Kragujevac J. ci. 36 (2014) 95-110 UDC 004.651:519.6:57.087:577

THE ONTOLOGY SUPPORTED INTELLIGENT SYSTEM FOR
EXPERIMENT SEARCH IN THE SCIENTIFIC RESEARCH CENTER

Vladimir Cvjetkovié!, Marija Pokié¢', Branko Arsi¢*and Milena Cur &ié?

'Department of Mathematics and I nformatics, “Department of Biology and Ecology,
Faculty of science, University of Kragujevac,
Radoja Domanovic¢a 12, 34000 Kragujevac, Republic of Serbia
E-mail: vladimir@kg.ac.rs

(Received January 24, 2014)

ABSTRACT. Ontologies and corresponding knowledge bases canitesuccessfully used
for many tasks that relpn domain knowledge and semantic structures, which should be
available for machine processing and sharing. USRARQL queries for retrieval of
required elements from ontologies and knowledgedasan significantly simplify modeling
of arbitrary structures of concepts and data, amglédmentation of required functionalities.
This paper describes developed ontology for supgfdResearch Centre for testing of active
substances that conducts scientific experimentscoiling to created ontology
corresponding knowledge base was made and populatid real experimental data.
Developed ontology and knowledge base are diractlyd for an intelligent system of
experiment search which is based on many critevia fontology. Proposed system gets the
desired search result, which is actually an expeminin the form of a written report.
Presented solution and implementation are venjlflexand adaptable, and can be used as
kind of a template by similar information systenalitleg with biological or similar complex
system.
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INTRODUCTION

The main role of information system is to supptw bperation of some real system
which is mainly some enterprise or organizationalRgystem that is supported in this paper is
the Research Center (RC) [3] for testing of actubstances. Active substances are candidates
for medicaments that are tested in laboratory, rptio being approved or not, for medical
treatments. The RC is also the leader of the I&ggect [2] financed by the Ministry that
consists of many institutions, departments, equigraad staff working on the project.

The subject of various analysis that are carriedabuhe RC includes monitoring af
vitro effects of active substances in the cell lineslitierent origin, primarily cancer cell lines
and primary cells isolated from different tissué&ssts include cytotoxic active substances in
human cancer cell lines, while monitoring includbe type of cell death, the mechanisms of
apoptosis, migration and angiogenesis and prookigatioxidant mechanisms which underlie
the regulation of these processes. Tests are mas@dotocols such as MTT cytotoxicity test,
AO/EtBr staining of cells for examination of thepgyof cell death, Western blot technique for
examining proteins, Multiplex PCR, etc.
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The specific organization of the RC and its ma#idfiof work resulted in unique and
complex experiment structure that was defined asalghical structure, coded in plain language
on a paper by the expert, hard to be remembergaaiegd and adequately presented when
needed. Experiment structure displays specific @mdplex relationships among various terms
and concepts from the RC work area. Concepts amergky divided into levels, which are
further branched at the sublevels. Some sublevelsanmon to different upper levels. Kinds of
these relationships were also the subject of rekedetermined according to how RC functions.
The structure is expected to further expand inftitere, so it requires flexible modeling and
representation that can be easily updated.

In order for this experiment structure to be usedeterenced by the staff, the system for
presenting and search of experiments was planmest pgssible solution was relational database.
Relational databases are designed for organizifgrnmation that is easily categorized by
common characteristics, and described by simpiegsor number data [11]. But, our complex
experiment structure, with concepts on variouslgewhich are related in specific way, cannot
be categorized in this manner. Also, our strucigrdélexible and expandable, and increased
storage and utilization of massive amounts of cemplata have a tendency for implementation
of more complex database schemas [11]. Therefdwe, authors concluded that complex
hierarchical structure of the experiment is notafle for modeling and presenting in relational
database due to the nature and relationshipsrastand concepts at various levels.

Authors turned to technologies developed for Seimalfeb [1], as an adequate choice.
Using of ontology [4], as the core component of 8etic Web, for modeling, representing and
visualization of an arbitrary semantic structure edperiment, justified the expectations.
Semantic Web and ontology allow representationoofigex semantic structure and enable data
to be found, shared and combined in an easy way.

In order to support laboratory staff to quickly eefnce and use complex experiment
structure, PIBAS (Preclinical Investigation of BActive Substances) ontology for modeling
complex experimental structure of the RC was pregdos this paper. The knowledge base
which contains experiments from the real world veaganized and classified according to
ontology.

The main goal of this paper is creation of the eaysfor search of experiments which is
based on developed ontology and knowledge basepipmsed system allows laboratory staff
to search for experiments in a simple and easy wagbtain information about the active
substances, model systems, methods and protocets insthe experiments and to achieve
conclusions for directing the future research. Bsepl system gets the desired search result,
which is actually the result of an experiment ie florm of a written report. For retrieval of
experimental results from ontology, the SPARQL guianguage [5] based software on web
server is used in the background.

This paper is organized in the following way: Theca@nd section describes the
experiment structure according to RC specificatitime third section describes a motivation for
ontological modeling of experiment structure. Tloairth section gives an overview of the
literature in existing field of work. Fifth sectiomlescribes ontology design principles,
visualization of ontology, and ontological knowledigase populated with real experiments data.
The sixth section describes architecture and fanctg principles of proposed system search.
One part of this section is dedicated to dynamiming of SPARQL queries used for search.
Seventh section discusses results and benefitsopioped system. Conclusion contains short
survey of paper key points and directions for fetwork.

EXPERIMENT STRUCTURE

Various complex tests and experiments are performedRC. Each experiment is
characterized by active substances that are exdmmedel systems used for testing and
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protocols which are standard experimental procedapplied in the experiment. In general, well
designed experiment performed at RC enables detecti effects that are of biological and
scientific importance.

Experiments performed at RC include monitoringrofitro effects of active substances
in the cell lines of various origin (primarily casrccell lines) and primary cells isolated from
different tissues. This field of work results imngplex experiment structure which is presented in
Fig. 1. The structure is coded by expert in planguage, and poses multilevel hierarchical

structure.

