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DBio’ AX

htt[:)//www biopax org)

*BioFAX = Biological Fathwag )

data exchange format for Pathwag data)

*|nclude support for these pathway types:
*Metabolic Pathways

+Signaling pathways

‘Frotein~Protein interactions

*(Genetic regulatory pathways

*]clea”g all resources in the the Fathwag Resource | ist

XChangC (a



Bio’ AX

*Concc tual framework based upon CXistmg

Db schemas aMAZT, BIND, BioCye,
WIT, KEGG, Reactome, PAT KA,
INOH, TRANSFAT [ ete.)

"A”OWS wide range of dc—:tail multip]c levels of

abstra ction

*Bio’AX is defined as an OW]_ Ontologg




DBio’ AX

*Developmcnt of Biol’ AXis an opensource
e Nl G )

] o get involved:
http://www.biopax.org/mailman/listimco/bio
Pax~c1i5cuss (biopax~&iscuss mailing list)

*Developmcnt of BiolT AX follows a series

of lcvc]s) each level extends and includes the

Previous one.



bioFAX level i

|t is targcte& at representing Mﬁta bOliC N CtWOrkS

“Concc Pts:

m]™ ntities: Sma” molecules, Proteins, RN A, Comp]exes
8|hteractions: Biochemical Keactions, Enzgme Catalgsis) Complex Assemblg,

Transport...

*Data from Bingc, Wi Amaze K G

*Released April 27,2004 ((_urrent version is 1.4)

*[ Data avai]abilitq: BiGCc (under tes’ting}, KEGG,WIT coming soon




bioFAX level 2

oJtis targetecl (also) at representing generic mOlCCUla r

interaction data.

«Adds DNA, Phgsical#nteraction (abstraction of control and conversion)
*Adds [~ vidence description

*Data from BIND, DIF, FHIPRD, MINT, IntAct, FSlHformat

*Beta (version 0.9) available for testing and feedback (release date: Aprilc
13,2005)



BioFAX level 3

*Targetecl ad describing signaling Pathwags, regulation of gene expression,
binding interaction involving DINA

Wil include concepts as: (ene, (Genetic interactions, ( 1ene regulation

*Wi” describe complex processes (eg. transcription) translation), nested
networks.

*Data from TRANSFATH, TRANSFAC...

FMuture levels of BioFAX will include support Forgeneric networks, abstract

relationships (ex. from literature~mining>, ce”~compartmets...



SPML

htt[:) www.sbml. org

*The 5 stems 5iologg Markup Language Is a language for representmg

moclels o1C biochemical reaction networks

*SBML IS current]g supported }Jq more than 80 software systems

|t is defined in XM
*|ts c!cvclopmcnt follws and o{.Pcnsource model ((GNUJ I GF1) andis orgamzcd

in levels (leve]si and 2 are de ned)




DBio AX & SIHMLL

Database Exchange
Formats

Genetic
Interactions

Molecular Interactions
Pro:Pro «—— All:All

Small Molecules
Low Detail «—>High Detail

Simulation Model
Exchange Formats

SBML,
CellML

Rate
Formulas

Biochemical
Reactions

Metabolic Pathways
Low Detail <—High Detail




o’ AX (1) & SDML

SBL,
CellML

Rate
Molecular Interactions Formulas
Pro:Pro «—— All:All
Biochemical
Reactions

Small Molecules Metabolic Pathways

Low Detail «—>High Detail

Low Detail <—High Detail




BiOFAX level concepts

(sl des from 510FA>< consortium

= agreement on how to define a Pathwag
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entity |

physicalEntity

smallMelecule

interaction

=

pathway

control

T

catalysis

modulation

protein
| | ma |
complex .
conversion
transport biochemicalReaction complexAssembly
transportWithBiochemicalReactjon

Level 1 v1.0 (July 7th, 2004)



DIOFAA UNtology: 10p Level

( Pathway )
v

C Entity Interaction )
« Pathway ( Physical Entity)

— A set of interactions
— E.g. Glycolysis, MAPK, Apoptosis
 Interaction

— A set of entities and some relationship between
them

— E.g. Reaction, Molecular Association, Catalysis
* Physical Entity

— A building block of simple interactions

— E.g. Small molecule, Protein, DNA, RNA

= Subclass (is a)
— Contains (has a)




VL 7M/\N JITTIIUIVy Y- TNJUUL

* Root class: Entity

— Any concept referred to as a discrete biological unit when
describing pathways. This is the root class for all biological
concepts in the ontology, which include pathways,
interactions and physical entities

entity

SYMORY IS
COMMENT

DATA-SOURCE

SHORT-MAME
AN AILABILITY

MAKE

B BE BB B

#REF




DIOFAA UINLOIOQY. Falliway

« Pathway

— An entity that consists of a set of interactions. A pathway is
a series of molecular interactions and reactions, often
forming a network, which biologists have found useful to
group together for organizational, historic, biophysical or
other reasons.

