
TMRA 07TMRA 07

Large Scale Knowledge Representation of Large Scale Knowledge Representation of 
Distributed Biomedical InformationDistributed Biomedical Information

Volker StVolker Stüümpflenmpflen

Thorsten BarnickelThorsten Barnickel
KaramfilkaKaramfilka NenovaNenova

MIPS / Institute MIPS / Institute forfor BioinformaticsBioinformatics
GSF GSF –– National Research Center National Research Center forfor EnvironmentEnvironment and and HealthHealth



TMRA 07TMRA 07

UnderstandingUnderstanding
ComplexComplex BiologicalBiological SystemsSystems

Data

Kn
ow

le
dg

e



TMRA 07TMRA 07

Systems Systems BiologyBiology



TMRA 07TMRA 07

QuestionsQuestions

Different Different knowledgeknowledge domainsdomains ??

Ontologies Ontologies forfor semanticsemantic structuringstructuring ??

SemanticSemantic structuresstructures fromfrom freefree text ?text ?

KnowledgeKnowledge representationrepresentation fromfrom distributeddistributed
resourcesresources ??
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MergingMerging KnowledgeKnowledge
fromfrom Different DomainsDifferent Domains
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SemanticSemantic StructuringStructuring
DemandsDemands forfor OntologiesOntologies

Life Life sciencessciences havehave a a longlong traditiontradition in in classificationclassification ……
…… variousvarious ontologies ontologies areare availableavailable and in and in useuse

Ontologies (in Ontologies (in thethe broadestbroadest sensesense):):
ControlledControlled vocabulariesvocabularies
TaxonomiesTaxonomies
FramesFrames
……

ExamplesExamples forfor Ontologies:Ontologies:
MeSHMeSH termsterms, Gene , Gene OntologyOntology (GO), (GO), FunCatFunCat, , ……
ManyMany moremore fromfrom e.ge.g. Open . Open BiomedicalBiomedical Ontologies Ontologies 
((http://obofoundry.org/http://obofoundry.org/) ) 
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ExampleExample: : ExtendingExtending thethe FunctionalFunctional
ContextContext of Proteins of Proteins 
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Distributed access system

SemanticSemantic StructuringStructuring andand
KnowledgeKnowledge RepresentationRepresentation

• several hundreds
of biomedical
resources

• distributed
• > 1-2 PetaByte

Web Service Web Service

Topic Map
Generation

Topic Map
Generation Textmining

Knowledge Portal
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KnowledgeKnowledge in Free Textin Free Text

… of pathogen response genes that prevent disease progression.
The expression of ERF1 can be activated rapidly by ethylene
or jasmonate and can be activated synergistically by both hormones.
In addition, both signalling …

Free text

Topic Map
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REBIMETREBIMET
Relation Relation ExtractionExtraction fromfrom BiomedicalBiomedical TextsTexts
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EntityEntity RecognitionRecognition

IdentificationIdentification of relevant of relevant biologicalbiological entitiesentities::
BasedBased on synonym on synonym listslists createdcreated fromfrom termsterms in in 
taxonomiestaxonomies, , genegene namesnames, , ……..

RealizedRealized withwith ApachesApaches LuceneLucene
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ASSERT tool
(Pradhan S. et al., 2005) 

Information Information ExtractionExtraction withwith SemanticSemantic RoleRole
LabelingLabeling and and CooccurrenceCooccurrence

1. Semantic Role Labeling:

1.1 SPA structure for
verb a)

1.2 SPA structure for
verb b)

2. Information Extraction:
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SimplifiedSimplified TM TM RepresentationRepresentation

Generation of Topic Generation of Topic MapMap fragmentsfragments
ConnectionConnection to to evidenceevidence in text in text byby reificationreification
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ScreenshotScreenshot PortalPortal
PSI PSI basedbased mergingmerging
of textmining of textmining modelmodel
withwith genomegenome modelmodel
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Distributed access system

Large Large ScaleScale Integration andIntegration and
KnowledgeKnowledge RepresentationRepresentation

Web Service Web Service

Topic Map
Generation

Topic Map
Generation Textmining
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GeKnowGeKnow: Integration of : Integration of 
PEDANT, SIMAP, NCBI data, NCBI PEDANT, SIMAP, NCBI data, NCBI PubMedPubMed

PEDANT 3   ~ 600 GB PEDANT 3   ~ 600 GB 
contains 450 genomes each stored in a single contains 450 genomes each stored in a single MySQLMySQL databasedatabase
no possibilities for simultaneous cross genome comparisonno possibilities for simultaneous cross genome comparison