EXPERIMENTS

A) TYPE OF EXPERIMENTS
A. MODEL SYSTEMS
I ANIMALS
1. RATS
2. FISH
II. CELLLINES
1. PRIMARY
2. CANCER
IIL PATIENTS
v.
B. METABOLIC SYSTEMS
I. ENERGY METABOLISM
II. OXIDATIVE STRESS
1. REACTIVE SPECIES
2. OXIDATIVE DAMAGE
3. ANTIOXIDATIVE SYSTEM
Il HEMATOLOGY
IV. ENDOCRINE SYSTEM
V. IMMUNE SYSTEM
C. TREATMENT
I INVIVO
I INVITRO
D.
B) THE AIM
C) TYPE OF TREATMENTS
A. ACTIVE SUBSTANCES
B. DRUGS
C. TREATMENT
I INVIVO
I INVITROf
D. DOSES
I ACUTE
II. CHRONIC
E. PATHOLOGY
D) METHODS
A. MATERIAL
B. MODEL SYSTEMS
I ANIMALS
1. RATS
2. FISH
II. CELLLINES
1. PRIMARY
2. CANCER
Il PATIENTS

v.
C. ANALYTICAL METHODS
1. HEMATOLOGICAL PARAMETERS
II. OXIDATIVE/ANTIOXIDATIVE METABOLISM
1. REACTIVE OXYGEN SPECIES
A. SUPEROXIDE ANION RADICAL
B. HYDROGEN PEROXIDE
2. REACTIVE NITROGEN SPECIES
A. NITRIC OXIDE
B. PEROXYNITRITE
€. NITROXYL ANION
3. OXIDATIVE DAMAGE PARAMETERS
A. METHEMOGLOBIN
B. HEINZ BODIES
C. LIPID PEROXIDES
4. NON-ENZYMATIC ANTIOXIDATIVE COMPONENTS
A. REDUCED GLUTATHIONE
B. OXIDIZED GLUTATHIONE
C. VITAMINC
D. VITAMINE
5. ANTIOXIDATIVE ENZYMES
A. SUPEROXIDE DISMUTASE
B. CATALASE
C. GLUTATHIONE PEROXIDASE
D. GLUTATHIONE REDUCTASE
E. GLUTATHIONE S TRANSFERASE
6.
1L ENERGY METABOLISM
1. OXIDATIVE PHOSPHORYLATION PARAMETERS
2. GLYCOLYSIS PARAMETERS
v.
D. CELL CULTURE ASSAYS
I CELLASSAYS
II. MTT ASSAY
III. IMMUNOFLUERESCENCE
E. PROTEIN ANALYSIS ASSAYS
1. PROTEIN EXTRACTION FROM TISSUES
II. PROTEIN EXTRACTION FROM RBCs
1. PROTEIN EXTRACTION FROM MITOCHONDRIA
IV. SDSPAGE
F. DNA AND RNA ANALYSIS ASSAYS
1. RNAEXTRACTION FROM TISSUES
II. RT-PCR
E) RESULTS
F) RESULTS AND COMMENTS

Figure 1. Hierarchical multilevel structure of tBeperiment.

The first level contains terms that generally cepnd to concepts of each biological

experiment. The explanations of these terms arengdelow:

» The type of experiment designates assigning sufectonditions by the experimenter.

 The aims of research generate measurable data that caeskedt and contribute to
gradual accumulation of human knowledge.

* Type of treatment specifigs vivo or in vitro application of active substances /drugs
defined doses on experimental model systems.

 Methods are techniques for phenomena investigati@w knowledge acquiring, or
correcting and integrating previous knowledge.sltoased on gathering empirical and
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measurable evidence subject to specific principdésreasoning and consisting in
systematic observation, measurement, experimemhulation, testing and modification
of hypotheses.

* Result is the final consequence of a sequencetmingcor events expressed qualitatively
or quantitatively.

Further, these levels or terms are divided intdestdds or sub terms that are expected to
be further expanded in future. Explanations of teourrently in the second levels are given in

Table 1.

Table 1. Explanations of some experiment concepts.

Leve

Sub level

Explanation

Type of
experiments

Model systems

Biological systems (animals, cell lines, patie st
are extensively studied with the expectation that
discoveries will provide insight into specific
biological phenomena.

Metabolic systems

The set of chemical reactions that happen in the
cells of living organisms. These processes allow
organisms to grow and reproduce, maintain their
structures, and respond to their environments.

Treatments

Treatment isn vivo orin vitro application of
defined doses of active substances/drugs on
experimental model systems.

Type of
treatment

Active substance

Chemical or plant substance that affects the
physiology, the function of the body of a human ¢
animal.

Drugs

A drug, broadly speaking, is any substance that,
when absorbed into the body of a living organisn
alters normal bodily function.

Treatments

Treatment ign vivo orin vitro application of
defined doses of active substances/drugs on
experimentally model systems.

Doses

Administration of tested active substances/drugs
experimentally defined amounts.

n

Pathology

Pathology is the precise study and diagnosis of
disease. Pathology addresses four components
disease: cause/etiology, mechanisms of
development (pathogenesis), structural alteratidr
cells (morphologic changes), and the consequen
of changes (clinical manifestations).

Df

ces

M ethods

Material

Tools or apparatus for the performance of a give
task. Also, chemicals used for experiment.

Model systems

Biological systems (animals, cell lines, patiemnist
are extensively studied with the expectation that
discoveries will provide insight into specific
biological phenomena.

Analytical Method

Techniques used to draw statistical inferences
including multiple regression, path analysis,
discriminate analysis and logistic analysis.

Cell Culture Assay

Assay employed in cell culturing

Protein Analysis Assay

Assay employed in proteialysis.

DNA and RNA Analysis
Assay

Protocol employed in molecular biology methods|




99

Some terms in Table 1, such as “Model system”, app®re than once as sub terms of
various terms — “Type of experiments” and “Methqdss specified in Fig. 1.

MOTIVATION

Experiment structure printed on paper and showfign1 displays specific relationships
among various terms and concepts in accordance extleriments performed at the RC.
Planning and designing experiments for active sutz®t testing were done according to this
experiment structure, which is often updated artdreded, in order to reflect newly discovered
relations among active substances before starewfexperiment or results publishing. Having
the experiment structure defined only on paper doifavor further production of paper
documents related to performed experiments, whiohldvnot be an adequate foundation for
development of intelligent automated IT system.

