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Network based data integration
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-~ Network based data integration
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etwork based data integration
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Network based data integration

Data Input Data Integration BEVEWAMEWES

ONDEX data integration framework
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- Network based data integration
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~Network based data integration
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~Network based data integration

Extensional dimension: role of BioPAX

Search and visualize public biological pathway information. Single
point of access. [more...]

Send us your feedback. Sign up for Pathway Commons announcements.

Search Pathway Commons: Current Data Sources:

Pathway Commons currently contains the
(_Search ) following data sources:
«‘"'""c Cancer Cell Map, Release: 1.0
[19-May-06]

Browse

To get started, enter a gene name, gene identifier or pathway
name in the text box above. For example: p53, P38398 or
m. ."':m-snr.- w

HPRD [01-Sep-07]

Browse

To restrict your search to specific data sources or specific !?..um -

organisms, update your global filter settings.

HumanCyc, Release: 10.5
[18-Sep-06]

Using Pathway Commons:

Biologists: Browse and search pathways across multiple valuable

public pathway databases. IntAct [14-Dec-07]
IntAct ) Browse

MINT [21-Dec-07]
MINT Browse c

Computational biologists: Download an integrated set of pathways

in BioPAX format for global analysis.

Software developers: Build software on top of Pathway Commons

using our web service API. Download and install the cPath software to l\d’*]{‘\” NCI / Nature Pathway Interaction ‘

. ANCER
create a local mirror. Database [28-]Jan-08]
Ondex INRIOHL Datebase

More networks ROTHAMSTED
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BioPAX overloading

Data Model

Knowledge base:
efficiency

PaxTools

Ontology
XML

Syntax, validation rules

dh
4

Exchange language
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BioPAX overloading

ontology

BioPAX is in part an
ontology of biological
networks

¢
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BioPAX overloading

ontology

* Entities, Interactions,
their types and relations
* What do a “control”
and a “‘genetic interaction
share” !

*VWhat dlstlngmshes
them !

Ontology>>terminology! (G ey (Famad)

~ - —

-:Z:'i'-emplateReactlon ) Control Genetlclnteractlon :Z:u | '
T - N V\b\

CelML-SBGN-SBO-BioPAX-MIASEW¢ . . . [ \ — . {OTHAMSTED
RESEARCH




BioPAX overloading

ontology

SPAN
OCCURRENT

/I\

SPATIOTEMPORAL PROCESSUAL TEMPORAL
REGION ENTITY REGJON

/N

Scattered Connected Processual Process Process Fiat Partof Boundary Scattered  Connected
Spatiotemporal  Spatiotemporal Context Aggregate Process of Process Temporal  Temporal
Region Region Region Region

AN

Spatiotemporal  Spatiotemporal Temporal Temporal
Interval Instant Interval  Instant

® Ontology definition:

® An upper ontology as a reference.

® Well defined high-level information (e.g part of) p—
e \\ d

CellML-SBGN-SBO-BioPAX-MIASE Workshop 2009, April 3-9 2009 *F*\%’T”:”\LQ(TE'L;




BioPAX overloading

ontology

Pathway

proper part-of

pathwayComponent patwayOrder

pathwayComponent

/ ¢ part-of
Interaction ‘ Pathway | PathwayStep

participant proper part-of  stepProcess stepProcess

participates \ / \
\ / i
Interaction Pathway
Entity

ondex €X.query:find all protein participating in a pathway
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BioPAX overloading

ontology

Pathway

proper part-of

pathwayComponent patwayOrder

pathwayComponent

/ ¢ part-of
Interaction ‘ Pathway | PathwayStep

participant proper part-of  stepProcess stepProcess

participates \ / \
\ / i
Interaction Pathway
Entity
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BioPAX overloading

ID OBO_REL:part_of
Name part_of

" Relation

properties [transitive] [reflexive] [anti-symmetric]

For continuants: C part_of C' if and only if: given any c that instantiates C at a
time t, there is some c¢' such that c¢' instantiates C' at time t, and ¢ *part_of* ¢

Definition at t. For processes: P part_of P' if and only if: given any p that instantiates P at
a time t, there is some p' such that p' instantiates P' at time t, and p *part_of*
p' at t. (Here *part_of* is the instance-level part-relation.)

