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EMBL member states
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Austria, Belgium, Croatia, Denmark,

Finland, France (16 % of 2009 budget),
Germany, Greece, Iceland, Ireland, Israel,
Italy, Luxembourg, the Netherlands,
Norway, Portugal, Spain, Sweden,
Switzerland and the United Kingdom

Associate member state: Australia
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EMBL-European Bioinformatics Institute

Provision of services, research
and training in Bioinformatics

From the molecule to the cell,
and the genome to the individual

Based on the Wellcome-Trust

Genome Campus near Cambridge,
UK
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Themes and projects of the “compneur” group
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What happened to biology at the end of XX century?

ﬁ Federal Ministry
of Education

. and Research

Annu. Rev. Genomics Hum. Genet. 2001, 2:343-72

Copyright (€) 2001 by Annual Reviews. All rights reserved

A NEw APPROACH TO DECODING LIFE:

. Basic science
Systems Biology

Systems of Life

Systems Biology

Trey Ideker'?, Timothy Galitski!, and Leroy Hoodb*>%>

Institute for Svstems Biology!, Seattle, Washington 98103; Departinents of

REVIEW

Systems Biology: A Brief Overview

Hiroaki Kitano P 4
1 MARCH 2002 WVOL 295 SCIENCE www.sciencemag.org
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What happened to biology at the end of XX century?

RE EARCHARTICLE

Creation of a Bacterial Cell Controlled
by a Chemically Synthesized Genome

Daniel G. Gibson,* John 1. Glass,* Carole Lartigue,® Vladimir N. Noskov,* Ray-Yuan Chuang,*
Mikkel A. Algire,* Gwynedd A. Benders,® Michael G. Montague,® Li Ma,* Monzia M. Moodie,*
Chuck Merryman,® Sanjay Vashee,* Radha Krishnakumar,® Nacyra Assad-Garda,*

Cynthia Andrews-Pfannkoch,® Evgeniya A. Denisova,* Lei Young,* Zhi-Qing Qi,*

Thomas H. Segall-Shapire,” Christopher H. Calvey,* Prashanth P. Parmar,” Clyde A. Hutchison IlI,*

b E)éTNREETI*I'l(I:E
Induction of Pluripotent Stem Cells m E N G | N E E Rl N G

from Mouse Embryonic and Adult
Fibroblast Cultures by Defined Factors An Introduction to Synthetic Biology

Kazutoshi Takahashi' and Shinya Yamanaka'™*
* Departmant of Stem Cell Blclogy, Institute for Frontier Medicsl Sciences, Kyot Universty, Kyoto S05-8507, Japan eC no Ogy t t?,

2CREST, Japan Sclence and Tedhnobgy Agency, Kawaguchl 3320012, Japan
*Contact: yamanaka@frontier kyol-wac. p
DO 10,101 6. call 200607024

Cell 126, BE3-676, August 25, 2006 02006 Basver Inc. 663 anuary Z0U7 e e

A synthetic oscillatory network

discussion wiew source  history  teams

of transcriptional regulators
Michael B. Elowitz & Stanislas Leibler
Departiments of Molecular Biology and Physics, Princeton University, Princetor

New Jersey 08544, U'SA
MNATURE| VOL 403 |20 JANUARY 2000 www.nature com

About

The International Genetically Engineered Machine competition (iGEM) is
Biology competition. Student teams are given a kit of biclogical parts at the beginnin
Standard Biclogical Parts. Working at their own schools over the summer, they use t
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The models | am not talking about
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The models | am talking about

Qa
biochemical modeII Vipi mathematical modeII

S ke[M] — ks[~PI[C2] + ko[CP]
d[CP]/dt ks[CP][Y] + ks[~PI[C2] — ko[CP]
d[pM}/dt = PI[Y] — [PMIF((M)) + ks[~P][M]
8 dM]/dt = [pM UM]) — ks[~PIIM] — ks[M]

d[Y]/dt = ky[aa] Nko[Y] — k3[CP][Y]
d[YP]/dt = kg[M] — R[YP]

Parameter Notes
ki[aa]/[CT] 0.015 min~! *

T

%

(adjustable)
i
~1 (adjustable)

t

§

§

Tyson et al (1991) PNAS 88(1):7328-32  Computational model}



Phenomenological (descriptive) models

chemical kinetics  general systems theory/Bertallanfy  cybernetics/Wiener

1910 1952

Hill (1910) Briggs Haldane (1925) Turing (1952)
Michaelis-Menten (1913)

Systems Biology: Where it comes from, what it is, and what it does:
http://www.ebi.ac.uk/~lenov/LECTURES/LeNovere SystemsBiology-EBI_WT.pdf



Mechanistic (explanatory) models

chemical kinetics  general systems theory/Bertallanfy  cybernetics/Wiener

1910 1952

Hill (1910) Briggs Haldane (1925) Turing (1952)
Michaelis-Menten (1913)

digital computers  ,556an networks ~ public databases

Molecular Biology Metabolic Control Analysis high-throughput
1952 2010
Hodgkin-Huxley (1952) Monod-Wyman-Changeux (1965) Bhalla (1999)
Noble (1960) Goldbeter-Koshland (1981) whole cell models
Rall (1959) whole organ models

Systems Biology: Where it comes from, what it is, and what it does:
http://www.ebi.ac.uk/~lenov/LECTURES/LeNovere SystemsBiology-EBI_WT.pdf



Computational modelling for biology and medicine
left the niches in the last decades

Metabolic networks (Herrgard et al. A consensus yeast metabolic network reconstruction obtained from a
community approach to systems biology. Nat Biotechnol 2008)

Signalling pathways (Bray et al. Receptor clustering as a cellular mechanism to control sensitivity. Nature
1998; Bhalla ad lyengar. Emergent properties of signaling pathways. Science 1998, Schoeberl et al.
Computational modeling of the dynamics of the MAP kinase cascade activated by surface and internalized EGF
receptors. Nat Biotechnol 2002; Nelson et al. Oscillations in NF-kB Signaling Control the Dynamics of Gene
Expression. Science 2004; Ashall et al. Pulsatile Stimulation Determines Timing and Specificity of NF-kappa B-
Dependent Transcription. Science 2009)