The experiment structure should be presented immples and understandable way,
allowing for easy modifications and changes in otdebe used and referenced by the staff and
other users. Simple and easy search for variowsnration related to experiments is required,
which can be used to obtain conclusions for dingcthe future research. To achieve that, the
intelligent system for search of experiments whigh enable users to get all the necessary
information should be developed.

The idea of using a relational database to reptetem complex structure of the
experiment proved to be unsuitable due to the aand relationships of terms and concepts on
various levels. Relational database is not suitédddemodelling of knowledge structure with
classes, subclasses and various logical constexptessing the characteristics of the real world
system, while knowledge representation is straoghwtird and natural with semantic web
languages, as they were developed exactly forpingose.

The Semantic Web is a new generation of Web, walichvs data to be both, human and
machine readable and processable. The main purposee Semantic Web is driving the
evolution of the current Web by enabling usersrid,fshare, and combine information in a new
way. [12]. Using of semantic Web technologies eaatsnstruction of a system for required
custom search of experiments, that provide usetfs an easy and intuitive way of specifying
various search criteria, for obtaining the relevasiults. The complex experiment structure can
be easily represented in the form of ontology. @y describes the semantic structure of some
knowledge domain in terms of classes, propertielstionships among concepts and various
logical constraints (union, restriction, enumenatietc.). Using of SPARQL query language with
developed ontology and ontology knowledge base dveukble efficient retrieval and analysis
of required important experiment information.

RELATED WORKS

With growing trend of biological data amount, efict retrieval and analysis of this data
becomes more and more important. Ontologies caesept the abstract knowledge required for
data integration and analysis [17]. As the ontoleggineering is a relatively new research field
the well developed theory and technology for orgglaconstruction still does not exists.
Accordingly, many solutions have been proposed. &@mple, SLDATOVA and KNG [15]
defined rules for bio-ontology development. Thegpgmsed some principles: explicitly list the
principles of an ontology design, its constrairdégpng with definitions and axiomdkeep
separately domain-dependent and domain-indepenahentledge, to provide efficient sharing
and knowledge reuse; build ontologies so that @eypurpose-independent. Given principles
are discussed in detail when determining the coastm of our ontology.

For any ontology to be of public value, it has eéovaidely disseminated and accepted by
various experts. In this regard, the important ¢éath is OBO Foundry (Open Biomedical
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Ontologies) [13]. This ontology library containstaroperable reference ontologies in the
biomedical domain and provides a set of principdesontology development. The Basic Formal
Ontology gives the top-level classes under whichOOBoundry ontologies should be built,

while the Relation Ontology (RO) [14] provides ttedations that should be used. Ontology for
Biomedical Investigations (OBI) [9] is an integrdtentology for description of investigations in

the field of biology and medicine. Mentioned ontpls are important examples of presenting
relationships among concepts, which significantuenced development of our ontology.

Very important part of natural sciences, especiallylogy, is to increase knowledge
through experimental work. One of the ways to fdimeaknowledge is to define an explicit
ontology. But as the experimental work often degeod particular circumstances, the general
purpose ontology for scientific experiments curedbes not exist.

The MGED Ontology (MO) [7] was designed to formalithe descriptors required by
minimum information about a microarray experimevitAME) standard. This ontology aims to
provide a conceptual structure for microarray expent descriptions and annotation. A number
of ontological developments related to MO also exis

The HUPO PSI General Proteomics Standards and Bjpsstrometry working groups
are building an ontology that will support protecnmexperiments [19]. The metabolomics
standards initiative (MSI) ontology working group beeking to facilitate the consistent
annotation of metabolomics experiments by develppontology to help the scientific
community to understand, interpret and integrajgedarments.

Reviewing and comparing the concepts of mentionetblogies, authors came to a
conclusion that the structure of our ontology istespecific, with somewhat more precise
terminology. The common concepts between our ogtoktructure and given ontologies are
rare, so that mentioned ontologies cannot sengsadution or as a concept template.

Authors of paper [16] represent the most generammehts of a common ontology
(EXPO) for scientific experiments. They formalizegeneric knowledge about scientific
experimental design, methodology and results reptaton. As all the sciences follow similar
experimental principles, use related instruments raaterials, execute and analyze experiments
in similar ways, such a common ontology is feaséohe desirable. The main aim of EXPO
ontology is to abstract out the fundamental core@pformalizing experiments that are domain
independent. Generally, this ontology offers maendiits: makes scientific knowledge more
explicit, contributes to error detection, promoties interchange and reliability of experimental
methods and conclusions, and removes redundantiemain-specific ontologiesEXPO
ontology contains some concepts that are similéin wérms of our structure. However, these
concepts are generally present in almost any axjeat, such as the results, aim, and type of
experiment. Other concepts of our structure aréeqgpecific, in accordance to experiments at
RC.

Although mentioned ontologies have important cdwitions to formalization of
experiments in areas of biology, they are inappatgras a template for a general ontology of
experiments, as they are primarily oriented to sheed biomedical domains.

Bio ontologies today have a wide variety of usesie Tmost important is the
representation of knowledge in a computer comprabenway. To this end, many software
solutions have been proposed such as BioPortalt[&.a virtual library of ontologies on the
Semantic Web and a tool set enabling the commumiiccess, discuss and improve ontologies.
It contains over 50 ontologies from the biologiead medical domains. Besides Web interface
enabling researchers in cyberspace to locate tkese@ledge resources, BioPortal provides a
suite of Web services, including ontology categation, term search, graphical ontology
visualization, and ontology version histories.

ToMLINSON et al. [20] developed web application for use by labomatscientists,
consisting of a browser-based interface and seigder-components which provide an intuitive
platform for capturing and sharing experimental adata. Information recorded includes details
about the biological samples, procedures, protoewmid experimental technologies, all of which
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can be easily annotated using the appropriate agigsd. In that way they can capture, describe
and share details about their experiments.