pathway

COMBEMT
AN AILABILITY
DATA-SOLRCE
SY MO YMS
SHORT-MAME
MAKE
HREF
PATHMAY SZOMPORENTS
ORGAMZM

B|Bl|El|El|el|el|El|El| el



DIOFAA UILOIOQY. ITNelraCuori

* |nteraction

— An entity that defines a single biochemical interaction
between two or more entities. An interaction cannot be
defined without the entities it relates.

interaction

SYMONYMS
COMMENT

DATA-SOURCE

SHORT-MAME

AW AILABILITY
P A E
XREF

PARTICIPARNTS

&l Bl =) B @l =) sl e




DIOFAA UNIOIOgy. Interaclions

Control Conversion

v

CModuIation>

BiochemicalReaction Transport ComplexAssembly

N/

TransportWithBiochemicalReaction

Catalysis

4



BioPAX Ontology: Physical Entities

PhysicalEntity

C Protein > Small MoIecu@




UoSC Ol FllysiGdl ETIUUCcS

/V Stoichiometry
GhysicaIEntityParticipant Cell Location

Conversion /
1 gicalEntity

BiochemicalReaction
f)tein S)m@llolecule N\
J

Conceptual: Protein Participant

Phy




“Fractical” BioFAX



from a Pio[TAX files...

<?xml version="1.0" encoding="UTF-8"?>

<rdf:RDF
xml:base="http://biocyc.org/biopax/hpy-biopax#"
xmins="http://biocyc.org/biopax/biopax#"
xmlins:owl="http://www.w3.0rg/2002/07/owl#"
xmlins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:rdfs="http://www.w3.0rg/2000/01/rdf-schema#"
xmlins:xs="http://www.w3.0rg/2001/XMLSchema#"

xmlins:bp="http://www.biopax.org/release/biopax-level1.owl#"
>

<owl:Ontology rdf:about="">

<owl:imports rdf:resource="http://www.biopax.org/release/biopax-level1.owl"/>

<rdfs:comment>Copyright &#x00A9; 2001, SRI International. All Rights Reserved.</rdfs:comment>
</owl:Ontology>

<bp:unificationXref rdf:ID="unificationXref16778">

<bp:ID rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">ATPSYN-RXN</bp:ID>

<bp:DB rdf:datatype="http://www.w3.0rg/2001/XMLSchemat#string">HpyCyc</bp:DB>
</bp:unificationXref>

<bp:unificationXref rdf:ID="unificationXref16780">

<bp:ID rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">G0:0005737</bp:ID>

<bp:DB rdf:datatype="http://www.w3.0rg/2001/XMLSchemat#string">GO</bp:DB>
</bp:unificationXref>

<bp:unificationXref rdf:ID="unificationXref16782">
<bp:ID rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">PROTON</bp:ID>

<bp:DB rdf:datatype="http://www.w3.0rg/2001/XMLSchemat#string">HpyCyc</bp:DB>
</bp:unificationXref>

<bp:unificationXref rdf:ID="unificationXref16786">
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*["ind all Protc—:ins 13 Pathwag X
*[7ind all elements interacting with X

*["ind all elements Contro”ing 24

* e



‘-‘Uscgul information for analgsis:

| g
*__ﬂvderxce
¢ ALty
connccti\/itg

*Tgpeci relations or sets

* e



W}wat IS an O\/\/L

ontology T



What an onto]ogy IS...

An ontologg Is an explicit definition of terms and

~

contral
¥ COMTROLLED catalysis
COMTROLLER = 1

COMTROL-TYPE = 1
MAME = 1
I PARTICIPAMTS physicalEntityParticipant

relations describing an area of know]cdgc (domain).
1 he term ontolog9 is used to refer many “artifacts”,

from simple taxnomies as well as logical theories
ple t | as logical th

J PARTICIFAMTS {entity L1 physicalEntityParticipant)

SHORT-MAME = 1

1M ||Im (I

I im i fjir




Suppose we want to define a Pathwag cxchangc

stan&ar&... wWe would need:

*A common syntax (a standard way of writing
things)
* A common semantics (a standard

rePresentation of our domain)



53 ntax

*Thcre IS a common meta~languag<—: used to

define the syntax of ]anguagesj Xl

*XMI files can be read (and written) with
standard tools (DOM,SAX Parscrs...)