SIMAP   ~SIMAP   ~ 540 GB 540 GB compressedcompressed
contains over 7 Mio. unique protein sequencescontains over 7 Mio. unique protein sequences

NCBI NCBI 
Taxonomy information (some thousands)Taxonomy information (some thousands)

Textmining from Textmining from PubMedPubMed
16 Mio. abstracts, 65 Mio Hits, 15 Mio. Sentences, 13 Mio. SPA 16 Mio. abstracts, 65 Mio Hits, 15 Mio. Sentences, 13 Mio. SPA 
structuresstructures

Integration of these data on the flyIntegration of these data on the fly
Semantic linking of PEDANT databases with SIMAP and NCBI Semantic linking of PEDANT databases with SIMAP and NCBI 
TaxonomyTaxonomy
No redundant dataNo redundant data



TMRA 07TMRA 07

HowHow To To GenerateGenerate thethe Topic Topic MapsMaps ??

Problems Problems withwith generationgeneration of of oneone large TMlarge TM
VeryVery large large datadata collectionscollections ((storagestorage problemsproblems))
DistributedDistributed
Update Update problemsproblems

Generation of TM fragments
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System Architecture (System Architecture (GeKnowGeKnow))

Extension of Extension of ourour nn--TierTier
J2EE J2EE basedbased componentcomponent
and and serviceservice orientedoriented
architecturearchitecture
((EJBsEJBs and Web Services)and Web Services)

SimplySimply byby addingadding somesome
semanticsemantic componentscomponents ....

.. and .. and oneone semanticsemantic TierTier
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ConceptConcept: : 
Independent semantic layer on top of arbitrary data sourcesIndependent semantic layer on top of arbitrary data sources

TM

Semantic
manager

(merging,
fragments)

Semantic level

Web Service Web Service

Configuration

Resource
manager

Integration level
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Integration TierIntegration Tier

ResourceResource::
AwareAware of of mappingmapping
betweenbetween topictopic / / associationassociation
typestypes and and methodsmethods
fromfrom datadata sourcesource

HandlerHandler::
ProxyProxy
ManagesManages connectionsconnections
ExecuteExecute queryquery methodsmethods
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Syntax Tier Syntax Tier –– Topic Topic TypesTypes

ConvertsConverts resourceresource
specificspecific formatformat
intointo TM TM fragmentsfragments
May May accessaccess
multiple multiple resourcesresources
((handledhandled byby
ResourceResource Manager)Manager)
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Syntax Tier Syntax Tier –– Association Types Association Types 
ConvertsConverts resourceresource
specificspecific formatformat
intointo TM TM fragmentsfragments
May May accessaccess
multiple multiple resourcesresources
((handledhandled byby
ResourceResource Manager)Manager)
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Semantic TierSemantic Tier

Configuration

ResponsibleResponsible forfor
fragmentfragment generationgeneration
MergingMerging

No No programmingprogramming requiredrequired ((onlyonly configurationconfiguration))
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Portal / Portal / PortletsPortlets (JSR(JSR--168)168)
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PortalPortal

CurrentlyCurrently JSF JSF basedbased
CausedCaused severalseveral problemsproblems

Migration to Migration to moremore genericgeneric portletsportlets
(XSLT (XSLT basedbased))
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WhatWhat‘‘ss LeftLeft ??
GeKnowGeKnow dedicateddedicated to to bebe Open Open SourceSource

VisualizationVisualization ??

Topic Topic MapsMaps
Query Query languagelanguage ??
ConstraintConstraint languagelanguage ??
OWL ?OWL ?
XTM XTM fragmentfragment exchangeexchange ??

WhereWhere areare wewe ??
Just Just beforebefore thethe killerkiller applicationapplication

WhereWhere areare Topic Topic MapsMaps in Life in Life SciencesSciences

(German) National (German) National levellevel ::
Helmholtz Society Helmholtz Society fundedfunded Systems Systems BiologyBiology InitiativeInitiative

•• Technology Technology platformplatform acrossacross Helmholtz Helmholtz centerscenters will will useuse Topic Topic MapsMaps
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ConclusionConclusion
AimAim: : SolvingSolving complexcomplex biomedicalbiomedical questionsquestions
SemanticSemantic knowledgeknowledge representationrepresentation
TextmingTextming
Integration of Integration of heterogenousheterogenous distributeddistributed datadata
on on thethe flyfly
((fitsfits well to well to existingexisting enterpriseenterprise informationinformation
systemssystems))
RepresentationRepresentation withinwithin JSRJSR--168 168 portalportal//portletportlet
solutionsolution
Topic Topic MapsMaps areare suitedsuited to to representrepresent eveneven somesome
100 100 millionsmillions of of topicstopics / / associationsassociations
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