Parthood as a relation between instances: The primitive instance-level relation p
part_of pl is illustrated in assertions such as: this instance of rhodopsin
mediated phototransduction part_of this instance of visual perception. This
relation satisfies at least the following standard axioms of mereology: reflexivity
(for all p, p part_of p); anti-symmetry (for all p, p1, if p part_of pl1 and p1l
part_of p then p and pl are identical); and transitivity (for all p, p1, p2, if p
part_of pl and pl part_of p2, then p part_of p2). Analogous axioms hold also
for parthood as a relation between spatial regions. For parthood as a relation

Comments between continuants, these axioms need to be modified to take account of the
incorporation of a temporal argument. Thus for example the axiom of
transitivity for continuants will assert that if ¢ part_of c1 at t and c1 part_of c2
at t, then also c part_of c2 at t. Parthood as a relation between classes: To
define part_of as a relation between classes we again need to distinguish the
two cases of continuants and processes, even though the explicit reference to
instants of time now falls away. For continuants, we have C part_of C1 if and
only if any instance of C at any time is an instance-level part of some instance
of C1 at that time, as for example in: cell nucleus part_ of cell.

ondex ©€X.query:find all protein participating in a pathway AP

L
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BioPAX overloading

ontology

Pathway

proper part-of

pathwayComponent patwayOrder

pathwayComponent

/ ¢ part-of
Interaction ‘ Pathway | PathwayStep

participant proper part-of  stepProcess stepProcess

participates \ / \
\ / i
Interaction Pathway
Entity

ondex €X.query:find all protein participating in a pathway
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BioPAX overloading

Data model

* Efficiency (space)
* Easy queriability
(simple expressions)
* Represent

information that is not
ontologically clear
(genetic interactions) =

by UtilityClass g
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BioPAX overloading

Exchange language

* “Correct unit of PaxTools
information”/ Validation. A sl
* Necessity to be

descriptive (an ontolog

is easily prescriptive!) XML

Syntax, validation rules

Exchange language

CellML-SBGN-SBO-BioPAX-MIASE Workshop 2009, April 3-9 2009
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Languages in BioPAX

Exchange

Data Model

Ontology

Yes

Yes
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BioPAX overloading

Semantic Web metadata representation

Exchange |Data Model| Ontology
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BioPAX, OWL, RDF
® BioPAX is represented in RDF

® BioPAX is serialized in XML

® The meaning of BioPAX is defined with terms
defined in OWL (e.g.: disjoint class,necessary/

sufficient restriction on properties,...)

® [he use of OWL terms in BioPAX is restricted so
that a pathway description is in OWL-DL.

® BioPAX doesn’t make use of the expressivity
% provided by OWL-DL
(o)

hitp:/fondex.org
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BioPAX and OWL
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BioPAX and OWL
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BioPAX and OWL

is biopax owl !

/ /

Interaction
Gene 2 v
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BioPAX and OWL

is biopax owl !
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BioPAX and OWL

is biopax owl !
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BioPAX and OWL

is biopax owl !
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BioPAX and OWL

is biopax owl !
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is biopax owl !
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BioPAX and OWL

is biopax owl !

| Thing

Interaction ) ( Pathway ) PhysicalEntity 5

}x

>
A+ Vi

A-;:h
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Molecularinteraction > ([ Conversion ) TemplateReaction ( Control | Ceneticlnteraction ‘ ' | Rna | SmallMolecule ) ( Complex ) ( Protein
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TransportWithBiochemicalReaction
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BioPAX and OWL
“participant” in BioPAX

<bp:biochemicalReaction rdf:ID=" 2 H202 02 2 H20">
<bp:LEFT rdf:resource="#H202 peroxisomal matrix_ " />
<bp:RIGHT rdf:resource="#H20 peroxisomal matrix " />
<bp:RIGHT rdf:resource="#0xygen peroxisomal matrix " />
<bp:EC-NUMBER rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">
1.11.1.6
</bp:EC-NUMBER>
<bp:NAME rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">
2 H202 =&gt;02 + 2 H20
</bp:NAME>