Gene regulatory networks (McAdams and Shapiro. Circuit simulation of genetic networks. Science 1995;
Yue et al. Genomic cis-regulatory logic: Experimental and computational analysis of a sea urchin gene. Science
1998; Von Dassow et al. The segment polarity network is a robust developmental module. Nature 2000)

Pharmacokinetic/dynamic models (Labrijn et al. Therapeutic IgG4 antibodies engage in Fab-arm
exchange with endogenous human IgG4 in vivo. Nat Biotechnol 2009)

Physiological models (Noble. Modeling the heart from genes to cells to the whole organ. Science 2002;
Izhikevich and Edelman. Large-scale model of mammalian thalamocortical systems. PNAS 2008)

Infectious diseases (Perelson et al. HIV-1 dynamics in vivo: Virion clearance rate, infected cell life-span,
and viral generation time. Science 1996; Neumann et al. Hepatitis C viral dynamics in vivo and the antiviral
efficacy of interferon-alpha therapy. Science 1998)



Computational models on the rise
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Growth of BioModels Database between its creation and release 17



i _http://www.ebi.ac.uk/biomodels/

| EBI Groups | Training

Submit Sign in Support About BioModels

BioModels Database - A Database of Annotated Published Models

BioModels Database is a data resource that allows biologists to store, search and retrieve published mathematical models of hiological interests. Models s
presentin BioModels Database are annotated and linked to relevant data resources, such as publications, databases of compounds and pathways, controlled
vocabularies, etc.

| Search | [ Go to the model | Advanced search EJ Model of the month
July, 2010
Browse models The activity of the
transcription factor
= Curated models (249) b L7 42 AT

controlled by three KB
isoforms (IkBa, IKER,
* Browse models using GO IkBe) which upon
hinding to MF-KE,
prevents its association
with DMNA causing its
localization to the

* Non-curated models (224)

- - - cytoplasm. A computational model that describes the
Simulate in JWS Online temporal control of MF-KB activation by kB proteins is
described here.
Read more...
Submit a model
£l News
Mirror at California Institute of Technology hitp ibiomodels caltech.edu 28 June 2010 New BioModels Database publication
i ) ] Mew BioModels Database paper published in BWC
BioModels AT Sourceforge hitp:iisourceforge.netiprojects/biomodels! Systems Biology BioModels Database: An

enhanced, curated and annotated resource for
published guantitative kinetic models.

Web Sendces hftpiwww.ehiac. ullbiomodels-mainfwebsenices

Download archived models hitp:hwww. ebiac ulkdbiomodels/models-mainftars!

Znd June 2010 SBML to WVCML comverter updated
The Virtual Cell recently released a new version of

N. Le Novere, B. Bornstein, A. Broicher, M. Courtot, M. Donizelli, H. Dharuri, L. Li, H. Sauro, M.
Schilstra, B. Shapiro, J.L. Snoep, M. Hucka. BioModels Database: A Free, Centralized Database
of Curated, Published, Quantitative Kinetic Models of Biochemical and Cellular Systems. (2006)
Nucleic Acids Research, 34: D689-D691.




Indirect model re-use: MAPK cascade

Model evolution in MAPK system

1990 1951 1952 1993 1994 1994 1997 1996 1959 2000 2001 2002 2003 2004

Keytofigure - [l < mm < < 7 = [0 < 7T - Level of detail 0} -Exporimontal ) - Simulations  F4- Theoreticel — - Derives information from

S.J. Vayttaden, S.M. Ajay, and U.S. Bhalla (2004). A spectrum of
models of signaling pathways. Chembiochem, 5(10):1365-1374.



Direct model re-use: EGFR signalling and glycolysis

Schoeberl et al 2002 Teusink et al 2000
(BIOMDO0000000019) (BIOMDO0000000064)

Hornberg et al 2005 Singh et al 2006 Ung et al 2008 Pritchard et al 2002
(MODELO0848279215) (BIOMDO0000000151) (BIOMDO0000000205) (BIOMD0000000172)

_ Conant et al 2007
Li et al 2009 (BIOMDO0000000176
BIOMDO0000000177)



Models at the core of integrative systems
bio/physio/neurobiology

As any kind of output from scientific research, models must be available to
the scientific community: Results based on a model that is not distributed
cannot be verified and falsified. This is not valid and useful science

Computational models must be exchanged:
computer storable and readable

Computational models must be related to relevant experimental datasets:
expressive relationships and robust links

Computational models must be amenable to many different analyses:
standard API

Computational models must allow modification, split, merge:
Encoded according a suitable design



Models at the core of integrative systems
bio/physio/neurobiology

As any kind of output from scientific research, models must be available to
the scientific community: Results based on a model that is not distributed
cannot be verified and falsified. This is not valid and useful science

Computational models must be exchanged:
computer storable and readable

Computational models must be related to relevant experimental datasets:
expressive relationships and robust links

Computational models must be amenable to many different analyses:
standard API

Computational models must allow modification, split, merge:
Encoded according a suitable design

- Standardisation is unavoidable!



A “complete” (?) mosaic of standards for
Computational Systems Biology models

Models Simulation Results

Minimal
requirements

SBRML

Data-models

Ontologies




Model description

Models Simulation Results
Minimal
requirements
Data-mode ) ! “ﬂl ML SBRML

Ontologies




WML org

¥ News Documents Downloads Forums Facilities Community Events About B B

The Systems Biology Markup Language

Welcome to the portal for the Systems Biology Markup Language (SBEML), SBML News
a computer-readahble format for representing models of biological processes,
SBML is suitable for models of metabolism, cell signaling, and other processes, SBMLToolbox 3.1.21

and has been evolving since 2000 thanks to an intermational community of {27 Apr."10) Ancther minor
rESEarcher5.| bug-fix release of our free MATLAB
toolbox for SBML is now available,

For the curious SBMIToolbox 3.1.11
What is SEML? Read our introduction, then perhaps browse the (12 Apr."10) A minor bug-fix

mailing lists to get a sense for what's going on with SBML ;:Sllesagafﬁ;ﬁ'u: zi::glt;ll_:a toolbox
today.

®©

Older news ...

