RECIIS

Electronic Journal of Communication
Information & Innovation in Health

[www.reciis.cict.fiocruz.br]
ISSN 1981-6286

Original Articles

Methodological aspects concerning the
reuse of ontologies: a study based on
genomic annotations in the domain of
trypanosomatides

DOI: 10.3395/reciis.v3i1.243en

(AP N -

Maria Luiza
de Almeida

Campos

Institute of Arts and Social
Communication, Federal
Fluminense University, Nite-
réi, Brazil
marialuizalmeida@gmail.com

Alberto M. R. Davila

Oswaldo Cruz Institute, Oswaldo Cruz Foundation,
Rio de Janeiro, Brazil
davila@fiocruz.br

Linair Maria Campos

Brazilian Institute of Information in Science and
Technology, Federal Fluminense University, Niteroi,
Brazil

linair@hotmail.com

Abstract

Maria Luiza
Machado

Campos

Institute of Mathematics,
Rio de Janeiro Federal Uni-
versity, Rio de Janeiro, Brazil
mluiza@pqg.cnpg.br

Hagar Espanha Gomes

Federal Fluminense University, Niteréi, Brazil
hagar.espanha@terra.com.br

Laura Lira

Brazilian Institute of Information in Science and
Technology, Federal Fluminense University, Niterdi,
Brazil

llira@gbl.com.br

In the last years ontology development has grown considerably, suggesting the maturing of the efforts towards the
development of standard vocabularies, specially in Biomedicine, which can be considered as a complex inter and
multidisciplinary domain. However, despite the existence of many methodological approaches and best practices
to guide the structuring of the ontology hierarchy and its relations, not much is explained about the methods and
techniques used to analyze the domain in order to obtain a list of its relevant concepts and to establish its scope,
specially if ontology reuse is desired. In this sense, our goal is to present the contributions of Information Science
and Computer Science that can be applied to ontology reuse, as a methodological step towards knowledge acquisi-
tion. On doing so, we hope to contribute to the enhancement of ontology aligning and mapping mechanisms in the
domain of Trypanosomatids
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Introduction

Initiatives of the international scientific community
in the field of genomics for the last years have led to
an explosive growth of biological information, which is
being continuously generated every day (HGP 2003).
The initial concern was, therefore, the creation and
maintenance of a database to store biological data. As
genomic databases are filled and genomes sequenced,
studies gradually shift their focus from genome mapping
to the analysis of the broad range of information resulting
from the functional characterization of genes by means
of Molecular Biology and Bioinformatics. It becomes
essential to create an interface among the data obtained
through various research projects around the world on the
interrelation of enzymes, genes, chemical components,
diseases, species, cell types, organs, etc. (Mendes 2005).
In order for these teams and / or institutions to exchange
scientific resources, it is necessary to find a common
method to describe and access these resources, so as to
facilitate their search, integration, and reuse.

Hence it is important to consider the relevance of
management, description and organization of scientific
resources in a digital medium for the research in the
field of Bioinformatics. It should be highlighted that
Bioinformatics is an interdisciplinary field comprised of
Biology, Computer Sciences and Information Technol-
ogy, whose purpose is to enable the discovery of new
biological introspections, as well as to create a global
perspective where the unified principles of biology can
be distinguished (Belloze 2007)

The large amount of data being accumulated in
the various databases around the world needs to be an-
notated and interpreted with the utilization of available
genomic data. For this purpose, the various projects in-
terested in exchanging and integrating information must
adopt standards for the annotation of data, in order to
consistently enable information retrieval. Ontologies play
an essential role in this integration, enabling the semantic
interoperability of heterogeneous distributed systems.
Such is the case of initiatives involving international
consortiums (Campos 2007).

The Open Biological Ontologies (OBO) Ontology
Library (OBO 2005) is a terminology repository devel-
oped for shared utilization among several biological and
medical domains. Despite the fact that it is called an
ontology repository, vocabularies can actually be defined in
several ways, such as: controlled vocabularies, glossaries,
and ontologies per se. Additionally, some vocabularies
can be generic to the point of being applicable to all
organisms, while others have terms which are restricted
to taxonomic groups such as flies, fungi, yeast, or fish.
Among OBO’s most disseminated vocabularies, we can
highlight Gene Ontology (GO) (Gene Ontology Con-
sortium 2001). GO is comprised of terms concerning
three main categories: cellular components, biological
processes, and molecular functions, non-dependent on
organism species (Ashburner 2002).

