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We need to reuse mathematical models
~_THS

As such

- Non-specialists need to use models relevant for their research, directly
with their simulation software without messing with their structure.

- Modelling literates need to reuse existing models rather than rewrite them
from scratch.

- Various software used during the modelling process, such as graphical
designers, simulation engines and plotters or renderers, should be able to

communicate.
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We need to reuse mathematical models
T

As such

Non-specialists need to use models relevant for their research, directly
with their simulation software without messing with their structure.

Modelling literates need to reuse existing models rather than rewrite them
from scratch.

Various software used during the modelling process, such as graphical
designers, simulation engines and plotters or renderers, should be able to
communicate.

For integration purpose

Different approaches: time-series (continuous, discrete), MCA, FBA, logical
descriptions etc.

Different spatial scales: nanometer (channel) to meter (axon)
Different real time scales: microsecond (channel opening) to weeks (LTP)

(Different simulation time scale: single-particle tracking to ODE)
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Standard languages and ontologies
E—

We need to encode the models in a computer-edible way

- Structured formats = easily “parsable”; mirror the model structure;
- Public formats - Published specifications, freely re-usable

- Community-developed formats ...

We need to make the content human-edible
- Standards of content and annotation
- Ontologies

We need to make the models available

- Personal websites
- Publisher's websites

- Curated repository/databases
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Encode the models in a computer-edible way
- (T

> Systems Biology Markup Language (SBML): A community
maintained open XML standard to encode quantitative
models of biological systems.
http://sbml.org

Hucka et al. (2003) Bioinformatics, 19: 524-531.

> MIME type application/sbml+xml
(RFC 3823 of the Internet Engineering Task Force)
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networks, and many others.

Internationally Supported and Widely Used

developrment):

A Free and Open Language

BALSA Monod

BASIS j Marrator
BlIOCHAM & MetBuilder
BioCharon ecelld D=cillz
hiocyc2SBML ESS PANTHER Pathway
BiolGrid FluxAnalyzer PathArn
Biohodels o FPathScout
BioMetGen M FathwaylLab
BioPathway Explorer  INSILICO discovery  Pathway Tools
Bio Sketch Pad SCOEIAN PathwayB uilder
BioSens PATIK Aweb
Bio=SPICE Dashboard  JDesigner FaWESy
BioSpreadshest JigCell PET
BioTapestry JWE Online PHEK

BioUML Kanote® Heactome
BSTLab KEGGZSBML ProcessDE
CADLIVE Kinsolver® PROTON
CellDesigner lihSE ML st
Cellerator MathSEML PySCel
CellML2SE ML MesoRD runSEML
Cellware Metabologica SABIO-RK
CL-SBML MetaFluxMet SBML ODE Zolver
CLEML MMTZ SEMLeditor
COPASI Modesto SEMLmerge
Cytoscape Maoleculizer SBEMLR

The Systemns Biology Markup Language (SBML) is a computer-readable format for representing models of
blochemical reactlon networks. SEML is applicable to metabolic networks, cell-signaling pathways, regulatory

SBML has been evolving since mid-2000 through the efforts of an international group of software developers and users.
Today, SBML is supported by over 80 software systems, including the following (where

%

indicates SEML support in

SEMLEIm
SEMLToolbox
SBID
ZBToolbox
SEW
SClpath
Sigrmoid*
SigPath
SigTran
SIMB A
SimBiology
Simpathica
SimWiz
SloppyCell
SmantCell

B Batbway Editor

STOCKS
TERANDDE Suite

WebCell
WinSCanP
XPPALT

Advances in bictechnology are leading to larger, more cornplex guantitative medels. The systerns biology community
needs information standands if models are to be shared, evaluated and developed cooperatively. SBML's widespread

ewriting models for each ool

home * contscta * documenta ® downloada = FAQa ® foruma * Lewveld ® modela ®* newa " online toola ® wiki = workahopa

SEBW 2.5.5 Released

(Al T8 20080 A new release of SEW (the
Systems Biology Workbench) is now available.
It features significart new capabilities and new
mociule 5.

read maore

WebCell Suppors SEML

(Apn! 19 2008) WebCell is a web-tased
simulation ervironmert for biochemical
metworks. It supparts exploration and aralysis
of steady - state and dyramic behaviors.

read maore

SEBML Hackathon 2006

(Aprl 4, 2008) Visitthe SBEML Hackathon
2006 page for more irfo about the event
happening this week in Move Hrady, Czech
Fepublic.

read maoke

Introducing CLEML

(March 2T, 20081 The Carbon Labeling
Expzrimert Markup Language (CLEML)
annotate s SEML with formal descriptions of
structure and states of systems incarbon
labeling experimerts. & software library,
libCLENL, is available.

read maoke

Hew SEML Online Valdator!

(hiarché 2008 SEMLong has a slick new
online SEML validator, complete with remeote
APl Check it out!

read maore

Zee older news items.
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What can we encode in SBML?
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What can we encode in SBML?

protein' protein




What can we encode in SBML?

protein' = protein
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What can we encode in SBML?

protein' = protein

genej MRNAn MRNAC
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What can we encode in SBML?

protein' = protein
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What can we encode in SBML?

@ protein' = protein

MRNAC
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1-EBI A-> B

<?xml version="1.0" encoding="UTF-8"?2>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>

</model>
</sbml>



1-EBI A-> B

<?xml version="1.0" encoding="UTF-8"?2>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>
<listOfCompartments>
<compartment id="cell” />
</listOfCompartments>

</model>
</sbml>



1-EBI A-> B

<?xml version="1.0" encoding="UTF-8"?2>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>
<listOfCompartments>
<compartment id="cell” />
</listOfCompartments>
<listOfSpecies>
<species id="A" compartment="cell” initialConcentration="1"/>
<species id="B” compartment="cell” initialConcentration="0"/>
</listOfSpecies>

</model>
</sbml>
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3L-EBI A-> B

<?xml version="1.0" encoding="UTF-8"?2>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>
<listOfCompartments>
<compartment id="cell” />
</listOfCompartments>
<listOfSpecies>
<species id="A" compartment="cell” initialConcentration="1"/>
<species id="B” compartment="cell” initialConcentration="0"/>
</listOfSpecies>
<listOfParameters>
<parameter id="kon” value="1"/>
</listOfParameters>
<listOfReactions>
<reaction>