DML examp le (an XMLlanguag
for systems bio ogy)

<7xml wersion="1.0" encoding="UIF-8"7> (:)
<gbml xmlns="http://www.sbml.org/sbml/levell"” lewvel="1" version="2">
<model name="Branch">
<notes>
<body xmlns="http://www.w3.org/1999/xhtml">
<p>Simple branch system.</p>
<p>The reaction looks like this:</p>
<prreaction-1: X0 -> S51; ki1=X0;:</p>
<p>reaction-2: 51 -> X1; k2#51;</p>
<p>reaction-3: 51 -> X2; k3=51;</p>
</body>
</notes>
<list0fCompartments>
<compartment name="compartment(ne" volume="1"/>
</1ist(f Compar tments>
<list0fSpecies>
<gpeciesname="51" initialAmonnt="0" compartment="compartment(ne"
bonndarvConditi on="falga"/>

<gpeciesnama="1X0 n initial Amount="0" compartment="compartmentlne"
boundaryCondition="true" />
<speciesname="X1" initialAmount="0" compartment="compartmentlne"
boundaryCondition="true"/>
<speciesname="X2" initialAmount="0" compartment="compartment(ne"
boundaryCondition="true"/>
</1list(fSpecies>
<list0fReactions>
<reaction name="reaction_1" reversible="false">
<listO0fReactants>
<gpeciesReferencespecies="X0" stoichiometry="1"/>
<flistOfHeactants>
<list0fProducts>
<speciesReferencespecies="51" stoichiometry="1"/>
<fligt(fProducte>
<kineticlaw furmmln=“k1 * X0">

~wmor s e avem



KGML example (KIiGG sxml exPor’c)

>xml version="1.0"7>
BOGTYFE Pathwag SY S "http://www.genomejP/kegg/xml/KGML_VO.é_.cltc{”>
— (reation date: Jul 14 2004 02:10:15 +0900 (JST) —>
Jatiﬂwag name=“Path:ma 00730" org="map" number="OO7§O”
title=""] hiamine metai
image=”httP://www.genomejP/kegg/Pathwaﬁ/maP/maPOO7§O.ghc"
|in‘<=“httP://www.gcnomcjP/dbget~bin/show_Pathwag?maPOO750”>
<entry id=mqn name="Path:maPOO7§O” t}jpc:"map”
link="httP://www.genome.'P/dbgebbin/get_linkdb?Pathwag+maPOO7§O">
<graphics name=”T]TLf_J:Thiaminc metabolism® Fgco|or:“#OOOOOO" bgcolor="#FFFFFF"
tgpe="roundrectangle” S R 3=“6O“ width="1 87" height="27"/>
</entry>
<cr\tr9 id=12" name="Path:maPOOO 10" tgPe=“maP"
link="http://www.genomej’P/kegg/Pathwag/maP/maPOOO 10.html">
<graP}1ics name=”615colgsis/ GIuconeogenesis” Fgcoloxc"#OOOOOO” bgcolor="#FF]—:FFF”
tgPe="roundrectangle" T e 5=”26 17 width="72" l’leiglﬂt="26"/>
</entry>
<entr3 id="§” name=”Path:maPOOZ§O" t9P6="maP”
link:“httpz//www.genomejP/kegg/Pathwag/maP/mapOOZﬁO.lﬂtmI">
<graP}1iC5 name="]>urine metabolism” pgcolorﬂ’#OOOOOO“ bgcolor="#]:f:f:r:r:r:"
tgpe:“rounclrectanglc“ RIS ey width="114" height="27"/>
</cntr3>
<entry id="4" name="ec:2.5.1.2" t9P6=”cnzgme“ reaction="rm:K0286%"
1inl<="http://www.genomej' /dbgebbin/www_bget?enzychr2,.5. 27>
<graphics eSS L5 k2" écolor="#OOOOOO" bgcolor=”#l:f:]:]:]:]:”
type="rectangle” x="576" y="372" width="45" height="17"/>

olism®



sxhtml (a]most html)

<?xml version="1.0" encoding=”UTF-8“?>

D@ C Y RE tn FUIBR @ =2 ANE@ 7/ Dl X BN IR ike iransitional /RN ”http://www‘wﬁ‘org/TR/xhtml 1,/DT D/xhtmli ~transitiona|f¢1" O -t C S
<html xm[ns=”l'1ttpz//www,w§.org/I 999 /xhtml" xml:!ang=”cn” [ang=“cng”> -
<head>