For modelers
Looking for software that supports SEML? Our software guide
lists over 180 systems today. &re you instead looking for
models? Visit the BioModels Database &, where you can find

Community News

Cam 1.4 refleased! & &.%)

(31 May.'10) Caind is a

hundreds! stochastie simulatar with highly
efficient implementations of many
For software developers methods.
Interested in supporting SBML in your software? Read our basic SBW 2.8.0 released! =
@ introduction and then the SBML specifications to understand {10 May."10) SBW is a ﬁ
how to use SBML, After that, you may want to look at libSBML, Eﬂmpﬂnent-based application

framewaork. The update improves
support for simulation of SEML models
Mo matter how you use SBML, we invite you to sign up for news updates either  and Windows 7 support..

through our RSS feed, our Twitter feed &, or one of the mailing lists, and get CBO workshop @ ICSB i -%)
nwu:nlv.:d Wlth cmnlmlnlty efforts to hplp k F“P[‘_‘l |mpr|:|wr'|g SBML ‘fl:nu can EI|5I:I (2 May."10) There will be a &

Hucka M., Bolouri H., Finney A., Sauro H.M., Doyle |. C Kltano H.Arkin A.P., Bornstein B.]., Bray
D., Cornlsh Bowden A., Cuellar A.A., Dronov S., Ginkel M., Gor V., Goryanin L.I., Hedley W.].,
Hodgman T.C., Hunter PJ., Juty N.S., Kasberger J.L., Kremling A., Kummer U., Le Novere N., Loew
L.M., Lucio D., Mendes P., Mjolsness E.D., Nakayama Y., Nelson M.R., Nielsen P.F., Sakurada T.,
Schaff J.C., Shapiro B.E., Shimizu T.S., Spence H.D., Stelling J., Takahashi K., Tomita M., Wagner
J., Wang J.et al (2003). The Systems Biology Markup Language (SBML): A Medium for
Representation and Exchange of Biochemical Network Models. Bioinformatics, 19: 524-531.




SBML What is SBML?

The Systems Biology Markup Language is a way to exchange and
reuse (and hopefully interface) descriptions of quantitative models in
“Systems Biology”, in fact mostly well-stirred chemical kinetics so far.

It is not a procedural language.
It is not a programming language.
It is not a format for specific software configuration files

(only 3 of the 7 SBML founding software still in
operation).

Development philosophy: Start small, get good support, extend.

SBML itself re-uses other standards: MathML, XHTML, RDF, existing
ontologies.

It is supported by a community large, diverse, active and evolving.



The Extensible Markup Language (XML)

HTML

A <strong>strong word</strong> and an A strong word and an hyperlink
<a href="http://ww. w3. org/”>hyperlink</a>

SVG
<circle r="100" fill="red"
stroke="bl ue" stroke-w dt h="10" /[>

MathML

<appl y>
<int/>
<bvar ><ci > x </ ci ></ bvar>
<lowlimt><cn> 0 </cn></lowimt>
<uplimit><ci> a </ci></uplints> f(x)dx
<apply><ci> f </ci><ci> x </ci></apply> 0

</ appl y>

Excel
<row r="1">
<c r="Al"><v>1</v></c> B1 v| g & = [Faven

<c r="B1"> A C | i
<f>Cl1*Ell</f> : 102

<v>102</v>
</ c>
</ row>




SBML Global structure of a SBML file

<?xml version="1.0" encoding="UTF-8"7>
<sbml level="3" version="1"-
xmlns="http://www.sbml .org/sbml/level3/versionl/core">

<model>
<list0fFunctionDefinitions> ='-- --= </list0fFunctionDefinitions>
<list0fUnitDefinitions> ='-- --= </list0fUnitDefinitions>
<listOfCompartments> =/-- --= </listOfCompartments>
<list0fSpecies> </-- --> </list0fSpecies>
<list0fParameters> ='-- --= </list0fParameters>
<list0fInitialAssignments> =/-- --> </list0fInitialAssignments>
<list0fRules> =/ -- --= </1list0fRules>
<listOfConstraints> <’ -- --= </list0fConstraints>
<list0fReactions> </-- --= </list0fReactions>
<list0fEvents> =/-- --= </list0fEvents>

</model>

</sbml>



SBML Global structure of a SBML file

<?xml version="1.0" encoding="UTF-8"7>

<sbml level="3" version="1"- variables
xmlns="http://www.sbml .org/sbml/level3/versionl/core">
<model>
<list0fFunctionDefinitions> =/'-- --= </1ist0fFunctionDefinitions>
<list0fUnitDefinitions> =/'-- --= </1list0fUnitDefinitions>
<list0fCompartments> =/-- --= </listOfCompartments>
<list0fSpecies> </-- --> </list0fSpecies>
<listOfParameters> ='-- --= </listOfParameters>
clisthInitialhsﬁignmentsh </-- -_= ﬁflistﬂfInitialhssignmentsh
<list0fRules> = -- --= </1l1st0fRules>
<list0fConstraints> =/'-- --= </list0fConstraints>
<list0fReactions> =/-- --= <flist0fReactions>
<list0fEvents> =/'-- --= </list0fEvents>
</model>
</sbml>

relationships



K..QMU A very simple SBML file

<?xml version="1.0" encoding="UTF-8"7>
<sbml level="2" version="4" xmlns="http://www.sbml .org/sbml/level2/versiond4">
<model>
<list0fCompartments>
<compartment id="cell" />
</list0fCompartments>
<list0fSpecies>
<species id="A" compartment="cell" initialConcentration="1"/>
<species id="B" compartment="cell" initialConcentration="0"/>
</list0fSpecies>
<listOfParameters>
<parameter id="kon" value="1"/>
</list0OfParameters>
<list0fReactions>
<reaction>
<list0fReactants>
<speciesReference species="A" />
</list0fReactants>
<list0fProducts>
<speciesReference species="B" />
</1ist0fProducts>
<kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times />
<cizkon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math>
</kineticl aw>
</reaction>
</list0fReactions>
</model>
</sbml>



‘@MU A very simple SBML file

<?xml version="1.0" encoding="UTF-8"7>
<sbml level="2" version="4" xmlns="http://www.sbml .org/sbml/level2/versiond4">
<model>
<list0fCompartments>
<compartment id="cell" />
</list0fCompartments>
<list0fSpecies>
<species id="A" compartment="cell" initialConcentration="1"/>
<species id="B" compartment="cell" initialConcentration="0"/>
</list0fSpecies>
<listOfParameters>
<parameter id="kon" value="1"/>
</list0OfParameters>
<list0fReactions>
<reaction>
<list0fReactants>
<speciesReference species="A" />
</list0fReactants>
<list0fProducts>
<speciesReference species="B" />
</1ist0fProducts>
<kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times />
<cizkon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math>
</kineticl aw>
</reaction>
</list0fReactions>
</model>
</sbml>



