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Summary. COBrA is a Java-based ontology editor for bio-ontologies and anatomies that dif-
fers from other editors by supporting the linking of concepts between two ontologies, and
providing sophisticated analysis and verification functions. In addition to the Gene Ontology
and Open Biology Ontologies formats, COBrA can import and export ontologies in the Se-
mantic Web formats RDF, RDFS and OWL.

COBrA is being re-engineered as a Protéǵe plug-in, and complemented by an ontology
server and a tool for the management of ontology versions and collaborative ontology de-
velopment. We describe both the original COBrA tool and the current developments in this
chapter.

Bio-ontologies play a crucial role in the indexing of experimental data - providing
both unique IDs for aspects of anatomy, phenotype, process, cellular structure and
molecular function [1, 2], and conceptual abstractions for aggregating results [3]. As
discussed elsewhere in this volume, constructing ontologies of anatomy poses par-
ticular challenges including the choice of an appropriate level of granularity, how
to represent spatial relationships (if at all) and how to represent the development
of the organism over time. Many of the modelling decisions have been guided by
the immediate use of the ontologies for indexing gene expression data, and the net
result is a diversity of approaches and of interpretations for the basic elements in
the anatomies, including the interpretation of thepart-of relation. In many current
anatomies the more pragmatic view of the ontology as a graph (where apart-of as-
sertion is sufficient to define a concept) holds sway over the logic-oriented view that
all concepts require anis-a relationship. This has implications for ontology editor
design as the biologist will expect to see a graph that mixesis-a andpart-of, rather
than a pureis-ahierarchy that corresponds to the definitions that have been specified.
These features of current anatomy ontologies had to be accounted for in the COBrA
ontology editor, and its successor.

Over recent years, anatomies and other biological ontologies have grown in size,
and their encoding languages have become more sophisticated, with the result that
tools for creating, editing, verifying and maintaining them (e.g. version control,
meta-data attribution, provenance, etc) have become essential. This wider curation
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activity has been recognised as a priority for e-Science [4], and is an important con-
cern for many communities and in standards initiatives. For example, there are efforts
to standardise the names used for tissue samples assayed by microarray [5], as well as
the metadata that describes the experimental results (MGED/MIAME). Ontologies
are of central importance in curation, as only by defining the meaning of the terms
used to describe a particular field can the underlying concepts be clarified and agreed
upon among the research community, and used consistently for annotating data. A
consistent, shared ontology is of critical importance to the sharing of knowledge, and
has long-term value in supporting a systems-level approach to biology. For example,
the Gene Ontology is in widespread use for data mining and data visualisation, and
has great potential for further integration of data across the different levels of bio-
logical granularity. However, ontologies are not static: they must change to reflect
changes in science, to adapt to new uses, to broaden their community or to remedy
flaws. Ontologies have also been identified as key resources in numerous e-Science
projects, including AstroGrid, MyGrid and the Advanced Knowledge Technologies
IRC.

In parallel with expanding the range of domains being captured in bio-ontologies,
and the number of terms in key resources such as the Gene Ontology (GO), re-
searchers have been examining the formal and conceptual bases underlying ontology
languages and modelling principles [6]. Initially constructed on an intuitive basis,
many bio-ontologies are being scrutinised with regard to their underlying principles,
and their support of inference - this being critical for automated verification. On-
tologies of the same or similar conceptual domains are also being examined with
respect to how they map to one another. The languages of the Semantic Web have a
role to play as they provide standards, tools and techniques. For example, the Web
Ontology Language (OWLwww.w3.org/TR/owl-ref ) has an XML syntax and
a semantics designed for the sharing and reuse of ontologies over the Web. Utilising
reasoners for OWL-Lite, OWL-DL and fragments of OWL-Full, OWL provides the
mechanisms to address outstanding issues in bio-ontologies. For the ontology editor
described here, OWL provides solutions to the problems of concept mapping and
ontology verification.