DUMONTIER et al. [21] made software, which aims to provide intetitools for life
scientists for representing, integrating, managind querying of heterogeneous and distributed
biological knowledge. Ontologies in this applicaticare described using OWL DL, a
sublanguage of the Web Ontology Language (OWL) F&atures of the application include
semantic query composition and validation using feasoner, graphical representation of the
query, mapping of DL queries to SPARQL query largguand retrieval of pre computed
inferences from an RDF triple store.

All mentioned software solutions directly emphadizke great importance of Semantic
Web. Semantic technologies allow representing, gismanaging and sharing of biological
knowledge. Intelligent system for search of expenis, which is suggested in this paper, is
based on the Semantic Web technologies. Developtaogy for experiment and knowledge
base, populated with real experiment data, is gortant part of system. By specifying various
search criteria in combination with SPARQL, theiaéint retrieval and analysis of information
are provided. In this way system performs the sielecf results that are in form of written
report. The advantages of our system are easieth&sa adequate representation of the results
and reduced time needed to get the relevant infitmmalntuitive and easy for use, system
allows users to obtain in a simple way all requiiatbrmation for further research and
publication of results.

Considering the above principles and proposed isolsit and taking into account certain
defined relationships in our structure, specifidesufor construction of ontology for RC
experiments structure were developed. In the nextian, the principles and ontology
development are described.

EXPERIMENT ONTOLOGY DESIGN

Ontology is a formal explicit specification of capts and relationships among them in
some domain of interest from the real world, based previous expert knowledge and
understanding with clear idea of the ontology psgand use. Main components of ontology are
classes and properties. Class represents the saflieiduals. Properties can be object or data
type, and both link individuals from domain to imdiuals from range. Data type properties
permit the instance to have data values of simala types (string, integer, float ...).

Having thoroughly observed and analyzed the semaealtationships among experiment
concepts from Fig. 1, a simple pattern for creatdrcorresponding ontology followed: every
concept corresponds to a class or property of saiver class or can be both, a property which is
a class. The importance of modeling the experinsemantic structure is that it defines the
structure of experimental data and results obtaaiéde RC.

General development principles that are adoptedherPIBAS ontology design can be
characterized as:

* Top down, starting with the most general concelpss. f

« Hierarchical concepts with subclass relationshigaized in taxonomy like structure.

* Incremental with adding of new concepts to exissitrgcture, rather than rearranging the
existing structure to "create place" for new consep

» Iterative when advanced insight into ontology desigght require changes in previous
structure.

» Direct correspondence of real world concepts wittolmgy classes.

» Direct correspondence of properties and subclagglkeseal world concepts.

» Direct correspondence of real world entities withadogy individuals.

» Expression of real world constraints with availabigology restrictions.
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Ontology was created with Protégé platform indepehdenvironment for creating and
editing ontologies in various RDF syntaxes [10]Jod&ss of ontology creation according to
mentioned design principles also required an aatke of expert staff from RC laboratories.
Ontology class hierarchy is defined by a “subclasdationship of ontology concepts and all
classes being direct or indirect subclass of clagsy. For example, the concept “model system”
from structure is represented BkdelSystem class that has appropriate subclasgesmal,
CellCulture andPatient. It is also possible to assert that two classesdagjoint for each other.
For example, clasShemical is disjoint with the clasBlant, which means that individuals of one
class cannot be member other disjoint classFig. 2 shows the class hierarchy for PIBAS
ontology in Protégé editor.

¥ @Thing ¥ T ODxidative/AntioxidativeMelabolism
T '“f‘:.";‘;f::ﬂ":l"“‘“ ¥ AntioxidativeSystem
& Plant @ AntioxidativeEnzyme
¥ ®Dose & NonEnzymaticAntioxidativeComponent
:h':':;k ¥ 0 OxidativeDamage
o Drug ¢ OxidativeDamageParameter
' Experiment ¥ 0 ReactiveSpecies
B 4~k ¥ ReactiveNitrogenSpecies
¥ @ EnergyMetabolism @ ReactiveOxygenSpecies

@ GlycolysisParameter Material
0 DxidativePhosphorylationParameler 1
O HematologyParametor Y- HﬁdElS‘ﬂ'StEm
¥ 0 Oxldathes f AntloxlidativeMetabolism e MIﬂ"HI

¥ @ AntiosidativeSystem
T AntioxidativeEnzymae
HonEnzymaticAntioxidativeComponent
¥ 0 DxidativeDamage
' DEidativeDamage Parameter
¥ 0 RescliveSpecies
U ReactiveNitrogenSpecies

D CellCulture

! Fish
U Rat

* ImmortalizedCancerCellLine
PrimaryCellCulture

@ ReactiveDxygenSpecies & Patient
© CellCultureAssay ) Pathology

¥ 0 MolecularBiologyProtecal . oo :
@ pHAandRMAanalysisAssay ¥ O SignalingPathways

) ProteinAnalysisAssay ¢ CellDetah
¥ 0 FunclionalSysiem 7 CE“Hhﬂl‘ﬂ”ﬁﬂ
@ EndocrineSystem 5 .
¥ @ EnergyMaisholiam ! MitochondriaDependent
0 GlycolysisParamoter ¥ Vascularisation
© oxidativePhosphoryiationParameter ® Trostmant
¥ 0 Hematology
 HematologyParameter & TypeOfExperiment
0 ImmuneSystem 0 TvpeDiTreatmentInExoeriment

Figure 2. Class hierarchy for Experiment ontolagyrotégé.

Example of definition for class Experiment in thBIRXML syntax is given in Listing 1.

<!--http://cpctas-lcmb.pmf.kg.ac.rs/2012/3/PIBAS#Experiment-->
<owl:Class rdf:about="&PIBAS;Experiment">
<rdfs:comment>

An experiment is a methodical trial and error procedure carried out with
the goal of verifying, falsifying, or establishing the validity of a
hypothesis. Experiments vary greatly in their goal and scale, but always
rely on repeatable procedure and logical analysis of the results. An
experiment is a method of testing - with the goal of explaining - the
nature of reality.