</reaction>
</listOfReactions>
</model>
</sbml>



3L-EBI A-> B

<?xml version="1.0" encoding="UTF-8"?2>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>
<listOfCompartments>
<compartment id="cell” />
</listOfCompartments>
<listOfSpecies>
<species id="A" compartment="cell” initialConcentration="1"/>
<species id="B” compartment="cell” initialConcentration="0"/>
</listOfSpecies>
<listOfParameters>
<parameter id="kon” value="1"/>
</listOfParameters>
<listOfReactions>
<reaction>
<listOfReactants>
<speciesReference species="A" />
</listOfReactants>
<listOfProducts>
<speciesReference species="B"” />
</listOfProducts>

</reaction>
</listOfReactions>
</model>
</sbml>



3L-EBI A-> B

<?xml version="1.0" encoding="UTF-8"?2>
<sbml level="2" version="1" xmlns="http://www.sbml.org/sbml/level2">
<model>
<listOfCompartments>
<compartment id="cell” />
</listOfCompartments>
<listOfSpecies>
<species id="A" compartment="cell” initialConcentration="1"/>
<species id="B” compartment="cell” initialConcentration="0"/>
</listOfSpecies>
<listOfParameters>
<parameter id="kon” value="1"/>
</listOfParameters>
<listOfReactions>
<reaction>
<listOfReactants>
<speciesReference species="A" />
</listOfReactants>
<listOfProducts>
<speciesReference species="B"” />
</listOfProducts>
<kineticLaw>
<math xmlns="http://www.w3.0rg/1998/Math/MathML"”>
<apply>
<times />
<ci>kon</ci>
<ci>A</ci>
<ci>cell</ci>
</apply>
</math>
</kineticLaw>
</reaction>
</listOfReactions>
</model>
</sbml>
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http://www.w3.org/1998/Math/MathML

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;

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

- It can be a cell
- It can be an organ

- It can be an organism

> Systems Biology is scale-free!
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SBML Level 2 Version 2

Finalised on April 8" 2006
Simpler and cleaner (units ...)

Generics (compartmentType, speciesType)
> path to generalised reactions

Constraints and initialAssignments
Backward compatible with Level 2 Version 1

More detailed and bug-free specification ... 128 pages

e

i S B



SBML Level 3

Modular SBML, with core + optional packages (Not
certain, but necessary IMHO)

Generalised reactions

Graph Layout (certain; already in use in Level 2 as
annotation, shared by several software)

Model composition (probable)
Complex species (probable)
Arrays or sets (maybe)

Geometry (maybe)
?7?7?

e
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Related efforts

http://www.cellml.orl/

ﬂceIIIVIL

Mooy, malh e knewhiie Fixed specification; Based on modules;
scalable; ... complex

CeWwWe W http://www.neuroml.org/

Flexible (expendable set of schemas); scalable;

BI‘Eil‘lML,DI‘g http://brainml.org/
Models are XML-schemas

BioPAX http://www.biopax.org/

No kinetics; deep semantics;

T T
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React0

Reactl

React6

React3

React9

£

React?

Reactd

Reactl0

React?

Reactl4

2 ¢

Reactll

No, it isn't

M http:ifsbml.argfdacuments




Home | Contacts | FAQs | Database | MIRIAM | SBO | Forums | News

The Next Step After Standard Formats

For computational modeling to become more widely used in biological research, researchers must be able to exchange and
share their results. The development and broad acceptance of common model representation formats such as SEML is a
crucial step in that direction, allowing researchers to exchange and build upon each other's work with greater ease and
AcCuracy.

The Biokodels.net project is another step: an international effort to (1) define agreed-upon standards for model curation, (2
define agreed-upon vocabularies for annotating models with connections to biological data resources, and (3) provide a free,
centralized, publichy-accessible database of annotated, computational models in SBML and other structured farmats.

Helping to Define Community Standards

To facilitate assembling useful collections of guantitative models of hiological phenomena, it is crucial to establish standards
for the wocabularies used in model annotations as well as criteria for minimurm guality levels of those models. The
BioModels.net project aims to bring together a community of interested researchers to address these issues. We are working
towrards defining these standards through white papers and process definitions. All of the products of our efforts are open and
freely available through this site.

Standards and Processes Developed Hand-in-Hand with a New Database

The database component of Biokodels net is especially designed for working with anhofated computational models: each
model is carefully reviewed and augmented by human annotators on the BioModels net team to add metadata linking the
model elements to other biological databases and resources. The BioModels database at the EBI system goes far beyond
other collections of models by being a froe database, featuring browsing, cross-referencing, searching, and (coming soon)
facilities for wisualization, exporting models in different formats, and remote AP access.

Search

RSS / Atom




Minimum Information Requested In
the Annotation of biochemical Models

Le Novere N., Finney A., Hucka M., Bhalla U., Campagne F., Collado-Vides }.,
Crampin E., Halstead M., Klipp E., Mendes P., Nielsen P., Sauro H., Shapiro B.,
Snoep J.L., Spence H.D., Wanner B.L.

Nature Biotechnology (2005), 23: 1509-1515



Reference correspondence
__T.

The model must be encoded in a public, standardized,
machine-readable format (SBML, CellML, GENESIS ...)

The model must comply with the standard in which it is
encoded!

The model must be clearly related to a single reference
description. If a model is composed from different parts,

there should still be a description of the derived/combined
model.

The encoded model structure must reflect the biological
processes listed in the reference description.

The model must be instantiated in a simulation: All
guantitative attributes have to be defined, including initial
conditions.

When instantiated, the model must be able to reproduce all
results given in the reference description within an epsilon
(algorithms, round-up errors)
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Attribution annotation
T

The model has to be named.

A citation of the reference description must be joined
(complete citation, unique identifier, unambigous URL). The
citation should permit to identify the authors of the model.

The name and contact of model creators must be joined.

The date and time of creation and last modification should
be specified. An history is useful but not required.

The model should be linked to a precise statement about
the terms of distribution. MIRIAM does not require “freedom
of use” or “no cost”.

T TR



External resource annotation
T

The annotation must permit to unambiguously relate a piece of
knowledge to a model constituent.

The referenced information should be described using a triplet
{data-type, identifier, qualifier}

- The data-type should be written as a Unique Resource Identifier (URI). Either
a URL (webpage) or a URN (e.g. LSID). Not necessarily a physical location.