Having chosen to work with OWL as the primary representation language, and
to translate to and from the other bio-ontology languages, we are able to use XML
databases for storage. XML querying tools can also be used for accessing and updat-
ing OWL ontologies providing we view them as XML documents.

The following sections introduce the COBrA ontology editor and its functions,
then describe our solution to the curation and archiving problems that arise when
individuals and communities develop ontologies.

1.1 COBrA

COBrA is an editor that allows GO and OBO ontologies to be created and explored.
COBrA is also a mapping tool for ontologies that allows users to explore two ontolo-
gies simultaneously and to make links between them.
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Fig. 1.1.Two anatomies displayed in COBrA, with a Mapping Ontology dialog inset right

COBrA is a product of the XSPAN project (www.xspan.org ) which uses con-
cept mapping to express judgements of homologies and analogies between tissues
across different anatomy ontologies. The resulting knowledge base will contribute
to a community resource for exploring gene expression data. In XSPAN, mappings
can be used to express correspondences between tissues in terms of their evolution
(Evolutionary Homology), development (Common Lineage Homology) or function
(Analogy). Creating a mapping is necessarily a human decision, made complex by
the nature of the task and the size of the anatomies. Within XSPAN, COBrA supports
acquisition and exploration of these human-specified mappings.

COBrA provides both a tree-based view and a node-based view of an ontology,
where the latter displays the selected term’s parents, children and definitional infor-
mation. The tree includes all relationships used in the ontology and is not limited to
only the is-a or only part-of relationships (however, the user can hide relationships
if they choose to). The ontology can be edited by direct manipulation of the tree or
by calling a term editor. Initial evaluation of the tool over a range of tasks, and user-
types, confirms the design choices [7]. Figure 1.1 shows a mapping betweenadult
epidermis(Drosophila) andhypodermis(C Elegans).

Concepts and relations in Semantic Web languages such as OWL require both
a name and a namespace (combined into a URIRef), and COBrA provides visu-
alisations and interfaces to these new (and potentially unfamiliar) elements of the
ontology. COBrA maps OBO relationships into their OWL-Full equivalent, that is,
a relationship such aspart-of is represented as a relationship between classes (these
can be formally interpreted using a translation to first-order logic as in [8])1. COBrA

1 In parallel with the development of tools for OWL-DL, a consensus on the interpretation
of part-of in OWL-DL is emerging and so we expect to work in the OWL-DL sublanguage
in future.
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also provides a graphical interface to a number of analysis functions which we now
describe.

Concept mapping, ontology merging, and verification are problems that COBrA
solves through the use of OWL. A mapping is a pointer created to link a concept
in one ontology to a concept in another: A mapping is a new term that relates two
existing URIRefs. It can be created and saved without modifying the original ontolo-
gies. Meta-data such as authorship is associated with the mapping term, and mapping
terms can be organised hierarchically, as illustrated in the right hand side of Figure
1.1. Terms with an associated mapping are shown in blue, and the user can click on
such terms to automatically locate the matching term: clicking onadult epidermisin
the Drosophila ontology causes the mapped termhypodermisto be found and dis-
played in the C. elegans ontology. The use of colour for mapped terms helps the user
to locate anatomical entities that have been given a mapping. The user might critique
existing mappings or seek to complete the mapping between ontologies.

Turning to ontology comparison and merger, these can be computed by find-
ing the intersection and union, respectively, of the RDF graphs derived from the
OWL representations of two ontologies. These graph-based operations improve on
the equivalent operations that might be performed on textual representations of the
ontologies (e.g. in CVS), but do not involve verification of the results.

For ontology verification, the semantics of the GOis-a and part-of relations
must be defined, hence we use OWLsubClassOfand define the interpretation of
partOf [8]. These steps allow verification. An inference mechanism implements rule-
based reasoning over the RDF graph, for example, to propagate properties across
partOf links. COBrA can also perform a more complex ontology analysis that checks
for cycles in the graph and in the ontology. Both graph manipulation and inference
methods are provided by the Jena Semantic Web toolkit which provides Java meth-
ods to read, write and create RDF graphs (www.hpl.hp.com/semweb ).

