the concepts in the MAGE-OM that have associations to the class OntologyEntry.  The MO also includes concepts from the MAGE-OM to indicate what object model class the terms are to be used for, but does not replicate the entirety of the object model.  These policies for ontology development have resulted in a rich and expressive ontology that is fully supportive of the MAGE-OM and is commonly used in microarray annotation applications.  

Since the development of MO, other functional genomics domains have planned to or are developing an ontology (Pedrioli et al., 2004).  This wider functional genomics context will significantly affect the structure and content of ontologies.  Core biological descriptors need to be shared, as well as descriptors relating to the experimental design, sample generation and treatments, therefore requiring extensive liaisons between communities. The MGED Ontology Working Group (http://mged.sourceforge.net/ontolgies/index.php), the MGED Reporting Structure for Biological Investigations (http://www.mged.org/Workgroups/rsbi/rsbi.html), the HUPO Proteomics Standards Initiative (http://psidev.sourceforge.net/) and the Standard Metabolic Reporting Structure (http://www.smrsgroup.org/) working groups can clearly draw in large numbers of experimentalists and developers and feed in the domain-specific knowledge of a wide range of biological and technical experts. This extensive collaboration aims to develop a Functional Genomics Ontology (FuGO) by expanding the scope of the MGED Ontology to model other functional genomics technologies, such as Proteomics, Metabol/nomics as well as Transcriptomics and biological domains, including Toxicogenomics, Nutrigenomics and Environmental Genomics.  The resulting ontology will provide a consistent mechanism for annotating functional genomics experiments that encompasses different technological and biological domains and aid in cross-comparison of data.
2 Method: DEsign Principles

FuGO is designed to model the functional genomics domain.  That is, all concepts required to model the domain are included in the Functional Genomics Ontology.  This is in contrast to the design of the MGED Ontology, which was developed to provide terms for object model classes in the MAGE-OM.  The decision to include all concepts within the functional genomics domain in the ontology is based on past experience regarding the use of the MGED Ontology.  Although the goal of the MGED Ontology was to provide descriptors for concepts and to be used in conjunction with the MAGE-OM, other applications were developed that used the ontology itself as a model of the microarray domain. Development of the Functional Genomics Ontology will be done in parallel with efforts to develop a functional genomics object model and therefore the ontology will be designed to provide descriptors for concepts in these object models that require an ontology annotation as well.  A middle layer, which provides the mapping of object model classes to those in FuGO, will be generated to aid the use of FuGO with functional genomics object models.  Therefore, FuGO will be designed to take into account both of these possible uses of the ontology.

2.1 Scope of FuGO 

The current scope of FuGO is the following domains: Transcriptomics, Proteomics, Nutrigenomics, Environmental Genomics and Toxicogenomics.  The top node classes will include the classes Common and Bio, which will contain concepts that are shared across functional genomics domains.  In addition, classes to hold concepts that are specific to a given functional genomics domain will also be included.  
During the re-engineering of MO to model additional functional genomics domains, classes that represent concepts that exist in two or more functional genomics domains will be added as children to either Common or Bio as is appropriate.  Additional branches will exist in the FuGO to hold technology specific concepts such as Transcriptomics, Proteomics, Metabol/nomics and others.

2.2 Ontology Development Process 

The initial development of FuGO will involve re-engineering MO by moving classes from the MAGE-OM package structure into the classes Common and Bio.  In addition, definitions will be modified to remove references to the MAGE-OM.  Ontological changes will also be included in the development of FuGO such as moving individuals to classes and using properties to define classes based on reasoning over the ontology.

New concepts that are required to represent functional genomics domains will be added to FuGO in branches for these domains.  If the functional genomics domain requires a new concept that is unique to the domain, the concept will be added to the domain specific branch of the ontology and community members that represent the domain will be responsible for approving the term and definition.  If a domain requires a term that represents an existing concept in Common or Bio, the term will be added as subclass to the appropriate class and will be marked as being specific to the domain using properties.  In this case, members of the domain will be responsible for approving the term and definition.  Lastly, if the concept can be used by two or more functional genomics domains, the term will be added to either Common or Bio as appropriate and the term will be approved the all those involved in the ontology development.

2.3 Implementation Details

FuGO will be developed in Protégé using the OWL plugin (Noy et al., 2003).  The current working version of FuGO is available as a downloadable OWL format file (http://mged.fuge.net/ontologies/FuGO.owl).  Protégé was selected as it is an expressive system, covering frame based and description logics with a variety of export formats.  
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