Brazil — or, more specifically, the activities of the
field of genomic scientific applications — is developing

a project called “Genome and Comparative Transcrip-
tome: a Bioinformatics consortium for the development
of a Web platform and integrated databases” under the
supervision of Fiocruz. One of the main targets of this
project is to provide an environment that is able to of-
fer semantic information on scientific resources, such
as data and software in the Bioinformatics area, and to
enable the shared utilization of these resources by the
scientific community. GO is being used for annotations
on its database.

The implementation of this environment required
the formation of a consortium involving Fiocruz and the
Federal Universities of Rio de Janeiro and Santa Catarina,
with the purpose of creating a Bioinformatics portal
and an integrated web platform for analyzing genomes
and transcriptomes. The development of capacities and
infrastructure in the Bioinformatics area is strategic in
Brazil. As a consequence, it is also greatly important
for collaboration between the various initiatives of the
genome projects, both in Brazil and abroad. Therefore,
with the purpose of assisting, optimizing, and dissemi-
nating research, a platform called BiowebDG is being
progressively implemented, as the result of an equally
named consortium, publicly available at: http:/www.
biowebdb.org.

The BioWebDB Consortium, funded by CNPq, is
comprised of a group of researchers from the fields of
Biology, Bioinformatics, Computing and Information Sci-
ence, who carry out studies in comparative genomics and
genomic databases. Comparative Genomics encompass
the analysis and comparison of genomes from different
species, with the purpose of achieving a better under-
standing on how species evolved, or of determining the
roles of genes and non-codifying regions of the genome
by means of such comparisons. Much of the existing
information on human genes could be discovered due to
the analysis of their correlates in simpler model-organ-
isms, such as mice (HGP 2003).

Studies carried out by the group focus on three
main subjects: developing Bioinformatics tools to analyze
genomes; analyzing trypanosomatide genomes; devel-
oping ontologies; and creating compatibility amongst
languages. The consortium’s initiative intends to build
flexible, intelligent, integrated and friendly platforms,
shareable among different data sets and genome projects.
In this context, ontologies assume fundamental impor-
tance in ensuring semantic organization and information
recovery.

The study we are carrying out already points to-
wards some results that allow us to state that no ontolo-
gies can be currently identified, either domestically or
internationally, which have been developed in accordance
with the specific conceptual cut-down — trypanosoma-
tides — to meet the requirements of the groups under
Fiocruz’s coordination. Despite international initiatives,
Gene Ontology does not have concept classes which
can fully meet the needs of the studies developed in
Brazil. In some instances, it is necessary to investigate
the harmonization between terms and their conceptual
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content. To this extent, and still as a proposal of the
OBO consortium, there exists an encouragement towards
the elaboration of specific GO cut-downs (called GO
Slims'), whose purpose is to provide GO subsets, quite
frequently with less detailed hierarchies and focusing on
specific organisms.

However, despite the dissemination of languages
and tools for the representation and construction of
ontologies, their underlying methodologies are of little
use, as they usually do not encompass adequate guide-
lines, either for the identification of concepts and their
relations, or for the creation of systematic definitions
associated with such concepts. Consequently, tools are
of little assistance in guiding users in the ontology con-
struction process, as well as in providing management
strategies for the construction of high quality ontologies
(Gangemi et al. 1996, Fernandez et al. 1997).

This article intends to discuss the issues inherent to
the reuse of ontologies, as a methodological step towards
the acquisition of knowledge in ontologies, and thus offer
tools for mapping and matching ontology terms within
the domain of trypanosomatides.

This study is, therefore, organized as follows:
section 2 deals with basic aspects of reusing ontologies;
section 3 deals with related studies; section 4 provides
details preliminary to our proposal for methodological
aspects employed in the reuse of ontologies; section 5
presents a discussion about our work and the difficulties
we were confronted with. Lastly, section 6 contains final
considerations.

Ontology reuse

As several studies have presented, ontology (Gruber
1993, Guarino 1993, 1998, Vickery 1997, Swartout &
Tate 1999, Corazzon 2000, Smith 2002) as a knowledge
representation tool appeared in the 1990s, within the
Artificial Intelligence field. For Artificial Intelligence
systems, what exists is what can be represented. When
knowledge of a domain is represented in a declarative
language, the group of objects that can be represented
is called the domain of discourse. Ontologies appeared
with the purpose of describing data handled by applica-
tions, by means of defining a group of terms that could
represent domains and tasks that those applications
should execute.

An ontology is, hence, a group of standardized
concepts, terms, and definitions accepted by a specific
community. Gruber’s (Gruber 1993) is the most common
definition of ontology: “an ontology is the specification
of a conceptualization”.

