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Systems BiologySystems Biology
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QuestionsQuestions
Describing bidirectional associations ?Describing bidirectional associations ?

Describing and merging different knowledge domains ?Describing and merging different knowledge domains ?

Ontologies for semantic structuring ?Ontologies for semantic structuring ?

Semantic structures from free text ?Semantic structures from free text ?

Knowledge representation from distributed resources ?Knowledge representation from distributed resources ?

=> Topic Maps
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The Simple ReasonThe Simple Reason
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Bidirectional Association to Understand Bidirectional Association to Understand 
Extended Functional ContextExtended Functional Context
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Merging KnowledgeMerging Knowledge
from Different Domainsfrom Different Domains
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Associated Knowledge in Free TextAssociated Knowledge in 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 Extraction from Biomedical TextsRelation Extraction from Biomedical Texts
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Entity RecognitionEntity Recognition

Identification of relevant biological entities:Identification of relevant biological entities:
Based on synonym lists created from terms in Based on synonym lists created from terms in 
taxonomies, gene names, taxonomies, gene names, ……..

Realized with Apaches LuceneRealized with Apaches Lucene

topic maps 2008topic maps 2008

Information Extraction with Semantic Role Information Extraction with Semantic Role 
Labeling and CooccurrenceLabeling and Cooccurrence

1. Semantic Role Labeling:

1.1 PAS structure for
verb a)

1.2 PAS structure for
verb b)

2. Information Extraction:
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Simplified TM RepresentationSimplified TM Representation

Generation of Topic Map fragmentsGeneration of Topic Map fragments
Connection to evidence in text by reificationConnection to evidence in text by reification
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How To Generate the Topic Maps ?How To Generate the Topic Maps ?

Problems with generation of one large TMProblems with generation of one large TM
Very large data collections (storage problems)Very large data collections (storage problems)
DistributedDistributed
Update problemsUpdate problems

Generation of TM fragments
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Distributed access system

Large Scale Integration andLarge Scale Integration and
Knowledge RepresentationKnowledge Representation

Web Service Web Service

Topic Map
Generation

Topic Map
Generation Textmining
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GeKnowMEGeKnowME
(Generic Knowledge Modeling Environment)(Generic Knowledge Modeling Environment)

Extension of our nExtension of our n--TierTier
J2EE based componentJ2EE based component
and service orientedand service oriented
architecturearchitecture
(EJBs and Web Services)(EJBs and Web Services)

Simply by adding someSimply by adding some
syntactic components ..syntactic components ..

.. and one semantic Tier.. and one semantic Tier
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TM

Concept: Concept: 
Independent semantic layer on top of arbitrary data sourcesIndependent semantic layer on top of arbitrary data sources

Semantic
manager

(merging,
fragments)

Semantic level

Web Service Web Service

Configuration

Resource
manager

Integration level

TM
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Integration TierIntegration Tier

Resource:Resource:
Aware of mappingAware of mapping
between topic / associationbetween topic / association
types and methodstypes and methods
from data sourcefrom data source

Handler:Handler:
ProxyProxy
Manages connectionsManages connections
Execute query methodsExecute query methods
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Syntax Tier Syntax Tier –– Topic Topic TypesTypes

Converts resourceConverts resource
specific formatspecific format
into TM fragmentsinto TM fragments
May accessMay access
multiple resourcesmultiple resources
(handled by(handled by
Resource Manager)Resource Manager)
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Syntax Tier Syntax Tier –– Association Types Association Types 
Converts resourceConverts resource
specific formatspecific format
into TM fragmentsinto TM fragments
May accessMay access
multiple resourcesmultiple resources
(handled by(handled by
Resource Manager)Resource Manager)
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Semantic TierSemantic Tier

Configuration

Responsible forResponsible for
fragment generationfragment generation
MergingMerging

No programming required (only configuration)No programming required (only configuration)
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GeKnowME: Integration of GeKnowME: Integration of 
PEDANT, SIMAP, NCBI data, NCBI PubMedPEDANT, SIMAP, NCBI data, NCBI PubMed

PEDANT 3   ~ 600 GB PEDANT 3   ~ 600 GB 
contains 450 genomes each stored in a single MySQL databasecontains 450 genomes each stored in a single MySQL database
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 sequences and their similaricontains over 7 Mio. unique protein sequences and their similaritiesties

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

Textmining from PubMedTextmining from PubMed
16 Mio. abstracts, 65 Mio Hits, 15 Mio. Sentences, 13 Mio. PAS 16 Mio. abstracts, 65 Mio Hits, 15 Mio. Sentences, 13 Mio. PAS 
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
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Screenshot PortalScreenshot Portal
PSI based mergingPSI based merging
of textmining modelof textmining model
with genome modelwith genome model
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Proudly we went toProudly we went to
the bench biologiststhe bench biologists

andand
succesfully succesfully ……

…… we failedwe failed
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Why ?Why ?

If you canIf you can‘‘t transport within 5 seconds your t transport within 5 seconds your 
message youmessage you‘‘re gonere gone
(independent of the quality of the content)(independent of the quality of the content)

In our specific case the context will not be In our specific case the context will not be 
clear by providing just text with hyperlinksclear by providing just text with hyperlinks
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Crash Course BiochemistryCrash Course Biochemistry

Gene Protein Protein Complex



topic maps 2008topic maps 2008

Context FromContext From
Web Based Graphical InterfaceWeb Based Graphical Interface
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ConclusionConclusion
Can we explain the complexity of life ?Can we explain the complexity of life ?

……..

However:However:
TMs help us to model and associate information TMs help us to model and associate information ……
…… in a way we WANT and NEEDin a way we WANT and NEED
We can utilize existing and open technologies to work We can utilize existing and open technologies to work 
with themwith them
Topic Maps are suited to represent even some 100 Topic Maps are suited to represent even some 100 
millions of topics / associationsmillions of topics / associations

Topic Maps will help us to understand at least Topic Maps will help us to understand at least 
the next level of complexitythe next level of complexity
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A Final One:A Final One:
Do it for the user, not the technologyDo it for the user, not the technology
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