- The identifier is analysed by the software within the framework of the data-type.

- Data-type and Identifier can be combined in a single URI
http://www.myResource.org/#myldentifier
urn:lsid:myResource.org:myldentifier

- Qualifiers (optional) should refine the link between the model constitutent
and the piece of knowledge: “has a”, “is version of”, “is homolog to” etc.

The community will have to agree on a set of standard valid URIs.
A database and the associated APl (WebServices) are currently in
development at the EBI.
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Model example

- I
PIP2
IP3
ase
I <— - - PIC «— - =G
act q
v
() «—— IP3 Ca -
“\ out ~
N \
N 7
4 Vs
[ Ca, J
m
1 d[Ca,ut]  ki[IP3R] * ([Ca;n] — [Caout]) [TP3]™
ki =ko=ksa=1s = — * — .
dt Kmi + |[Cain] — [Cacut]| Ka+ [IP3]™
- _ _ d[IP3]  ko[PLC,.i|*|[PIP2] ks[IP3,:.]*[IP3]
Km;=10" M,Kmy; =10"% Kms = 2.107° M = —
v R RS dt Kms + [PIP2] Kms + [IP3]
1 d[PLC,, ] G,"

Ki=10"" m=4,n=3,a=0.001 = 3 PLC,,
LA ,m , 1 , O I ot [Gq]“ *[ t t]

[Cain] = [IP3R] = [PLCy.] = [PIP2] = [IP3,..] = 0.001 M

[G,] = 0.01 M, [Ca,ut] = [IP3] = [PLC,.t)] =0M




creators

creation date

Joe User (juser @eden.com), Anne Other (aother@eden.com)

01 January 0000

last modification 31 May 2005
Constituent Data Type Identifier Qualifier Meaning
model http://www.pubmed.gov/ 0000000
http://www.ncbi.nlm.nih.gov/Taxonomy/ 9606 Homo sapiens
http://www.geneontology.org/ GO0O:0007204  IsVersionOf positive regulation of cytosolic [ca**]
http://www.geneontology.org/ GO0:0051279  IsVersionOf  regulation of release of sequestered ca’* into cytop
http://www.genome.jp/kegg/pathway/ hsa04020 IsPartOf Calcium signaling pathway - H sapiens
http://www.genome.jp/kegg/pathway/ hsa04070 IsPartOf Phosphatidylinositol signaling system - H sapiens
compartment ER  http://www.geneontology.org/ G0O:0005790 smooth endoplasmic reticulum
reactant Ca;, http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
cytoplasm http://www.geneontology.org/ GO:0005737 cytoplasm
reactant Ca. http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
reactant IP3 http://www.ebi.ac.uk/chebi/ CHEBI: 16595 ID-myo-inositol 1,4,5-tris(dihydrogen phosphate)
reactant PIP2 http://www.ebi.ac.uk/chebi/ CHEBI: 18348 1-phosphatidyl- 1 D-myo-inositol 4,5-bisphosphate
reactant IP3R  http://www.uniprot.org/ Q14643 HasVersion  [Inositol 1,4,5-trisphosphate receptor type 1
http://www.uniprot.org/ Q14571 HasVersion  [nositol 1,4,5-trisphosphate receptor type 2
http://www.uniprot.org/ Q14573 HasVersion  [nositol 1,4,5-trisphosphate receptor type 3
reactant PLC..  http://www.uniprot.org/ QINQO6 IsVersionOf  PIP2 phosphodiesterase Pl
reactant PLC..:  http://www.uniprot.org/ QINQ66 PIP2 phosphodiesterase Bl
reactant IP3,.  http://www.uniprot.org/ Q14642 Type 1 inositol-1,4,5-trisphosphate 5-phosphatase
reactant G http://www.uniprot.org/ QO6NT27 Guanine nucleotide binding protein Gq
reaction Caelease http://www.geneontology.org/ G0:0005220 IP3-sensitive calcium-release channel activity
http://www.geneontology.org/ GO:0008095  IsVersionOf [P3 receptor activity
reaction IP3pcaeion  http://www.geneontology.org/ GO:0004435 IsVersionOf  phosphoinositide phospholipase C activity
http://www.ebi.ac.uk/intenz/ 3.14.11 IsVersionOf  phosphoinositide phospholipase C
reaction IP3egraaion  http://www.ebi.ac.uk/intenz/ 3.1.3.56 IsVersionOf  inositol-polyphosphate 5-phosphatase
reaction PLC ,mion  http://www.geneontology.org/ G0:0007200 G-protein signaling coupled to IP3 2nd messenger




creators

creation date

Joe User (juser @eden.com), Anne Other (aother@eden.com)

01 January 0000

What is common?

last modification 31 May 2005
Constituent Data Type Identifier Qualifier Meaning
model http//www pubmed gov/ 0000000
http://www.ncbi.nlm.nih.gov/Taxonomy/ | 9606 Homo sapiens
http://www.geneontology.org/ GO:0007204  IsVersionOf positive regulation of cytosolic [ca**]
http://www.geneontology.org/ GO0:0051279  IsVersionOf  regulation of release of sequestered ca’* into cytop
http:/f'www.genome.jp/kegg/pathway/ hsa04020 IsPartOf Calcium signaling pathway - H sapiens
http://www.genome.jp/kegg/pathway/ hsa04070 IsPartOf Phosphatidylinositol signaling system - H sapiens
compartment ER | http://www.geneontology.org/ G0O:0005790 smooth endoplasmic reticulum
reactant Ca;, http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
cytoplasm http://www.geneontology.org/ GO:0005737 cytoplasm
reactant Cay http://www.ebi.ac.uk/chebi/ CHEBI:29108 calcium(2+)
reactant IP3 http://www.ebi.ac.uk/chebi/ CHEBI: 16595 1ID-myo-inositol 1,4,5-tris(dihydrogen phosphate)
reactant PIP2 http://www.ebi.ac.uk/chebi/ CHEBI: 18348 1-phosphatidyl- 1 D-myo-inositol 4,5-bisphosphate
reactant IP3R  http://www.uniprot.org/ Q14643 HasVersion  [nositol 1,4,5-trisphosphate receptor type 1
http://www.uniprot.org/ Q14571 HasVersion  [nositol 1,4,5-trisphosphate receptor type 2
http://www.uniprot.org/ Q14573 HasVersion  [Inositol 1,4,5-trisphosphate receptor type 3
reactant PLC..  http://www.uniprot.org/ QINQO66 IsVersionOf  PIP2 phosphodiesterase Bl
reactant PLC...  http://www.uniprot.org/ QINQO6O PIP2 phosphodiesterase Bl
reactant IP3,.  http://www.uniprot.org/ Q14642 Type I inositol-1,4,5-trisphosphate 5-phosphatase
reactant Gg http://www.uniprot.org/ QO6NT27 Guanine nucleotide binding protein Gq
reaction Caelease http://www.geneontology.org/ G0:0005220 IP3-sensitive calcium-release channel activity
http://www.geneontology.org/ GO:0008095  IsVersionOf [P3 receptor activity
reaction IP3pcaucion | http://www.geneontology.org/ GO:0004435  IsVersionOf  phosphoinositide phospholipase C activity
http://www.ebi.ac.uk/intenz/ 3.14.11 IsVersionOf  phosphoinositide phospholipase C
reaction IP3egradaion | http://www.ebi.ac.uk/intenz/ 3.1.3.56 IsVersionOf  inositol-polyphosphate 5-phosphatase
reaction PLC iyaion | http://www.geneontology.org/ GO0O:0007200 G-protein signaling coupled to IP3 2nd messenger
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Hidden assumptions