</rdfs:comment>
</owl:Class>

Listing 1. Class definition for the Experiment.

Property describes a link of class instance withhesovalue that can be simple value in case of
data property or an instance of other class in @dsebject property. For example, object
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property model System links instances of classég/peOfExperiment and ExperimantalMethod
with instances of cladglodel System, according to relationships in hierarchy. On tkieeo hand,
for example, the data type propetitpAimOfEXmperiment was used to connect claSgperiment
with aim of real experiment in form of string. Fi§.shows object and data type properties of
PIBAS ontology in Protégé editor.

¥ mtopObjectProperty
m activeSubstance

mdose

mdrug

m experimentalMethod V- mtopDataProperty

® functionalSystem = comment

m material

m modelSystem ®ID

m patology m protocolld

® protocol mresult

wsignalingPathways m storingConditionOfActiveSubstance
m treatment

Siypatfipartined m theAimOfExperiment
m typeOfTreatmentInExperiment

a) Object properties b) Data type properties
Figure 3. PIBAS ontology properties.
Ontology visualization

When using ontology for modeling and representiregsemantic structures on the web,
it is desirable to have some kind of adequate Vizatéon of that semantic structure accessible to
web users. Visualization is very important as @r@ases the user’'s benefits obtained by using
the ontology.

Graphical representation of PIBAS ontology in Figs available at:

http://cpctas-lcmb.pmf.kg.ac.rs/jit/.

The blue segments in Fig. 4 present the conceptaskes that are properties of the
concepts on the left, while the yellow segments@néthe concepts which are subclasses of the
item on the left. All segments can further develip branches when selected by the user, until
leafs are reached. For ontology visualization ltii@Vis Toolkit library was used.

PIBAS ontology / Tree a0 @J =

cpctas-lemb.pmfkg.acrs/jit/index.php?vrsta=Experiment

PI?AS ONTOLOGY AnalitycalMethod
Experiment CellCultureAssay
Experiment values
Staff

ExperimentalMethod MaolecularBiologyProtocal

Institution Matenal

Experiment

Person ModelSystem

TypeOfExperiment

Figure 4. Graphical presentation of Experimentdrighical structure on web page.
Ontology supported knowledge base

Terms “Knowledge base” and “Ontology” are similarthey both relate to some kind of
real world knowledge. Ontology represents knowledgeut concepts and their relationships,
not dealing with class instances. The ontology nevidedge about the structure, while the
knowledge base also contains the class instanoss tfie real world, organized and classified
according to ontology [18]. Class instances reprisg the objects from the real world can be in
the same file with ontology, which can be conveniBut, in some cases, it may be desirable to
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separate the ontology that describes the semantictiwe, from many independent groups of
instances. In other words, more precisely, to @l knowledge base to file with ontology, and
to files containing data - the instance groupshegoup from one particular experiment. Each
group of instances is independent from all otheyugs, and despite the Protégé being an
excellent ontology software tool, the knowledgeebasay become quite “messy” and hard to
work with, due to presence of very large numberinstances. Different active substances,
protocols and model systems, which are used inrearpats, are represented in different
RDF/XML files and they are related with real expeents using data type propeity. For
example, RDF/XML file with protocols contains 35stances, which are used in RC for
experiments (Fig. 5). One protocol instattd08 belongs tdProtenAnalysisAssay class and has
nameProtei nExtraxtionFromTissue.

|' Class hisrsrchy i Class hisrsrchy (infemed) | |/ Annotetions _i Usage |
Clas _*_ iminAnalyssAssay ‘ ¢ ‘ -4 | Annotations: UN03
Il . | e — A!
, || | | ‘ & UMOD5 ] Snnotations ==
v ®Thing & UMO06 1] comment  [type: string]

0 AntioxidativeEnzyme & UMo7 Protocol employed to extract proteins from various tissues.
CellCultureAssay ¢ umMos |- —
DNAandRNAanalysisAssay & uMo9 | | ¥
HematologyParameter & uUMiD —

NonEnzymaticAntioxidativeComponent & UM11 Property assertions: UM03

OxidativeDamageParameter & uUM12 =

ProteinAnalysisAssay i Data property asseitians bl

ReactiveNitrogenSpecies ® uUM14 m Protocol_name iz

ReactiveOxygenSpecies 8 i "ProteinExtractionFromTissue" ~“string L)
® UM16 |+ -

Figure 5. Separate file with protocols.

PIBAS ontology describes the experiment structbte,the Research Centre performed
many real experiments according to described strectvhich resulted in many data sets, the
each data set for one experiment. In that case,pbssible and desirable to separate the each
data set relating to one experiment into sepamatelagy file. That file has only the instances
with values from experiments, without the structiself, which is in separate ontology file, but
without data. No matter how many experiments aréopeed, data for the each experiment are
placed in separate RDF/XML file, which is related PIBAS ontology by the common
namespaces, classes and class properties whidieazbject and data type.

The example of ontology for Experiment data segiven in Listing 2. This RDF/XML
syntax represent experiment call&atiproliferative and proapoptotic activitities of methanolic
extracts from different Teucrium species on HCT-116 cell. For this real experiment certain active
substances, protocols and model system are coupestach is represented by the use of
appropriate object properties and instances.

<owl:NamedIndividual
rdf:about="&PIBAS;Antiproliferative_and_proapoptotic_activitities_of methanolic_extra
cts_from_diferent_Teucrium_species_on_HCT-116_cell_line">

<rdf:type rdf:resource="&PIBAS;Experiment"/>
<PIBAS:ID rdf:datatype="8&xsd;int">104</PIBAS:ID>
<PIBAS:theAimOfExperiment>

The aim of this study was to determinate the antiproliferative effects
of

different Teucrium species and determinate type of cell death on HCT-116
cell line, human colon cancer.

