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The Gene Ontology Annotation (GOA) database and enhancement of GO annotations
through InterPro-to-GO
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GOA (http://www.ebi.ac.uk/GOA/) is a project managed by the European Bioinformatics Insti-
tute (EBI) and aims to provide high quality manual and electronic GO annotations to proteins in the
UniProt Knowledgebase (UniProtkKB). The GOA group prioritises the annotation of the human pro-
teome and focuses on proteins involved in health and disease. However because of the multi-species
nature of the UniProtKB, and because many UniProt curators at the EBI also annotate to GO during
their curation procedure, GOA provides electronic and/or manual annotations to proteins from over
100,000 species. The group implements large-scale electronic annotations from mapping such as
InterPro2GO, SPKW2GO, EC2GO etc., and also integrates high quality GO annotations from many
model organism groups (AgBase, FlyBase, GDB, GeneDB, Gramene, HGNC, MGlI, RGD, SGD, TAIR,
TIGR and ZFIN) as well as the Reactome pathways and IntAct protein-protein interaction databases.
This ensures that the GOA data set remains a key reference and a comprehensive source of GO
annotations. The interpro2go mappings are done by the InterPro team, which now also includes the
GOA group. InterPro2GO mappings account for 93% of all distinct proteins that have GO annota-
tions, and therefore form an important component of the GOA project. This presentation will describe
the GOA project at EBI and the process and impact of electronic GO mappings such as InterPro2GO.
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The Saccharomyces Genome Database (SGD; http://www.yeastgenome.org/) annotates S.
cerevisiae gene products to Gene Ontology (GO) in order to provide information about their biologi-
cal roles in the cell. GO annotations can be generated by manual curation of the published literature
by curators; by automated prediction of functions by sequence similarity methods such as Inter-
ProScan; and by computational prediction from analysis of large-scale interaction and expression
datasets. Since 2003, every gene that produces an RNA or protein product has been assigned at
least one annotation in each of the three ontologies (Biological Process, Molecular Function, and Cel-
lular Component) based on experimental evidence in the published literature. To complement these
~34,000 manually curated GO annotations, SGD is incorporating ~24,000 GO annotations that are
“Inferred from Electronic Annotation.” These annotations, provided by the UniProt GOA project, pro-
vide valuable information for genes that have not been experimentally characterized. Here we present
revisions to the user interfaces and GO analysis tools that distinguish between the sources of data
and the methods used to generate the GO annotations. All data are publicly available via web in-
terfaces and in downloadable files. SGD is funded by the US National Human Genome Research
Institute.
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Analysis of functional genomics experiments is hampered by lack of GO annotation. Moreover, the
overall quality of GO annotation is not only based on the number of gene products that have GO
annotations (breadth) but also the level of detail of these GO annotations (depth) and the quality
of evidence. Manual curation of published literature remains the “gold standard” for GO annotation
yet there are few annotators trained to do GO biocuration and experimentalists who are experts in
their field do not have the resources to commit to becoming active trained GO annotators. We have
developed a two-tier system of GO annotations to allow users to contribute their expert knowledge.
The AgBase download page provides a “GO Consortium” gene association file containing only fully
quality-checked annotations that are submitted to the central GO database and a more comprehen-
sive “Community” gene association file containing additional GO annotations including GO annota-
tions for electronically predicted proteins, comprehensive annotations based on sequence homology
and annotations from community researchers that have not yet been quality checked. This system
gives researchers the initial breadth required for functional modeling, leading to experiments that test
the function of these gene products, which leads to higher quality GO annotations. We envision that
as the overall annotation quality improves, the GO annotations in the community gene association
file will be superseded.

The AgBase GO annotation tools
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AgBase (http://www.agbase.msstate.edu) has been created to provide a coordinated, di-
rected approach for functional annotation in agricultural species. In addition to providing Gene On-
tology annotations of gene products from agricultural species, AgBase also provides a suite of tools
for functional analysis of proteomics and gene expression datasets. The tools are available on-line
and can be used individually or as components of a pipeline. The AgBase GO tools include GOPro-
filer, GORetriever, GOanna and GOSIlimViewer. GOProfiler is designed to provide a summary of the
number and type of GO annotations that are available for gene products from a particular species.
GORetriever finds existing GO annotations for a set of proteins. GOanna accepts a list of protein
or gene accession numbers or a FASTA file and returns the results of the appropriate blast search
in a Gene Association file format. Each entry also has a link to the corresponding alignment that
enables the researcher to judge the quality of the match. GOSlimViewer can be used with the output
of GORetriever or GOanna (or both) and provides GO Slim summaries of a dataset that can be dis-
played visually. The AgBase suite of tools has been used for functional modeling of both proteomics
and gene expression datasets from chicken, maize, cow, and a number of microbes.



