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1 Introduction

Recent trends have shown a growing body of biomedical knowledge being classi-
fied in ontologies. In supporting researchers who need flexible access to explore
and analyse these heterogeneous data sources, it has become clear that there is
a need to improve the inter-operability of biomedical ontologies. What is less
obvious is the best means by which to achieve and promote this inter-operability
while supporting the development of new ontologies that can be easily integrated
into existing ontology frameworks.

Integrating biomedical ontologies has been recommended as a way to sup-
port the inter-operability required for research applications. The integration of
ontologies was defined by J. F. Sowa [9] as the creation of a new ontology C from
two ontologies A and B, such that C facilitates the inter-operability between
information systems based on ontologies A and B. It should be noted that the
inter-operability between ontologies A and B is weaker than the integration of
A and B, in that inter-operability requires information systems based on A to
translate statements from B while retaining parts of the semantics from B and
vice versa.

We propose that there is a need for non-monotonic formalisms, as well as
for an extended understanding of core ontologies, to facilitate the integration of
biomedical ontologies.
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2 Non-monotonic Aspects

We have focused on two sub-groups of biological ontologies. The first group
describes a canonical or idealized view of a domain, for example, an ontology
of canonical anatomy such as the Foundational Model of Anatomy (FMA) [5].
We call this group canonical ontologies. The FMA describes a prototypical,
idealized human anatomy. Many ontologies concerned with structure, such as
cell structure or anatomy, are canonical in this sense. A canonical anatomy
ontology such as the FMA contains rules such as:

Every instance of a human body has as part an appendix. (1)

This rule does not necessarily apply to every real human body; an individual
human body may lack an appendix as part. The rule, however, describes an
idealized or default human.

This observation becomes more important when considered with the other
group of ontologies, namely pathology ontologies. A pathology ontology de-
scribes deviations from an idealized case, including exceptions, abnormalities or
malfunctionings. For example, the Mouse Pathology Ontology [6] includes the
term “growth arrest” as a specific type of “general developmental defect”, and
the Mammalian Phenotype Ontology [8] contains the term “absent tail” as a
specific type of “abnormal tail morphology”. Pathology or disease ontologies
cover a different kind of knowledge than that captured in canonical ontologies.
For example, an individual may be both an instance of a human body as de-
scribed in the FMA (which implies an appendix as part) and an instance of the
category “human body with absent appendix”. Making the negation in “absent
appendix” explicit yields an inconsistency. According to (1) all human bodies
have an appendix as part, but there are instances of “human body” that do not
have an appendix as part.

The integration of canonical and pathology ontologies is difficult, because
inconsistencies are inevitable when both are interpreted according to classical
logical formalisms. Little attention has been paid to resolving this issue. In
order to prevent inconsistencies while preserving the intuition behind statements
such as “a human has an appendix as part”, such statements in the canonical
ontology must be weakened. We propose using non-monotonic logic which will
allow the statements in a canonical ontology to be treated as true by default.
Adding knowledge from a pathology ontology or using a statement involving
the lacks relation (and therefore negation), may then invalidate the conclusions
previously drawn, but without necessarily resulting in inconsistency.

Non-monotonicity is provided in a number of formalisms, for example, auto-
epistemic logic, circumscription, default logic and context-based reasoning. For
some of these, ready-to-use implementations exist. We use a prototype im-
plementation of non-monotonic rules using the DLVHEX system [1]. DLVHEX
provides the ability to add datalog programs to a description logic knowledge
base using the answer set semantics. Our implementation is coupled with the



biological core ontology GFO-Bio®.

3 Core Ontologies and Upper Domain Ontolo-
gies

There have been a number of attempts to integrate biomedical ontologies within
a common ontological framework such as the BioTop Ontology [7], GFO-Bio,
the Simple Bio Upper Ontology? and the ONIONS methodology [2]. Current
approaches, such as those listed above, have been primarily intended to provide
a domain top-level or a link between domain-specific categories and categories
in some top-level ontology. We refer to these ontologies as upper domain on-
tologies. Integrated upper domain ontologies include categories from different
(sub-)domain ontologies (GO, cell type, mammalian phenotype, FMA, etc.).
These integrated ontologies may be designed following different design princi-
ples, exhibiting different views or are based on different granularities. Losing
these aspects of domain ontologies in an integrated upper domain ontology pos-
sibly restricts the inter-operability of information systems based on the domain
ontologies. In accordance with [10], we argue that it is necessary to make the
nature of a domain precise and to provide a clear methodology for including
categories in the ontology. We demonstrate our approach by explaining the
basic ideas of the core ontology GFO-Bio, which is being developed by the Bio-
Ontology Research Group Leipzig. GFO-Bio is centered around the concept of
autopoiesis. The aspects of each domain ontology regarding autopoietic systems
are made explicit as relations among the categories of the domain ontology and
the category of autopoietic systems. This analysis is based on an ontological
theory of levels of reality [4].

We believe that there is a difference between core ontologies, as intended by
us, and upper domain ontologies. In contrast to upper domain ontologies like
BioTop or SBUOQO, the core ontology GFO-Bio exhibits the following features:

e It provides a method for making the nature of the biological domain ex-
plicit by using the theory of autopoiesis. The category of autopoietic sys-
tem is used as a category with a special status which we call a principal
category for biology.

e GFO-Bio allows for an alignment of domain ontologies according to their
view of the principal category of autopoiesis. This is achieved by specifying
the relations — originating from the top-level ontology GFO [3] — that
categories of domain ontologies have to the principal categories. In general,
we consider this functionality a key feature of core ontologies, that benefits
both the comparison and translation of domain ontologies.

e Beyond biology, ontologies of different domains can be integrated into a

lhttp://onto.eva.mpg.de/gfo-bio.html
2http://www.cs.man.ac.uk/~rector/ontologies/simple-top-bio/
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similar style, i.e., by relating their categories to the principal categories in
GFO-Bio.

GFO-Bio is an ontology of categories and individuals. In particular,
it groups categories and their interrelations together in domains, using
higher-order categories and relations.

It provides a means for integrating ontologies of different biological do-
mains based on different formalisms (first order logic, description logic,
datalog, etc.).

Conclusion

We have outlined the problem of integrating canonical and pathology ontolo-
gies, which requires an extended logical setting for expressing ontologies. For a
principled integration approach, we advocate using core ontologies, which add
aspects of domain structuring and meta-categories to upper-domain ontologies.
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