B
k, K,
E+S = ES » E+P ; Rapid equilibrium
I<-1
. . . - E°kp'[S] _K _k—l
Henri-Michaelis-Menten: V=% sy Bn™ %,
Kk, k,
E+S - ES » E+P ; Total duration equal sum of duration
_ Ek,[S] _k,
Van Slyke-Cullen: V=i Kn =1
k, K,
E+S =ES -» E+P ; Quasi-steady state
k-1
_ Ek,[S] (k. +k,)
BriggS-HaIdane: V= (K +[S])’ Km_ k



Hidden assumptions

T
<reaction>
<listOfReactants>
<speciesReference species="S" />
</listOfReactants>
<listOfProducts>
<speciesReference species="P" />
</listOfProducts>
<listOfModifiers> E+S > E+P
<speciesReference species="E" />
</listOfModifiers> Import in a discrete simulator
<kineticLaw>
<listOfParameters>
<parameter id="Km"/> 2>
<parameter id="kp”/> =
</listOfParameters>
<math xmlns="http://www.w3.0rg/1998/Math/MathML"”>
<apply> K K
<divide/><apply> 1 p
<times/><ci>E</ci> E+S—ES » E+P; k, =k /K
<ci>kp</ci> 1 em
<ci>S</ci> k{
</apply> K, kp
<apply> : —
<plus/><ci>Km</ci> E+S > ES » E+P; kl = kp/Km
<ci>s</ci> k
</apply> 1
</apply> kl kp
</math> LN . —
i s E+S—=ES > E+P; k, = (k_1+k|o)/Km
</reaction> k

_1 - L .
i _1:'!__ i?‘


http://www.w3.org/1998/Math/MathML

31-EBI

Some definitions

Controlled Vocabularies

“Organized lists of words and phrases, or notation systems, that are used to
initially tag content, and then to find it through navigation or search.”

Amy J. Warner. A Taxonomy Primer.
http://www.lexonomy.com/publications/aTaxonomyPrimer.html

“A set of codes, managed by some authority (eg a person or an organisation),
employing some mechanism”. Misha Wolf on IPTC internal developer forum
for the News Metadata Framework WG

“An indexed dictionary”. Nicolas Le Novére. This presentation.

Ontology

“(Computers) A systematic arrangement of all of the important categories of
objects or concepts which exist in some field of discourse, showing the
relations between them. When complete, an ontology is a categorization of
all of the concepts in some field of knowledge, including the objects and all
of the properties, relations, and functions needed to define the objects and
specify their actions. A simplified ontology may contain only a hierarchical
classification (a taxonomy)” The Collaborative International Dictionary of
English v.0.48

A set of controlled vocabularies with defined relationships between terms.
Nicolas Le Novere. This presentation.

et e _'_‘|":-:


http://www.lexonomy.com/publications/aTaxonomyPrimer.html

Classifications Vs. Ontologies
- (T

Each term is associated to a perennial identifier. Once
created a term is never destroyed. It can be merged with
other, or made obsolete, but it still exists.

An ontology is an evolving structure: It can cope with an
increase or refinement of knowledge. No need to reconstruct
everything as with the taxonomies.

An ontology is a Direct Acyclic Graph, and not a hierarchy. A
term can possess more than one parent.

Ontologies are stored in standard machine-readable formats.
They can be subjected to automatic treatments.

T TR



Systems Biology Ontology vocabularies

A taxonomy of the roles of reaction participants, including
the following terms: “substrate”, “catalyst” etc.

A CV for parameter roles in quantitative models. This CV
includes terms like “Michaelis constant” , “forward
unimolecular rate constant”etc.

A classification of rate laws. This CV is a taxonomy of kinetic
rate equations. Examples of terms in this CV are “mass
action kinetics”, “Henri-Michaelis-Menten equation” etc.
Each term contains a precise mathematical expression
stored as a MathML lambda function. The variables refer to
the CVs described above.

A list of modelling framework to precise how to interpret the
rate-law. E.g. “continuous modelling”, “discrete modelling”
etc.



id

name

def

is_ a
part_of
synonyms

mathml

SBO:\d{7}
unicode string
unicode string
SBO:\d{7}
SBO:\d{7}

unicode string

minOccurs=1
minOccurs=1
minOccurs=0
minOccurs=0
minOccurs=0

MinOccurs=0

MathML lambda function minOccurs=0

SBO term

maxOccurs=1
maxOccurs=1
maxOccurs=1
minOccurs=n
maxOccurs=1
minOccurs=n

maxOccurs=1
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uropean Bioinformatics Institute

