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Understanding
Complex Biological Systems
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Systems Biology
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Questions

> Different knowledge domains ?
> Ontologies for semantic structuring ?
> Semantic structures from free text ?

> Knowledge representation from distributed
[ESOUrCEeS ?
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Merging Knoewledge
from Different Domains

Functional Model

Genome Data Model

Taxonomy

G5F - National Research Center

GEMEINSCHAFT

m i for Environment and Health N f HELMHOLTZ
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Semantic Structuring
Demands for Ontologies

> Life sciences have a long tradition in classification ...
> ... various ontologies are available and in use

> Ontologies (in the broadest sense):
o Controlled vocabularies
e [laxonomies
o Frames

> Examples for Ontologies:
o« MeSH terms, Gene Ontology (GO), FunCat, ...

o Many more from e.g. Open Biomedical Ontologies
(hitp://eboioundry.oral)
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Example: Extending the Functional
Context of Proteins

Geknow

Search

Results

Genomes

FunCat

External Reference

Ontology viewer
= 01 METABOLISM
> | 02 ENERGY
02.01 glycolysis and gluconeogenesis
02.04 glyoxylate cycle
02.05 Entner-Doudoroff pathway
02.07 pentose-phosphate pathway

02.08 pyruvate dehydrogenase complex
02.09 anaplerotic reactions

0210 tricarboxylic-acid pathway (citrate cyc
0211 electron transport and membrane-a
02.13 respiration

02.16 fermentation

GSF - National Research Center
Envi and H

munich information center
for protein sequences
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|
Protein a0090009000219
Characteristics: 20090009000219

Description | isocitrate lyase

Molecular
Weight
Sequence | MGFLEDEDKKYLDDVQAVKAWWTDSRWRHTEYPSNVOSKKLWKILESNFENKYASFTYIUS onzae
Length 538

Organism | Aspergillus onyzae

60026.2650200003

lus oryzae
lus oryzae
lus oryzae

Protein 2009000300219

4
jccharamyces

has function 01.05.01.01 172h-
has function 01.01.06.04.02 jccharomyces
has function 01.05.01 172h-
has function 01 iccharomyces
has function 01.05 s
is encoded within genome Aspergillus oryzae
is encoded by CDS | ac0900090002149 Aspergillus onyzas

lus oryzae

iccharomyces
¥72h-

| i | b
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Semantic Structuring and
Knowledge Representation

Distributed access system

* several hundreds '.‘ .“:./

of biomedical \‘-—r/ \‘x—r/ \\-—-r/
resources
« distributed

* > 1-2 PetaByte

Web Service Web Service
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Knowledge in Free Text

T —" Dression an be activated rapidly by ethylene
Q nd can pe activated synergistically by both hormones.
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REBIMET

> Relation Extraction from Biomedical Texts

- Fh
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Entity Recognition

... of pathogen response genes that prevent disease progres-
sion. The expression of ERF1 can be activated rapidly by
ethylene or jasmonate and can be activated synergistically by
both hormones. In addition, both signaling ...

=

phenot.
synonym — genes Entity Recognition (ER)
= = Sentence Parsing

... of pathogeN responss_genes that prevent disease progres-
sion. The expressi .@ an be activated rapidly by
ethylene o nd can be activated synergistical-
ly by both hormones. In addition, both signaling ..

> |dentification ofi relevant biolegical entities:

o Based on synonym lists created from terms in
taxonomies, gene names,, ....

> Realized with Apaches LLucene

mtl for Emro TMRA 07 ﬁ HELMHOLTZ

GEMEINSCHAFT
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Infermation Extraction with Semantic Role
Labeling and Cooccurrence

The expression of ERF1 can be activated rapidly by ethylene and jasmonate and can be activated
synergystically by both hormones.

1. Semantic Role Labeling: @ ASSERT tool

(Pradhan S. et al., 2005)

argm-mod can] be [, . activated | [m,g oy FaPIALY ] [B_TE_”:, by ethylene

1.1 SPA structure for [m,g The expression of ERF1] | v
verb a) and jasmonate| and can be activated synergystically by both hormones

1.2 SPA structure for .
verb b) be [, . activated | [, . synergystically| [, , by both hormones]

2. Information Extraction:

. cooccurs with
Jasmonate g =——— =
activates

— munich information center
for protein sequences
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Simplified TM Representation

> Generation ofi Topic Map fragments
> Connection to evidence In text by reification

metabolite ate activates ERF]

association

jasmonate

| ] topic [} association 4 subject indic. ref.
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Screenshot Portal

Coding Sequence gi_19115202

> PSl based merging s
of textmining mode! [ss
with genome mode| iz sescrion e

A Mutation in the 5" alternatively spliced region of the
bR atedle AMPIATR-X gene causes Chudley—Lowry syndrome.

munich information center |
for protein sequences

GeKnow http:/fwww.ncbinim.nih. i i id=15508018

Search

A service of the National Library of Medicine
Results and the National Institutes of Health
Genomes NCB[ Pub [Sign In] [Registy

www pubme gov
FunCat

External Reference Sem'ch PubMed

| Limits | Preview/Index \ H|siory T Ctlpboarcl [Detaus ]
Display AbstractPlus Eshow 20 |Z| Sort By

[AII: 1 ‘ Review: 0 .