‘@MU A very simple SBML file

<?xml version="1.0" encoding="UTF-8"7>
<sbml level="2" version="4" xmlns="http://www.sbml .org/sbml/level2/versiond4">
<model>
<list0fCompartments>
<compartment id="cell" />
</list0fCompartments>
<list0fSpecies>
<species id="A" compartment="cell" initialConcentration="1"/>
<species id="B" compartment="cell" initialConcentration="0"/>
</list0fSpecies>
<listOfParameters>
<parameter id="kon" value="1"/>
</list0OfParameters>
<list0fReactions>
<reaction>
<list0fReactants>
<speciesReference species="A" />
</list0fReactants>
<list0fProducts>
<speciesReference species="B" />
</1ist0fProducts>
<kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times />
<cizkon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math>
</kineticl aw>
</reaction>
</list0fReactions>
</model>
</sbml>



‘@MU A very simple SBML file

<?xml version="1.0" encoding="UTF-8"7>
<sbml level="2" version="4" xmlns="http://www.sbml .org/sbml/level2/versiond4">
<model>
<list0fCompartments>
<compartment id="cell" />
</list0fCompartments>
<list0fSpecies>
<species id="A" compartment="cell" initialConcentration="1"/>
<species id="B" compartment="cell" initialConcentration="0"/>
</list0fSpecies>
<listOfParameters>
<parameter id="kon" value="1"/>
</list0OfParameters>
<list0fReactions>
<reaction>
<list0fReactants>
<speciesReference species="A" />
</list0fReactants>
<list0fProducts>
<speciesReference species="B" />
</1ist0fProducts>
<kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times />
<cizkon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math>
</kineticl aw>
</reaction>
</list0fReactions>
</model>
</sbml>



‘@MU A very simple SBML file

<?xml version="1.0" encoding="UTF-8"7>
<sbml level="2" version="4" xmlns="http://www.sbml .org/sbml/level2/versiond4">
<model>
<list0fCompartments>
<compartment id="cell" />
</list0fCompartments>
<list0fSpecies>
<species id="A" compartment="cell" initialConcentration="1"/>
<species id="B" compartment="cell" initialConcentration="0"/>
</list0fSpecies>
<listOfParameters>
<parameter id="kon" value="1"/>
</list0OfParameters>
<list0fReactions>
<reaction>
<list0fReactants>
<speciesReference species="A" />
</list0fReactants>
<list0fProducts>
<speciesReference species="B" />
</1ist0fProducts>
<kineticlLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times />
<cizkon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math>
</kineticl aw>
</reaction>
</list0fReactions>
</model>
</sbml>
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</list0fSpecies>
<listOfParameters>
<parameter id="kon" value="1"/>
</list0OfParameters>
<list0fReactions>
<reaction>
<list0fReactants>
<speciesReference species="A" />
</list0fReactants>
<list0fProducts>
<speciesReference species="B" />
</1ist0fProducts>
<kineticlaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<apply>
<times />
<cizkon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math=
</kineticl aw>
</reaction>
</list0fReactions>
</model>
</sbml>



A more realistic example ...

<species-
id="A".
name="a-tubulin"”
compartment="cell"
initial Amount="1000"
substancelnits="item"
hasOnlySubstancelUnits="true"
boundaryCondition="true"
constant="ftalse"

charge="0"

metaid="PX"

sboTerm="SB0O :0000245" >
<notes>

<body xmlns="http://www.w3.0rg/1999/xhtml">
<p>0ne of the components of a microtubule</p>
</body>
</notes>
<annotation>
<rdf:RDF -
xmlns:bgbiol="http://biomodels.net/bioclogy-qualifiers/"-
xmlns:bgmodel="http://biomodels.net/model -qualifiers/"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf -syntax-ns#">
<rdf:Description rdf:zbout="#PX">
<bgbiol:is>
<rdf:Bag>
<rdf:1li rdf:resource="urn:miriam:uniprot:PE8370"/>
<rdf:1li rdf:resource="urn:miriam:obo.go:G0%3A0045298" />
</rdf:Bag>
</bgbiol: is>
</rdf:Description>
</rdf:RDF=>
</annotation>
</species>



ML

SBML is not limited to biochemistry!

Rate Rules can describe the temporal evolution of any quantitative
parameter, e.g. transmembrane voltage;

Events can describe any discontinuous change, e.g. neurotransmitter
release or repolarisation;

A species is an entity participating to a reaction, not always a chemical
entity:

It can be a molecule
It can be a cell
It can be an organ

It can be an organism

-> SBML is about process descriptions



Model of signalling pathways
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b S —

Tumour Size (cm)

8 T T T T T 16000

1 14000

1 12000

41 10000

-1 8000

1 6000

1 4000

1 2000

0 10 20 30 40 50 60
Week

Dose

Tumour Size

rate rule;
Size

dt

Dose and Ce (mg)

= (Rate;, X Effect — Koper X Size) x Size

Pharmacokinetic/dynamic model

Tham et al (2008) A pharmacodynamic
model for the time course of tumor
shrinkage by gemcitabine + carboplatin in
non-small cell lung cancer patients.

Clin Cancer Res. 2008 14(13): 4213-8.

BIOMDO0000000234

assignment rule:

Effect =1 — Emas = Cc

Amtsg + Ce




g (-V) [mV]

YV _ne

Conductance-based model

90 mV initial depolarisation
-15 mV initial depolarsisation

-7 mV initial depolarisitation
-6 mV membrane depolarisation

_______________________ T -mm
0 1 : T ; ?
time [ms]

rate rule:
dv I—(iNg +1iK +iL)
dt Con

assignment rule:
ZN —gNaXm XhX(V ENa)

Hodgkin AL, Huxley AF.

A quantitative description of
membrane current and its
application to conduction

and excitation in nerve.

