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Biomedical Ontologies and DB integration
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Specific information sources
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xample: OXFORD (European Bioinformatics Institute)
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OXFORD: accessing a specific database
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Information extraction from public databases

Document

—> EntryName: CECA_AEDAE
—» AccesionNumber: P82592

— SecondaryAccesionNumber: Q95PI9

— ReleaseDate: Release 44, July 2004

JRCTION, DEVELOPMENTAL STAGE, AND MASS SPECTROMETRY

— Synonyms: None
L GeneName: Name: CECA ’

— DiseaseOrigin: Aedes aegypti (Yellowfever mosquito); hitp://www.expasy.org/cgi-bin/get-entr...
— TaxID: 7159; http:/immnanebi.ac.uk/newt/display?search=7159&from=ca

» Taxonomies

—> Taxonomy: Eukaryota; http://www.expasy.org/cgi-bin/get-entries?OC=Eukaryota
— Taxonomy: Metazoa; http://www.expasy.org/cgi-bin/get-entries?OC=Metazoa
» Taxonomy: Arthropoda; http://www.expasy.org/cgi-bin/get-entries?OC=Arthropoda




Problems to solve

A EBI Services - Microseft Internet Explorer

* There are no effective searching
tools, that can organize and

o Somes; [m—— combine different resources,

adapted to each user’s needs

Overview
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Integration needs

e Thousands of heterogeneous databases:
— Distributed nature of sources
— Different Platforms & Operating Systems
— Database Management Systems

— Different Semantics



Developing ontologies in biomedicine

* The Biomedical perspective from a strict definition of ontology: “An ontology
Is a formal, explicit specification of a shared conceptualization” is difficult to
achieve:

Formal: difficult to express medical statements in pure logical form

Explicit: highly complex (now) to make explicit all the components of the
medical reasoning processes due to cognitive causes

Shared (consensus): high variability in medical practice and knowledge
gaps make many times difficult to achieve agreements

« Continuous new findings immediately modify wide consensus and the
meaning of some diseases and facts (e.g., gastric ulcer)

» “Consensuated” medical documents (e.g., practice guidelines) plagued
with inconsistencies

Conceptualization: many past failed attempts in biomedicine



Using ontologies to solve semantics inconsistencies within
INFOBIOMED
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2 OntoNavigator - Microsoft Internet Explorer
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Unification of public gene, protein and disease DBs

* In many cases, the unification might not be actually practical,

since none concept appears in several DBs

 In this case, the unification process establishes links between
different DBs (e.g., to relate instances of concepts from one

DB to instances of another concept from another DB
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ACGT (Advancing Clinico Genomic Trials on Cancer)

* A European-funded Integrated Project to develop new models
and architectures for supporting clinico-genomic trials

* Proposal: A Grid-based architecture, linking clinico genomic
data from remote sources and different tools

— Semantic Mediator
— Oncosimulator
— Distributed Data Mining
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Abstract

ONTOFUSION is an or gy-based system designed for biomedical di
processes: mapping and unification. Mapping is o semi-automated process
schema with a conceptual framework—named vinual schema. There are th
schemas, acconding to the originof the domain oniology used: (1) top-down—
the UMLS or Gene Oniology—, ( 2) bottom-up—building anew domain onb
Unification is an automated process for integrating ontologies and hence ©
Using these mathods, we employed ONTOFUSION to integrate a large i
databases, as well as biomedical onologies.

@ 2005 Puhlishad by Elsavier Ltd.
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1. Introduction

New technologics are being ercated to facilitate information scarch,
remote sources over the World Wide Web, In this scenano, developers

* Corresponding author. Tel: +349 1336 T4 67, fix: 4349135248 19,
E- diress: dperezibinfomed dia i upm.es (D). Pérez-Rey).