W participant

@ cofactor

@ controlled

B controller

@ initiationRegion

W left

W product

M right
CellML-SBGN-SBO-BioPAX-MIASE Workshop 2009, April 3-9 2009
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http://www.w3.org/2001/XMLSchema#string
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http://www.w3.org/2001/XMLSchema#string

BioPAX and OWL
“participant” in OBO-OWL

<owl:Class rdf:about="http://purl.org/obo/owl/GO#GO0_ 000027/0"> Peptldoglycan
metabolic process

<owl:equivalentClass>
<owl:Class>
<owl:intersectionOf rdf:parseType="Collection">
<owl:Class rdf:about="http://purl.org/obo/owl/GO#GO _0008152"/>

<owl:Restriction> Metabolic process

<owl:onProperty>
<owl:0ObjectProperty rdf:about=
"http://purl.org/obo/owl/0BO_REL#0BO REL_has_participant"/>
</owl:onProperty>
<owl:someValuesFrom rdf:resource=
"http://purl.org/obo/owl/CHEBI#CHEBI 8005"/> Peptidoglycan
</owl:Restriction>
</owl:intersectionOf>
</owl:Class>
</owl:equivalentClass>
</owl:Class>

Metabolic
processes

Ondex
Biological processes Chemical entities
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http://purl.org/obo/owl/CHEBI#CHEBI_8005

BioPAX and OWL

has_participant

ID
Name

Relation
properties
inverse_of

Definition

Comments

Sub-relation
Of

“participant” in RO

OBO_REL:has_participant
has_participant

OBO_REL:participates_in (instance level)

P has_participant C if and only if: given any process p that instantiates P there
is some continuant ¢, and some time t, such that: c instantiates C at t and ¢
participates in p at t

Has_participant is a primitive instance-level relation between a process, a
continuant, and a time at which the continuant participates in some way in the
process. The relation obtains, for example, when this particular process of
oxygen exchange across this particular alveolar membrane has_participant this
particular sample of hemoglobin at this particular time.

OBO REL:relationship
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based data

BioPAX and OWL

*  Properties and descriptions in BioPAX

g : ' & Metadata(biopax-level3.owd) f OWLClasses f I Properties f QIndiViduaIs f = Forms |
PROPERTY BROWSER PROPERTY EDITOR for physicalEntity (instance of owl:FunctionalPrc

For Project: @ biopax-level3-latest For Class: ’http:mew.biopax.org,‘reIease/biopax—leveliowi#Stoichi N
For Project: @ biopax-level3-latest For Property: http:/ faaabiopax.orgfrelease fbiopax-level3. owd#physica

& P ¥ (o8 ® [ 2

Asserted Hierarchy - B | = = = -

= ot = Property { = [ Object T Datatype TAnnotation Im :&’ gf Q: [

P @ Conversion rdfs:comment Definition: Stoichiometric coefficient of a [l Object properties mi T 15 Property Value
Geneticlnteraction interaction or com plex. Note that this cla: - ) = rdfs:comment The physical entity annotated with stoichiometr
Molecularinteraction RICHT properties. (M experimentalFormEntity — attributes from the physicalEntityParticipant ins

[ feature

[ featurelLocation

Y Phyz;:f;:f ¥ [ physicalEntity ({single PhysicalEntity) {cardinality 1) ?:_fc'oo:e

Dna 1 inType

Protein

Rna ¥ W stoichiometricCoefficient  (single float)  (cardinality 1)  ntitvReference
SmallMolecule eature

v UtilityClass 1

i‘::;?;:;tmcwre W comment  (multiple string)

ControlledVocabulary

DeltaG ™ U——
p [ participant

(M participantStoichiometry
[ pathwayComponent
[ pathwayOrder

4 s T
RnaReference I P - -
SmallMoleculeReference ' \ . ) L m thSIC&|EntI1Y
. on S8 [I] Superclasses X4 m

Evidence Utilite C1

ExperimentalForm tility Class [ relationshipType

[ scoreSource

[ sequencelntervalBegin

[ sequencelntervalEnd

b [ stepProcess
b structira

TemplateReaction
Pathway

hysicalEntit )
ionType Domain u R'«fll‘l(J("