J Physiol (1952) 117:500-544.
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Single-compartment neurons

CH:c=-50mvVd=2

RS:c=-65mVd=8 o B:c=-55mVd=4 w0,
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rate rule;

dv
dt

—0.04° +5xV +140 — U + 1

event:
V = 2C
when v > V;Ehresh{

|zhikevich EM. Simple
model of spiking neurons.
IEEE Trans Neural Netw
(2003) 14(6):1569-1572.
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SBML Spread of infection diseases ...

b S —

Evolution of the zombie infection Munz P et al. When zombies attack!:
Mathematical modelling of an
outbreak of zombie infection. in
"Infectious Disease Modelling
Research Progress”, (2009 )133-150
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Farent pages: SBML.org
SBML Software Guide

The following summarize all SEML-compatible systems known to us. The matrix provides an at-a-glance summary,
whereas the summary provides longer descriptions of each software or project grouped by themes,

Mumber of software packages listed in the matrix today: 188

FPlease use the survey form @ to notify us about additions and suggestions.

A b

Go to the SBEML Software Go to the SEML Software
Matrix Summary

Historical trend

The following graph shows the total number of known SBEML-compatible software packages each year, as counted by
the SBEML Team. The counts shown are for approximately the middle of each year.

200

150

100
50

1]

2001 2002 2003 2004 2005 2006 2007 2008 2009

(Mote: the flat period in 2007 is an artifact of inadequate record keeping rather than a lull in SEML software
development.)




EM Current structure of the SBML community

SBML-partners (2)| == Hucka (Caltech)
Grant holders and Le Novére (EBI)

orkforce hosts

chairs, sBML editorial writes
funds SBML-team (~2-7) board (5) specification
hosts Funded on the SBML members elected for 3
grant. Develops years. No consecutive
resources -- head terms
elects consults

SBML forum (~20-30)

People attending consecutive meetings, participating
to the discussions, proposing extensions and voting on
resolutions.

motivates

SBML community (250 - ?)

People who attended a meeting, participated to a
discussion, requested a feature, implemented support
for SBML, or simply use SBML




Model semantics

‘ Models ‘ Simulation Results

Minimal
requiremer

SBRML

Data-models

Ontologies




PERSPECTIVE

Minimum information requested in the annotation of
biochemical models (MIRIAM)

Nicolas Le Novere!l"!?, Andrew Finneyl 15 Michael Hucka?, Upinder § Bhalla?, Fabien Campagnef',
Julio Collado-Vides®, Edmund J Cra mpinT, Matt Halstead”, Edda Klippa‘, Pedro Mendes®, Poul Nielsen’,
Herbert Sauro!'?, Bruce Shapiro!!, Jacky L Snoep!?, Hugh D Spence!® & Barry L Wanner!'4

Most of the published quantitative models in biology are During the genomic era we have witnessed a vast increase in availabil-
lost for the community because they are either not made itv of large amounts of quantitative data. This is motivating a shift in
available or they are insufficiently characterized to allow the focus of molecular and cellular research from qualitative descrip-
them to be reused. The lack of a standard description format, tions of biochemical interactions towards the quantification of such
lack of stringent reviewing and authors’ carelessness are interactions and their dynamics. One of the tenets of systems biology
the main causes for incomplete model descriptions. With is the use of quantitative models (see Box 1 for definitions) as a mech-
today’s increased interest in detailed biochemical models, anism for capturing precise hypotheses and making predictions’2.
it is necessary to define a minimum quality standard for Many specialized models exist that attempt to explain aspects of the
the encoding of those models. We propose a set of rules for cellular machinery. However, as has happened with other types of bio-
curating quantitative models of biological systems. These logical information, such as sequences, macromolecular structures or

rules define procedures for encoding and annotating models
represented in machine-readable form. We believe their

Jublishing Group http:/fwww.nature.com/naturebiotechnology




MIRIAM compliance

Models must :

be encoded in a public machine-readable format
be clearly linked to a single reference description

reflect the structure of the biological processes described in
the reference paper (list of reactions etc.)

be instantiable in a simulation (possess initial conditions etc.)
be able to reproduce the results given in the reference paper
contain creator’s contact details

annotation to unambiguously identify each model constituent



A Why are annotations important?

Annotation of model components are essential to:

e allow efficient search strategies

e unambiguously identify model components
Improve understanding the structure of the model
allow easier comparison of different models
ease the integration of models

« add a semantic layer to the model
improve understanding of the biology behind the model
allow conversion and reuse of the model
ease the integration of model and biological knowledge



MIRIAM cross-references

Data-type Data-set Identifier Annotation
identifier (required) qua_lllfler
(required) (optional)
Not a URL, Format depends
not a “Web- on the resource Controlled vocabulary

' i established by
address’! identified by :
the data-type the community

A ) ~— ) — J

UniProt and P621?8 (human calmodulin)
> urn:miriam:uniprot:P62158

EC code and 1.1.1.1 (alcohol dehydrogenase)
[ > urn:miriam:ec-code:1.1.1.1

Gene Ontology and G0:0000186 (activation of MAPKK activity)
[ > Urn:miriam:obo.go:G0%3A0000186




@m@ |§ http: /fwww.ebi.ac.uk/miriam/ | @ ﬁ EEE
veces i oy o L2, Bum -

Databases | Tools | EBIGroups | Training | Industry | About Us | Help Site Index [ S

EBl * Gmups * Computational Heumbiolbgy * Ressarch * MIRIAM Resoumes

MIRIAM Resources

= Browse MIRIAM Resources ars a setof onling services created to support MIBIANM Standard.

= Search

u Tags The core of MIRIAM Resources is a catalogue of data types (these can be controlled vocabularies or databases), their URIs and the | |
g corresponding physical URLs or resources. Access to this data is made available via exports (XML) and Web Services (SOAP). .

= Queryservices | e TR TR T T T A T R

= Submit new Quick links

= Expaort
= Sign In

) | Browse Web Services
= Web Services
" I::'“"'mems by data type name services available
- MIRIAM Standard by tags usage of the services
- FAQ online demonstration
E"Dacumentaticm
“News &) Search Exports
“-BioMaodels.net
Cualifiers generic search AL
= MIRIAM an
SourceForge
................................................ Hemumeg
* Support MIRIAM Resources are composed of four components: a database, some Web Services, a Java library and this web application.
= Contact

Database

The core of the system is a MySOL database. It allows us to store the data types (which can be controlled vocabularies or databases), their L.IFils and the
corresponding physical URLs or resources.