[T1 12 Eur 3 Hum Genet. 2005 Feb;13(2):176-83.

Mutation in the 5" alternatively spliced region of the Related Links
XNP/ATR-X gene causes Chudley Lowry syndrome.
Splicing mutation in the ATR-X

[Am IHum € 1998
Abidi FE, Cardoso C, Lossi AM, Lowry RB, Depetris D, Urse IEE_ Jan i 1o5]
Mattéi MG, Lubs HA, Stevenson RE, Fontes M, Chudle ATR-R miRsions et nalted
AE, Schwartz CE. nuclear location i [J Me

. : Determination of the asnomic
JC Self Research Institute, Greenwood Genetic Center, SC 29645, structure of the XN [Genomics. 1997
UsA. i

Prenatal diagnosis of ATR-X
The Chudley-Lowry syndrome (ChLS, MIM 309490) is an syndrome in & fe [Prenat Diagn. 2
X-linked recessive condition characterized by moderate to Al shlianE G o the
severe mental retardation, short stature, mild obesity, ATRX gene in ATR- [Brain Dev. 20
hypogonadism, and distinctive facial features characterized See all Related Articles..
by depressed nasal bridge, anteverted nares,
inverted-V-shaped upper lip, and macrostomia. The original
Chudley-Lowry family consists of three affected males in
two aenerations. Linkaoe analvsis had localized the cene to

[T N

Schizosaccharomyces
pombe 972h-

is part of contig NC_003424

is part of genome Schizosaccharomyces pombe 972h-

GSF - National Research Center

m i furE.mrlmnrne t and Health HELMHOLTZ
munich information center | ————— TiRA U7 f GEMEINSCHAFT
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Large Scale Integration and
Knowledge Representation
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GeKnow: Integration of
PEDANT, SIMAP, NCBI data, NCBI PubMed

PEDANT 3 ~ 600 GB
o contains 450 genomes each stored in a single MySQL database

o NO possibilities for simultaneous cross genome comparison

SIMAP ~ 540 GB compressed

o contains over 7 Mio. unigue protein seguences
NCBI

o [laxonomy information (some thousands)

Textmining from PubMed
o« 16 Mio. abstracts, 65 Mio Hits, 15 Mio. Sentences, 13 Mio. SPA
structures

Integration of these data on the fly

Semantic linking off PEDANT databases with SIMAP and NCBI
Traxonomy.

No redundant data
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IHow To Generate the Topic Maps ?

ments

> Problems with generation ofi one large TM
o Very large data collections (storage problems)
o Distributed
o Update problems

TMRA 07 (. SEenscunes




System Architecture (GeKnow)

> Extension of our n-Tier Web Presentation
J2EE based component
and service oriented _—
architecture L s e Tw'c"we'vﬁm: Tier

(EJBs and Web Services)

Syntax
Tier

Simply by adding some
semantic components .. Integration

Tier

> .. and one semantic Tier

Enterprise
Information System
Tier

TMRA 07 (. SEenscunes




Concept:

>Independent semantic layer on top of arbitrary data sources

Semantic level

M Semantic

manager
(merging, \
\ ’ fragments) ™
(4

\ Resource

manager

Configuration / \
Integration level . . .
- N\ -

N/ \\—"/ \‘l—f/ o o
\‘*—-’/ g _ .
\ R £l Web Service Web Service
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Integration Tier

> Resource:

o Aware of mapping
between topic / association
types and methods
from data source

> Handler:
o Proxy
o Manages connections
o EXxecute query methods

G5F~ National Research Center

S for Environment and Health

-
munich information center
for protein sequences

de.mips.pheknow.resources

< <interfaces >
IResourceManager

Attributes

Operations
getResourcelamei ) : String

getResourceMames( ) : String[*]
queryResource( ) : Document
setConfigDoci confDoc : Document ) : void
setResource( resourcelame : String ) : void
getConfigDoc( ) : Document

t

I
1

ResourceManager

Attributes
- resource : Resource

- availableResources : HashMap <String, Class>
- configDoc : Document

/
/s

TextMiningResource |

~

N
3
R v B

< «<abstract> >

I
I
N |
I
I

Resource

Attributes
# resourceMame : String

1 [# context : String

QOperations
+ ResourceManager( )