Stoichiometry PhysicalEntity

re

EntityFeature

EntityReference
DnaReference

ProteinReference

KPrime
PathwayStep
Provenance
Score

Stoichiometry

—_— 2 Super Properties

r

OWVL: properties are axioms, open world assumption

Ondex
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BioPAX and RDF

BioPAX in RDF

® BioPAX is essentially relying on RDF
(RDFS)

® |t is using OWL for “documentation”
purpouses

® |t uses a subset of RDF that is compliant
with OWL
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BioPAX and OWL

biopax and OWL

In principle it is possible to automatically
classify entities or to discover that some
class is equivalent to (or a subclass of) a
biopax class

In practice, types are usually known a-
priori... given the number of classes
involved, if they can be well described,
classification may be unnecessary
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BioPAX in RDF
Facts in RDF

"TRDX"*xsd:string

bp2:SYNONYM _
bp2:protein .
reactome:Homo _sapiens

bp2:NAME

"TRX""xsd:string

rdf:type , .
bp2:SYNONYM biopax-level2:ORGANISM

o~

reactome:UniProt P10599 ....

bp2:UnificationXref

bp2:SYNONYM bp2:XREF
)

"TRX1""xsd:string ,
reactome:UniProt P10599

bp2:S;NONYM bp2:COMMENT

" AN . 1
‘ TXN xsd:string | bp2:DB bp2:1D

"FUNCTION: Participates..."™xsd:string \\
"P10599"Mxsd:string
‘"UniProt"AAxsd:string |
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BioPAX in RDF
Syntaxes: RDF/ XML

<biopax-level2:protein

rdf:about="#UniProt P10599 Thioredoxin_ATL derived factor ADF Surface associated

yl protein__ SASP ">
<biopax-level2:COMMENT rdf:.:datatype="&xsd;string">
FUNCTION: Participates

</biopax-level2:COMMENT>
<biopax-level2:SYNONYMS rdf:datatype="&xsd;string">TRDX</biopax-level2:SYNONYMS>
<biopax-level2:SYNONYMS rdf:datatype="&xsd;string">TRX</biopax-level2:SYNONYMS>
<biopax-level2:NAME rdf:.datatype="&xsd;string">TRX</biopax-level2:NAME>
<biopax-level2:SYNONYMS rdf:datatype="&xsd;string">TRX1</biopax-level2:SYNONYMS>
<biopax-level2:SYNONYMS rdf:datatype="&xsd;string">TXN</biopax-level2:SYNONYMS>
<biopax-level2:0RGANISM rdf:resource="#Homo sapiens"/>
<biopax-level2:DATA-SOURCE rdf:resource="#ReactomeDataSource"/>
<biopax-level2:XREF rdf:.:resource="#UniProt P10599"/>

</biopax-level2:protein>

<biopax-level2:unificationXref rdf:about="#UniProt P10599">
<biopax-level2:ID rdf:.:datatype="&xsd;string">P10599</biopax-level2:1ID>
<biopax-level2:DB rdf:.:datatype="&xsd;string">UniProt</biopax-level2:DB>
</biopax-level2:unificationXref>

CellML-SBGN-SBO-BioPAX-MIASE Workshop 2009, April 3-9 2009
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BioPAX in RDF

:UniProt P10599 Thioredoxin_ATL derived factor ADF

Syntaxes: Turtle

rdf:type biopax- level2: prote1n ;

biopax-level?

biopax-level2:

biopax-level?

biopax-level2:

biopax-level2
biopax-level?2
biopax-level?2

: COMMENT "FUNCTION: ... ."“xsd:string ;

SYNONYMS "TRDX""xsd:string |,
"TRX""xsd:string ;

:NAME "TRX"""xsd:string ;

SYNONYMS "TRX1""xsd:string |,
"TXN"*xsd:string ;

:ORGANISM :Homo_sapiens ;
:DATA-SOURCE :ReactomeDataSource ;
:XREF :UniProt P10599