Cormp Ot atars
NewFobiology

~ Moreower

somcrorcerer | gipe C., Le Novere N. MIRIAM Resources: tools to generate and resolve
robust cross-references in Systems Biology. BMC Systems Biology (2007), 1: 58.

ailable, an
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= Browse

= Search

= Tags

= Cluery services

= Submit new

® Export

= Sign In

= Web Services

= Documents
MIRIAM Standard
FAQ
E"Documentaﬁon
?News

E''Elinc:uI".I'Inc:n::hsls.r1»;-.t
Qualifiers

= MIRIAM on
SourceForge

= Support

= Contact

‘e

L'n:l.'T'.pl-Jl.‘.:'f.'l:lna.'

Newrobiofogy

Data type: Enzyme Nomenclature

General ] Tags ] Annotation

General Information about the data type |

dentifier MIR 00000004
Hame Enzyme Nomenclature
EC code
Synonyms Enzyme Classification
EC
... uw |
Official URN urn:miriam:ec-code
hittp:/fenwnw. ec-code .orgy
Deprecated urn:lsidiec-code org
hitp:/fwww e bi.ac . uk/ImMEnz/

Information

The Enzyme Classification contains the recomme ndations of the Nomenclature Committee of the Intermational Union of

Definition Biochemistry and Molecular Biology on the nomenclature and classification of enzyme-cataly sed reactions.
identifier Pattem s T [ FAR« TR I PR MR PR s FRN FR PR T
Data Entry http:/Awww.e bi.ac. ukintenz/query e md=SearchE CRec=5id [Example: 1.1.1.1 &
Data Besounce hitp:/fwww. e bi.ac. uk/intenz,
Resource #1 R
Information IMEnZ (Imegrated relatioral Enzyme database)
Institution European Bicinformatics Institute, United Kingdom
Data Entry hitp:/fwwew.ge nome . jpidbget- binfwww_boet?ec:$id [Example: 1.1.1.1 &
Data Resource http:/ . ge nome . jpidboe t-binfwww_bfind e nzyme
Resource #2 Information KEGG Ligand Database for Enzyme Nomenclature
Institution Kyoto University Biocinformatics Center, Japan
Data Entry http://us expasy.orgicgi-binnice zyme.pl 73id  [Example: 1.1.1.1 @&
Data Resounce hitp://us.expasy.orgenzyme!
Resource #3 - -
Information Enzyme nomenclature database, ExPASy (Expert Protein Aralysis System)
Institution Swiss Institute of Bioinformatic s, Switzerland

hitp:/wewew.c hemugmul.ac . uk/iubmb/e nzy me/

URL(s) http.//srs.ebi.ac. uk/srsbin‘cgi- binwoetz view+Medline Full+[medline- P MID: 1081247 5]
Miscellaneous

Date of creation 2006-08-14 19:38:06 GMT

Date of last modification 20050508 14:52.31 GMT

{2 Go back to the list of data types @ Edit this data type




Qualification of annotation

qualifier _
model element  ———————— - annotation

represents represents
biological biological
entity A — entity B

relationship



Qualification of annotation

_ bqgbiol:hasPart _
species MPF — UNIProt PO4551

represents represents

M-phase CDC2
promoting factor —

has a part



SBML and MIRIAM cross-references

<species id="Ca calmodulin" metaid="cacam"=>
<annotation>
<rdf:RDF
xmlns: rdf="http://www.w3.0rg/1999/02/22-rdf -syntax -ns#"

<rdf:Description rdf:about="#cacam">

<rdf:Bag>

</rdf:Bag>

</rdf:Description>
</rdf:RDF>
</annotation>
</species>

/>



Data resources

BioModels Database (kinetic models)
PSI consortium (protein interactions)
Reactome (pathways)

Pathway commons (pathways)
SABIO-RK (reaction kinetics)

Yeast consensus model database
Human consensus model database

E-MeP (structural genomics)

MIRIAM Resources statistics

~5000 web page requests per month

~550000 web service requests per month

~aJools developing support for MIRIAM identifiers

Application software

ARCADIA (graph editor)

BIOUML (modeling and simulation)
COPASI (Simulation)
libAnnotationSBML

libSBML

SAINT (semantic annotation)
SBML2BioPAX

SBML2LaTeX

SBMLeditor (model editor)
SemanticSBML (annotation and merging)
Snazer (Network analysis, Simulations)

Systems Biology Workbench
(model design and simulation)

The Virtual Cell (Simulation)
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@O © @ [ htptivem semanticsbml orglsemanticSBMLdsfautcluster/0 o) EI 2 OEE

Semsaglailf o HOME Login
e RESTAP||
semanticSBML 2.0
BioModels Similar to BIOMDO0000000009.xml
Model BioModel Score Bar Chart
Huang1996_MAPK _ultrasens BIOMDO0000000009 1.0 I —
Levchenko2000_MAPK_noScaffold BIOMDO000000011 0.925093068877  E———
Levchenko2000_MAPK_Scaffold BIOMDO000000014 0.86507748228 e —
Kholodenko2000_MAPK_feedback BIOMDO000000010 0.816212542046 i ——
Markevich2004_MAPK_orderedElementary BIOMDO000000026 0.737035170293 e —— =
Markevich2004_MAPK_phosphoRandomElementary BIOMDO000000028 0.68757623681 i —
Markevich2004_MAPK_AlIRandomElementary BIOMDO000000030 0.68757623681 e —
Markevich2004_MAPK_orderedMM BIOMDO0000000027 0.67292654353 e ——
Markevich2004_MAPK_orderedMM2kinases BIOMDO000000031 0.67292654353 i mmmm—
Markevich2004_MAPK_phosphoRandomMM BIOMDO000000029 0.614419563376 | —
Hornberg2005_ERKcascade BIOMDO000000084 0.467502293047 |E—
McClean2007_CrossTalk BIOMDO000000116 0.396968852299 IE——
Kofahl2004_pheromone BIOMDO000000032 0.347654497489 mmmmm—m—m——
Kim2007_Wnt_ERK_Crosstalk BIOMD0000000149 0.323862350322 Em—
Brown2004_NGF_EGF_signaling BIOMDO0000000033 0.259659012885 Em———"
Goldbeter1995_CircClock BIOMDO000000016 0.243985892215 |E———
Sasagawa2005_MAPK BIOMDO000000049 0.239991163172 |——
Ung2008_EGFR_Endocytosis BIOMDO000000205 0.233723629425 =
Leloup1999_CircClock BIOMDO0000000021 0.22918483858 =
Goldbeter1991_MinMitOscil_Explinact BIOMDO000000004 0.222401483635 E———
Goldbeter1991_MinMitOscil BIOMDO000000003 0.213676433868 |E——
Leloup1998_CircClock_LD BIOMDO000000171 0.201464719898 m—
Tyson1991_CellCycle_6var BIOMDO000000005 0.199125864464 |Em——
Veening2008_DegU_Regulation BIOMDO000000240 0.179667408207 ==
Neves2008_Cell_Shape BIOMDO000000182 0.168237862604 |mm——
Fisher2006_Ca_Oscillation_dpdnt_NFAT_dynamics BIOMDO000000122 0.163742528861 |mm——m
Leloup2003_CircClock_DD BIOMDO000000073 0.163249339887 =
Leloup2003_CircClock_LD BIOMD0O000000078 0.163249339887 ==
Novak2001_FissionYeast_CellCycle BIOMDO000000111 0.158121867453 mmm——
Kholodenko1999_EGFRsignaling BIOMD0O000000048 0.157261597224 ==
Swat2004 Mammalian_G1_S_Transition BIOMDO000000228 0.153857976349 s
Fhan20nd Callfucla RIAMNDNANNNNNNNER N 1R2RIAR02:7, I