Potential errors in protein GO function annotations returned by AmiGO:
How to find them and what to do about them
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Incorrectly annotated sequence data are becoming more commonplace as databases increasingly
rely on automated techniques for annotation. Hence, there is an urgent need for computational
methods for checking consistency of such annotations against independent sources of evidence and
detecting potential annotation errors. We show how a machine learning approach designed to auto-
matically predict a protein’s Gene Ontology (GO) functional class can be employed to identify poten-
tial gene annotation errors. In a set of 211 previously annotated mouse protein kinases, we found
that greater than 95% of the GO annotations returned by AmiGO appear to be inconsistent with the
UniProt functions assigned to their human counterparts. In contrast, 97% of the predicted annota-
tions generated using a machine learning approach are consistent with the UniProt annotations of
the human counterparts, as well as with available annotations for the mouse protein kinases in the
Mouse Kinome database. We conjecture that most of annotations of mouse kinases predicted by
the classifier trained using machine learning are, most likely, correct. Our results raise the possibility
that machine learning approaches might be useful for detecting potential errors in GO annotations
generated by high-throughput gene annotation projects.
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The National Center for Biomedical Ontology has been founded as one of seven National Centers
for Biomedical Computing established under the NIH Roadmap for Medical Research. The creation
of the Center represents a milestone in the history of ontology as a vital tool of biomedical science.
The scores of biomedical ontologies now in existence will not solve the problem of biomedical data
and knowledge management by themselves. Current solutions, based on terminological coding,
are frustrated by the uncontrolled heterogeneity even of terminologies dealing with identical subject-
matters. We propose a new type of solution, which is to create a family of interoperable gold standard
reference ontologies, one for each core domain of biomedical science. We shall describe how this
solution is being realized, and show how it can not only address the problems of data retrieval and
reuse, but also lead to enhancements in currently available terminology resources.



OBO-Edit: The Browser, The Editor
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This brief talk will introduce users to OBO-Edit, an editor for OBO ontologies. This talk will focus
on OBO-Edit’s many useful ontology browsing features, with some brief discussion of editing and
ontology checking tools.
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With the popularisation of high-throughput techniques, the need for procedures that help in the bio-
logical interpretation of the results has increased enormously. The strategies most commonly used
are based on thresholds derived exclusively from experimental values, that assume an independent
behaviour for the genes and ignore the functional correlations existing among them. Recently, it has
been noted that these procedures are inefficient because of the lack of information cased upon the
application of such stringent thresholds. New procedures more inspired in systems biology criteria
are under development. Here we present an implementation of a threshold-independent test for the
functional interpretation of large-scale experiments, that does not depend on the pre-selection of
genes based on the multiple application of independent tests to each gene. The test implemented
aims to directly test the behaviour of blocks of functionally related genes, instead of focusing on sin-
gle genes. In addition, the test does not depend on the type of the data for obtaining significance
values and consequently can be applied to different types of genome-scale studies. We exemplify its
application in evolution, microarray gene expression data and interactomics data. A web server that
performs the test described and other similar can be found at: http://www.babelomics.org



GUI GoMiner and High-Throughput GoMiner analysis of alternative splice variants
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GUI GoMiner and High-Throughput GoMiner leverage GO for analysis and interpretation of results
from microarrays or other high-throughput molecular profiling platforms. We have now developed
the functionality to analyze differential splice variant expression as well as “exon expression.” To
achieve that goal, we have: (1) introduced a splice variant annotation mechanism into GUI GoMiner
and High-Throughput GoMiner (http://discover.nci.nih.gov/gominer/faq. jsp; Ule et
al., Nat Genet 37: 844, 2005); (2) developed software for customization of the traditional GO database
(GOD); (3) developed comprehensive tools for curation of all Affymetrix microarrays (http://www.
affymetrix.com); and (4) developed a database for exhaustive curation of transcripts associated
with all HGCN entries in the NCBI Evidence Viewer (http://www.ncbi.nlm.nih.gov/sutils/
static/evvdoc.html). We describe the implementation of those resources and their application
to microarray results obtained from studies of the DU145 human prostate cancer cell line and its
camptothecin-resistant derivative, RC0.1 (Reinhold et al., Cancer Res 63: 1000, 2003). Acknowl-
edgements: This research was supported in part by the Intramural Research Program of the NIH,
National Cancer Institute, Center for Cancer Research. This research was supported in part by grant
[1IS-0430743 from the National Science Foundation.