EBI Home About EBI Services Toolbox Databases Downloads Submissions

Ontology Browser

5B0::Systems Biology Ontology
=l sho

= @D rate law

m @ mass action kinetics

kinetics of unireactant
=9 BRZYIMES

Henri-Michelis
henten equation

Wan Slyke-Cullen
equation

Briggs-Haldane
equation

= @ ohsolete rate law

RIOMNAODELS. NET = @ guantitative parameter

= 9 kinetic constant
9 Michaelis constant

€ ohsolete parameter

=@ participant rale
& & reactant
@ product
= @ modifier
€9 ohsolete species role

=@ maodelling framewark

€ continuous frarmework

O discrete framewaork

o obsolete modelling
framewark

SBO:0000029 Henri-Michelis Menten equation

Crefinition

First general rate equation for reactions inwolving enzymes, 1t was
presented in "W. Henrl. Lols Générales de 1'Action des Diastases. Paris,
Hermann, 18G3.". The reaction is assumed to be made of a reversible of the
binding of the substrate to the enzyme. followed by the breakdown of the
complex generating the product. Ten years after Henri, Michaelis and Menten
presented a wariant of his equation. based on the hypothesis that the
dissociation rate of the substrate was much larger than the rate of the
product generation. Leonor Michaelis, Maud Menten (1913). Die Kinetik der

hdathhiL

cmath #mlns="http:/ www.w3. 0rg/1888,Math MathML" =~
<lambda=

<bwar=<ci
definitionURL="http://biomodels.net/SBO/SEO: GEOOG2S" ~kcat=/ci==/bvar=

<bwar=<ci
definitionURL="http://biomodels.net/SBO/SED: OOOOOLA" =Et=/ci==/bvar=

<bvar=<ci
definitionURL="http://blomodels.net/SBO/SEO: BGEOCELS" =5 /c1==/bDvar=

Comment

Farents)

SBO: 0OO0E28 kinetics of unireactant enzymes (is a)

Resaolving host wweawy ebi.ac,uk, .,




Complete description of a rate-law term
__T.

[Term]
id: SB0O:0000031
name: Briggs-Haldane equation
def: "Rate-law presented in "G.E. Briggs and J.B.S. Haldane (1925) A note on the kinetics
of enzyme action, Biochem. J., 19: 339-339". It is a general rate equation that does not
require the restriction of equilibrium of Henri-Michaelis-Menten or irreversible reactions
of Van Slyke, but instead make the hypothesis that the complex enzyme-substrate is in
quasi-steady-state. Although of the same form than the Henri-Michaelis-Menten equation, it
is semantically different since Km now represents a psudo-equilibrium constant, and is
equal to the ratio between the rate of consumption of the complex (sum of dissociation of
substrate and generation of product) and the association rate of the enzyme and the
substrate.
is _a: SB0O:0000011 ; kinetics of unireactant enzymes
MathML: <math xmlns="http://www.w3.0rg/1998/Math/MathML"”>
<lambda>
<bvar><ci definitionURL="http://www.biomodels.net/SBO/#SBO:0000015">S</ci></bvar>
<bvar><ci definitionURL="http://www.biomodels.net/SBO/#SB0O:0000014">E</ci></bvar>
<bvar><ci definitionURL="http://www.biomodels.net/SBO/#SB0O:0000025">kp</ci></bvar>
<bvar><ci definitionURL="http://www.biomodels.net/SBO/#SB0:0000008"”>Km</ci></bvar>
<apply>
<divide/>
<apply>
<times/><ci>E</ci><ci>kp</ci><ci>S</ci>
</apply>
<apply>
<plus/><ci>Km</ci><ci>S</ci>
</apply>
</apply>
</lambda>
</math>

e S


http://www.w3.org/1998/Math/MathML

New SBML attribute: shoTerm

syntax: <elementX sboTerm="SBO:ddddddd” >

present in:

- model

- initialAssignment (new element of L2V2)

- rule

- constraint (new element of L2V2)

- reaction

- speciesReference and modifierSpeciesReference
- kineticLaw

- parameter

e

L T



Revealed assumptions
[T

<reaction>
<listOfReactants>
<speciesReference species="S" />
</listOfReactants>
<listOfProducts>
<speciesReference species="P" />
</listOfProducts>
<listOfModifiers>
<speciesReference species="E" />
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="Km"/>
<parameter id="kp”/>
</listOfParameters>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">

<apply>
<divide/><apply>
<times/><ci>E</ci>
<ci>kp</ci>
<ci>s</ci>
</apply>
<apply>
<plus/><ci>Km</ci>
<ci>S</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>

pasrannns i eE 'i’ft


http://www.w3.org/1998/Math/MathML

Revealed assumptions
B

<reaction sboTerm="SB0:0000062">
<listOfReactants>
<speciesReference species="S"” sboTerm="SB0:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="P” sboTerm="SB0O:0000011"/>
</listOfProducts>
<listOfModifiers>
<speciesReference species="E” sboTerm="SB0:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="Km” sboTerm="SB0O:0000008"/>
<parameter id="kp” sboTerm="SB0:0000025"/>
</listOfParameters>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">

<apply>
<divide/><apply>
<times/><ci>E</ci>
<ci>kp</ci>
<ci>S</ci>
</apply>
<apply>
<plus/><ci>Km</ci>
<ci>S</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>

e
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Automatic conversion
TS

<reaction sboTerm="SB0:0000062">
<listOfReactants>
<speciesReference species="A" sboTerm="SB0:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="B” sboTerm="SBO:0000011"/>
</1listOfProducts>
<listOfModifiers>
<speciesReference species="C"” sboTerm="SBO:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SB0O:0000008"/>
<parameter id="V” sboTerm="SBO:0000025"/>
</listOfParameters>

</kineticLaw>
</reaction>
continuous simulator discrete simulator
_cvial vi=2l Al C
T 1Al[C]
v2=k_1-[D]
v3=V: D]

e
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& [ “» Eurocpean Bioinformatics Instit... I*’c} Browse the OBO Ontologies ] %

Main Criteria Ontologies Browse Project (VS Subscribe Contact

OBO Ontology Browser

Browse the tree by clicking on the category names; click on an ontology name to view mare information on it.

anatomy

animal natural histony and life histany

[=] chemical
chemical entities of biological interest
physico-chemical methods and properties
physico-chemical process

systems biology

development
ethology
evidence codes
[-] experimental conditions
biological imaging methads
microarray experimental conditions
physico-chemical methods and properties
[-] genomic and proteomic
gene product
sequence types and features
QOBO relationship types
phenotype
taxonomic classification
vocabularies

Please submit any updates ar corractions to the OBQ webmaster

[l & | http:#obo.sourceforge. net/browse. htmil# N == e



Models repositories for modelling neurons

B
[GENESIS][curation]] ]
n.ﬂL:.'
N models repository [CellML][curation...][ ]
AcelliL

JWS online [SBML, Pysces][curation]

L
L

=t

T Modelne| Of SenseLab [NEURON, GENESIS]

Developer Network [E-Cell, SBML]

+ ...