In addition, COBrA supports the import and export of bio-ontologies in RDF,
RDFS and OWL. However, COBrA is not a generic OWL editor. The GO RDF
format is that specified by the Gene Ontology Consortium, the RDFS format is a
modification of that whereis-a is replaced byrdfs:subClassOf. The OWL format is
defined by a top-level ontology [8] which specifies a number of classes and relations
that are required to state GO-style ontologies in OWL.

Prot́eǵe (protege.stanford.edu ), a generic ontology editor, and OBOEdit
(www.geneontology.org ) provide comparable editing functions to COBrA.
However, neither address mapping between ontologies. Protéǵe would require adap-
tation to read GO and OBO formats, but is more fully compatible with OWL (such a
plug-in tool is described below).

COBrA demonstrates the practical application of Semantic Web techniques in
the Bioinformatics context by combining familiar ontology-editing functions, and
compatibility with existing file formats, with additional features such as mapping,
merging and verification that make use of RDF and OWL.
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1.2 Ontology Curation and the COBrA Curation Tools

In common with experimental data, ontologies are created, published, and revised.
Tracking and managing such changes requires new curation tools. In addition to ver-
sion management, curation also includes the review of the content of the ontology,
and assessment of quality. A related issue is the maintenance of ontological anno-
tations assigned to data under a given ontology, as the ontology may change after a
term has been used as an annotation and therefore one may wish for the annotation
to be updated as well.

As the use of ontologies widens, the problems of tracking versions, and the
changes between versions, and of reconciling differences in conceptual modelling
arise. Addressing these are our main goals in the design of curation tools. Problems
such as inconsistency that might arise in individual ontologies can be addressed by
the graph checking that tools such as the COBrA editor can perform, or by more for-
mal reasoning should the ontology be expressed in the description logic sub-language
of OWL. We propose a server-based model for curation that allows remote users to
create and submit annotated changes to ontologies and also to participate in the re-
view process by applying some simple critiquing techniques that help identify errors.
The COBrA-CT tools will support the curator by providing the appropriate manage-
ment support and visualisations.

Organising the curation effort in a distributed setting, providing access to current
and past versions of ontologies and providing search and related services requires an
ontology management server. While it is possible (and certainly common) to simply
archive different versions of an ontology, there is much to be gained from an explicit
record of the changes made and their rationale. Ontology versionmappingswill be
considered in the curation process, as they provide the explanation for the proposed
changes. The focus on bio-ontologies is important as the problems we address are
very complex in the general case. However, strategies have evolved in bioinformatics
to address them, for example, concepts have IDs that are unique, and rather than
being deleted, IDs persist as annotations to other concepts, or are categorised as
obsolete terms.

As we are continuing to make use of the Web Ontology Language with its XML
syntax as the means of data exchange, we shall be able to take advantage of both
ontology-based and XML-based techniques for capturing changes. The difference
between these can be illustrated as follows: from the document structure perspective,
an edit to an XML-encoded ontology that asserts that class C, known to be a sub-
class of A, is also a subclass of B would be viewed as modifying node C in the XML
document (irrespective of anything else we know about A and B). If classes A and B
are known to be disjoint, then from the ontology perspective we would note a contra-
diction in the semantics as there can be no common subclass of disjoint classes. We
propose to layer semantic checks on an XML-based ontology archiving mechanism.
This approach is flexible, as XML is very widely adopted, and can exploit (but is not
committed to) the logical language an ontology is expressed in.