:UniProt P10599 rdf:type biopax-level2:unificationXref

biopax-level2:ID "P10599"*xsd:string ;
biopax-level2:DB "UniProt""xsd:string

CellML-SBGN-SBO-BioPAX-MIASE Workshop 2009, April 3-9 2009
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BioPAX in RDF
Syntaxes: OVWL/ XML

<OWLClass URI="&biopax vel2;protein"/>
<Individual URI="&biopax;UniProt P10599 Thioredoxin_ATL derived factor ADF Surface _associated sulphydryl protein
</ClassAssertion>

<ObjectProperty URI="&biopax-level2;0RGANISM"/>
<Individual URI="&biopax;UniProt P10599 Thioredoxin__ATL derived factor__ ADF__ Surface_associated_sulphydryl protein__ SASP
<Individual URI="&biopax;Homo _sapiens"/>

</0ObjectPropertyAssertion>

<ObjectPropertyAssertion>

<ObjectProperty URI="&biopax-level2;XREF"/>
<Individual URI="&biopax;UniProt P10599 Thioredoxin_ATL derived factor ADF Surface_assoc
<Individual URI="&biopax;UniProt P10599"/>

</0ObjectPropertyAssertion>

<DataPropertyAssertion>

<DataProperty URI="&biopax-level2;COMMENT"/>
<Individual URI="&biopax;UniProt P10599 Thioredoxin_ATL derived factor_  ADF__ Surface associated sulphydryl protein___ SAS
<Constant datatypeURI="&xsd;string">FUNCTION: ...</Constant>

</DataPropertyAssertion>

<DataPropertyAssertion>

<DataProperty URI="&biopax-level2;NAME"/>
<Individual URI="&biopax;UniProt P10599 Thioredoxin__ATL derived factor__ ADF__ Surface_associated sulphydryl protein__ SAS
<Constant datatypeURI="&xsd;string">TRX</Constant>

</DataPropertyAssertion>

<ClassAssertion>
<OWLClass URI="&biopax-level2;unificationXref"/>
<Individual URI="&biopax;UniProt P10599"/>
</ClassAssertion>

<DataPropertyAssertion>
<DataProperty URI="&biopax-level2;DB"/>
<Individual URI="&biopax;UniProt P10599"/>
<Constant datatypeURI="&xsd;string">UniProt</Constant>
</DataPropertyAssertion>
<DataPropertyAssertion>
<DataProperty URI="&biopax-level2;ID"/>
()"¢’¢=)( <Individual URI="&biopax;UniProt P10599"/>
mieaeos <CONStant datatypeURI="&xsd;string">P10599</Constant>
</DataPropertyAssertion>
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Qutline

BioPAX BioPAX
overloading languages

CORGCINED

exchange
ontology
language
roles of

BioPAX RDF-based
in data data integration
integration

Network
based data
integration
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BioPAX in RDF
Facts in RDF

bp:un.eref
JniPrql

f

rdf:l,t"ype bp

bp DB

bp:NAME
bp: SYNONYMS

re:Uni 0599 rdf:&ype

ot P10599 Thioredoxin__ATL derived facto DF_ Surface_associated_sulphydryl_protein

bp:SYNGNYMS

bp:ORGANISM
bp:DATASSOURGEBYNQONYMS

piens
e:Reactc‘taSou rce
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BioPAX in RDF

Meta-meta-view

owl disjointWith -h.y

aH

rde'SubCI‘aSSOf

| rdf wpe rdf: ,"I'rdfs su‘bCIassOf
bp: externalR.:eUuthIass l \ ' f Y
-
-

‘ s subCIassOf rdftype

rdfs:su lass-Of" ldf su Class__fb

rdfs 5ub’Cla550‘f‘- '

rdf wpe dfs subClassOf
' rdf v(ypc

rclfs 5ul>(h,sdﬂ£'pel /
k" rdf tybe

’L N rdf

rdfs suﬁ(fl&}(mf
bp: un in

raf Type

l"a\rdf type

O\ 11059 vp
re:Uni 599 I/ TRX

re.UniProt_PlOS99_Thi0redoxin_ATL_derived_fZ‘IEfb Surface_associated sulphydryl_protein___ SASP_
DPSYNONYMS

bWOUR \ TRDX
/bpSY
re:React

tasong;;iANISh1
y

re:Ho.piens

h - d
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BioPAX in RDF

Unification Xrefs

CONSTRUCT ?x owl:sameAs ?y
WHERE {
?X bp:unificationXrefs ?7xl
2y bp:unificationXrefs ?yl
X1 bp:ID 71

