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Abstract. The increasing need for advanced ontology-based knowledgege-
ment in the life sciences is generally being acknowledgetd up until now, the
development of biological ontologies lacks adherence tadi@ational principles of
ontology design. This is particularly true of so-called epfevel ontologies such
as the GENIA ontology which covers biological continuantsl das mainly been
devised for corpus annotation in a text mining context. Asléernative, we intro-
duce BoTop, an upper ontology of physical continuants in the domainiablgy,
with a coverage similar to the GENIA ontology. We report osida specifications
and modeling decisions foriBTopPwhich are based upon formal ontology princi-
ples. As a major desideratum, these continuants are deddriierms of necessary
and sufficient conditions. We accomplished this goal for 86af the 146 existing
GENIA classes. We use OWL-DL as a formal knowledge represient language
and may thus use a terminological reasoner for classifitatiorder to check and
maintain consistency during the ontology engineering phas

Keywords. Bio-Ontologies, Upper-Level Ontologies, OWL-DL

1. Introduction

The rapid increase of scientific knowledge in the life scenhbas created an enormous
need for advanced knowledge management in this field. As secpuence, many efforts
have been devoted to develop description languages to tralgige the knowledge of
this domain. Whereas cell biology and genomics have onlygmally been covered
by the traditional clinical vocabularies (such as the rdudl®0 sources made available
by the Unified Medical Language System (UMLS) [17]), the depeent of the Gene
Ontology [7] and, more generally, the Open Biomedical Qugas (OBO) framework
[13] have put the case of ontology development at the verypfabpeir task agenda.

As with the UMLS, each OBO ontology is independently develbpnd provides a
partial, highly focused view on biology and medicine, fukby the specific interests of
various ontology designers. OBO includes at present (MG P58 ontologies covering
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cell types and components, the anatomy and developmenvefaderganisms (plants
and animals), chemical entities, biological pathways andgsses, molecular functions
and others. The OBO ontologies, up until now, adhere to a&raiimple design pattern:
Nodes (called terms) are organized in directed acyclicligdPAGs) with labeled edges
(relations) such als_A Part_Of Develops_Fronand others.

Most of the OBO ontologies were created in a completely imf@rand ad-hoc fash-
ion which is likely to create conflicting and contradictonyerpretations. For example, in
the statemenA Part_Of B(with A andB being OBO terms which we consider as refer-
ring to universals), the assertion that “some instances afe®part of some instances of
B” is quite different from the assertion that “all instanadsA are part of some instance
of B” or that “all instances of B have and instance of A as p§28,18]. A proposal
has recently been made to provide consistent and unamtidoioual definitions of the
relational expressions that ontologies in OBO [21] shoulldexe to.

The necessity of a generalized upper-level to support tteedperability between
different domain ontologies and to enforce the consistendihe process of ontology
construction and maintenance has been advocated by maaychers though this goal
still has not been realized so far. Whilst several propdsalgeneral-purpose upper on-
tologies exist (e.g., DOLCE [6] and BFO [22]) and are alreadiject to vivid discus-
sions, this issue is not really on the radar in the biology diom

Whereas BIO-BFO [8] and Simple Bio Upper Ontology [15] aretsked without
any concrete application context, the GENIA upper ontolisgyost commonly used for
the semantic annotation of texts by the biological text nmgmeommunity. According to
its designers, GENIA

“is intended to be a formal model of cell signaling reactiamfiuman. It is to be
used as a basis of thesauri and semantic dictionaries foraténguage processing
applications such as information retrieval and filterimjormation extraction, docu-
ment and term classification and categorization. Anotheofithe GENIA ontology
is to provide the basis for an integrated view of multipleatiatses. [24]”

The GENIA ontology limits itself to a set of highly generalpgy-level categories and
is restricted to biological continuants. It contains 45rter(called “classes”) which are
arranged in a tree-wise fashion at a maximum depth of 6 n@®kstdes the taxonomic
relationls_Ait does not contain any further relations or definitory axgoimstead, so-
called “scope notes” informally phrase the meaning of thelsi classes as natural lan-
guage statements [24]. As said above, the predominantagiph of the GENIA ontol-
ogy targets semantic annotation of named entities in bictdtjterature abstracts [14].