A conceptualization is an abstraction, a simplified
view of a world that is represented to meet one or more of
the following purposes: “allowing multiple agents to share
their knowledge; helping individuals to better understand
a certain field of knowledge; helping individuals achieve a
common understanding on a field of knowledge” (Smith
& Falbo 1998). In Logics, a conceptualization identifies
the object and relations existing in the logical universe
(Weinstein 1998).

Ontologies can be reused in many ways, which
sometimes results in the creation of an independent on-
tology based on the concepts of other ontologies (which
may be extended and adapted), and sometimes preserves
the original ontologies. The second case is the approach
we employ, which is called ontology matching.

Matching produces different results from merging
and integrating: instead of managing an additional ontol-
ogy, which is the result of combining reused ontologies,
it keeps reused ontologies unchanged in their original
locations, but generates a set of links among them. These
links contain a variety of information on how to malke
reused ontologies compatible, and are expressed on a
separate persistent (physically existing) model.

A set of links expressed in a persistent model pro-
duced by means of the matching process is a mapping
between ontologies. Information contained in the map-
ping will depend on the type of semantic relationship
existing among elements and on the type of formalism
used in the ontology to represent its semantics. For ex-
ample, two elements may be similar (to varying degrees),
or one can be a part of the other, or they may have some
other kind of relation that is identified with the help of
a domain specialist.

Similarity mappings can express varying degrees of
similarity (Felicissimo & Breitman 2004, Kalfoglou &
Schorlemmer 2003, Aleksovski et al. 2006, Su 2004).
Usually several factors are taken into account in order
to determine de degree of similarity, such as: linguistic
similarity between terms; compatibility of their attributes;
term’s position within the hierarchic structure, among
others. One of the issues of mapping concerns how to find
candidates. For more details on these issues, De Bruijin et
al. (2006) have carried out a consistent survey on types of
conflicts that appear when mapping ontologies.

Another aspect involving matching concerns the
type of technique employed to estimate candidates. It
can be based, among other aspects: (i) on similarities
between term names; (ii) on the ontology structure,
such as, for instance, it may consider the terms’ position
within the hierarchical structure of ontologies under
comparison, or their partitive relations, or other types
of relations that are similarly used in compared ontolo-
gies (Euzenat & Shvaiko 2007); (iii) on the addition
of supplementary knowledge, such as, for instance, on
information from another ontology or vocabulary with a
concept hierarchy, such as Wordnet (Miller 1990), which
may be used, for instance, to search for synonyms, or to
compare the distance between the positions of terms of
the ontologies being mapped against this other ontology
(Reynaud & Safar 2007, Sabou et al. 2006).

Studies related to the reuse of
ontologies

Literature on the reuse of ontologies minutely ex-
plores the various aspects involved from an operational
point of view, that is, what needs to be done or arranged,
and problems that arise within this context. Regarding
methodological aspects on how to reuse them, what we
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more often find concerns computational aspects, such
as, for instance, which algorithms are most effective to
promote compatibility among ontologies, both regard-
ing the accuracy and the speed of their results (Noy &
Musen 2000).

Some authors even propose more general tasks that
are necessary in the reuse process. Gangemi, Steve and
Giancomelli (Ganemi et al. 1996), for instance, state
that it is necessary to identify the basic terms and their
necessary and sufficient definitions in textual format.
However, they provide no suggestion on how to perform
such identification, or on which principles should be ad-
opted to build the definitions. The more comprehensive
view of Pinto and Martins (2001), on the other hand,
suggests that the reuse process starts during the selection
of ontologies to be reused. No further details are given,
however, on how to perform such tasks.

Ours studies have been pointing towards the im-
portance of investigation within the sphere of studies
on Building Language Compatibility in the Information
Science domain. We consider that they will provide us
with theoretical and methodological guidelines for the
reuse of ontologies (Campos 2005).

Semantic aspects of reuse concerning the
compatibilization of vocabularies

One of the aspects of reuse is the compatibility
among reused vocabularies. It should be highlighted that
the word compatibility has a very specific definition in
the field of Computing Science. It concerns the ability
of computers of various types to run software developed
in a different computer language, without the need to
convert it. In this sense, it is important to clarify that our
utilization of the term is defined within the boundaries
of Information Science, and is a seminal study of that
tield, with theorists such as Soergel (1982), Dalhberg
(1981), Neville (1970,1972), and Glushkov (1978),
Campos (2006).

For Glushkov and others (1978), compatibility is
the level of similarity between two languages, where there
exists a concept of degrees of compatibility and a distinc-
tion between semantic and linguistic compatibility.

