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Abstract

A formal ontology design and implementation case
study which serves as the core for a semantic web
application in the area of fungal genomics is
presented. Simplified semantic access to units of
intersecting information from different biological
databases is under development

Introduction

The Semantic Web aims to extend the existing Web
with conceptual metadata that are more accessible to
machines and thereby more effectively communicate
the proposed meaning of Web resources [1].
Bioinformatics is widely accepted as an important
research area for the Semantic Web [2]. These
bioinformatics resources are rich in data and
knowledge, but most of the information generated by
biologists is in the contextual form e.g. natural
language, image annotations, chemical pathways,
annotated gene sequences, and protein structures.
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Such information is obviously readable and
understood by humans, but does not support analyses
by computers [3]. Additionally, biological data is a
mixed bag of data types from different experiments
distributed in heterogeneous and incompatible
databases. These databases must be bridged,
normalized based on a conceptual aggregation and
the content made accessible and comprehensible.
Here, ontologies can serve to create a formal
specification of biological knowledge to make the
information ~ computationally  accessible  and
semantically clear.

Ontologies are accepted within the biology
communityas a means of facilitating data exchange
between databases. For example, Gene Ontology
terms are used as values of fields in databases to
describe molecular function, biological process and
cellular components of gene products. Indeed
ontologies have had their historical roots in the
classification schemes for the tree of life first
introdued by Linneaus in the 18 th centuary.
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Figure 1 Ontology Development. FungalWeb: “Ontology, the Semantic Web and Intelligent Systems for Genomics”
aims to represent and map fungal genomics information using ontologies.



In this paper we report on an ontology covering
organism taxonomy, enzyme activity and properties
of small chemical compounds. For the complete
FungalWeb vision we also need to include mRNA
expression levels as described by microarray data,
metabolic pathways and regulatory networks. The
main application in this paper is the use of formal
ontology as represented in OWL and the query
capabilities of Racer to demonstrate semantic
querying of the integrated ontology.

FungalWeb Ontology Development

In the design and development of the FungalWeb
Ontology we considered the following steps:
specification, knowledge acquisition, implementation
and semantic query.

Specification

A clear declaration of purpose, scope and degree of
granularity is important for timely ontology
development. The scope of the current work extended
to the establishment of an instantiated knowledgebase
describing fungal taxonomy and fungal enzymes and
to make this semantically available to enzyme
application scientists working in the field of fungal
genomics.
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Knowledge Acquisition

This step involves extracting data from online
databases, libraries, interviews with domain experts
and free text analysis. Several databases, online
resources, dictionaries and raw texts are currently
being used as resources from which to extract the
related vocabularies and concepts. By organizing the
vocabularies in a hierarchical structure with (is-a)
relationships a full subsumption taxonomy is built.
The major resources for fungal terminologies and
concepts come from following sources:

* NCBI taxonomy database [4]: contains the
names of all organisms including fungi that are
represented in the genetic databases by at least
one nucleotide or protein sequence.

*  NEWT: is the taxonomy database maintained by
the Swiss-Prot [5]. It is used in conjunction with
the NCBI for extracting data on fungal concepts
and instances

*+ BRENDA [8]: a database of enzymes providing
a  representative  overview of  enzyme
nomenclature, enzyme features and properties

*  Saccharomyces Genome Database [6]: contains
genomic information specific to the genera
Saccharomyces.

* Neurospora crassa Database [7]: contains
genomic information specific to the genera
Neurospora informatin.
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Figure 2: Semantic query for the laccase enzyme substrate, phenol, described in the context of the chemical
dictionary of small molecule entities (ChEBI) and other bioinformatic resources (NCBI, BRENDA)



Implementation

This step involves conceptualization, integration and
encoding. During the implementation process it is
frequently necessary to alternate between these three
activities.