In this paper we propose a common upper ontology for biologyadopt the GE-
NIA ontology as the starting point for its development. Takidifferent traditions of
ontology development into account we define a set of bestipeaprinciples and use
them for a critique of the GENIA ontology as well as the sulmssd design of a new
upper ontology of biological continuants. The newly desigiontology is intended to
facilitate the interoperability between existing bionwadiontologies, e.g., the Gene On-
tology, ChEBI, the Mouse Ontology and other OBO ontologies also medical ontolo-
gies such as the Foundational Model of Anatomy (FMA) and SNEDMCT. Due to pre-
cisely defined axioms this newly created ontology has therii@l to be more rigorous,
consistent and valid than its precursors.



2. Methodology
2.1. Different Traditions of Ontology Design

One may distinguish three fundamentally different appiheacdo ontology design due
to different traditions, interests and purposes. Thederéifit approaches still give rise
to misunderstandings and often fruitless discussions.afég to them as (i) the lexical-
cognitivist, (ii) the philosophical-realist, and (iii) ¢hcomputer science approach.

2.2. The Lexical-Cognitivist Approach to Ontology Design

Natural language constitutes the primary means of commatioitbetween domain ex-

perts, as used in scientific publications, textbooks, glies and dictionaries. The ab-
straction from word meanings is therefore the most natuegl domain experts, such
as biologists, chemists or physicians (generally lackmgepth knowledge in philos-

ophy, logics and computer science) tend to organize theirailos of interest. Related

to the methodologies developed by lexicographers andritrs, this approach is also
supported by the cognitive science community which is materested in describing the
mental representation of reality rather than in the mirdkpendent reality itself. Pro-

totypical features of concepts (as the entities of thoutig)efore guide the enterprise
of ontology construction. Evidence for this language anghition centered view is the

preference of the words “terms” or “concepts” for descripihe nodes in an ontology,
as well as the restriction to inter-concept relations wiiiepict semantic association (of
what “normally” has a good degree of plausibility) ratheartsubscribing to strict formal

properties of the relational statements being used. A d&on of semantic underspeci-
fications of concept-to-concept relationships is ofterardgd as some kind of sophistry.
This position is also backed by philosophical positionschhdispute the accessibility of
a mind-independent reality.

2.3. The Philosophical-Realist Approach to Ontology Desig

Regardless of inter-philosophical divergences (whichofien difficult to communicate
to the outside world), philosophers who dedicate themsalvdormal ontologies gen-
erally build upon a millenary tradition of metaphysics aadits. Their endeavor of ex-
actly describing entities of being in their essence geheratuires a rich inventory of
logical constructs. For many purposes, first-order loggaonsidered as insufficient for
adequately describing reality. The claim of describinditgdy logical statements is
most decidedly raised by the Aristotelian tradition. Aaiagly, classifying the world’s
entities in terms of their genera and differentiae is adbpie a fundamental guideline
for the design of formal ontologies.

2.4. The Computer Science Approach to Ontology Design

Computer science has borrowed the term “ontology” fromgatiphy, using it preferably
in the hitherto non-existent plural form. Here, ontologiee mainly conceived as com-
putable abstractions of certain domains of interest, mairiven by concrete application
requirements. Traditionally, only little emphasis hasrbpet on upper ontologies which



has somewhat changed with the advent of the Semantic WebeWéowthe view pre-
vails that different ontologies represent different antfpatunately, partly incompatible
views of a given reality. Rather than focusing on upper mgigs, computer science on-
tologists tend to feel more challenged by the tasks of semardiation and brokerage.
Another contrast to purely philosophical ontologists s $trong focus on computability.
Therefore, higher-order logics and even full first-ordegiés are commonly discarded
due to their high computational costs. The attempt of dbesagimore tractable subsets
of logic was one of the major driving forces of developingatgdion logics [1].