Tivo methods distinctly stand out among the others
used for converting and creating compatibility between
languages based on the integration of vocabularies.
These are Neville’s thesaurus reconciliation method
(1970, 1972), and Dahlberg’s concept correlation matrix
(1981, 1983).

Neville’s method is based on the principle that con-
cepts (the conceptual contents of descriptors, which are
expressed by the definitions), and not descriptors alone,
must be made compatible. This method suggests an
intermediate language approach, based on the numeric
coding of concepts, which enables the establishment
of a conceptual equivalence of descriptors of different
languages.

The method suggested by Dahlberg (1983) is based
on the construction of a concept compatibility matrix by

means of his analytic and synthetic method. The con-
cept compatibility matrix is a mapping of the semantic
potentiality of the languages being examined. It provides
the results of the language compatibility analysis from
the semantic and structural points of view. According to
Dahlberg, compatibility between languages is comprised
of three phases, as follows: 1. concept coincidence —when
two concepts combine their characteristics — degree of
equivalence; 2. Concept correspondence — two concepts
combine most of their characteristics — similarity; 3.
concept correlation — two concepts correlate by means
of mathematic symbols, thus establishing a correlation
degree.

Compatibilization, however, implies that vocabu-
laries must possess some degree of compatibility and
that the more compatible they are, the more accurate
and easy is their compatibilization. In order to be more
compatible, vocabularies should ideally follow rules that
provide guidelines for a more even and standardized
construction. Lancaster (1986) had already noticed this
issue concerning the construction of thesauri:

“By creating a structural compatibility among vocabu-
laries, norms facilitate the conversion of one vocabulary
into another. Therefore, two thesauri following ISO
norms for the construction of thesauri are likely more
easily reconciled than two thesauri built on different
principles. Moreover, such norms promote compatibility
in a general sense: Once an information service user is
familiar with a thesaurus, it would be easier for them to
convert information into another thesaurus, built under
the same rules.” (Lancaster 1986, p 212).

It is important to highlight that most of the times
matching proposals explore the compatibilization of
similar-meaning terms, assuming that it is necessary
to maintain different vocabularies even if they refer to
subjects that possess a certain degree of overlapping. This
way of conceiving ontologies as vocabularies that express
different views of the same domain is not consensual,
though. Especially regarding the Biomedical field, where
vocabularies have complex themes.

Some authors, such as N. Guarino and Barry Smith
suggest slightly different proposals, although both fo-
cus on the standardization of ontologies based on an
examination of the classification of their concepts and
relations.

Some of the many studies carried out by Guarino
(1998a) explore the semantic and formal nature of
concepts of an ontology. In practice, Guarino’s For-
mal Ontology can be defined as the theory of a priory
distinctions concerning: worldly entities of the world
(physical objects, events, regions, amounts of matter);
meta-level categories to model the world (concepts,
properties, qualities, states, roles and parts). Guarino,
however, accepts the creation of several not necessarily
complementary views of a same domain, which he calls
“possible worlds”.

Barry Smith (Smith et al. 2007), on the other hand,
is inspired by the Aristotelian Theory of Classes to sug-
gest a jointly-developed set of axioms and definitions to
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be applied in the Biomedical domain. Although Smith’s
view of ontology categorization is philosophically close
to Guarino’s (Bateman & Farrar 2004), Smith, as op-
posed to Guarino, advocates the idea that there is only
one “possible world”, albeit with different, orthogonal,
complementary views. To Smith, ontologies:

“(i) must de developed by means of a joint-effort, (ii)
employ common relations, which are defined in a non-
ambiguous manner, (iii)... (iv) have a clearly defined
subject (in such a way that an ontology concerning
cellular components, for instance, does not include
terms such as ‘database’ or ‘whole’)...”(SMITH et al.,
2007, p.2).

In addition to investigating the approaches of theo-
rists such as Smith and Guarino, our research is finding
support in studies carried out in the field of language
compatibilization, in the sphere of Information Science.
Especially in those theories more specifically linked to
the representation of concept systems, where there is
a solid theoretical foundation for the elaboration of
European-based languages, which will provide a seman-
tic base for integration, such as: S. R. Ranganathan’s
Faceted Classification Theory (Ranganathan 1967),
and I. Dahlberg’s Concept Theory (Dahlberg 1978a,b,
1983), which allow the representation of knowledge
domains. Due to the focus of this article, we will not go
into greater details concerning these theories. We will,
however, briefly discuss Ranganathan’s contribution,
once it is employed in the current stage of our work, as
shown in section 4.