Conceptualization

Here we define and describe concepts, instances,
relations and  attributes. At the end of
conceptualization stage the taxonomy can be built by
organizing all the defined concepts in a hierarchical
tree structure. The taxonomy is based on the
subsumption relationship between concept names.
We use description logics (DLs) to define concepts
and relationships. DLs describe knowledge in terms
of concepts and relations that are wused to
automatically derive classification taxonomies. By
using DLs, concepts are defined in terms of
descriptions using other roles and other concepts. For
example the concept Basidiomycota is defined as
follows:

Basidiomaycota = Fungi N 3 has_body.Fruity body

At the conceptualization stage we define
relationships, constraints and axioms. We are looking
for mechanisms to query and retrieve complex
relationships between concepts. The basic units in
our taxonomy are the instances of fungal species.
Inclusion of instances establishes a knowledgebase,
however a clear distinction between ontology and
knowledgebase has yet to be well defined.

Integration

The FungalWeb Ontology (FWOnt) aims to reuse
and integrate  existing  bio-ontologies and
knowledgebases by merging, mapping and sharing
common concepts using Logics. The FungalWeb
ontology is an integrated ontology which used
components of Gene ontology (GO) [REF],
TAMBIS. [REF]

Encoding

The aim of encoding is to represent the
conceptualization in a formal ontology language. To
achieve maximum expressiveness, without losing
computational completeness and decidability of
reasoning systems, we used OWL-DL. This is a
sublanguage of Ontology Web language (OWL) with

correspondence to description logics (DL). Protégé
2000 was used (with Owl plug-in) as a knowledge
representation editor.

Evaluation

Although there is no uniform pattern for evaluating
all ontologies we check the appropriateness of an
ontology for its intended application. We evaluate the
ontology for completeness, consistency and
conciseness [12]. The scientific integrity of the
ontology is assessed by posing queries using
description logic. DLs provide reasoning capability
and we use RACER [15] as a description logic
reasoning system with support for T-Box (concepts)
and A-Box (instances).

Semantic Query

The Semantic Web is expected to include many kinds
of query-answering services with access to numerous
types of information represented in widely different
formats. To permit complex queries to integrated
data, mapping of these database entities to
ontological concepts is necessary. In the domain of
interest the different biological data sources these
entities are enzymes, organisms (fungal species) and
enzyme properties and enzyme substrates.

To conduct such queries we are currently use OWL-
QL [16] and nRQL [17] (New RACER Query
Language) as query languages. nRQL is a pragmatic
A-Box query language with formal semantics. It
inherits from the semantics of standard DL the A-
Box retrieval functions. nRQL unifies in a declarative
way the majority of RACER’s A-Box querying
functions. Using RACER with nRQL as a Semantic
Web repository enables the construction of more
flexible queries in domain of interest. Figures 3 and 4
describe further sample queries written in nRQL
syntax with the answers from the FungalWeb
Ontology returned by Racer. These hand-written
queries have value to the scientific investigator yet
also demonstrate efficient query-answering with
RACER with a much improved response time,
beyond that of the average biologist looking up the
same information. A further scenario of realistic
scientific query from the FungalWeb Ontology will
be included in the complete paper.



1-Give me all instances of Neolectaceae?
retrieve (7x) (7x [http/fa comiontologyé# eclectace ae| )

2-is there any instance for Pezizomycotina at all?
retrieve () (7x [http:/fa.com/ontology#P ezizonreoting])

3-is Amorphotheca resinae a Basidiomycota?
retrieve () (hitp.a comfontology#Amorphotheca tesinae| |http:/fa. comiontology#Basidiongrenta)

4-All Agaricales has heen reported to have enzyme Laccase?
retrieve (7%) (AND (?x [hitp e com/ontologylid garicales(?x |http:/a.com/ontology#Lacc ase|
|http:/fa.comfontologyiHas_been reported to_have_enzyme]))

5-All Enzyme has been reported to he found in Neurospora crassa?
retrieve (7x) (AND (?x [t e comfontologyiEnzyme)(?x [hitp Ve comfontology# ewrospora_crasse
|nttp:ffa.comiontologyiHas_heen reported_to_be found inf))

6- T am looking for all Fungi which has been reported to have hoth enzyme Laccase and Cellulase.
retrieve (73) (AND (AND (7x [hitp:/fa comfontologyé#Fungi(?x [bitp /fa com/ontologyd#Lacease|
|http:ffa.comfontologyiHas_been reported to_have_enzyme[)(*x |http:/fa.com/ontologyéCelhalase|
|http:ffa.comfontologyiHas_been reported to_have_enzyme])) )