</PIBAS:theAimOfExperiment>
<PIBAS:storingConditionOfActiveSubstance>&apos;at freezer&apos;
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</PIBAS:storingConditionOfActiveSubstance>
<PIBAS:modelSystem rdf:resource="&PIBAS;MS07"/>
<PIBAS:activeSubstance rdf:resource="&PIBAS;AS34"/>
<PIBAS:activeSubstance rdf:resource="&PIBAS;AS35"/>
<PIBAS:activeSubstance rdf:resource="&PIBAS;AS36"/>
<PIBAS:activeSubstance rdf:resource="&PIBAS;AS37"/>
<PIBAS:activeSubstance rdf:resource="&PIBAS;AS38"/>
<PIBAS:activeSubstance rdf:resource="&PIBAS;AS39"/>
<PIBAS:activeSubstance rdf:resource="&PIBAS;AS40"/>
<PIBAS:activeSubstance rdf:resource="&PIBAS;AS41"/>
<PIBAS:experimentalMethod rdf:resource="&PIBAS;UMO1"/>
<PIBAS:experimentalMethod rdf:resource="&PIBAS;UM@2"/>
<PIBAS:experimentalMethod rdf:resource="&PIBAS;UM@3"/>
<PIBAS:experimentalMethod rdf:resource="&PIBAS;UM@4"/>
<PIBAS:experimentalMethod rdf:resource="&PIBAS;UMO5"/>
<PIBAS:experimentalMethod rdf:resource="&PIBAS;UM21"/>
</owl:NamedIndividual>

Listing 2. Ontology for Experiment data set.

SYSTEM FOR EXPERIMENT SEARCH

Architecture for proposed system of experimentdea presented in Fig. 6.

=2 -
=" User Interface E
Experiment search

JOSEKI Server “mf
=

User result WORD/PDF
document

List of hyperlinks Experiment
report

Figure 6. Architecture of system for experimenteka

Generally, architecture is divided into three |ayer
» User Interface layer
* JOSEKI layer
* Query processing layer

First layer of architecture refers to the web plmesearch of the experiment, which is
shown in Fig. 7. This web page contains many vargearch conditions in the upper part, which
are grouped according to similarity. Conditions #wgically classified in groups such as
“Institution/personal data”, “Required analysis”,Ddtes”, “Analysis method”, “Active
substance” and “Model system”. In the lower partthe table with the ordered list of
experiments that satisfy current search conditions.
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<« O cpctas-lcmb.pmfhkg.acrs : lemb/iExpSearch.html

Experiment search

Institution / personal data
Institution User User representative |

[=] [=] [=]]

Required analysis
User required analysis

Laboratory staff
Researcher Responsible researcher Manager

[=] =] [=]
oct [=] [28[=] [2012 |[F

| Calendar date value | | Clear date | | Experiment search |

m

Date from @ Dateto ©
Analysis dates

[Date] @ Reception date| = Analysis date| © Final results date
[From
[ To

Analysis method
Analysis method type Analysis method

E3| [+]

Active substance
Active substance type Active substance |

Chemical [ Plant [ ‘ EH

Model system
Model system type Model system

[=] [=]

No Experiment title

1 Effects of palladium complexes and cisplatin on proliferation HCT-116 cell
line

_I Antiproliferative and proapoptotic activities of methanclic extracts of
2 |methanclic extracts of leaves and seed cones from Taxus baccata L. on
| ||[HCT-116 and MDA-MB-231 cell lines

| e e e P M T o Y TR T O TR e

S LT )

Figure 7. Experiment search web page.

The search principles are very simple, if no casts are specified by search conditions,
then the complete experiment list is obtained atdble below, as shown in Fig. 8. Experiments
for which there is a report in the form of a wommcdment are displayed as hyperlinks targeting
the document with report, while experiments witheuth documents are displayed as ordinary
text, like experiments 15 and 25.

Specifying one or more constraints or search cordif results in obtaining the
appropriately filtered list of experiments that isis the specified constraints. Logical
dependencies of search conditions are implemerstedranected or coupled drop down lists with
search condition items from knowledge base. Changinsome more general or independent
search condition, results in automatic appropriaestraining of drop down item lists of
dependent search conditions.

Selection of “Institution” that requests some expental analysis from the RC,
automatically constraints the elements of drop déisis for “User” and “User representative”,
which are selected institution staff members, also #e list of “Required analysis” only to
items ordered by the selected institution.

Laboratory staff, the “Researcher”, “Responsibkesecher” and “Manager” is indepen-
dent of any other selections. Although some deparids might exist (be deduced) for
mentioned laboratory staff in knowledge base, nmeddencies are implemented in web page, in
order not to make the user interface unnecessaityplex — with too little benefit for increased
complexity.
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No Experiment title

Effects of palladium complexes and cisplatin on proliferation HCT-116 cell
line

Antiproliferative and proapoptotic activities of methanolic extracts of

2 |lmethanoclic extracts of leaves and seed cones from Taxus baccata L. on
HCT-116 and MDA-MB-231 cell lines

Flowcytometric Evaluation of Mechanism of Palladium Complexes-Induced
Cell Death on HCT-116 AND MDA-MB-231 Cell Lines

4 ||Cytotoxic activities of lichens methanol extracts

|5 ||Antioxidant properties of varigus lichen species on HCT-116 cell line

[6 |[Antioxidant properties of various lichen species on HCT-116 cell line 2
Antioxidative properties of Teucrium plant species on HCT-116 cell line
Antiproliferative and proapoptotic activitities of methanolic extracts from
diferent Teucrium species on HCT-116 cell line

Cytotoxic activities of five lichens methanol extracts

10 Structure acktivity lrelatilonshios of 3 substituted 5 5 diphenylhvdantoins as
"~ |lpotential antiproliferative agents

=

O o |~Nfjo

11 ||Cytotoxic activities of platinum complexes
12 Effects of apox ligand and palladium complex on proliferation of HCT-116

cell line
13 Antiproliferative activity of methanolic extract from Sedum acre L. on HCT-
116 cell line