R. Henkel, L. Endler, A. Peters, N. Le Novére, D. Waltemath (2010) Ranked
_ Retrieval of Computational Biology Models. BMC Bioinformatics, 11:423

S

M Schulz, F Krause, N Le Noveére, E Klipp, and W Liebermeister:
Comparison and clustering of biochemical network models based
on semantic annotations. submitted
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Visual representation of models

Models Simulation Results
Minimal
requirements
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(‘9 GN Systems Biology
L Graphical Notation

Horme Mews Docurmnments Lists Cormrmunity Events About Q Google Site Search.

) A Visual Notation for Network Diagrams in Biology
| SBGM.org is the global portal for documentation, news, and other information about
}_\ the Systems Biology Graphical Motation (SEGM) project, an effort to standardize the
= graphical notation used in maps of biochemical and cellular processes studied in

systems biology.

Standardizing the visual representation is crucial for more efficient and accurate

(‘i} @ C':, é transmission of biological knowledge between different communities in |'e5ea|'-:l‘|,|
et education, publishing, and more. When biclogists are as familiar with the notation as
é electronics engineers are familiar with the notation of circuit schematics, they can
Loo f \. I;crc\—} save the time and effort required to familiarize themselves with different notations,
(5 @ @ and instead spend more time thinking about the biology being depicted,
SBEGM is made up of , representing different visions of

biclogical systems. Each language defines a comprehensive set of symbols with
precise semantics, together with detailed syntactic rules how maps are to be
interpreted.

on this site, yvou can browse some example maps to get a feeling for SBGN, read the

SBGM , software supporting SBGMN, get answers to
, access join online discussions, see current working

documents in the , and much maore,
- SBGMN News SBGN is the work of many people. It would not have been possible without the
| T e e t;:;a;‘:;—:rﬁ_:_lm support of multiple organizations over the years, for which we are very
competition is opened, with .
categories such as Best To quote SBGN as a whole, please use:
Software, Best Map and Best
Qutreach, Le Movére M, Hucka M, Mi H, Moodie S, Schreiber F, Sorokin A, Demir E, Weaner K,

Aladjem MI, Wimalaratne SM, Bergman FT, Gauges R, Ghazal P, Kawaji H, Li L,

N. Le Novere, M. Hucka, H. Mi, S. Moodie, F. Shreiber, A. Sorokin, et al (2009). The Systems
Biology Graphical Notation. Nature Biotechnology, 27: 735-741.




BGN

What is SBGN?

An unambiguous way of graphically describing and interpreting
biochemical and cellular events

Limited amount of symbols
Re-use existing symbols
i Smooth learning curve

Can represent logical or mechanistic models, biochemical
pathways, at different levels of granularity

Detailed technical specification, precise data-models and growing
software support

Developed over four years by a diverse community, including
biologists, modellers, computer scientists etc.



BGN Graph trinity: three languages in one notation

Process Descriptions Entity Relationships Activity Flows

MEK

m

ERK

e Unambiguous  Unambiguous

e Mechanistic S Ve e * Ambiguous

* Sequential « Non-sequential » Conceptual

e Combinatorial . Independence of » Sequential
explosion relationships




UGN\ Process Descriptions are bipartite graphs

“continuant”,
what is

entity
pool
9 node y

connecting
< arcs

|

“‘occurant”,
what happens




Metabolic network in Process Description Language




BGN| Entity Relationships can be viewed as rules

A

If A exists, the assignment of the value P to the
state variable T of B is increased

(A stimulates the phosphorylation of B on the threonine)



BGN| Entity Relationships can be viewed as rules

Cr—=F

V

B C

If A exists, the assignment of the value P to the
state variable T of B is increased

If P is assigned to the state variable T of B, the
assignment of the value P to the state variable S of

B is decreased



SBGNER map of calcium-regulated synaptic plasticity
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@GN Example of Activity Flow map
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Open Save Export

Element list

Type Label

Clone/Unclone Modifiers »

(= Xx]

[NoName] : Yeast_glycolysis_model_of_Pritchard_and_Kell

Hidden Contail

v Species
ATP
ADP
G6P

0008
0008
0004
NAD 0004
NA... 0004
DHAP 0003
GAP 0003
Ac... 0003
GLCi 0002
F6P 0002
F1l... 0002
AMP 0002
BPG 0002
P3G 0002
P2G 0002
PEP 0002
PYR 0002
GLCo 0001

Subi

Species ATP
Initial Amount: 2.52513

mit  Signin

BIOMD0000000005 - Tyson1991_CeliCycle_6var

Support

Element properties

About BioMod:

BV 1 reromes

| | [View GF Reacton Graph

9] 1 sut e

Model

Physical entities

Publication ID: 1831270

Proc Natl Acad Sci U'S A 1991 Aug88(16).7328-32.