Ranganathan elaborates a series of principles, which
intend to allow the concepts of a knowledge domain to be
systemically structured. That is, concepts are organized
in ranks and chains, which are in turn structured in com-
prehensive classes, which are the facets, and the latter
are organized within a given fundamental category. The
grouping of all categories comprise a concept system for a
given subject area, and each concept within the category
is also the manifestation of that category (Campos 2001).
Categorization is a process that requires the domain to
be viewed in a deductive way, that is, it requires the de-
termination of classes with greater comprehensiveness
within the chosen subject. The categorization exercise
can clearly show the thematic domain of the ontology
, and consequently set the grounds for selecting terms
from the sources from where they will be taken.

It is in this environment that the foundations where
its theory is based can assist in cutting down the domain
for the elaboration of ontologies, and ultimately for the
construction of concept models. His [Meta] Category
postulate, of special interest to our study, suggests the
existence of five basic categories, which can be used to
cut down subject universes into comprehensive classes.
Regardless of which categories are employed to consider
the structuring of a domain (five, less, or more), it is
important to consider Ranganathan’s idea that they
encompass concepts when compatibilizing vocabularies,
once they enable an expansion of the semantics of the
nature of classes. This outlook is being explored during

the initial phase of our experimentation. We expect to
be able to explore other IS contributions previously
mentioned in this section.

As we can see, the organization of knowledge
domains is receiving attention, both in Information Sci-
ence and in Computer Science, in a very independent
way, sometimes specific in certain aspects, such as the
hierarchical organization of concepts, or the efficiency
of computer algorithms. Our proposal intends to bridge
the gap between these areas, and to broaden and inte-
grate, whenever possible and appropriate, discussions
on proposals for domain organization within the sphere
of ontology reuse.

In this panorama, the re-examination of literature
seems to point toward a lack of comprehensive and
detailed proposals concerning issues that precede and
are the foundations of ontology reuse itself, placing
them within a context that enables the comprehension
of their origin, motivation, purpose and application
scenarios. Criteria for ontology selection are not limited
to identification of ontology characteristics that will be
analyzed. They must consider not only principles that
must guide the analysis, but also principles that will
outline the context where ontologies will be reused, both
from the point of view of their immediate applicability,
and of the environment where they are inserted. We as-
sume that a more consistent and accurate reuse can be
achieved by means of the identification and specification
of these principles.

Ontology compatibilization:
applicability in the domain of
trypanosomatides

The consummation of our proposal occurs, as
previously mentioned, within the sphere of BioWebDB
Consortium’s projects, joining both theoretical and
experimental efforts, employing an interdisciplinary
team, and being supported by researchers from various
institutions?. In this scenario, this section will deal with
the first experiments concerning ontology compatibility
under the reuse concept. Our experiment has so far ap-
proached two main issues: the methodology employed
in composing the term sample, and the reuse approach
adopted for application in the selected sample.

Vocabulary selection within the domain of
trypanosomatides

Methodological studies carried out within the
domain of Information Science to support the survey
of terms that compose the units of a given knowledge
domain have been examined my many researchers (So-
ergel 1982, Lancaster 1986, Dahlberg 1978b, Hjorland
2002). These studies provide systematic guidelines that
have been examined — in the context of this study — for
a preliminary analysis of the domain. Support provided
by these theoretical contributions and by others from
the Social Sciences (Latour 1997) have allowed us to
elaborate an initial draft of thematic groupings of the
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domain of Trypanosomatides in the Molecular Biology
Laboratory of Trypanosomatides and Phlebotomines of
the Oswaldo Cruz Institute (IOC).

Latour’s player-network theory (1997) establishes
that science must be studied within the practices of sci-
entists, including the man-machine and society relation.
Science occurs on laboratory benches, defining their con-
tent and the whole context where these players operate
in the social environment along the process of acting. In
this sense, it is essential that we have an outlook on the
domain of interest out of our active participation within
it. Therefore we have been participating in a series of
seminars and interviews, which help better understand
this domain.

Hjorland (2002) states that Information Science
has informational resources that must be identified,
described, organized and advertised in order to meet
specific purposes, and that it can benefit from considering
the analytic view of the domain by means of different
approaches, such as: the analysis of specialized texts,
assessment of computing tools, user analysis, among
others.

Bearing these perspectives in mind, the analysis
of the researcher’s domain initially followed a mapping
criterion, both concerning activities carried out in the
laboratory and literature, with the intention of identi-
tying, on the one hand, a set of ontologies where reuse
tools could be employed and, on the other hand, a set
of terms to serve as a sample basis for compatibilization
activities, as we will see below.