SENSELAA

{

e s



Requirements for a unified model resource
[T

Not focussed on a particular biological substrate or
process nor specialised on a given modelling approach

Real database rather than repository
Thoroughly curated and annotated
International collaboration rather than a one-group effort

Long-term commitment and funding
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BioModels Database: A Free,
Centralized Database of'Curated,
Published, Quantitative Kinetic Models
of Biochemical and Cellular Systems

Le Novere N., Bornstein B., Broicher A., Courtot M., Donizelli M., Dharuri H., Li
L., Sauro H., Schilstra M., Shapiro B., Snoep J.L., Hucka M.
Nucleic Acids Research, (2006), 34: D689-D691



What is BioModels Database

Store and serve gquantitative models of biomedical interest

BioModels Database goes further than MIRIAM: only models
described in the peer-reviewed scientific literature.

Models are curated: computer software check the syntax,
while human curators check the semantics.

Models are simulated to check the reference correspondence

Model components are annotated, to improve identification
and retrieval.

Models are accepted in several formats, and served in
several others.

Aims to be the UniProt of quantitative modelling.

T R



WBL-EBI Where are the models coming from
T

|) Repositories
SBML repository
JWS Online
E-Cell Developer Network

CellML repository

II) Individuals
Members of the SBML community (developers+modelers)

Authors (prior to grant application, before publication etc.)

lIl) Supported by Nature Publishing Group. MSB advices
deposition, and forward supplementary material

V) BioModels DB curators encode new models from literature

T TR



Structure of BioModels Database

.Xlndlcel
annotation
4

B

w
vB'

-

submission

A &3
BML expo

PRIVATE

curation

search

e

Xindicel

graph, XPP, SciLab o

GML .
& gl -
MySQLy

PUBLIC




Detailed pipeline

1) Non-authenticated submission: SBML or CellML

- Annotation in the model (<notes>, <annotation>)

- Annotation entered through submission form

2) [ Transformation into SBML Level 2 Version 1 ]
3) XML schema validation
4) Consistency check
5) Generation of export formats (SBML, CellML, SciLab, XPP, dot)
6) Authenticated semantic curation (correspondence with paper)
7) 3 to 5 again

)

8) Authenticated annotation

i SR



Model annotation

Submitter, Creators, publication, Gene Ontology,

model ICD10, KEGG pathway, OMIM, Reactome, Taxonomy
compartment Gene Ontology
BIND complex, ChEBI, Ensembl, Gene Ontology,
species InterPro, KEGG compound, OMIM, Taxonomy,
UniProt

rule BIND interaction, EC code, Gene Ontology, IntAct,
KEGG pathway, KEGG Reaction, Reactome

reaction BIND interaction, EC code, Gene Ontology, IntAct,
KEGG pathway, KEGG Reaction, Reactome

event BIND interaction, EC code, Gene Ontology, IntAct,

KEGG pathway, KEGG Reaction, Reactome




Search strategy

Search
keyword &(eyword
External DB 1..n - GO, UniProt Oracle database
search ChEBI, PubMed WebServices
External ID External ID

y

Annotation DB 1..n |j Annotation DB 1..n

y

Model DB 1..n
search

BioModels MySQL database

BioModels B ~ BioModels ID BioModels ID

: Xpath: //sbm : *[contai ns(@d, ' TEXT' )]
BlDMDcli‘el\ljlegaMerge | //sbm:*[contains(@ane, "' TEXT )]
(AND/OR) | //xhtni:*[contains(text()," TEXT')]

T T




a2 BioMode Database - Mozilla = BT

|k k
£l [*’Q; BioModels . net I*’Q; Some lectures of Micolas Le ... T%JapanFEFmeeting - BioPAX ... I*?:} BioModels Database |
® DILNTULET TL = SEdILTT OTUNTOUETS LNAatdidaz e TUT EAGLT DTUNTOLETS TASTIINTET 2 TTUT EAGTTTETE O N LA LU L LALL i
Curate Models BIOMDOOMIN02E
---------------------------------------------- + Porson — Search BioModels Database for model submitter and/or creator(s) names, or model reference publication
Mews author({s) names (for example Nicolas Le Novere, Nicoias, Bruce Shapiro ar Shapiro, Edelstein or Novak).
FAC « SBML Fiements — Search BiobModels Database for SBML elements by either name or hofes content (for example
Edigistein or Ricciinic).
Terms of Use * Fesolrce — Search Biokdodels Database for related information found in the models reference publication or third-party
Sialeted] Sl resources, by either publication/resource ident_ifi_er ar te:{t_ (for example 92558450 or cyolin for publication, GO A037048 or
cell cycle far Gene Ontolagy, PO4557 or cell division far UniPrat).
Contact # Fesource [0 - Search Biododels Database for annotations, by third-party resource identifiers (for example [PRO0Z 304
""""""""""""""""""""""""""" far InterPro, fsal4080 for KEGG Pathway, 53970 for Reactome).
EIONAODELS.NET
A part from the BioModels 1D -hased search, for every other criteria the search operates on a confaing the enfered siring basis,
- case-insensitive. That is, searching Person far Shapd or shaplwill return the same results as searching for Shapino or shapiro.
Cormpotation In addition, since search strings are treated as words, do not enter regular expressions.
Nevfobiolsgy
MUltiple criteria can be combined with either and or or. If and is selected, only those models satistying all the criteria will be
"""EML returned. If instead or is selected, all the models satisfying at least one of the criteria will be returned.
3' J BioModels ID: |
.—-___‘ Person: |
JWS SBML Elements: |
on ||ne Resource: I Publication j I
Resource:  Gene Ontology | =) |ce|| cycle =
Resource: Publication I
' ChEBI
Gene Ontology
R ID: . 2l -
esotree UniProt |
Resource ID: IBIND j I
Resource ID: IBIND j I
Compose by & and € or
Search | Reset |
Taop Last modification: Sun Sep 15 17:09:04 BST 2005 Contact
=
Transferring data from www.ebi.ac.uk... = g




EBI Home

BIOMAODELS. NET

Terms of Llse

Contact

JWS

online

About EEI

search EEDLITES

The search returned & models.