<meta namc=“DescriPtion” content="An cxamP[c XTWTML Page“/> P
<meta name=“Ke\:jworc{s" content="50me, Ke\zjwords, Here”> i S a C
<link rcl=“st9[cshect” tgpc="tcxt/css” hrc]c=”http://www‘warwiclgac.uk/www/wcbstg]c.css“ tit]c=”wcbstg]e“/> ‘

<tit]c>Xr1TML Examplc</tit[e>
</head>

SOTML Eronples > 1Cr€ c ]a N gu

<P>}'"'lerc is an cxample of a page written in XfﬂTML</P>
<P>]1C90u view the source for this page, you may spot a few differences Ed </P>
<u1><li>The DD definition on the top of the page (see <a hreF=“l'1ttP://wwwiw§Aorg/TR/xhtm] i/">XHTML i.0</a> foran exP[anation></[i>
<[i>A” tags should be in lower case for cxamP[e: élt;bé'gt;é]t;/b&gt; (tl’ais isa<a l’lrcf::“/www/stanclarcls/”>u nivcrsity ch 5tandard</a>)</li>
<|i>A” tags should be closed for example: é!tgpégt;élt/Pégt; (thisisa<a hre]c=“/www/standarcls/”>umversit3 Web 5tandard</a>)</li>
<li> Attribute values should be in quotes for example: src=“]ogo‘ghc“ (this is best Practice an5w39></li>
<li>Tags are correctly nested (this is best Practice angwa3)</1i>

</ul>

<br />

<table bgco]or=“#CCCCFF” width="600" ce”sPacing=”‘i~” ce[lpadcﬂing=”‘i~“ border="0">

<tr>

<td width="300">1. T}-xe correct DT D must be used.</td>

<td width="300">2. Scripts and styles requirc extra sgntax4</tcl>

<ALT>

S




XML

. iach ]anguage differs from the sPechCic

| ——p—

entities (and their “syntactic” relations).

T%cse Propertics are defined in a languagG-
spcchcic file DTD or XMI -schema).

*An xml file is “correct” it it complies to the

XML syntax
* An xml file is “valid” if it comP]ies to the

XML syntax and to the speci{:ic XML~
Schcma @i DTD Fil@



XML

not correct

From xhtml dtd...

not valid

SEL EMENT textarea #PCDATA)>

<l- multiine text field —>
SATTLIST textarea
%battrs;

%Focus;

name.  CDATA  #MFLIED
rows %N umber; #REQU ] RE_D
cols  %Number;  #*REQUIRED
disabled (disaued) #]MFL]ED
rcadonlg (reaclonlg) #IMFPLIED
onselect %Script; #IMPLIED
onchange %Scriptg #IMFPLIED

o



XML

*Thcre is not an cxplicit definition of
relations among, data in the XM| file.

+4ind all control interaction” how can ] find it
i in the file the words “modulation” or

“catalgsis” are used ?



Describing semantics

PAN simple way of &escribing relations among,
oncepts is to assert a set of Predicates of the
orm: < property >

T his is the basis of the RD‘{: (Resource

)escription I"ormat) SPechCication.

RIDT defines a data-model, that can be
CCEJrSCHtCA with several sgntaxcs

raphs,N3, XML

Note: in KD subjects, Pro]:)ertics and objects
2 e e T R Tl A S e T B~ 1 e Y RS R B B AR




RD F~e><ample

e
i

/”# hitpJAeww biopax. orgfrelease)
biopax-levell . owl§mod L..Iallﬁr'l

L o o G rap h XM L

hittp./fww. w3, org/2000/01 frdf-schema#subClassOf ; DU A0
P g/2000 ¥ <?xml version="1.0" ?>

<rdf:RDF
xmins:rdf="..
xmins: rdfs—
xImns bIOan—
<rdf:Description rdf:about="biopax:modulation>

<rdfs:subClassOf>
¥ <biopax:control />
— — </rdfs:subClassOf>

hitp:/iwww.biopax.orgirelease/ </rdf:Description>
biopax-level1.owlécontrol </rdf:RDF>

<http://www.biopax.org/release/biopax-level1.owl#modulation> <http://www.w3.0rg/2001/01/rdf-schema#subClassOf>
<http://www.biopax.org/release/biopax-level1.owl#control>

” ”

” ”
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RDP

*Tools exists to read /write and “aggregate”
different files gena.sourceforge.neﬂ

*Languagcs such as RDQL can be used to
“querg the graph”

SELECT ?modulation

WHERE (?modulation biopax:CONTROLLER ?x)
RDQL SISy (?x rdfs:subClassOf biopax:protein)

USING rdfs for...

biopax for...

Domt try this!



Semantics

*RD‘F~5ChCma adds spechcic semantics to

represent Propcrtics and classes of RDI
resources (ex. isSubc]assOﬂ property

restrictions)

’OWL (Web ontologg language)
extends e and RDF»«schema to gain

more cxPressiveness.