An assessment of subjects and ontologies of inter-
est (besides GO) was carried out based on the literature
resulting from the studies undertaken within the scope
of the Laboratory. Initially ten large thematic groups
were identified: Protists, functional and Systems Biol-
ogy, Molecular Biology and Genomics, evolutionary
molecular Genetics, comparative Genomics, Phylogeny,
Bioinformatics, Diseases, Metagenomics, Drug targets;
each of them with subsets that we are currently specify-
ing and validating®.

Ontologies related with thematic groupings within
the scope of OBO were thus mapped. A group of seven
ontologies was classified as being of interest: NCBI
organismal classification, Pathway, Sequence types and
features (SO), Brenda tissue / enzyme source, Event
(INOH pathwayontology), Multiple matching and Sys-
tem biology (OBO 2005). These will be used as domains
so that we can identify classes within the sphere of the
domain of Trypanosomatides.

On the other hand, a set of 800 terms resulting from
the genomic annotations existing in the GARSA system
(Davila et al. 2005)?, annotated according to the Gene
Ontology (GO) and resulting from research (Wagner
2006), within the sphere of the functional genomics of
Trypanosomatides, especially concerning the Trypanosoma
rangeli species were used for comparison with selected
OBO ontologies, so as to provide us with several hierar-
chies of parent and child terms for each term found, with
their corresponding definitions and partitive relations,

when applicable. A software application was developed
for this purpose, not only to extract, but also to convert
the language of the ontologies employed (originally in
OBO format) into OWL language (Web Ontology Lan-
guage) (OWL 2008), so as to facilitate future inferences
and computer handling, since this material along with
the hierarchy of ontologies will be used as a sample for
reuse experiments.

Approach used in the reuse

Choosing an approach for the reuse depends, among
other factors, on the purpose one wishes to achieve, and
on the context where reuse is inserted. Regarding our
experimental scenario, our purpose is to describe genomic
sequences of trypanosomatides within an integrated
view of the genome, transcriptome, protenome and
metabolome of such organisms. The following aspects
of their usage context must, therefore, be considered:
(i) GO, a broad-usage vocabulary in Biomedicine, must
not only be reduced in scope for trypanosomatides, but
also supplemented with others concerning aspects not
covered by it, such as metabolic ways and diseases; (ii)
description of these sequences must somehow point
toward standardized vocabularies of the area, especially
GO, due to the hegemonic employment of these vocabu-
laries in the annotation of genomic resources; (iii) the
research group is unable to bear the charges involved in
updating the ontologies created, once it relies on scarce
resources.

It must be highlighted that, despite the existence
of efforts towards the reformulation of OBO ontologies
aiming at their factorization into orthogonal, well-de-
fined and organized ontologies, this is not yet the current
reality. Therefore, until this initiative becomes a reality
it is important to deal with the overlapping of similar
subjects and concepts existing across ontologies with
different subjects and distinct definitions.

By taking into account the above mentioned factors,
we have concluded that matching is the most suitable
process for our study. The methodological strategy ad-
opted for matching the ontologies selected in item 4.1
is based on the criterion of semantic compatibilization
supported by additional knowledge, the latter being
initially obtained from the examination and identifica-
tion of the nature of first-level ontology classes. This
study is carried out under the outlook of fundamental
categories, and finds support in the Classification Theory
(Ranganthan 1967).

Regarding actual ontology matching execution,
we must mention the importance of the support of-
fered by software tools such as Prompt (Noy & Musen
2000), Chimera (Mcguinness et al. 2000) or Fca-Merge
(Stumme & Madche 2001), due to the complexity of the
task and the possibility of automating some activities.
Especially regarding the task of finding candidate terms
(matching) for mapping.

In this regard, we intend to investigate whether the
application of proposed methodological principles con-
tribute to an increase in the accuracy of software tools in

RECIIS — Elect. J. Commun. Inf. Innov. Health. Rio de Janeiro, v.3, n.1, p.60-71, Mar., 2009 65



obtaining terms of interest to our experimentation area.
With this purpose, we put specific efforts towards the
adaptation of a software tool, developed as the result of
a graduation project of the Computer Science course of
the Federal University of Ro de Janeiro (UFR]), whose
purpose is to match ontologies by means of an algorithm
that explores its hierarchical structure and the properties
of its classes concerning similarities found in their names
(Silva 2008). In addition to ontology structure and name
similarities, our adaptation suggests considering the
semantic nature of these classes and properties.

Preliminary results

The current stage of our tests is being executed
semi-automatically, within a limited set of 28 terms taken
from a randomly selected sample.