Mew Search

BioModels ID —

BIOMODELS DATABASE

HName -~

610k C0000000003

B0 DO000000004

B0 DO000000005

610k D0000000006

B0k Co000000007

B0 DO000000005

Mew Search

Galdbeter 1991 _Kinkdit O=cil
Goldbeter1991 _Minhit Oscil_Expllinact
Tyzon1991_CellCycle_Bwar
Tyzon1991_CellCycle_2war
Mowak1997 _Cell Cycle

Gardner1998_CellCycle_Goldbeter

Last modification: Thu Apr7? 12:31:47 EST 2005

Done

Submissions

PubMed Id = Last Modified =

2005-06-27T16:53:31

o
-

2005-06-27T16:53:42

o]
m
=
=

2005-06-27T165:54 42

o
m
=
=

2005-06-27T16:54:55

o
m
=

2005-06-27T165:56:33

o
m
=
=

2005-06-27T165:56:45

o
=
=
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[T~ BicModals Database - Mozilla | ek

Toolbox Databases Submissions

BIOMODELS DATABASE

l[elinaslslslslslsbnlsW Tysond1991_CellCycle_Gvar

|| SEML L2 W1 | CellML | Scilab | XPP

Services Downloads

EBI Home About EBI

. e dlngs i anl g K =IO IVIO0 e artanases L+ .._I_Jm.
& Yiew Model Graph > b b |

Cell Cycle Model; Tyson (1991, 6
variables)

< Submit Model Comment/Bug

B EHEH

Citation

Terms of Use N Tysan JJ, (19917, Modeling the cell division cycle: cdc? and cyclin interactions. PMAS, B8
Related Software Publication ID: 1831270 7328-7332. hitp:www. pnas. org/coifcantent/abstract/Ba/1B/7 328
Contact Description

A model of the cell oycle based on the interactions between cdc? and cyclin. The model

= has six dynamic variables: CZ2 (cdc2), CP (cdc2-P complex), pM (P-cyclin-cdc2-P complex);
PR M (active MPF, P-cyclin-cdc2 complex); ~ (cycling;, and P {cyclin-P). Total cyclin

Submitter: Nicolas Le Novere caoncentration (YT)is the sum Y T=Y+YP+oh+hd =

Submission Date: 2005-03-13T13:31:]| Rate constant Reaction

Last Modification Date: 2005-09-137| " 22 - 0019 Emptyset -> ¥
k2 =0 Y -» EmptySet
Creation Date: 2005-02-08T18:28:27 || k3 = 200 CP +% -» pM
Creators: Bruce Shagim Hﬂ.prime * Hd*m[t]nz FIM > M
kanatP = 0 M -> i
> kb =1 M-= C2 +%F
K7 =05 ¥P -> EmptySet
kBnotP = 1000000 C2-= CP
K9 = 1000 CP-=C2
Variable IC ODE
C2 0 C2[t] == -(KBnotP*C2[t]) + kITCP[t] + KE™M[t]
CP 1 CP'[t] == KBnotP*C2[t] - KITCP[t] - K3*CP[L™[t]
M 0 M) == -(KSNOtPTML]) - KETM[L]) + (K4prime + k3 M[EP2 T pM[t]

Pl 0.3 ph[t] == KENOtPM[L] - (k4prime + kM2 pM[t] + KSTCRI




Bialkode ) B 0 Fe [ _I_IM
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EBI Home About EBI I - Sl i >dhs
P Te ]
r'd &
BIOMDDDDD{ cyclin biosynthesis
|_;3'_| SEML LY W1 | Cell l
cyclin
—| [# [++
— -+ N+t , , . , .
oyclin cdoZk-p association default degradation of cwvclin
Terms of Lise B
Felated Software Pl iesiio (s 162
Contact
e p-ocvelin cdeZ-p
Submitter: Micolas
Submission Date: ]
Last Modification [ activation of cdec? kinase
Creation Date: 200
LB. J Creators: Bruce Sh l
~_—
e — p-oyeclin edel
JWS —
online = @ m '/
cyelin edel2k dissoccliation deactivation of code2 kinase
=+ ++ =
4] T | [»]

| [0 & | javascriptiwindow.name="'biomodels’ o
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- [T~ BioModels Database - Mozilla W gk

} [ 4
El ["Q} European Bioinformatics Instit... I % BioModels Database ]
jlelnislasaiib A0Sl Tyson1991_CellCycle, :"-"f-r ’
' Browse =] SBML L2 %1 | CellML | Scilab | XPP Reactinn:
bee Search & iew Model Graph cyclin_cdc?k dissociation
Submit Your Model i Submit Model Comment/Bug rate law:
Curate Models o [ EE kG * p-cycling_cdc2
Annotate Models
"""""""""""""""""""""""""""" 9 0 & Refere
Delete Public Model Compartments
Admin Users = Hame | Size
N IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 2 0 e Com cell 1.0
EMYS
FAD —P 5 -
Species
T fl
S B =eE i Hame Compartment | Initial Amount | Initial Concentratio
Felated Software
Contact = o oo Ral | 0-Cyclin_cdo? cell a.o
HIDJ\ADDELENET """ cyclin_cdcZk dissociation + s wersion of set #1 Parameters
Feactants: p-cyclin_cdec?
Hame | Value
- Products: cdc2k
R e - ke | 1.0
Neutobiology p-cyclin
Modifiers:
'_'f_-r ML s Reactiond
= <5 _Close |
\_3- J Bl els [ iz version of set #1
= Feactants: cdclk
N =eER
— Products: cdc2k-FP
JWS Modifiers:
on |ine Referred to as: Reaction?
(]
4] 11l | [ & | Done

Connecting to www.ebi.ac.uk... = g




A - BiokModels Database - Mozilla m B
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3 3
- BioModels Database |

Q|

Terms of Llse

Felated Software

BIONAODELS. NET
®

Compulational
Newfobiofogyy

GML

BW
===

JWS

online

Sllelt{nlololelnlolololiorl Novak1997_CellCycle

|| SBML L2 %1 | CellML | XPP

& Wiew Model Graph

< Submit Model Comment/Bug

B HEH

= =
Froc Matl Acad Sci U3 A 1997 Aug,B4017):9147-52.
Madeling the control of DMA, replication in fission yeast.
A . Movak B, Tysan JJ.
Publication ID: 2256450 Department of Agricultural Chemical Technology, Technical
University of Budapest, 1521 Budapest, St. Gellert ter 4,

