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DESCRIPTION OF SERVICES/RESEARCH

The Functional Genomics Production Team manages data content and user interaction for the core EBI databases: the 
ArrayExpress Archive (Parkinson, 2009), the Gene Expression Atlas (GXA; Kapushesky et al., 2010) and the new Biosamples 
Database. All three resources have complex metadata representing experimental types, variables and sample attributes for 
which we require semantic markup in the form of ontologies. We develop ontologies and software for the annotation of 
complex biological data, including the Experimental Factor Ontology (EFO) for functional genomics annotation (Malone, 
2010), the Software Ontology, the Ontology for Biomedical Investigation and the Vertebrate Anatomy Ontology (VBO). We 
collaborate with international partners to develop MAGE-TAB based data management infrastructure and annotation tools for 
gene expression data. The team has expanded its remit to deal with the change in technology from arrays to RNA sequencing 
experiments; this has resulted in collaboration with the EBI databases ENA and EGA to provide data flow and integration 
between these sequence databases and ArrayExpress. 

SUMMARY OF PROGRESS

•	 Agreement with the Gene Expression Omnibus for data exchange of high-throughput sequencing functional genomics data;

•	 Monthly EFO releases (consistent over the past 28 months);

•	 Four open source software releases, supporting MAGE-TAB infrastructure (Limpopo and Annotare) and ontology query 
and lexical matching (OntoCat and Zooma).

MAJOR ACHIEVEMENTS 

The main task of the group is the processing, annotation and curation of functional genomics data from direct submissions 
and by import from external databases. Archive software development has focussed on infrastructure development to support 
the submission, processing and integration of RNA-Seq data and tool development for MAGE-TAB based infrastructure and 
ontology development.

The EFO, an application ontology, is released monthly to support data queries in the GXA. EFO now has 3075 classes, is cross 
referenced to 25 public domain ontologies and has been expanded to add value to cell line terms where tissues, diseases and cell 
types have been added to both primary and immortal cell lines. We have also added experiment specific terms to support the 
query of experiments in the Archive by molecule and technology. We take a data driven approach to building the ontology in 
EFO, which is then used for text mining and query. EFO is mapped to public ontologies using a common, upper level ontology 
and relationships to promote interoperability with other semantic resources. 

The production team provides open source software for data management and annotation, ontology building and lexical 
mapping. We released Annotare (Shankar et al., 2010), a data annotation tool supporting MAGE-TAB, jointly with colleagues 
in the US; Limpopo, an open source MAGE-TAB parser used by ArrayExpress and several other applications; MAGETabulator, 
a rule based spreadsheet generation system; as well as OntoCat, an ontology searching application, and Zooma, a lexical 
matching application, which jointly search and map terms to ontologies.

The team collaborates on EU- and NIH-funded research projects. For example, the EU funded GEN2PHEN project 
aims to unify human and model organism genetic variation databases towards increasingly holistic views into 
genotype to phenotype data, and to link this system with other biomedical knowledge sources via genome browser 
functionality. Together with project partners, we have produced an integrated data model and database for human 
and model organism phenotypes and are now working on tools for semantic integration of rodent model and 
human phenotypic data.

www.ebi.ac.uk/efo | www.ebi.ac.uk/arrayexpress | www.ebi.ac.uk/gxa | www.ebi.ac.uk/biosamples | www.ebi.ac.uk/microarray-svr/pheno
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Tissue-specific annotation and query of multi-species functional genomic data is limited due to the lack of a homology-based, 
common, multi-species anatomy for mammalian species. We work with colleagues at MRC Harwell, University of Cambridge 
and the Phenoscape Project to generate a mammalian musculoskeletal system ontology based on homology statements. This 
involves aligning multiple species-specific anatomy ontologies, analysing their usage by functional genomics researchers and 
extracting evidence for homologous structures from the literature. We plan to extend the GXA to allow queries using these 
homology statements in the coming year.

FUTURE PLANS 

In 2010–2011 we will work to improve the volume and quality of annotation for RNA-Seq data by working with data generating 
centres such as the Wellcome Trust Sanger Institute to automate RNA-Seq data submissions. EFO will be extended to support 
annotation of these data, for example for single cell sequencing studies, and also for data integration in the sample database, where we 
will develop new terms for cell lines and samples used in genome-wide association studies (GWAS) studies. Finally, we are working 
to use EFO for RDF export of data from the GXA jointly with the Rebholz-Schuhmann group at the EBI with support from the  
EBI Industry Programme.
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Figure 1. EFO is a data-driven application ontology that can be visualised as a node edge diagram showing terms placement and definitions in the BioPortal 
terminology browser (A), used to query ArrayExpress Archive Data (B) and used for query and visualisation for variables in the Gene Expression Atlas (C-D) in 
the heatmap view.