A cut-down is made for each OBO ontology, gen-
erating ontologies with the ascending and descending
hierarchies of the selected terms. Each of these ontologies
is then mapped with a GO subset containing hierarchies
of the 28 selected terms. Mapping is done with the as-
sistance of the Prompt tool. Tool support is essential to
Biomedicine, due to the large amount of terms of its
ontologies (some containing over nineteen thousand).

Each mapping suggestion provided by the tool is
then manually analyzed, and three aspects are assessed:
similarities in term designations, semantic similarity
indicating concepts of similar nature (logically related),
relations indicating concepts that are not similar, but that
may be associated by means of category (logic) relations
which are relevant to the domain. In the last case, we
are currently attempting to assess the complexity and
feasibility of manually executing this task.

The purpose of this experiment is to identify an
ideal set of accurately suggested mappings, with the
highest amount of usable suggestions. The adopted meth-
odology intends to increase the semantics of handled

ontologies. It is worth noticing that at the current stage
of our research, the technique employed to assess the cor-
respondence of terms candidate for mapping (see Figure
1) finds support in the similarity of term designations,
in the analysis of ontology structure and of the use of
additional knowledge, to be incorporated by means of
a high-level formal ontology, specifically elaborated for
the given domain.

Based on a preliminary analysis, our results already
suggest an increased accuracy when handling false posi-
tives, which brings us closer to the ideal set of intended
mappings. These are still initial results, and their scope
must still be broadened and revised. We can, however,
consider that they point towards promising evidences
that validate our assumption.

As an example we can mention the mapping of the
excretion concept, found in GO and Brenda ontologies.
In the former, the term refers to a process and means
“elimination of excreta by an organism, resulting from
metabolic activity”. In the latter, it refers to the product
of an activity and means “the matter, such as urine or
sweat, excreted by blood, tissues, or organs”. When
we map both ontologies through the Prompt tool, it
indicates that terms are similar but actually require a
semantic analysis.

Similarly, the terms transporter, from the Mol-
eculeRole (a branch of INOH) ontology, and transport,
from GO, also generate false positives in the mapping
suggested by Prompt. Transport, as in GO, is a process
defined as “processes specifically pertinent to the activi-
ties of integrated living units: cells, tissues, organs and
organisms”. Transport, as in MoleculeRole, on the other
hand, is a protein defined as “linking specific solutes
to be transported that undergoes a series of conforma-
tion changes to transfer the linked solute (...)”. Figure
1 shows examples of this type of result, obtained from
our preliminary analyses.

¥ sumestions | Usertsmmesmepgings | Siveleimsping | ST T Candidate Mappings A E AL
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Figure 1 - False positives suggested for mapping by the Prompt tool.

As we can see, these term pairs, despite their linguis-
tic similarity, denote concepts with distinct natures (dif-
ferent fundamental categories). Therefore, they should

not have been suggested as mapping candidates due to

conceptual similarity (logic-type relation), as suggested
by the Prompt tool.

On the other hand, when linguistic similarity is con-
fronted with a set of predefined category relations, which
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can be suggested by the machine for man’s validation, al-
lows us to perceive that terms can be associated by means
of an ontic-type relation. In the case of Figure 2, we were
able to identify the relation between the terms excretion
(Brenda) and excretion (GO) by means of a process-product
category relation, that is, excretion (a matter, in Brenda) is
the product of excretion (an activity, in GO). Similarly, we
identified that transporter (a protein, in MoleculeRole)
participates in transport (a process, in GO).

Discussion

The Biomedical domain is complex and challenging,
even if limited to the study of specific species within a
research laboratory.

On the one hand, one has to deal with the human
dimension, reflected in the difficulties created by differ-
ent languages, by complementary knowledges, such as
knowledge possessed by a professional working in the
field of informatics, by a biologist, and by an information
scientist, each possessing their own research bias within
the domain and their own level of maturity: from recently-
graduated to senior researchers with broad experience in

the field. Each of them has a different view of the domain,
and these views must be reconciled within a broader Bio-
medical perspective, making use of existing efforts.

On the other hand, one has to deal with the
technological dimension, which is essential in an area
characterized by complexity and by the adoption of
vocabularies containing thousands of terms and several
problems which are, in fact, standard.

In this context, our experiments point toward a
huge room for improvement in the analyzed ontologies,
which lack mechanisms able to more accurately integrate
them, by considering not only the technological aspects,
whether they can be processed by the machine, but also
the way man understands them.

We could detect several compatibility problems in
all 28 terms we analyzed, as follows: (i) similar concept
definitions in different abstraction levels; (ii) terms with
similar denominations and distinct meanings; (iii) terms
showing non-explicit interrelations, among others. These
problems are being employed in our research as subsidies
for the improvement of semantic accuracy of ontologies,
as shown in Table 1.