Hungary.
= =
Submitter: Micolas Le Movare Gene Ontology mitatic cell cycle
KEGG Pathway sced4110
Submission Date: 2005-09-13T13;33:30 Heactome 9275
Taxonomy 43596

Last Modification Date: 2005-09-13713:33:30
Creation Date: 2005-02-09T13:27:02

Creators: Bruce Shapiro

=+ -+

|-+

|-+ + ]

=+ -+

Cdc13_Cdc? creation
Reactants:

Reactome 55910
Reactome EY252

Products: Cdcl3 Cdc2

| =lli=
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Felated Software

Contact

JWS

online

EBI Home About EBI oup

Services Toolbox Databases
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Downloads

Submissions
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& Wiew Model Graph

< Submit Model Co

. Eile Edit Miew Help

B EHEH

-+l

Publication ID: 153

-+ -+

Submitter: Nicolas|
Submission Date:
Last Modification
Creation Date: 200

Creators: Bruce Sh

=+ ++

— -+ ++

=+ ++

[0 ©F [oone

<reaction metaid="_000013" id="Reactionl" nmame="cyclin cdecZk dissociation” reversible="faldqa

<annotation=

<rdf:RDF xmlns:rdf="http:/ fwww. w3.0rg/1990,/02,/22- rdf-syntax-ns#" xmlns:dc="http: //purl. orgsdciel

<rdf:Description rdf:about="# 0QO0LO"=
=dcterms:is¥ersiondf=
<rdf:Bag=

<rdf:1i rdf:resource="http:/ www.geneontology.org/#G0: 00000TS" /=

</rdf:Bag=
<=/dcterms:is¥ersiondf=
</rdf:Description>

=/ rdf:RDF=
</annotation=

<listOfReactants=
<speciesReference species="M"/=
=/listdfReactants=-
<list0fProducts=
=speciesReference species="C2"/=
=speciesReference species="vF"/=
=/list0fProducts=
<kineticl aw=

=math xmlns="http:/ www.w3.0rg/1998/Math/MathmL"=

=apply=
<times/=
<ci= k& </ci=
cci= M </cis
</apply>
</math>
<listOfParameters=
<parameter id="k5" value="1"/=
=/list0fParameters=
</kineticLaw=
</reaction>
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B mrm ) e BIOMDO0000000005
File Edit Data Simulation
EEE
Time span Error tolerance i i vﬂ spe({ co|.{
Concantration |raw j W Species [ Fluxes [ Parameters [~ Com _—
Engl T 100 * = v Emp  Copasi Plot: ConcentrationPlot m [
- Exponent -G ﬁ 1,27 ¥ |cded ||Zoom Print Save data...
Mum. of Poin 10070 = ¥ |eded ConcentrationPlot
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— W oyl 1.2
Id | Mame | Compartm4 Quantity TJ Initial W |p-c ]
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select all - = T
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4 | ] [ search

SBML import

W=
| % E><ecute| Close|

Initialconds
Continue
Hullcoline
Dir.field flow
W1ndows zoom
phAsespace
Kinescope
Graphic stuff

Farameters
Erase
Makewindow

export in proprietary formats

. =¥ Scilab Graphic (0) = ]l B

[Parsvar?

[ParsYar?

Continue integration

for specified time

|
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Steady increase
E—

Release # models # reactions #annotations
11 April 2005 20 631 1084
01 June 2005 30 736 1609
28 July 2005 44 943 2373
30 January 2006 50 1163 3126

Around 30 models in the curation pipeline

Still important legacy from JWS Online and CellML Repository
(DOCQS)?

Non time-series: Ex Palsson models

Spatial models: e.g. VCell, SmartCell, MesoRD
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Compatibility

_ BN
GML Level 2 Versio_T 1

: pd | B4
evel 1 Version 1 C "N"_
 evel 1 Version 2 ® bilogy,nath dot.koowlt
_evel 2 Version 1 Version 1.1

el o

—
. hiology. math, data. knowledne. \\
Version 1.0

_ Graphs (SBGN?)
Version 1.1

BioPAX




Topical repartition
I

Other

holism

rhythm

Cell cycle

Neurobiology-related: 1, 2 (channel conformation), 20 (HH), 33 (EGF/NGF)
+ circadian rhythms? .




The EBI team

Marco Donizelli, Chen Li: Melanie Courtot:
Tomcat/Xindice/Web interface MySQL/Tomcat

tat ‘w:“ | l

, B Camille Laibe
Lu Li:

Graph, CellML, XPP,
SciLab exports and curation

Nicolas Le Novere:
Design and curation

Arnaud Henry:
BioPAX export
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EBI
—  Nicolas Le Noveére External contributors
- Marco Donizelli <  Band | |
- Mélanie Courtot amuel bandara Tomas Radivoyevitch
; - Upinder Bhalla
i tl:] . Li - Chris Cox Birgit Schoeberl
- en Li
- Nicolas Rodriguez - Christoph Flamm Oleg Sokolsy
- Alexander Broicher - Colin Gillespie Joanne Matthews
~ Arnaud Henry - Les Grivell TJ.ee.rd olde Scheper
: - - Ryan Gutenkunst Birgit Schoeberl
- Camille Laibe - Adam Halasz Henning Schmidt
SBML team - Noriko Hiroi Paul Smolen

Michael Hucka
Andrew Finney
Bruce Shapiro
Benjamin Borstein
Maria Schilstra
Sarah Keating

Keck Graduate Institute

Systems Biology Institute

Herbert Sauro
Harish Dharuri

An international collaboration

Hiroaki Kitano
Akira Funahashi

Stellenbosh University

Boris Kholodenko
Ursula Kummer
Ken Lau

Adrian Lopez Garcia de Lomana -

Rainer Machné
Yukiko Matsuoka
Joanne Matthews
Robert Phair
Marc Poolman

Darren Wilkinson
Molecular Systems Biology

Programs used for curation

CellDesigner
COPASI
Jarnac/|Designer
SBMLodeSolver
XPP-Aut
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