2.5. Principles of Ontology Building and Critique

A reasonable starting point for the ontological analysishef biological upper-level is
given by the following principles [5]: (i) select a set of fodational relations, (ii) define
the ground axioms for these relations, (iii) establish t@ists across the basic relations,
(iv) define a set of formal properties induced by these fomslaltions, (v) introduce the
basic categories and classify the relevant kinds of domatities accordingly, and, fi-
nally, (vi) elicit the dependencies and interrelations amthe basic categories. In our
case, most of these basic categories are borrowed from ther optologies BFO [22]
and DOLCE [6] enriched by principles introduced by Reabml. [16]. Accordingly,
we adopt the generally accepted, mutually exclusive dimsibetween universals and
particulars on the one hand, and between continuants andreats on the other. Partic-
ulars (individuals) are the concrete and countable estitiehe world (e.g., “my hand”)
whereas universals are entities which are instantiatecabycplars (e.g., “hand). Or-
thogonal to this dichotomy, a fundamental distinction begw continuants and occur-
rents is also commonly introduced. The GENIA ontology hasxplicit category for
occurrentd and hence its focus is put on the representation of conttsuan
Furthermore we subscribe to the canonical relafioesently adopted by OBO [21]n-
stance_of relates an individual entity to a certain claks.Arelates two classes in terms
of taxonomic subsumption. The relatipart_of and its inverseénas part relate indi-
viduals in terms of parthootiFurthermoregderives_from holds between an individual
which was either identical or part of another individual atne instant in time. Finally,
has_function and its inverseénheres hold between individual material entities (such as
molecules) and their inherent (biological) functions. Asiacategory of dependent con-
tinuants we introduce here the important notiorbaflogical function Although func-
tion is not addressed directly by the current state of the [B&Edhtology, it will prove
necessary for a complete definitory framework of GENIA aass

2|n the context of this paper the tenmiversalwill be considered synonymous with the terofassandtype
We refrain from the use of the teroonceptdue to its multiple, partly contradictory senses. Our ditton
between universals and particulars is made explicit bytstraming conventions: names of universals use
Upper Casaénitials, while names of particulars are writtenlower casedetters.

3In practice, annotators have been using the residual agtégier” for tagging occurrents.

4We use the following naming conventions: Relations in whicte or more individuals are involved are
expressed by means bbld face expressions and lower case initials. Relations involving classes only come
with Upper Case Initials and Italic Fonts

5We understand parthood as proper parthood in the sensentdifarereology [20], i.e., a transitive, irreflex-
ive and asymmetric relation.



2.6. Analysis and Reconstruction of GENIA

Our approach to design a new ontology covering the existiBNIA classes rests on the
following steps:

1. We analyze each GENIA “scope note” in terms of its defipitaalue, both un-
der an intensional (i.e., the definition) and an extensi¢&l, the subordinate
classes) point of view. We hereby focus on how the linguistipressions con-
tain sufficient information to delimit the meaning of the @dated term and the
extension of the class it refers to.

2. Under the assumption of the current GENIA ontology beitgxanomy we an-
alyze it with regard to proper classification principles.eiag in mind that a
major purpose of GENIA is to unambiguously assign exactly semantic label
to each text entity under scrutiny, this requires a moneoanahical classification
tree with pair-wise disjoint and exhaustive classes at eldsificatory level.

3. We logically redefine the classes, exploiting both th@eissed scope notes and
canonical biological knowledge. As we are aware of the faat & comprehen-
sive ontological account often requires a highly expresksinguage, we do not a
priori impose any restriction on that language. Howeveemgkier computation-
ally expensive formalizations result, we transform theio i simplified repre-
sentation using OWL-DL, according to the preferences ofcttraputer science
approach to ontology implementation. The expressivitypfms can most likely
be solved by integrating rules through the Semantic Web Raguage (SWRL)
[11] in our BioToP implementation. This framework built on top of OWL-DL
allows to combine class definitions with rules and, by doimgnsakes it feasible
to express complex facts that cannot be expressed usirgjagéigitions alone.
A caveat is that the rules must be applied carefully to avaimkssive computa-
tional costs. If applied with care, however, they can calyamprove the exist-
ing coverage of the domain. Hence, their use will be invastid as a future step
in the development of BTOP.

4. A major requirement rarely met by any existing biologioatology is the in-
troduction of true definitions. This means that both the ssagy (i.e., getting
from a class to its conditions) and the sufficient conditifires, getting from the
conditions to a specific class) for class membership whigune be described.
The latter is one of the main requirements in order to fullglek the inferential
power of description logic reasoners such as RACER [10].hifecreasoning is
then used for checking the logical consistency of the ogtplany inconsistency
found will then require additional change iterations. Weext that abstraction
from full first-order logic will lead to a loss of expressiyitvhich we intend to
counterbalance by the introduction of auxiliary constsuct

5. The interfaces to existing ontologies such as the Genel@gy, CHEBI, etc. are
identified. Besides this, the new ontology should exhibitifident granularity
and coverage to support a mapping to the classes of the GENogies with-
out ambiguities. This would meet the requirements of thertéring community
for which GENIA has evolved as a kind of a quasi standard.