- loadResources( ) : void

pedant2

'. GiseHandler

Attributes
- nise : Gise

Operations
+ executeQuery ) . Document

+ getResourceMameai ) : String

+ setResourceMame( name : String ) : void
+ getContext{ ) : String

+ setContext( context : 5tring ) : woid

[y 5

\ N

l" NCBIResources

—resource

Pedant2Resource \

= giseHandler : GiseHandler

Operations

# GiseHandler( )

. getGise( context ; Siring ) ; Gise

Attributes

1

Operations
+ Pedant2Resource( )

| Pecdant3Resource ‘

I
mips.genre.gise

7. Seienscrines




Syntax Tier — Topic Types

de.mips.pedanttm.tm.topictypes

> Converts resource
specific format TopicType

Aftributes

into TM' fragments

#topicType : Topic
#tmFragement : TopicMap aHEEED

May acceSS itan:raist<pic> ITopicType
multiple resources tises

+ getinstances( ) : TopicMap Operations

h d I d b + getTopicType( ) : Topic + getinstancesDoc( ) : Document
an e y + getTopicTypeDoc( ) : Document

# init( configFile : Document ) . void

Resource Manager) el

ProteinTopicType ContigTopicType ConcreteTopicType GenomTopicType

Attributes Attributes Aftributes Attributes

Operations Operations Cperations Operations

| GSF~-National Research Center

mi P_S forEmironmentndHeelth N g5 e NHORZ

munich information center GEME'NSCHAFT
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Syntax Tier — Association Types

de.mips.pedanttm.tm.asstype

> Converts resource

specific format
into TM' fragments

May access
multiple resources

(handled by
Resource Manager)

-
munich information center | S ——
for protein sequences

AssocationType

Attributes

#instances : ArrayList<Association>
#roleA: Topic

#roleB : Topic

#fragment : TopicMap
#resourceMng : ResourceManger

Operations
+ getinstances( ) : TopicMap
+ getAssType( ) : Topic
# init( configFile : Document ) : void
# quernyResources( ) : void
# parseResult( ) : void

® 4 8
N

OrthologAssType
‘

Operations

TMRA 07
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Semantic Tier

> Responsible for
» fragment generation
o Merging
> No programming required (only configuration)

semantic Configuration

SemanticManagerRemote Attributes
private String name

private TopicTypeRemoate implementation
Operations
package getknowledgeDomains| )
public String getCoreTopicMap( String
public String[0.."] getAvailableNodes|
public String[0..*] getAvailableEdges|
public Stoing runNodeSearch( String ¢
Operati
public String getMame( )
public Edge getEdge( String name )
public Mode getMode( String name )

public Sting runEdgeSearch{ String ¢

Attributes
private AssociationTypeRemate implementation
private String name

munich information center
for protein sequences
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Portal / Portlets (JSR-168)

mips

munich information center
far nratein epnuAnres

Geknow Protein ac030009000219

Search Characteristics: 20080009000219
Results Description | isocitrate lyase

Genomes Molecular
FunCat Weight

External Reference Sequence | MGFLEDEDKKYLDDVOAVKAWWTDSRWRHTEYPSHNVOSKKLWKILESNFENKVASFTY
Length 538
Organism | Aspergillus onyzae

60026.2650200003

Ontology viewer

- 01 METABOLISM
i | 02 ENERGY
02.01 glycolysis and gluconeogenesis [_H.J @
02.04 glyoxylate cycle has function 01.05.01.01
02.05 Entner-Doudoroff pathway has function 01.01.06.04.02

Protein 2009000300219

02.07 pentose-phosphate pathway has function 01.05.01

02.08 pyruvate dehydrogenase complex has function 01

02.09 anaplerotic reactions has function 01.05
02.10 tricarboxylic-acid pathway (citrate cyc is encoded within genome Aspergillus oryzae
is encoded by CDS | ac0900090002149 Aspergillus onyzas

0211 electron transport and membrane-a
02.13 respiration ' T |

02.16 fermentation

GSF - National Research Center
Envi and H

. f ith
m I P—S memtae of the Helmhaiz Asseciation TMRA 07 ﬁ EIEEL!I-E%I;I?HIE\T%
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Portal

> Currently JSE based
o Caused several problems

> Migration to. more generic portlets
(XSLT based)
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What's Left ?

GeKnow dedicated to be Open Source
Visualization ?

Topic Maps
o Querylanguage ?
o Constraint language ?
e OWL?
« XITM fragment exchange ?

Where are we ?
Just before the killer application

Where are Topic Maps in Life Sciences

o (German) National level :
Helmholtz Society funded Systems Biology Initiative

Technology platform across Helmholtz centers will use Topic Maps

TMRA 07 (. SEenscunes
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Conclusion

> Aim: Solving complex biomedical guestions
> Semantic knowledge representation
> Textming

> Integration of heteregenous distributed data
on the fly
(fits well to existing enterprise information
SVEIES)

> Representation within JSR-168 portal/portlet
solution

> Topic Maps are suited to represent even some
100 millions of tepics / associations

TMRA 07 (. SEenscunes
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