?x1 .version ?v
2yl . ID 7271 .
2yl .version ?v

Ondex
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BioPAX in RDF
PEPs (level2)

[ nteraction ]

PARTICIPANTS SR ———_——

[ physicalEntityParticipant } ----- a@

PHYSICAL-ENTITY

I

| physicalEntity ]

CONSTRUCT ?interactor new:dirInt ?p
WHERE {

?X rdf:type bp:interaction .

?X bp:PARTICIPANTS ?px

?px bp:PHYSICAL-ENTITY ?p

}
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BioPAX in RDF

Interactions

bp:in‘ion

A

rdf:type

bp:P IPANTS .
p > : cts ‘

YS|CAL-ENTITY bp:PHYS|CAL-EN

[Direct-interaction: [Define-interaction:
(?7interactor new:dirlInt ?7p) (?pel new:interacts ?pe2)
<- < -
(?X rdf:.type bp:interaction) (?X rdf:type bp:interaction)
(?X bp:PARTICIPANTS ?px) (?X new:dirInt ?pel)
(?px bp:PHYSICAL-ENTITY ?p)] (?X new:dirInt ?pe2)]
945
Ondex h - d

CellML-SBGN-SBO-BioPAX-MIASE Workshop 2009, April 3-9 2009 ’F“\?T”:*\'}I\Q(TE'L"




BioPAX in RDF

Integration of BioPAX and other data sources

Ontology

text file

\/.
\
\

>

Knowledge
Base

BioPAX representation

—
>

Relational
database

v




BioPAX in RDF

Relational declarative approach

Chemical # Table Chemical

map:chemical a d2rq:ClassMap;
d2rqg:dataStorage map:database;

ID Int d2rq:bNodesIdColumns "Chemical.ID";

d2rqg:class biopax-level2:smallMolecule;

CASNumber VARCHAR X
map:NAME a d2rqg:PropertyBridge;

Name VARCHAR d2rqg:belongsToClassMap map:chemical;
d2rqg:property biopax-level2:NAME;

. d2rqg:pattern "@@Chemical.Name@@";
ChebilD Int d2rg:datatype xsd:string;

map :CASNumber a d2rq:PropertyBridge;
d2rqg:belongsToClassMap map:chemical;
d2rq:property phibase:CASNumber;
d2rg:pattern "@@Chemical.CASNumber@@";
d2rqg:datatype xsd:string;

map:interaction _interaction_id a d2rq:PropertyBridge;
d2rqg:belongsToClassMap map:chemical;
d2rq:property rdf:type;
d2rq:pattern "http://purl.org/obo/owl/
CHEBI#CHEBI @@Chemical.ChebilID@@";

. K PY
Details from D2RQ mapping file A 4
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BioPAX in RDF

Direct mapping of tables to RDF

CAS reg.
Number

Chemical
name

CHEBI ID

17804-35-2

Benomyl

3015

36734-19-7

Iprodione

28909

65277-42-1

Cis-
Ketoconazole

47519

N/

:ID1 rdf:type chebi:CHEBI 3015 ;

:CHEBI 3015 a biopax-level2:smallMolecule
biopax-level2:NAME “Benomyl”™xsd:string
phibase:casNumber “17804-35-2"

:ID2 rdf:type chebi:CHEBI 28909 ;

:CHEBI 3015 a biopax-level2:smallMolecule
biopax-level2:NAME “Iprodione””xsd:string
phibase:casNumber “36734-19-7"

:ID3 rdf:type chebi:CHEBI 47519 ;
:CHEBI_3015 a biopax-level2:smallMolecule . |
biopax-level2:NAME “Cis-Ketoconazole””xsd:string . r ‘

phibase:casNumber “65227-42-1" L J
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BioPAX in RDF

Ontologies as interpretation

a
| Process |

‘_1. .