3. Analysisof GENIA
3.1. Analysis of Scope Notes

A general impression of the scope notes is that besides mguingats to related terms,

they do not contain sufficient definitory information. A reador this may be that the

annotators using GENIA were too familiar with these termd hence believed that no
additional information was required. Summarizing somehaf typical shortcomings,

Table 1 reveals that only a quarter of all classes are fulindd by their scope note. Half
of the GENIA classes are incompletely described by just esrating their subclasses or
listing examples. Yet another quarter does not even havepeswte.

3.2. Analysis of GENIA's Ontological Structure

A formally correct taxonomic classification is done on thsibaf the ontological nature
of the entities. Classes in an ontology stand for univelgealigical expressions denot-
ing universals), whilst instances correspond to entitibclvcannot be instantiated [5].
Whereas it is straightforward to assume classes such asisngecell, individual DNA
(desoxyribonucleic acid) molecule to be instantiated biyccete entities (e.g., “this in-
dividual cell under this microscope”), we also observed atous oddities which arise
with regard to other classes such as source, cell typegtigsotein family or group.
identified the following kinds of classes which require derepntological inquiry.

3.2.1. Source and Substance

The division between “Source” and (chemical) “Substanaaistitutes the uppermost
partition of the GENIA ontology. Whereas “Substance” refey chemical substances
involved in biochemical reactions, “Sources” are definetb&slogical locations where
substances are found and their reactions take place”. Tieegudbdivided into natural
(such as organism, cell) and artificial sources (such adige)l. As much as it may be
acceptable that for specific purposes biological objeasnat distinguished from the
space they occupy, biological location can hardly be aetkps a suitable upper-level
distinction. For example, “Natural Source” subsumes diffic kinds of entities (cell,
cell component) which also occur in artificial sources,,e&gll lines. Our suggestion is
therefore to treat “Source” as a role and not as top-levekcla

| Feature | Occurrences| Class | Scope Note |
No Definition 11 Carbohydrate
Examples Only 18 Amino Acid Monomer | An amino acid monomer, e.g., tyr, sef
Partial 2 Artificial Sources Cultured, immortalized or otherwise
Definition artificially processed sources
Full 10 Domain or Region A tertiary structure that is supposed
Definition of Protein to have a particular function, e.g., SH2
Enumeration 4 Organism Organisms include multi- and
of Subclasses mono-cell organisms

Table 1. Analysis of GENIA scope notes



3.2.2. Cell Type

“Cell Type” occurs as a sibling of “Organism” and “Tissue"dais vaguely described in
the corresponding scope note as “a cell type, e.g., T-lyropteo T-cell, astrocyte, fibro-
blast”. Here the question arises whether the attributeg'typ merely a notational flavor
or conveys an additional meaning, e.g., a metapropertgnitisted by universals instead
of individuals [5]. An instance of “Cell Type” would therefnot be an individual cell
but rather a universal such as “Fibroblast” or “LeukocytBlt in turn this argument
would equally justify the creation of classes such as “Tessype” or “Organism Type”.
In any case, such classes would specialize the class “N&auace” since sources are
defined as biological locations and a “Cell Type” is definitebt a biological location.
Hence we suggest to ignore the meta-level reading and regitiTgpe” as “Cell”.

3.2.3. Family or Group

A similar problem can be found with classes labeled “FamilyGooup” (in the DNA,
RNA and Protein branch) defined by GENIA as “a family or a grofiproteins, e.g.,
STATS”. Such a class definition addresses the need of a refereniostances of a
human-made classification scheme for proteins rather thanstances of biological
classes. That again, would correspond to a meta-classgebediding to conflicts with
the parent classes “Protein” and “Substance”. We may argaesuch classification
schemes follow biological functions, locations and oth#es (e.g., structure proteins,
enzymes, or transport proteins) and because of this an acftmnthis phenomenon by
a separate branch of the ontology (e.g., “Role”, “Functjd&htity of Classification”)
would be required.

