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Abstract. The paper presents a work in progress directed to the creation of a
semantic digital repository of scholarly resources in the area of bioinformatics.
A special attention has been paid to the design of a lightweight subject ontology
that will be used for automated conceptual annotation of the dynamically entering
new materials and as a knowledge source for intelligent search over the reposi-
tory. Some issues concerning the implementation of the repository and a suitable
tool for search and document retrieval over its resources are discussed as well.
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1 Introduction

The paper attentions in the process for establishing an improved service-oriented archi-
tecture (SOA) for interoperable and customizable access techniques for building se-
mantic repositories with improved content searching. We propose a design of a light-
weight subject ontology that will be used for automated conceptual annotation of the
dynamically entering new materials and as a knowledge source for intelligent search
over the repository.

The field of applying our repository is Bioinformatics. It is a rapidly growing area
that creates and applies computationally intensive methods and software tools for au-
tomated analysis and interpretation of biological data. It is one of the fields of research
and practical development which convincingly demonstrate the advantages of the use
of various kinds of semantic technologies and especially ontologies and ontology map-
ping techniques (Hoehndorf, Schofield, & Gkoutos, 2015), (Huang, J., et al., 2010).

The rapid rates of modern bioinformatics research lead to the frequent emergence of
new data, relevant scientific publications, and teaching materials. Any adequate project
of a digital repository of bioinformatics resources should take into account this peculi-
arity and provide flexible tools for annotation (and, more general, for semantic enhance-
ment) of dynamically coming heterogeneous resources as well as advanced tools for
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intelligent search and information retrieval. The rest of the paper is organized as fol-
lows: Section 2 presents a brief overview of the proposed conceptual model and work
methodology; Section 3 presents the project core ontology; the last section contains
some concluding remarks.

2 Project Conceptual Model and Work Methodology

On the base of analysis of existing repositories we designed a typical academic digital
repository provided with an advanced metadata module, an annotator and a semantic
search engine. It has been under development in order to give up convenient access to
various kinds of research and teaching materials in the field of Bioinformatics: experi-
mental datasets, articles, presentations, lecture notes, etc. as well as to serve as a basis
for experiments in the field of annotation and semantic enhancement of collections of
heterogeneous resources.

The metadata module consists of two sections — an annotation section containing
annotations of the resources preserved in the repository in terms of different metadata
schemes and an ontology section containing a set of ontologies that can be used for
annotation purposes.

An annotation is a specific description — a form of metadata attached to a specific
resource (a dataset, a particular database field, a whole document or a particular section
of document content). Annotation provides additional information (metadata) about an
existing piece of data. Semantic annotation enriches the existing documents and data
with a context that is further linked to the available formally described domain
knowledge and makes it possible to process complex search queries and to receive re-
sults that are not explicitly related to the originally formulated queries. Ontologies are
the only widely accepted form for the description and management of open, sharable,
and reusable knowledge in a way, which allows automatic interpretation and inference.
They provide semantic enhancement of data and types of resources suggesting con-
trolled vocabularies for annotations.

Currently the ontology section contains a lightweight core ontology named BIO that
has been used as the primary source of metadata for the stored resources. We plan to
extend it with a set of freely available subject ontologies like a proper basic version of
the Gene Ontology (Schuurman & Leszczynski, 2008), the MGED ontology (Whetzel,
P., etal., 2006), etc. All these ontologies will be used by the annotator in building var-
ious types of descriptions (annotations) in accordance with several metadata standards.
A further goal is to elaborate a methodology for automated analysis of a given set of
resources (data, research or teaching materials) and selection of appropriate ontologies
to be used as sources of conceptual knowledge for their semantic enhancement. An
experimental software tool for automated selection of a set of suitable ontologies will
be developed as well. It will be supplied with an additional module for mapping bioin-
formatics ontologies intended to assist the annotation process.

The purpose of the semantic search engine is to provide adequate access to the com-
plete palette of resources stored in the repository. It supports several types of intelligent
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search and information retrieval using the available annotations of resources and im-
plementing well-known techniques of ontology-based augmentation and refinement
(disambiguation) of the user queries. The user has options for sorting and grouping the
search results in accordance with different criteria.

The implementation of the search engine is based on our previous experience and
results in building digital repositories and semantic digital libraries in various domains
(Nisheva-Pavlova & Pavlov, Building a Digital Library with Learning Materials,
2009), (Nisheva-Pavlova, Shukerov, & Pavlov, 2015) (Stanchev, Nisheva-Pavlova, &
Geske, 2010). Modern semantic technologies will be used for creating annotations and
ontology mapping purposes.

3 The Project Core Ontology

The core ontology named BIO is designed especially for the discussed project. It con-
sists of seven interrelated sub-ontologies without formal hierarchical relations each
with another (see fig. 1).
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Fig. 1. Class hierarchy of BIO.

The core ontology describes hierarchies corresponding to five high-level concepts typ-
ically discussed in research and teaching resources in genetics (Molecule, Genetic In-
formation, Genetic Contribution, Taxon, Phenotype) and two “purposive” concepts
(Human and Disease) from genetics point of view. In the context of the basic concepts
of genetics, the BIO ontology describes the human being (in the terms of the respective
genes, allelic forms and chromosomes). On the basis of the available concrete data,
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conclusions can be drawn by automated reasoners as to whether particular individuals
have certain characteristics or are predisposed to specific diseases.
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Fig. 2. Example class definition in BIO.

Most classes (concepts) of BIO are created as defined OWL 2 classes with necessary
and sufficient conditions for belonging to them (see fig. 2). Multiple properties are de-
scribed which define non-hierarchical relationships between classes (e.g. isPartOf,
isAlleleOf, isMutationOf, hasChrmosome, hasGene, hasHeterozygousGene, etc.).
These properties play a significant role in the semantic search process as a source of
information for knowledge-based augmentation of user queries.

4 Conclusion and Future Work

Although our project is aimed at a particular domain, the final result of its implemen-
tation is expected to be sufficiently common and applicable to the creation of a broad
class of semantic repositories with dynamically incoming heterogeneous resources. The
accumulated experience will be a good basis for proper generalization and building a
methodology for semantic enhancement of big collections of resources from interdisci-
plinary research.
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