010-4825/% - see front matter © 2005 Published by Elsevier Ltd.
0.1016/ compbicmed. 200511

4 papers
published
about this
topic over
the last 12
months

Using Web Services for Linking Genomic Data
to Medical Information Systems

V. Maojo, J. Crespo, G. de la Calle, J. Barreiro, M. Garcio-Remesal
Binmedical Irdommatics Group, Adificial Infalligance Lab, Universidad Politdanicn de Madiid, Spain

Summary

Dbjectives:To denelop  new perspactivs for omedi-
oal information systems, regarding the infoduction of
eas, mathods ond ol mlated fo the new senario of
gemamic madicine:

Method: Techmbyicol aspects refctd tothe anabeis
md inkegraticn of hetergenaous dinical and genamic
datuinclude mapping chnicd and genefic comepts
patential Futuee standads o the devebopment of
integrated bioredical antolagies. In this hicomics
scenio, we dasribe e us of Web services fch-
g fo imprve access b and nlagmeduliaml
information ukes. e give o concrete vl

ahh vt of Web sawices fechnologies: rha[hlnfu,nn

M&"ﬂahmm:pmd& rew biomedicalin-
Soemnies (BT approoches et fo genceic mdi-
ne. Custoraizad workfhows willaid ressarch fusks by
linking hataregenscus Web semvices, Two signiiaant
cmmples of tess Fucgaon Comision-ndad afrts
e the INFOBNMAED Hebwosk of Excelenca and the
Advarcing Clinco-Genomic Trals cn Cancar (AC6T)
integrofed prcject.

Conclisives: Supplying medica reseachers md pro:-
titianers wih omicsdaia and bicdogistswith dirieal
dotets on hel o develop genomic mediine. Bl iz
wriribating by providing the informatics methods and
technclugical infiastructue neaded for thess collabara-
e effors.

Key

Biomedia| iformatics, Web sendees, genomic
medicing, hospinl informaion setens
Meathods Inf Med 2007; 46. -0

doi: 10,1160/ HEAGS

Introduction

The successes of the Human Genome Pro-
ject and ofher omics-related projects have
resulted in 8 mumber of promises and chal-
lenges, inchading new approaches o hasic
medical science and healthcare, labeled
generically gewomic medicine. We and
cthers have already addressed this issue
elsewhere [1-3]. The introdustion of other
information, such as microarray data, bio-
markers, single nuclectide polymeorphisms
(SNPs), et promises b pravide physicians
with camprehersive genetic informatian,
sdvancing the scientific Inowledge of
physiclogical and pathologicsl processes.
Diseases such as cancer, diabetes, rare dis-
eases and many others are now being ex-
plained from different perspectives, one of
which is genetic information. With all these
new chita, prevention will take a more active
role in public health [4-6].

To advance towards genomic medicine,
medical informatics (MI) and bicinformat-
ics (BI) researchers are beginuing to ex-
change Mess at the intersection of the disci-
plines. e. in areze like systems biclomy and
physiclogy. At a Eurapean level, the Euro-
pean Commission (EC) has launched a
number of initiatives over the last few years
to develop new BMI projects and move to-
wards genomic medicine. These ideas were
officially launched in Movember 2001 at a
conference held in Brussels, entitled “Syn-
ergy between Rescach in Medical In-
formatics, Bicinformatics and Meuroin-
formatics. Knowledge Empowering Indi-
vidualized Healtheare and Well-Being” [6].
Owver these five years the EC hos strongly
supparted research projects, conferences
and several mitiatives to create s new disci-
pline that aims to link MI and BI, named
bicmedical informatics (BMI).

[n this scenario, many collaborative ac-
tions are being proposed at an international
level. particularly in Eumope. They include
topies such s bichanks, linking metshelic
pathway representations with clinical data
or ereafing new daia models and standards
far clinico-genomics research, medical rec-
ards or heepital information systems (HIS)
[7]. The goal is mot to “deconstruct” the
steps of clinkcal practios to provide the com-
puter tooks that health professionals need,
bt to shift clinical practics towards new ap-
proaches, Faunded on the nderlying basic —
biakogieal —science. Ta test the hypothesis
that can be generated in this scenario, re-
searchers will need new models of genc-
type-phenctype links snd more sophis-
ticated approaches to classical clinical
trials, including omics information.