3.2.4. Other

Residual categories, although repeatedly criticized][&& characteristic for classifi-
cation systems since they allow for an exhaustive, nontapping coverage of a given
domain even for those entities which do not fall into the @by defined categories.
GENIA's use of residual categories (e.g., “Other Naturali®e”, “Other Organic Com-
pound”) is however quite inconsistent because residuagcaites are only present in
some partitions but missing in others (e.g., “Natural Set)tAlthough residual classes
are ontologically irrelevant (i.e., their instances ladoanmon property), they can never-
theless be formalized as the logical complement to the usiidineir siblings. However,
they may be misused for classifying those instances whiekiarply underspecified due
to missing information and hence degrade the quality okdiaation.

3.2.5. Masses, Aggregates and Collectives

Many kinds of biological and chemical entities occur asexiives of uniform objects
(e.g., cell collections or KD molecules). More complex aggregations of cells and intra-
cellular matrices are present in biological tissues. A gxgtical example is “Tissue”,
described in GENIA as “a tissue, e.g., peripheral blood,dhoid tissue, vascular en-
dothelium”. That is not a proper definition but merely an eeuation of possible sub-
classes. For instance, “Tissue” in a biological contextodes an aggregate of cells and
intracellular substances. Due to this fact it is not cleantxactly is an instance of

6Signal Transducers and Activators of Transcription



“Tissue”. The main difficulty here is to make a clear commitrie the referents of such
mass or collection terms. In principle, there are good amgusito refer to either (i) the
totality of the mass/collective (e.g., all red blood ceRBCs) in an organism), (ii) any
portion of it (e.g., the RBCs in a lab sample) or (iii) the nmal constituent (e.g., a
single RBC). So far there is no biological ontology whichfgigntly accounts for the
distinction between single objects and collectives.

4. Design of the BioTop Ontology

The design of BoTop (Biological Top-Level) was done by two of the authors with
good knowledge in description logics as well as moleculaldgy. For ontology engi-
neering, we used the Protégé ontology editor [12] suppditethe RACER termino-
logical reasoner [10] for consistency checking. This freuoik required a restriction to
the OWL-DL language specification.|&ToP contains a total of 146 classes (85 fully
defined), 12 relations and 171 restrictions. The ontologycsssfully classifies on a
middle-end laptop computer in about four minutes. It is kdé for download from
http:// nor phi ne. coling. uni-freiburg.de/ ~schul z/ Bi oTop/ Bi oTop. htm .

In the course of engineering thadl op ontology, several design decisions were taken
which we discuss next.

4.1. Relations

In addition to the class-level taxonomy-builditgy Arelation, we introduced the mere-
ological relationgproper_part_of andhas _proper_part which relate individuals. Al-
though the OBO relations proposal prefers the reflexiveingp@.g., “my body is part
of itself”) [21], we adopt the irreflexive variant for two reans. Firstly, reflexivity is
counterintuitive in biology since the common language usépart’ excludes iden-
tity. Secondly the OWL-DL language specification does ngipsuit reflexive relations.
Just as proposed by Simons [20], takimgpper _part_of as a primitive is just a mat-
ter of convention. The relation® oper_part_of andhas _proper_part are subrelations
of located_in andlocation_of, respectively [21]. The refining criteria for distinguish-
ing proper_part_of from located_in are complex and discussed in [19]. Two subrela-
tion pairs ofhas_proper_part were introducedyiz. has grain andgrain_of (accord-
ing to [16]) as well axomponent_of andhas_component, respectively, both relations
being intransitive. The relatiohas_grain allows for the definition of collectives (i.e.,
amounts of cells, molecules, etc.) in terms of their counstit objects. The relation
has_component relates compounds to their constituent components. An phaior this

is the relation between a protein chain and its constitueribh@a acid monomers. The
criterion for the assignment of this subrelation is basedhemnotion of a partition: all
parts related byras_component are mutually non-overlapping and sum up to the whole
entity. We can formally deduce this relation frdvas_proper_part as follows (using _
for the mereological sum [25] and the RCC relatiquusfor proper spatial overlap and
dc for spatial disconnection [4]):

has_component ,,(a, by) < (1)

Ja, by, ..., by ﬂ has proper_part(a,b,) ﬂ ﬂ -po(b,, b,.) ﬂZby =a

v=0 v=0 p=v+1



The relatiorhas_grain can be formalized in a similar way:

has_grain(a,by) <> Ja, by, ..., by : [ instance_of (b,, B)N 2)
v=0
n n—1 n n
() has_proper_part(a, b,) N [ﬂ N dc(by,b,,,)] Ny b,=a
v=0 v=0 p=v+1 v=0