14 ||Cytotoxic activities of mushroom methanol extracts

15 Antioxidant properties of methanolic extracts of leaves and fruits from
Ligustrum vulgare L. on HCT-116 cell line

Antioxidant properties of methanolic extracts of leaves and fruits from

Ligustrum vulgare L. on HCT-116 cell line

Antiproliferative activity of acetone, ethylacetate and methanolic extracts

from Cornus mas L. on HCT-116 cell line

Antiproliferative and proapoptotic activity of Ligustrum vulgare |. extracts

in cotreatment with Pd(apox) complex

Inhibition of HCT-116 cell proliferation and induction of apoptosis by

19 |methanolic extracts of leaves and fruits from Ligustrum vulgare L. in

dependance of time exposure

Antiproliferative effects of mushroom methanol extracts in cotreatment

with platinum complex [pt(dpe-(s,s)-eddplcl4] on HCT-116 cell line

Antiproliferative effects of mushroom methanol extracts in cotreatment

with [pt{dpe-(s,s)-eddp)ci4] on HTC-116 cell line

Antiproliferative effects of mushroom methancol in cotreatment with

platinum complexes on HCT-116 cell line

53 Synergistic effects of mushroom methanol extracts and cisplatin on the
type of cell death of HCT-116 cell line

16

17

i8

n

20

21

22

>4 |Syneragistic effects of mushroom methanocl extracts and platinum complex L
[pt(dpe-(s.s)-eddp)cla] on the tvpe of cell death of HCT-116 cell line

25 ICviotoxic activities of ethvlacetate extract of cornus ma

Figure 8. Unfiltered lists of experiments.

Various analysis dates can be specified, both d&t@m®” and dates “to” for “Reception
date”, “Analysis date”, and “Final results datehe8ification of any or all of dates constraints
the experiment list accordingly*Analysis method type” dropdown list items seleat
corresponding group of analysis methods, and fitier“Analysis method” dropdown list items
just to methods from the selected group. Fig. 8lews the complete items list of “Analysis
method type” dropdown list, on the left, and forrn@ysis method” dropdown list on the right.
Fig. 9 b) shows filtered items list in “Analysis thed” dropdown list for selected item “Cell
culture assay” in “Analysis method type” dropdowst.|

Analysis method

\Analysis method type| (|Analysis method type Analysis method
B . 2 Analysis method
Cell culture assay UMO1 Cell Freezing and de-Freezing A I = thod A i = thod
oy [ [Acive substance type, s ECEERS i befinabiy L o
A v v ][ Chemical [ Plant 9 v Cell culture assay -
eactive nitrogen species emical [ Plant [ umos Cell Growth Curve
Reactive oxygen spacies [~ UMO5 MTT ASSAY
: Mod{UMOB Immunoflusrescence E UMO1 Cell Freezing and de-Freezing
UM11 Westem blot (Chemiluminiscent Detection of Immobilized Proteins) - UMD2 Cell P i =
Model system ty 4 Active substance e e assaging Fe
mg ENAE”;““U"TT';S‘“E i R BYPE 11403 Cel Counting and Viability Cells [~
everse Transcriptase Palymerase Chain Reaction Chemical Plant
UV Nl PCR E1 O] |umMO4 Cell Growth Curve L

UM NBT Assay F UMOS MTT ASSAY
UM17 Griess Assay L Mod{UMOB Immunofluorescence

|, [Effects of palladiun 1 a0-£8 Doule st 1 UM21 AO-EB Double staining

oo T

Model svstem t

a) List of all “Analysis method type” b) Constrained lists of “Analysis method”
items for selected “Analysis method type”

Figure 9. Analysis method restrictions.
“Model system type” dropdown list items select aresponding group of model systems,
and filter the “Model system” dropdown list itemssj to model system from the selected group.
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Fig. 10 shows filtered items list in “Model systenrop down list for selected item “Cell Culture
— Immortalized Cancer Cell Line” in “Model systegpé” dropdown list.

Model system
| Model system type | Model system |
Cell Culture - Immartalized Cancer Cell Line E‘ _|

-

< Cancer cell line
JHET-116 cell line
IMDA-MB-231 cell line 1o

Figure 10. Model system restriction.

An “Active substance type” dropdown list has foliogy options: when “Chemical” is
selected only chemicals extracts are given (Fig.allwhen “Plant” is selected only plant
extracts are given (Fig. 11 b.), while when bothé@ical” and “Plant” are selected or non
selected, all chemical and plant extracts in thetit4e substance” list are given.

Active substance

Active substance Active substance type Active substance
Active substance type Active substance Chemical I Plant @ =
7 == T, - -
Chemical ™ Plant [ [~] Plant methanolic extracts
1 Methanal lichen extract Evernia prunastri
- | Methanol lichen extract Hypogimnia physodes
Palladium camplexes 1 Methanol lichen extract Parmelia sulcata
| Cisplatin E Methanol lichen extract Cladonia foliacea
| : : Methanol lichen extract Flavoparmelia caperata
| Paladium+ligand3 L | Methanol lichen extract L8 4€- Umbilicaria crustulosa (Ach_) Frey &
| Paladium+ligand1 1-| Methanol lichen extract L16 &€ Parmeliopsis ambigua (Wulfen) Nyl. 1=
| [[Pt{db-(S.S)-eddp)Cl4 : | Methanol lichen extract L21 &€ Parmelia saxatilis (L.) Ach l
| TPt S Sheddo)Cid = { Methanol lichen extract L19 4€" Lecanora muralis (Schreber) Rabenh | T
| [Pt{dp-(S.5)-eddp)Cl4] L Methanol lichen extract L15 &€* Umbilicaria polyphylla {L_) Baumg =
| Apox ligand I : Metanol plant extract Teucrium chamaedrys =
| Palladium+apox ligand E | Metanol plant extract Teucrium montanum d
X il . i { Metanol plant extract Teucrium polium =
| 3-substituted-5 5-diphenylhydantains | | Metanol plant extract Teucrium arduini -
| Phenyl selenoether of pant-4-en-1-ol L i Metanol plant extract Teucrium scordium subsp. scordium
{ Phenilsalenoether of hex.5-an-1-ol B | Metanol plant extract Teucrium scordium subsp. scardioides =
] f Metanol plant extract Teucrium botrys =
{FO-01 E | Methanalic extracts of leaves and seed cones from Taxus baccata - |
a) List of all “Chemical active substances” b) List of all “Plant active substances”

Figure 11. Active substance restriction.