Conversion
VA

ProteinOrCene Molecularinteraction ition { Conversion Pathway Patient Agent
— Pathway ’ 7= < '

A-_/ 5 5 " 5 15

TemplateReaction ! M TN I

— -
| Gene Protein Degradation BiochemicalReaction Transport ComplexAssembly ControlAgent

inverse_of controller some Process

TransportWithBiochemicalReaction

Concepts in biopax can be used in different
ontologies to provide interpretations of facts

R
h -4
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BioPAX in RDF

BioPAX and Semantic VWeb based data
Integration

BioPAX: concepts to describe pathways
(entities, properties, abstraction(RDFS))

RDF: (graph based) data model

RDF declarative processing of information
(sparql, rules)

® Constraint checking can be implemented as
an additional layer

Ondex
CellML-SBGN-SBO-BioPAX-MIASE Workshop 2009, April 3-9 2009




Re-composing BioPAX

Problems with pathway data integration

® |dentity (beyond chemicals, states, generics,
reactions)

® Representation dishomogeneity

® Non-explicitely encoded knowledge

Ondex
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Re-composing BioPAX

Problems with pathway data integration

<bp:catalysis
rdf:ID="protein_tyrosine _kinase activity of GP VI phosphorylated Fc Epsilon Rl gamma Collagen IV
__Syk_complex_plasma_membrane ">
<bp:CONTROLLER rdf:resource=
"#GP_VI phosphorylated Fc Epsilon_ Rl gamma Collagen IV __Syk complex_ plasma_membrane " />
<bp:CONTROLLED rdf:resource="#Syk mediated phosphorylation_of Phospholipase C gamma 2" />
<bp:DIRECTION rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">
PHYSIOL-LEFT-TO-RIGHT</bp:DIRECTION>
<bp:CONTROL-TYPE rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">
ACTIVATION</bp:CONTROL-TYPE>
</bp:catalysis>

<bp:biochemicalReaction rdf:ID="Syk mediated phosphorylation_of Phospholipase C gamma 2">
<bp:LEFT rdf:resource="#Phospholipase C gamma 2 plasma_membrane_ " />
<bp:RIGHT rdf:resource="#Phosphorylated phospholipase C gamma 2 plasma _membrane_ " />
</bp:biochemicalReaction>
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Re-composing BioPAX

Problems with pathway data integration

<bp:catalysis rdf:ID="kinase activity of PIP3 Phosphorylated PKB complex plasma_membrane ">
<bp:CONTROLLER rdf:resource="#PIP3 Phosphorylated PKB complex plasma membrane " />
<bp:CONTROLLED rdf:resource="#Phosphorylation of PDE3B" />
<bp:DIRECTION rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">
PHYSIOL-LEFT-TO-RIGHT</bp:DIRECTION>
<bp:CONTROL-TYPE rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">ACTIVATION
</bp:CONTROL-TYPE>

</bp:catalysis>

<bp:biochemicalReaction rdf:ID="Phosphorylation_of PDE3B">
<bp:LEFT rdf:resource="#PDE3B_cytosol " />
<bp:LEFT rdf:resource="#ATP__ _cytosol " />
<bp:RIGHT rdf:resource="#ADP__ cytosol " />
<bp:RIGHT rdf:resource="#Phosphorylated PDE3B cytosol " />
</bp:biochemicalReaction>

<bp:biochemicalReaction rdf:ID="Syk mediated phosphorylation_of Phospholipase C gamma 2">
<bp:LEFT rdf:resource="#Phospholipase C gamma 2 plasma_membrane_ " />
<bp:RIGHT rdf:resource="#Phosphorylated phospholipase C gamma 2 plasma_membrane " />
</bp:biochemicalReaction>

R
h -4
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Conclusions

Pathways as part of a broader set of biological
information that can be represented as networks.

BioPAX addresses distinct requirements, sometimes
conflicting.

Facts expressed in BioPAX can be seen as RDF.
This is a good basis for network based data
Integration.

® Ontologies provide interpretations of these data.

Ondex
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