Whereas a compound’s sortal identity depends on the exatto$uts components, a
collective identity does not. If one removes a single bloeltifcom a given blood sample
then the type of the sample still remains the same. But if demtide is removed from a
gene sequence then it instantiates a different type. Anctiterion is that grains unlike
components are not spatially connected. However, thisiregja clear-cut conceptual-
ization of connection. Another difference between graim$ @@mponents can be found
in the relation between components and compounds depeadiagpartition (see sub-
scriptP in formula 1). There may be different ways to dissect an gintiib compounds.
Consider a human skeleton which is normally partitioned it¢ 206 bones. A more
coarse-grained partition (e.g., considering skull andipaingle components), however,
is also possible. Also, a DNA sequence can be partitionéeeihto nucleotides or into
tri-nucleotide units called codons with each coding forrag amino acid. Finally, the
arrangement of components is fundamentally relevant ton#ttere of the compound,
whereas the arrangement of grains is irrelevant for thectie. (This issue is not con-
sidered in the above formula.)

Since it is not possible to directly translate the above fdeninto OWL-DL, these
considerations need to be added via primitive classesré&wersions of the BTopr
ontology may discard those primitive classes and instepty §WRL rules at this point.

4.2. Collectives

The introduction of collectives as classes of their own, dntcast to their constituent
objects, is justified by the ontological difference betwtese two kinds of entities and
the referential ambiguity which can commonly be observetkits. From a cognitive
point of view, a distinction between masses and collectisgdausible, since humans
perceive them in a different way and therefore use diffel@mguage constructs (e.g.,
“some blood”, “du sang”, “Blut” vs. “erythrocytes”, “desythrocytes”, “Erythrozyten”).
This is the reason why DOLCE makes an ontological distimctietween “Collection”
and “Amount of Matter”. We consider such a distinction argleasince is depends on
the scale of granularity and type distinction. Due to theratity of matter, actually any
amount of matter can be described as a collective of pastigle even refrain from an
upper distinction between collectives and count entitessalise any material continuant
can be regarded as a collection of elementary particles.

4.3. New Classes
In order to (at least partly) fulfill our objective of desdrily ontology classes in terms

of full definitions, we introduced additional classes, mafiywhich are only textually
addressed in the GENIA scope notes. An example of this isltss ¢Particle”. It was



originally meant to represent the classical notion of moleor atom as constituent of
matter. As a property of such a class we required that it shoat be homomerous,
i.e., no part of a particle itself should be a particle. Clggsy the ontology under this
constraint immediately led to a series of inconsistendesloser analysis of chemical
entities revealed that it is indeed highly problematic tssify chemical entities in terms
of unity [9]. Whereas at the level of small molecules this Idastill be accounted for
by additional subdivisions (e.g., amino acid molecule \eirn® acid residue) this is
nearly impossible for the domain of macromolecules in wisieberal flavors of chemical
bonds (i.e., hydrogen bonds, polar bonds and ionic bon@sjemponsible for a broad
and continuous range of cohesive forces. We therefore ebihye notion of a whole and
consequently the requirement of non-homomerity for plagic

A further example of a newly introduced class is “HeteroyBlase” which is used
for the definition of “Nucleotide”. Compared to other ontgies, the number of fully
defined classes (i.e., definitions in terms of both necesmadysufficient attributes) is
quite high. Interestingly, there are no such definitoryestants in any of the current
OBO ontologies.

4.4. Rearranged Classes

Some classes in the original GENIA ontology are misleadia. instance, “Amino
Acid” subsumes any compound which contains amino acidsghdhbe term is regu-
larily used for amino acid monomers. Hence we introducedctasses “Amino Acid
Monomer” and “Amino Acid Polymer” in order to avoid confusioGenerally, there
seems to be a major confusion in the domain concerning morsppmymers and subdi-
visions of polymers. The prototypical example for this is@Mccording to the GENIA
ontology, the term DNA refers to one or more of

1. a DNA monomer constituted by a base, desoxyribose andsppteresidue;

2. one polymer constituted by DNA monomers, bound togetheovalent bonds;

3. two complementary strands of DNA polymers (cf. 2), joitgchydrogen bonds;

4. any subdivision of item 2 or 3, provided it is made up of ntbis:n one DNA monometr.
In BioTopwe therefore made a sortal distinction between DNA monomerdrding to
item 1), full DNA (according to item 2) and DNA which correspis to item 4. Double
strands are considered to be of different types.