7- Tam looking for all Fungi which has been reported to have enzyme Laccase or Cellulase,
retrieve (7x) (AND (?x [t com/ontologyiFungi) (OR (AND (7x http:/fa. com/ontology#Laccase|
|htip:/a.com/ontology#Has_heen_reported to_have_engyme])(7x hitp¥a com/ontology#elllase|
|http:ffa.comfontologyiHas_been reported to_have_enzyme[I(OR (7x [hitp:/fa comfontology#Lacease|
|http:ffa.comfontologyiHas_been reported to_have_enzymef)(?x |hitp:fa com/ordologgCellulase|
|http:ffa.comiontologyiHas_heen reported_to_have_enzyme[))

8.Which Enzymes are heing used in haking and brewing?

retrieve (7x) (AND (AND (7x [hitp:/fa comfontology#Enzmyme)(?x [attp:#a com/ontologyBaking]
|http:ffa.comfontologyéls_being used_in[)(?x [hitp /e com/ontologyéBrewing]
|http:ffa.comiontologyéls_being used_inf) )

Figure 3: nRQL Sample Queries

Conclusion

We have used semantic web technology to create a
ontology and a large knowledgebase in the domain of
fungal genomics from trusted biological sources to
provide unified semantic access to these
heterogeneous sources. Ongoing research involves
improvement of querying capability through the
provision of:

1. an integrated global view and schema of all
concepts / instances;

2. tools for user formulated querying using
ontologically defined terms,

3. system reformulation of queries to produce
sub-queries for component resources.

Our goal is to provide a user with answers without
requiring them to have knowledge of query
methodology Further additions to the ontology to
cover microarray data will draw on the MAGE object
model MGED. For coverage of metabolic pathways
and regulatory networks we will use the model of
BioCyc [18] as a starting point. The capabilities of
Racer and nRQL query language fit naturally as a
back end to conventional Natural Language
Processing (NLP) question-answer front ends. Such
natural language querying capabilities have been
effective in focused domains like FungalWeb.
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-Give me all instances of Meolectaceae?

(((78 thttp://a.consontologydNeolecta_irreqularisid) ((7X thttp://a.com/ontology
fiNeolecta_vitellinaid))

2-is there any instance for Pezizomycotina at all?

-1z Amorphotheca resinae a Basidiomycota?
IL

4-A11 Agaricales has heen reported to have enzyme Laccage?

(((?8 thttp://a.con‘ontologyBlentinus_edodesidy (C?R thttp://a.consontologyBCopr
inopsis_cinereal)) ({78 ihttp://a.com/ontologylSchizophyllum_commune!)) ((7X 1ht
pi//a.consontologylfgaricus_hisporusi)) ((78 1http://a.con/ontologyfiCoprinus ci
eveus 1)) (CT4 [http:/7a.consontologylifleurotus_sajor-cajuil) <7 thttp://a.con
ontologyflactarivs_piperatusi)) (2% http://a.con/ontologylMarasnius_guercophi
lus 1))

-A11 Enzyme haz heen reported to he found in MNeurospora crassa?

(((?8 thttp://a.consontologyliylanasei)) ((?8 ihttp:/ra.con/ontologyfCellulase!
) ({74 thttp://a.con/ontologyliPectinasel)) ((?¥ ihttp://a.con/ontologylillipase!
) ((?} thttp://a.con/ontologyiilaccasei)))

- I am looking for all Fungi vhich has heen reported to have hoth enzyme Laccas
e and Cellulase.

(((7¥ Ihttp://a.consontologylCorynascus_heterothallicusi)) (7% ihttp://a.conson
ologyfiEmericella_nidulang i)} ((?X ihttp://a.con/ontologyifyce liophthora_thermop
hilal)) (7% ihttp://a.con/ontologylNeurospora_crassaid) ({78 thttp://a.con/onto
logy#Melanocarpus_alhonyces 1))

8- Which Enzymes are being used in baking and hrewing?
(((?8 Thttp://a.con/ontologyfProteasei)))

ssJRacerd’,

Figure 4: nRQL Sample Answers
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