It has been noted that changes to scientific data archives are accretive [9] - most
changes are additive - although deletion and modification also occur. Scientific data
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Fig. 1.2.The OBO Explorer interface

is typically structured hierarchically, allowing a hierarchical key structure to be ex-
ploited in archiving changes to the data. Managing versions of a data resource can
be performed on the basis of diffs (i.e. by recording the editing steps that cause the
change). However, there are advantages for an approach where all objects have an
associated timestamp. The central notions of hierarchical organisation, objects and
timestamps [10] also apply to ontologies and ontology management, and this is the
approach we plan to adopt. Given the problems noted by [11] with the simple diff
approach, our approach will also be structure-based. We shall identify types of on-
tological changes that occur in practice, taking the procedures used in practice, e.g.
by the Gene Ontology, as a starting point. As we do not assume that ontologies will
make use of formalisms such as Description Logic, our approach is not reliant on the
widespread uptake of this particular logic. However, we will exploit any formalism
that is associated with an ontology, which may be DL or first-order logic [12]

We now present the Protéǵe plug-in for editing OWL bio-ontologies, named the
OBO Explorer. The Ontology Version Manager is then introduced.

1.2.1 The COBrA-CT OBO Explorer

Methods for automatically converting ontologies in the Open Biological Ontologies
formats into OWL have been proposed and can be utilised to create files that can
be read into the Protéǵe ontology editor. Protéǵe has a large user community, and
an active developer community that has created a wide range of plug-in utilities.
However, Prot́eǵe is unable to display the annotations associated with OBO terms
such as the database cross-references. As we aim to capture all of the content of
OBO formated ontologies in OWL, both the logical structure of the ontology and the
annotations, this is a significant barrier to the uptake of OWL. Therefore, there is a
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need for a COBrA-like plug-in that will allow full visualisation and editing for OBO
OWL ontologies: the OBO Explorer.

The OBO Explorer is tightly integrated to the Protéǵe architecture to ensure in-
teroperability with other Protéǵe tools. The interface is implemented as a ‘tab’ that
presents the term annotations on the right hand panel, with the class hierarchy on
the left. The user interface components are all present on the main panel, and au-
tomatically update the underlying OWL model, thus eliminating pop-up editors and
‘confirm change’ actions. Where the OWL ontology lacks the OWL and RDF re-
lationships needed to represent OBO annotations, the tool creates the appropriate
definitions. These features hide the underlying details of the OWL representation
from the user - another contrasting feature with the built-in editor. Figure 1.2 shows
the OBO Explorer tab.

1.2.2 The COBrA-CT Ontology Version Manager

The COBrA-CT Ontology Version Manager allows users to access ontologies that
have been published to the community and stored on the ontology server, and to
store, manage and share their own ontologies. The version manager implements a
simple model for assigning rights to users to allow them to download, upload, and
publish ontologies. Guest users can access all public ontologies, while registered
users have rights to upload and share their own ontologies. We also plan to consider
explicitly representing the ‘process’ of curation in explicit process models, e.g. from
authoring, through review, to publication and revision. The ontology curator will
require a visualisation of the differences between two versions of an ontology and
we can provide this through COBrA’s dual-view capability. The Version Manager is
implemented using Grid middleware, developed under the UK e-Science initiative,
as we now describe.

Over recent years, the Grid has attracted enormous attention and gained popu-
larity by supporting distributed resources sharing and aggregation across multiple
administrative virtual organisations. Compared to the web, the Grid offers upgraded
performance in terms of reliability and availability. In COBrA-CT, we developed
Grid services to provide data storage and access that allow users to share their on-
tology information in a more scalable, secure, and dependable way. By enabling
COBrA-CT to operate through the Grid, the software capabilities have been en-
hanced greatly.

The implementation was built on top of Grid middleware, OGSA-DAI. The
OGSA-DAI project (www.ogsadai.org.uk/ ), proposed by the University of
Edinburgh, is designed to ease access to, and integration of distributed data resources
via the Grid. It provides various interfaces supporting data operations, transform-
ing and delivering with many popular (relational or XML) databases, such as Ora-
cle, DB2, SQL Server, MySQL, Xindice, eXist etc., and file systems, such as CSV,
BinX, EMBL, OMIM etc. This middleware is based on the GGF-defined OGSI spec-
ification and layered on top of the Globus Toolkit implementation. The COBrA-CT
currently employs the recently-released WS-RF distribution of OGSA-DAI (OGSA-
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Fig. 1.3.The COBrA-CT system architecture

DAI WSRF 2.2), which has been designed to work with the Globus Toolkit 4 imple-
mentation of WS-RF.