The actual search of experiments is performed lhiypidg dynamic SPARQL queries on
the server. SPARQL is very powerful ontology quimyguage. Dynamic SPARQL query that
was used for retrieving experiment list accordiogibitrary selection of search conditions was
logically structured with software switches implerterl in PHP on the server. Every search
condition that can be selected by user, has arvalguit part of appropriate well structured
SPARQL query that is controlled by correspondinfiveare switch, which is included in final
SPARQL query if the search condition is selectesle@ed values of the search conditions are
transferred as parameters to SPARQL query. Sugbest@rch procedure for a user is to start
with the most important search condition, and tadgally continue with others, as it is easily
possible to select the search conditions combinatibhout intersection, and therefore with no
results.

Dynamically created SPARQL query is then forwartiedOSEKI layer of architecture.
JOSEKI is SPARQL server which contains ontology Wiealge base. When the query is
forwarded to the server and executed, the resulthnmis actually filtered list of experiments —
experiment titles in the form of hyperlinks, appear the web page. The hyperlinks point to
documents containing reports officially prepared tbe each experiment by the staff that
performed the experiment. Those reports are offdwauments for the institution that requested
the experiment. The experiment search system enttidenew insight and statistics by dynamic
grouping of performed experiments according toasisearch conditions that can be arbitrarily
combined.

For example, Fig. 12 a) shows the search resuit alitsearch conditions selected, while
Fig. 12 b) shows the corresponding SPARQL query.
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prefix rdf:<http://www.w3.org/1999/02/22-rdf -syntax-ns#>
prefix rdfs:<http://www.w3.org/2000/01/ rdf -schemad:

prefix owl:<http://www.w3.org/2082/87/owl#r

prefix pibas: <http://cpctas-lemb.pmf.kg.ac.rs/2012/3/PIBASHE>

Experiment search

___Institution / pelSaRolidas _ prefix xsd:<http://www.w3.org/2001/XMLSchemass
[ Institution | User JUser representative] PR P 3
select distinct ?value ?search

[ Medical Herbs u Novam Sadu + |[Dejan Posion + [ Dejan Pasian ~ i

Required analysis ?exp rdf:type pibas:Experiment;
User required analysis| pibas:ExpTitle ?search;
MTT call viability assay ~ pibas:lieb ?value;

Laboratory staff pibas:ReceptionDate ?recdate;
Researcher Responsible researcher Manager pibas:AnalysisDate ?andate;

istr. sarad. Dragana Seklié ~ istr. sarad. Dragana Seklié ~ doc. dr Snezana Markovié ~ pibas:Date ?date;

oct v 15 v [2011 |

pibas:institution pibas:Medical Herbs_in_Movi Sad;
pibas:experimentalMethod pibas:UMes;

[ Calendar date value | [ Clear date | [ Experiment search |

Date from () Date to ©

Anslyis dates pibas:modelSystem pibas:Mse7;
Date|  Reception date|| - Analysis date|| o Final results date| pibas:activeSubstance pibas:AS11;
From| 01-APR-2011 01-JUL-2011  [[30-AUG-2011 pibas:user pibas:Dejan_Poslon;
To | 01-AUG-2011 01-0CT-2011 | 15-0CT-2011 pibas:userRepresentative pibas:Dejan_Poslon;
pibas:UserRequiredAnalysis "MTT cell viability assay™;
e aied t':":;‘! sis ’“E::z;jvs‘_s = H p:l:.bas:r‘esear‘cr:ler‘ pibas:Dr‘agana._Seklic; .
pibas:responsibleResearcher pibas:Dragana_Seklic;
[ Cel cutture assay - [[umos mT Assay -l pibas:Chemical ?a;
Active substance pibas:experimentalMethod ?expmet.
[Active substance type| __ Active substance I *expmet pibas:protocolType pibas:CellCultureAssay.
[Chemical @ Plant £ [cispatn - FILTER (?recdate > "2011-@4-81"~“xsd:date)
Model system FILTER (?recdate < "2011-88-81"""xsd:date)
I Model system type [ Model system | FILTER (?andate » "2011-87-B1"""xsd:date)
[[cell Cutture - Immoralized Cancer Coll Line = [HCTA16 callline ~ || FILTER (?andate < "2011-10-81"*"xsd:date)
= = FILTER (?date > "2011-88-3@" " xsd:date)
o Experiment title FILTER (?date < "2011-18-15"""xsd:date)

1 Antiproliferative effects of mushroom methanaol in cotreatment with platinum
complexes on HCT-116 cell line

order by ?date

a) User web page with selected conditions and result b) Appropriate background SPARQL query

Figure 12. Experiment search result for all selkskarch conditions.

CONCLUSION

The main mission of the RC is to contribute to ioy@ment of existing and development
of new knowledge about the effects of differenivacsubstances and their potential application
to living systems (cells, tissues, organs, orgas)doy scientific research and education process.
Many various experiments that were carried out @t fi@sulted in creation of a unique and
complex structure of the experimental work perfamat RC, which requires adequate
representation, in order to assist RC staff andraikers.

Ontology, as the core component of Semantic Wels, uged as a universal mean for
easy modeling of various semantic structures ugiag’rotégé semantic editor, and is suggested
as a universal mean for fast and easy represeafimgquired various semantic structures. In
accordance with developed PIBAS ontology, knowlebdgse was designed and populated with
real experimental data. Data from developed ontolagd knowledge base can be retrieved
using specifically developed navigation system xypeziment search based on user selected
multi criteria for arbitrarily filtering of searchesults. User selected filtering is dynamically
mapped to SPARQL queries which define data to heimdd from ontology knowledge base on
the server. Obtained experiment search resultbséee on a web page in the form of hyperlinks
pointing to documents containing official experirta@meport created by RC staff.

The experiment search system allows laboratory ataf other users to easily search and
identify which active substances, methods, promad model systems were used for the
experiment. Besides, the clients that requestedettperimental tests can be searched for,
together with RC staff that worked on a particidaperiment. Search results obtained in that
way can provide for new insight in performed expemtal work thus helping in making
decisions for directions of the future work.

The multi criteria search will be improved in théure by introducing of new additional
search criteria and connecting with other ontolegiich is one of the most important tasks for
the future work.
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