4.5. New Branches

As already pointed out, the “Family or Group” categoriesirtne original GENIA on-
tology are improperly arranged in the hierarchy. In GENl&gb categories were in-
cluded to denote terms such as “enzyme” or “membrane pfoti@ira statement such
as “the enzyme E”, “enzyme” refers to a biological functioheseas “E” refers to an
amount of molecules. What is meant here is that “E” exerdisegunction “enzyme”.
In order to account for this peculiarity we introduced aniiddal branch named “Non-
Physical Continuant” which subsumes “Biological Functidogether with “Biologi-
cal Location”. Just as in the GENIA ontology)®T op does not elaborate on biologi-
cal processes, events, or actions. In the current versmmytcontains one single class
named “Occurrent”. An enhancement towards a more detadedription of this kind of
entities will constitute an important issue of future work.



4.6. Mapping to GENIA

In order to guarantee downward compatibility, the origiB&NIA ontology was added
as an additional layer, in a separate step. To this end,ratinal GENIA nodes (i.e.,
those which are used for semantic annotation) were addeairegly jexclusive classes
and linked to the BoTop classes bys_Arelations. Consistency is assured by applying
the terminological reasoner.

4.7. Interfacing with Other Ontologies

Several BoTor classes can be used as links to other existing ontologiase¥o
ample, “(Bio)Molecular Function”, “Cellular Componenthd “Biological Process”
provide links to the homonymous branches of the Gene Onyoldge same can
be applied to the GEBI ontology. “Molecular Functiop;,r.,” interfaces with
“Biological Rolec,gpr”, "AtOM piorop” and “Compoundgs;,r.,” with “Molecular

Entities:nzp;” and “Subatomic Particles,ro,” With “Elementary Particles,zg;".

*Organisms;orop’s “TiSSUERioTop” and “Body Parki,ro," can finally be linked to
species-specific OBO ontologies, to the Foundational Motléhatomy (FMA) and to

clinical terminologies.

5. Discussion and Conclusion

In this paper we introduced design principles and modeliegjsions for the biologi-
cal top-level ontology BoTop which is based on the GENIA ontology/annotation vo-
cabulary as a semantic glue for connecting existing biooadintologies. BoToP has
been devised as a rather expressive model which makes use fafiitrange of OWL-
DL constructs. Future applications of @ opwill include the provision of semantically
precise classes to improve the quality of semantically tatad corpora (while keeping
downward compatibility to GENIA) and the assurance the tescy of biological on-
tologies in the further development of OBO and clinical tetotogies. The latter goal
may be partially impaired by the high computing demandsiafT®p as a consequence
of its expressiveness. We also plan to augment the curreatypOWL-DL based im-
plementation with SWRL rules. By doing so we believe to owene the still existing
expressivity gaps (stemming from the insufficient OWL-DLnstructs) and hence to
achieve better domain coverage. Necessary further stdidsevBIOTOP's enhancement
in the domain of biological functions and processes anddam{-automatic) generation
of natural language definitions in order to facilitate itage and to assure its adequacy.

Acknowledgments. This research was supported by the European Network of Excel
“Semantic Mining” (NoE 507505). The second, third, and thuauthor were additionally funded
by the BOOTStrep project under grant FP6-028099, both witheé EC’s 6th Framework Pro-
gramme.



References

(1]

(9]

(20]

(11]

(12]
(23]

(14]

(15]

(16]

(17]
(18]

(19]

(20]
[21]

(22]
(23]
(24]

(25]

F. Baader, D. Calvanese, D. L. McGuinness, D. Nardi, arid Patel-Schneider, editorBhe Description
Logic Handbook. Theory, Implementation, and ApplicatioBambridge, U.K.: Cambridge University
Press, 2003.

O. Bodenreider, B. Smith, and A. Burgun. The ontologysgamology divide: A case study in medical
terminology. In Achille C. Varzi and Laure Vieu, editoRroceedings of FOIS 200f#ages 185-195.

J. J. Cimino. Auditing the Unified Medical Language Systeith semantic methodsJournal of the
American Medical Informatics Associatiof(1):41-45, 1998.