The client, shown in Figure 1.3, can be implemented as part of the Protéǵe plug-
in and uses the OGSA-DAI client libraries. Via these interfaces, the client triggers
OGSA-DAI activities for uploading and downloading both ontologies and metadata.
Both are passed as XML documents. XPath and XUpdate have been applied to query
and modify XML database objects. XUpdate supports node-level updating in a DOM
tree, which gives much more flexibility and efficiency.

The interaction between OGSA-DAI activities is illustrated in Figure 1.4. The
client submits its working plan in a so-calledPerform Document, which is a XML
document consisting of a sequence of requests(Activities). The request is sent as
encrypted SOAP message to the Grid services, which will invokeData Resource Ac-
cessors(DRA) methods to connect with specific data resources. The return datasets
or response message are also encrypted in a SOAP message and sent back to the
client.

We use eXist (http://exist.sourceforge.net ), an Open Source na-
tive XML database, to store ontology data. Compared to relational databases, the
native XML database provides more powerful tools for XML processing, and so is
suitable for keeping ontology and metadata information. For example, eXist supports
XPath, XQuery, XUpdate, XInclude, XPointer and XSL/SXLT XML standards, and
provides XML:DB API, and both DOM and SAX parsers. We also choose the eXist
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Fig. 1.4.The OGSA-DAI data flow

database because it is able to deal with large XML documents. In COBrA-CT, the on-
tology files sizes range from 78KB to 10,000KB. Other XML databases, e.g. Apache
Xindice (xml.apache.org/xindice/ ) only handle documents less than 5MB,
and so cannot satisfy our requirements.

In the eXist database, we store ontology files in hierarchical collections, based
on user unique identifiers, ontology identifiers, and ontology version numbers. This
means the physical location of a ontology OWL file is determined by these ids. To
accelerate data searching, we have implemented a registry to record the ontology and
metadata information, and the mapping to the physical location. Current metadata
information includes but not limited to:

• Ontology ownership: owner’s name, id and database user roll;
• Ontology descriptions: ontology name, a text description of the version;
• Ontology file location: including the XML resource name and subcollection.
• A trace of ontology version changes , including version numbers, upload dates,

and a set of previous ontologies that an ontology has been derived from. In the
typical case, an ontology will simply have one previous version, but we allow
for ontology merging from diverse sources, and for the concurrent editing and
subsequent merging of ontology versions.

• Ontology sharing information: COBrA-CT allows a registered user to share
his/her ontologies with a group of users. This is supported by associating a set of
sharing users with the ontology – these users are able to download the ontology
for inspection (and subsequently they may upload a modified version under their
own user name). In addition to being shared with specific users, an ontology can
be declared to be public, in which case it will be accessible to guest users of
COBrA-CT as well as to registered users.

The client component of the Version Manager aims to provide an intuitive inter-
face to the ontology repository. As shown in Figure 1.5, the tool shows the ontologies
the user has access to and their versions, allows download and upload, and manages
version numbers. User log-in using a password, however, the Grid provides other
more secure methods that we shall explore in future work.
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Fig. 1.5.The Version Manager client tool

1.3 Future Work

In future work, we shall address efficiency issues in storing the OWL ontologies.
Viewing the ontologies as XML data allows a range of XML techniques to be ap-
plied. We can distinguish updates to the ontology structure from updates to the an-
notations when analysing changes between versions. We also aim to visualise the
differences between ontology versions by simultaneously displaying two versions
and highlighting the additions and deletions graphically.

The Grid environment can provide a very high level of security covering data
transmission and access to services. The Grid offers integrity (i.e. it can ensure that
data has not been altered or destroyed since transmission), confidentiality, authen-
tication, and, perhaps most importantly, availability. Currently, we have not made
use of all of these features, for example, the use of certificates, and aim to explore
alternative security models in future releases of the ontology tools.
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