Are your gene products of interest annotated to the GO?
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The GO Consortium conducts GO Annotation Camps to introduce new groups to the GO system.
We also pair new groups learning to use GO terms to annotate a genome with more experienced
‘mentor’ groups. To further aid annotating groups, the GO project provides links to free, open source
annotation software that can be used by any group, and mailing lists where advice can be sought on
any GO related matter. For any questions on the GO project, or for assistance using the system to
annotate your genome or gene products of interest, please contact the GO mailing list on gohelp@
geneontology.org.



Using The Gene Ontology (GO) to Annotate Mouse Genes at Mouse Genome Informatics
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The Mouse Genome Informatics Consortium uses the GO to record and display information about the
function and cellular location of mouse gene products. Curators use the standards adopted by the
GO Consortium to curate primary biomedical literature articles that link GO terms with mouse gene
products. MGI uses several formats to visualize GO annotations for users and to support complex
queries and data access. These include:

1. Computational methods to generate textual descriptions of gene products.
2. Tabular formats of GO annotations

3. Graphical formats based on the GO DAG structure

4. Browser-based views permitting entry into the data from the GO itself

5. Comparative graphs of functional annotations for mammalian orthologs

We also have several prototype tools available that extend the mammalian-centric view of functional
annotations based on the biomedical literature. One of these tools represents all annotation made
to mouse gene products and their orthologs. This tool allows Users to retrieve all information about
a ‘gene’ in a species-independent manner. Future plans include the representation of GO curation
status of a gene in our database and the representation of anatomical and cell type information that
is co-curated with GO annotations The integration of the functional annotations for mouse genes
using the GO system complements the comprehensive integration of mouse genetics, genomic and
phenotypic information represented in MGI.
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AmiGO is an HTML based application (http: //www.godatabase.org/) developed and supported
by the Gene Ontology (GO) project. AmiGO allows users to browse, query and visualize GO and re-
lated data. Users can search by GO category or by gene product name/symbol, and a tree view of
the three ontologies is also available to help users browse and view the relationships between the GO
terms. AmiGO can also be used to BLAST multiple sequences against the GO database to retrieve
best match GO annotations.

With the vast number of new genomes being sequenced and more gene products being annotated
using GO terms, the GO project is making attempts to improve the AmiGO web application so that
searching, retrieving and visualizing data can be made more efficient and meaningful. Here we
present some options for redesigning the AmiGO web interface and we would like to solicit your
feedback for an optimal representation of GO data.
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The PAMGO interest group was formed to develop new gene ontology (GO) terms describing the
various processes, functions and cellular components related to microbe-host interactions. Plant-
associated microbes have evolved similar mechanisms to evade, neutralize or suppress defense sys-
tems of their plant hosts and obtain nutrients. Such similarities can only be discovered if a controlled
vocabulary is set in place to describe these processes amongst diverse microbe-host interactions. In
a multi-institutional collaborative effort, we are currently working on developing new GO terms and
relationships for gene products implicated in plant interactions in the bacterial pathogens Erwinia
chrysanthemi, Pseudomonas syringae pv tomato and Agrobacterium tumefaciens, the fungus Mag-
naporthe grisea, the oomycetes Phytophthora sojae and Phytophthora ramorum and the nematode
Meloidogyne hapla. Most terms developed are housed under the “interaction between organisms”
(IBO) node. This collaborative effort has since led to the establishment of 291 terms in the IBO node,
of which 113 were added directly by the PAMGO group. At a recently held PAMGO ontology develop-
ment meeting, we presented 190 more terms, which are currently being processed for integration into
the GO. Annotations are being done concurrently with ontology development but the number of anno-
tations will increase when the new terms are placed in the ontology. In the future, we hope to develop
and evaluate an automated system to transfer PAMGO terms from the species being worked on now
to related genomes of plant-associated microbes. Researchers willing to contribute to the ontology
development and other discussions can subscribe to the PAMGO discussion list at the PAMGO web-
site (http://pamgo.vbi.vt.edu/). This project is supported by grants to BT from the National
Research Initiative of the USDA and the US National Science Foundation.

Using GO terms as entities in phenotype annotations
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Phenotypic characteristics are often described in terms of biological processes, cellular components,
or molecular functions. Consequently, terms from the Gene Ontology are well suited to serve as
primary entities in phenotype annotations to which qualities from the Phenotype and Trait Ontology
(PATO) are added to describe how the entities are changed by mutation or disease. This poster
explores the proposed use of GO terms as an integral part of phenotype annotations. A series of use
cases is presented, representing a spectrum of annotation complexities that illustrate difficult query
and curation issues associated with complex and detailed phenotype annotations involving GO. ZFIN
is supported by the NIH (P41 HG002659).