Table 1 - Subsidies for the improvement of semantic accuracy of analyzed ontologies

Nature

Input obtained after analysing mapped terms

The term transporter on system biologys ontology is generically defined as: “Participating entity that facilitates
the movement of another physical entity from a defined subset of the physical environment (...) to another”. In

(i)

MoleculeRole ontology, the definition of participating entity and physical entity is specified for protein and solute,
respectively. On confronting these two definitions, whe can notice that the use of definition patterns may bring

more precision to the formulation and compreension of concepts. For example, the first definition mentioned
above could be used as a definition pattern to be followed by others, more specific, like the second one.

(i)

The study of terms definitions has confirmed, up to the present moment, the following types of fundamental
categories: biological process, molecular function, event, biological component, chemical component, phenotype.

Term definitions indicate, up to the present moment, the following types of categorial relation (which have not
(iii) been found on relation ontology): process-biological component, process-firing event, process-input, process-
product - on the last two, the input and the product are both chemical components (organical ou inorganical).

Some difficulties were found in obtaining preliminary
results with the ontologies mentioned in this article, such
as: the size of some ontologies generated errors in the
applications used to handle them, which required them
to undergo a previous treatment; the lack of mechanisms
that enable a search for similar terms to be simultaneously
performed in several ontologies, which required the elabo-
ration of specific software tools; the lack of standardization
and documentation concerning the methodology used in
the construction of area specific ontologies, which called
for a methodic and often unsuccessful search for explana-
tory materials in various and decentralized sources; the
complexity of the domain, which required a large amount

of reading, courses and seminars in the Biomedical field,
in order to better understand the context where ontolo-
gies are and their definitions are inserted, and to facilitate
conversations with field specialists.

Final considerations

Biomedical research is characterized by a large
amount of data, by the complexity of the subject, and
by a growing number of vocabularies that attempt to
describe and organize related scientific resources.

Such vocabularies are mostly built to meet interests
that do not always meet the needs of the research carried
out in Brazil. Additionally, they contain structural prob-
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lems that suggest an absence of methodologies focusing
on their development.

However, due to the high degree of complexity of
the domain, the high costs involved in the construction
of such vocabularies, and their wide adoption by the
Biomedical community, their reuse has to be considered
in the elaboration of vocabularies more suitable for
domestic research.

Given the context, our intention is to discuss the
issues inherent to the reutilization of ontologies, particu-
larly those related to the mapping and matching of ontol-
ogy terms within the domain of trypanosomatides.

As a starting point, we are carrying out experiments
that focus on acquiring the domain knowledge, intend-
ing to provide support for the theoretical bases we are
examining. As a preliminary result, we wish to highlight
a set of 28 hierarchies and terms, with their correspond-
ing definitions and partitive relations, that are relevant
for the research carried out in the Molecular Biology
Laboratory of Trypanosomatides and Phlebotomines
of Fiocruz’s IOC. These samples, whose subjects are
complementary and overlapping to some extent, is an
important tool for essays involving issues concerning the
reuse of ontologies, and is being explored for compat-
ibility assessment and concept definition purposes.

A preliminary examination of such hierarchies
produces results that already validate our proposal for
the semantic enrichment of ontologies, based on the
identification of fundamental categories as an important
factor for the increase in the accuracy of software tools,
primarily utilized in the Biomedical field.

Future studies, which have already been outlined,
intend to deepen the domain analysis by means of semi-
automatically handling previously selected area-specific
literature; of employing other contributions from Infor-
mation Science in vocabulary compatibilization; and of
using high-level ontologies to ponder the relations among
ontologies with complementary themes.

Notes

1. GO slims are cut-down versions of the GO ontologies
containing a subset of the terms in the whole GO. They
are generally used to describe a specific organism or spe-
cific biological aspects only (e.g., cellular locations only).
Several GO Slims are currently available, and they can be
obtained from the Gene Ontology consortium website.

2. These studies are the preliminary results of two
research projects, supported by CNPq, as follows:
“Ontology Integration: the bioinformatics domain and
issues involving terminological compatibilization”, in
the Information Science field; “Comparative genome
and transcriptome”, in the Computing Science field. In
addition to the projects, these are subjects addressed by
the researches of two students from the doctorate course
Post-Graduate Program in Information Science UFF /
IBICT. In all researches, the empirical field of action
is linked to genomic studies within the sphere of the
BioWebDB consortium.

3. We are currently testing some automatic extraction
tools in order to assess terms by means of a non-manual
methodology:.

4. System developed at Fiocruz for analysis and anno-
tation of genomic resources.
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