Tyson 4J.
Department ot

Models Database - SeaMonkey
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Original Modet: Unspecitied
Submitter: Nicolas Le Novére

Submission Date: 2005-05-1371231:08400:00

Last Modification Date: 2009-02:25714:58.46+00,00

Creation Date: 2005-02.08T18:28:27+00:00

Creators: Eruce Shapio
Viayalakshmi Chelizh

Cell Cycle Model: Tyson (1991, 6 variables)
Description

(P-cyclin-cdc2-P complex);
Reaction

M (active MPF, P-

A model of the cell cycle based on the interactions betweel
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Linking SBGN maps to external information

synaptic cleft

catalytic processes

transport processes

contractile proteins




e Linking SBGN maps to external information
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e Linking SBGN maps to external information
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@BGN  current structure of the SBGN community

advises and monitors

SBGN scientific committeef\ SBGN editorial writes
Grant holders to support SBGN board (5) specification
Experts/piorjeers in graphical members elected for 3
representation , years. No consecutive
Leading figures in related fields terms
elects consults

SBGN forum (~20-30)

People attending consecutive meetings, participating
to the discussions, proposing extensions and voting on
resolutions.

motivates

SBGN community

People who attended a meeting, participated to a
discussion, requested a feature, implemented support
for SBGN, or simply use SBGN




Is the mosaic of standards complete?

Models Simulation Results

Minimal
requirements

WASE

Data-models

CLJML | SBRML

Ontologies
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Disentangling the level of discourse

BGN |
/ }B io PAXJ

Graphical representation /
Biological semantics / L . Z = ]

Initial conditions (numbers)

\

Model semantics (structure)

A\

GBML |




Biological semantics

Systems Biology Ontology (SBO) Set of linked controlled vocabularies, defining
and relating concepts used in computational modelling in biology. Used in
SBML, SBGN, NeuroML
Le Novere N., Courtot M., Laibe C. Adding semantics in kinetics models of biochemical

pathways. Proc 2™ Intl Symp on experimental standard conditions of enzyme
characterizations (2007), 137-153.

Biological Pathway Exchange (BioPAX) Standard language to represent
biological pathways at the molecular and cellular level and to facilitate the
exchange of pathway data. Used by most major pathways databases

Demir E, Cary MP, Paley S, Fukuda K, Lemer C, Vastrik I, Wu G, D'Eustachio P, Schaefer C,
Luciano J, Schacherer F, Martinez-Flores I, Hu Z, Jimenez-Jacinto V, Joshi-Tope G, Kandasamy
K, Lopez-Fuentes AC, Mi H, Pichler E, Rodchenkov |, Splendiani A, Tkachev S, Zucker J,
Gopinathrao G, Rajasimha H, Ramakrishnan R, Shah I, Syed M, Anwar N, Babur O, Blinov M,
Brauner E, Corwin D, Donaldson S, Gibbons F, Goldberg R, Hornbeck P, Luna A, Murray-Rust
P, Neumann E, Reubenacker O, Samwald M, van lersel M, WimalaratneS, Allen K, Braun B,
Carrillo M, Cheung KH, Dahlquist K, Finney A, Gillespie M, Glass E, Gong L, Haw R, Honig M,
Hubaut O, Kane D, Krupa S, Kutmon M, Leonard J, Marks D, Merberg D, Petri V, Pico A,
Ravenscroft D, Ren L, Shah N, Sunshine M, Tang R, Whaley R, Letovksy S, Buetow KH,
Rzhetsky A, Schachter V, Sobral BS, Dogrusoz U, McWeeney S, Aladjem M, Birney E, Collado-
Vides J, Goto S, Hucka M, Le Novere N, Maltsev N, Pandey A, Thomas P, Wingender E, Karp
PD, Sander C, Bader GD. BioPAX - A Community Standard for Pathway Data Sharing. Nat

Biotechnol (2010), 28: 935-942 )




Parallel and redundant efforts

Drug Disease Model Resources ‘ ecology
dd‘ l 'or\eldrug discovery
‘ neurobiology ‘

‘ Physiology

L
11 n cf International Neuroinformatics
- Coordinating Facility

biochemistry
ML
BGN

BioPAX

Virtual Physi nlag cnl Human
network of excallen

.




Non-overlapping languages to cover all models

NineML | tFieIdML
|

global representation

5 .NeuroML
{ 3 E;[ J \ tissue network

VY ——

morphology, state transitions

biochemistry




Standards interoperability along the 3 dimensions

 SBML to BioPAX: conversion using metadata (MIRIAM annotations
and SBO terms), e.g.

mapping between Species and PhysicalEntity
mapping between Reactions and Physicallnteraction
e Conversion of SBML or BioPAX descriptions to SBGN map

e Usage of SBML descriptions (or CellML or VCML) in SED-ML.:
|dentification of variables using XPath

e Descriptions using SBML and NeuroML.: Interface based on XPath



Requirements for a overarching

standardisation structure
e What?

Set of interoperable description languages

Cover all aspects of modelling and simulation, all types of
descriptions / views of the real

Role of community-maintained ontologies.
e How?
Independence towards Institutions, funders and individuals
Role of European Research Infrastructures? (ELIXIR, ISBE)
e Who?

Communities developing their standards: Systems Biology,
Physiology (VPH), Neuroscience (INCF), Drug discovery (DDMoRe)

Other players in knowledge-representation (W3C, ...)

Academic and corporate users: Modeling platforms (MatWorks ...),
Pharma (Pistoia alliance) ...



Requirements for a overarching

standardisation structure
e What?

Set of interoperable description languages

Cover all aspects of modelling and simulation, all types of
descriptions / views of the real

Role of community-maintained ontologies.
e How?
Independence towards Institutions, funders and individuals
Role of European Research Infrastructures? (ELIXIR, ISBE)
e Who?

Communities developing their standards: Systems Biology,
Physiology (VPH), Neuroscience (INCF), Drug discovery (DDMoRe)

Other players in knowledge-representation (W3C, ...)

Academic and corporate users: Modeling platforms (MatWorks ...),
Pharma (Pistoia alliance) ...

COmputational Modeling in Blology NEtwork
(COMBINE) forthcoming: http://co.mbine.org



COMBINE 2010

e 6to 9 October 2010, Edinburgh, before the ICSB

e 75 registrations so far (forecast was 50 max ...)

14 sessions, plus breakouts, 42 presentations, 30 posters

Physiome standards
SED-ML
SBGN languages
libSBGN and SBGN support

Encoding graph layouts
Interactions and reactions
Semantics and metadata resources
Encoding and using semantics

Format conversion
Software support

BioPAX levels
What is not covered yet

SBML Level 3
libSBML and SBML support

followed by:
SBML 10" anniversary
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