In this paper we present an analysis of
different issues related to linking clinical
and genomic data in the Framework of ¢las-
sical information systems - ¢.2. HIS. We
analyze the use of Web services for this pur-
pese, inzluding some specific examples that
we have implemented

Accessing Genomic Informa-
fion for Biomedical Research
and Pradice

The Human Genome Project favored a new
trend in scientific research by establishing
collaberative links among remete instite-
tions that shared software tools and data
across remote sites. By contrast, mest elini-
cal information databases ars not openly ac-
cessible due to confidentiality and privacy
Esues regarding restricted patient informa-
tion. For personalized medicine, both ap-
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I this distibute scenio, we propass an oniclogy-
basal yprcoch, with o b opamions: mapping
md wrification. Mapping outprts the smanti: mads|
of avirtual repesitonywih the information model of

1. Introduction

Innowstive approaches to bimedical re-
search and patient care and management,
related to the new arca of “'genamic nedi-
cine”, are creating pew informatics chal-
lenges in various aress and topics such s
data collection, integmtion. access, analy-
e, anduse [1-4]. In this regard, new clinical
triaks combining genomic and medicsl data,
information and knowladge will be created
Thess new mode ks of clinical trials will in-
" PR S

making new predictions not suggested
before [7]. In this new scensrio, traditicoal
approaches to reszarch and clinical trial
designs must be updated.

In the area of clinical trials, the phar-
maceutical industry has traditionally used
“cage report forms™ (CRFs) to record proto-
col-specified patient dats. Thousmds of
CRFs are weually collected from a large
number of sites. Data are usually monitored
by a central data facility and entered into a
database. Metadata are usually not recorded
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Alstract

In this paper, we describe OnloFusion, 3 dalabase legration system

s 8y tem hias been desdpmed Lo provide unified scoess Lo mub

tiple, heterogeneous hologicsl and medical dais sources that are publicly availsble over lnternet. Many of these daishases donot offer

dineel comnection, s inguines must be made vis Web Foms, retur

resulls a3 HTML pages. A special module in the OnteFusion

system iz needel Lo integrae these public ‘Web-based" daisbases. Domsn eniologes are ued Lo do tiis snd provide datshase mapping
o M

syslem Lo nlegrale seve

We analyze Uhe syaten
@ 2006 Pubshed by Ekevier Inc.

significant and widely used public binsedical dalsbass: OMIM, PubMed,
te documentation, PDB, SNP, and IntePro. A case study is detsled in depth
archilectune and methods and diass ils e 25 2 toal for Homedical ressanchers.

ing system performance.

Keywords: Bisingarmatics; Biomedionl imformatics; Heterageneous dutahases; Thuta integration Genomic dutahases

1. Introduction

At the time of writing this paper, more than 700 hiclog-
ical databases (DYEs) were publicly available [1]. These dat-
abass are the result of a large number of hiological
research projects that have produced a huge amount of het-
erogensous information shout genes, proteins and genstic
diseases—e g, nuckotide palymorphisms, gene mutations,
protein sequences and structures, and others, Public DBs
are maintained by diferent institutions and research cen-
ters that collact these biological data, Often, different pub-
lic DBs indude melated data types—e.g, Prosite, Swiss-
Prot, and PDB stom information related 1o proteins. In
other cases, different organizations store their own infor-

* Comesponding mthar.
Emal addres @ v jo@infomed dia f upmes (V. Magjo)

ISH0464S « s from masier © 2606 Published by Plevies Inc
dari0100&] jhi 2006 02 014

mation—e.g., gene polymorphisms and mutations DHs—
but this disparate information is not imegrated. In this
regard, there is now a need and challenge to integrate infor-
mation from Web-based public DBs and other private,
local D Bs for efficient use in biomedical research. Whether
the publicly available information s integrated or not wil
have a dignificant impact on future dinical applications of
genomic research

One of the bariers to the integration of biolgical and
medical databases is that they are designed and maintained
differently by different organizations, such as the US
National Center for Biotechnology Information (NCEI,
the European Bicinformatics Institute (EBI), the Swiss
Institute of Bioinformatics (SIB), and others. Furthermore,
not all of the data sources are directly available. Many of
them cannot be transparently socessed—as it is the case,
far example, of databases sored at local database manage-
ment system (DBMS). Instead, these remote sources are




Vision and opportunities

Many real problems waiting to be solved:

Design of biobanks,

Unification of SNP databases,

Use of genomic information for primary care,
Use of clinical data in drug discovery,

Use of ontologies for developing new approaches for training physicians
on “omics” areas, Improving data mining and searching
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