A. G. Cohn. Formalising bio-spatial knowledge. In Chtiglty and Barry Smith, editor&roceedings
of FOIS 2001 pages 198-209.

A. Gangemi, N. Guarino, C. Masolo, and A. Oltramari. Uretanding top-level ontological distinctions.
In Proceedings of the IJCAI-01 Workshop on Ontologies andhmétion Sharingpages 26-33, 2001.
A. Gangemi, N. Guarino, C. Masolo, A. Oltramari, and Lh8eider. Sweetening ontologies with dolce.
In Proceedings of EKAW 200pages 166—181.

Gene Ontology Consortium. Creating the Gene Ontologsouece: Design and implementation.
Genome Researchl1(8):1425-1433, 2001.

P. Grenon, B. Smith, and L. Goldberg. Biodynamic ontgto§pplying BFO in the biomedical domain.
In Ontologies in Medicinenumber 102 in Studies in Health Technology and Informapeges 20-38,
2004.

N. Guarino and C. A. Welty. Identity, unity, and individlity: Towards a formal toolkit for ontological
analysis. InProceedings of ECAl 200@ages 219-223.

V. Haarslev and R. Mdéller. RCER: A core inference engine for the Semantic Web Phaceedings of
the 2nd International Workshop on Evaluation of Ontologygéd Tools, Located at ISWC 20@#&ges
27-36, 2003.

I. Horrocks, P. F. Patel-Schneider, H. Boley, S. Tabd&, Grosof, and M. Dean.
SWRL: A Semantic Web Rule Language Combining OWL and RuleMR2004.
[http://ww. w3. org/ Submi ssi on/ SWRL] Last accessed: May 5th, 2006.

N. Fridman Noy, R. W. Fergerson, and M. A. Musen. The kisadlge model of ROTEGE2000: Com-
bining interoperability and flexibility. IfProceedings of EKAW 200pages 17-32.

OBO. Open Biological Ontologies (obo), 200bht t p: / / obo. sour cef or ge. net ] Lastaccessed
June 26th, 2005.

T. Ohta, Y. Tateisi, and J.-D. Kim. TheEBIIA corpus: An annotated research abstract corpus in mole-
cular biology domain. IHLT 2002 — Proceedings of the 2nd International ConferenceHaman
Language Technology Researgages 82-86.

A. Rector, R. Stevens, and J. Rogers. Simple bio uppertolayy, 2006.
[http://ww. cs. man. ac. uk/ ~rect or/ ont ol ogi es/ si npl e-top-bio] Last ac-
cessed: May 5th, 2006.

A. L. Rector, J. Rogers, and T. Bittner. Granularityalecand collectivity: When size does and does not
matter. Journal of Biomedical Informati¢c89(3):333-349, 2006.

UmLs. Unified Medical Language SystefBethesda, MD: National Library of Medicine, 2005.

S. Schulz and U. Hahn. Parthood as spatial inclusioiddfice from biomedical conceptualizations. In
Proceedings KR 20Q4ages 55-63.

S. Schulz, A. Kumar, and T. Bittner. Biomedical ontdkesy Whatpart-of is and isn’t. Journal of
Biomedical Informatics39(3):350-361, 2006.

P. Simons Parts: A Study in OntologyOxford: Clarendon Press, 1987.

B. Smith, W. Ceusters, B. Klagges, J. Koéhler, A. KumarLdmax, C. Mungall, F. Neuhaus, A. L.
Rector, and C. Rosse. Relations in biomedical ontologgnome Biology6(5):R46 (1:15), 2005.

B. Smith and P. Grenon. The cornucopia of formal-orgaal relations. Dialectica, 58(3):279-296,
2004.

B. Smith, J. Williams, and S. Schulze-Kremer. The oogyl of the Gene Ontology. IRroceedings of
the 2003 Annual Symposium of the American Medical Infousatssociationpages 609-613, 2003.
Tsujii Laboratory. Genia project home page, 2008w+t suj ii.i s.s. u-tokyo. ac.j p/ GEN A]
Last accessed: May 5th, 2006.

A. C. Varzi. Mereology. In Edward N. Zalta, editdtanford Encyclopedia of Philosoph$tanford:
The Metaphysics Research Lab, 200pl at 0. st anf or d. edu] Last accessed: May 5th, 2006.