OWL

~OWIL Provi&es three increasinglg

expressive sub]anguages:
*OWL-Lite
OWL-DL
*OWL-Tdll

* distinction between classes and istances



OWL-DL

*Tl‘nere is a trade-off between ex!:)rcssiveness
of an omtologg and its “tractabilitg”: if and
how much it takes to answer a query (a first-

order logic IS un&eci&ablei).
*OWL»-DL extends RDF with a set of

concepts expressive enough yet a”owing the
ont01059 to be tractable (an9 query can be

asnwered in a finite time).



- @
ol clis joi ntWith
@ awl: cli sjointWith

owl; clis joint With S AR
g ol - clis joi ntWit h

owl: cli s jointWith

ol clisjoint With

y

o



OWL

*Tools like Frotégé can be used to edit an
browse an OWL ontologg

sRacer can be used to Perporm reasoning
over an ontologg
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g’ Protege

< % o) LB [«i(Caricato) gio 03:16 Andrea Splendiani

gy —

S O8 biopax-levell Protégé 3.1 beta (file:/Users/andreasplendiani/Desktop/biopax-levell.pprj, OWL Files {.owl or .rdf))
ile Edit Project OWL Code Window Tools  Help
TG 4 EBE umed ¥ % B EF BE gk

%protégl

© OWLClasses  mm Propertties | = Forms | 4 Individuals | 4@ Metadata |

sUBCLASS RELATIONSHIP ) CLASS EDITOR

or Project: # hiopax-levell

sserted Hierarchy W I & B R
ol Thing | |
r (0 entity
¥ (0 interaction
¥ 0 contral
0 catalysis
omodulation

¥ 0 conversion
¥ 0 hiochemicalReaction
0 transportwithBiochemica
0 complextssembly
¥ (0 transpart

0 pathway
v 0 physicalEntity
O camplex
) protein
ima
0 smaliMalecule
ro0 utilityClass
(0 hioSource
() chemicalStructure
(0 dataSource
(0 openCaontralledvocabulary
0 pathwayStep
0 physicalEntityParticipant
v 0 ouref

A0 muhlicstineyraf

() transportitithBiochemica) ..

For Class: (0 modulation  (instance of owl:Class)

o B

| Marne | SameAs | DifferentFrom [ Annotations Cf * [
|mndulatinn |U Propery Yalue | Lang‘
rdfs:comment Acontrol interaction inwhii

rdfs:comment g

TS T Lo o Sy T ST T TS o S TS e e P T Do o T o

small molecule as the controller entity and a catalysis sl

instance as the controlled entity. Examples ofinstances of

this class include allosteric activation and competitive -

inhibition of an enzyme's ability to catalyze a specific [

reaction. -

[ Asserted | Infarred |

oee

Asserted Conditions

NECESSARY & SUFFICIENT

I Properties

W @@

= COMTROL-TYPE {multiple owl:oneCf"
= COMTROLLED
= COMTROLLER

{multiple entity U physi

YyYYyYyYvyvyy

e

T (multiple physicalEntit
® contral = = MAME  (multiple xsd:string) 5
0 % CONTROLLED catalysis = = FARTICIPANTS  (ryltiple entity U phys]
& CONTROLLER =1 [ = SHORT-MAME  (multiple x=d string)
INHERITED = AVAILABILITY  (multiple xsd string)
CONTROL-TYRE =1 from controll[ = COMMENT  (multiple xsd:string)
MAME = 1 [frarm entit] [T i .
3 PARTICIPANTS (ertity U physicalEntityParticipant, [from inter ][ B
SHORT-MAME < 1 [The propetty NAME has at most 1 value|
@D Disjoints & @ & 3@
0 catalysis

]

o Logic View 0 Properties Wie




Back to BiOFAX

BiOFAX is defined as an O\/\/L DL ontologg,

hCﬂCC...

‘]t IS sgntactica”g written in XML (DOM or 5A>< parser could be used to

read 1t>

*]t IS an KDF file. Tools like Jena can be used to reacl/wr:te it. Queries based
on graphs and usmg RDF~Schema Propertxes are Poss1ble (a” controls in a

Pathwag knowmg a control is a modulation or catalgsxs)

*]t IS an OWL file. Could be tested for semantic coherence, aggregatecl with

other ontologies. Reasoning (subsumption) could be done on it.



Gcnc Ontologg and OWL

+(Other ontologies (like (:O) could be
represcnted RGN (integrationl)

*The information structure in () is anyway
low...

*Reasoning on it Helds one redundant node!



