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» Conviction that computational modeling becoming crucial

» Mechanistic modeling and dynamical simulation enables
quantitative hypothesis testing

» Not a new idea—dates to 1940’s if not earlier

» Today software tool support is better than ever
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Specialized software tools for
computational modeling in biology
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Specialized software tools for
computational modeling in biology
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Specialized software tools for
computational modeling in biology

» > 100 available

» Range of capabilities
» Editing/creating models
» Simulating/analyzing
» Visualizing

» Databasing

SBML Model Integration Server

A web interface to the SBML_odeSolver pro

This server will integrate a valide SBML model.
At this stage the web service is experimental!!!

Instructions

Please upload a valid SBML Model

Please provide a valid email address (you will be notified by em:
Y our model will be validated prior to integration using the functio
It validation errors occur, please correct them and resubmit your

L
L ]
L 3
L

f_Chunse File “ no file selected

youi@where.org Y our Email Address

1000 Simulation Time (use scientific notation e.g. le? for 10000000)
100  Print Step
le-09 Absolute Er

0.0001 Relative Err SBML ODE SOlVGI’)




Specialized software tools for
computational modeling in biology

» > 100 available

» Range of capabilities
» Editing/creating models
» Simulating/analyzing
» Visualizing

» Databasing




Many common types of model
representation frameworks

» (Continuous) nonlinear differential equations
» (Discrete) stochastic systems

» Boolean networks

» Bayesian networks

» Petri Nets

» others...
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Abllity to exchange models is critical

» Simply publishing equations is not enough
» Don’t want to transcribe equations from papers
» You want a common file format
» Not a new idea—seems obvious
» Still, a format hadn’t existed before year 2000
» Each tool had its own unique proprietary format

» (Fewer tools t00)
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(the speaker)

JST ERATO
Kitano Project

One initial component: get 8-
10 software systems interacting
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SBML =
Systems Biology Markup Language

» Machine-readable format for computational models
b Qi :
Suitable for reaction networks D ALB—C
» Arbitrary rate functions C—D+F
» Models can also include
» Compartments

» Mathematical “extras”

» Declarative, not procedural




SBML is an XML format

=ITRIIL vVeLSLIUIl= L.W BILUMAINE=S WIr™a §~
<sbml xmlns="http://www.sbml.org/sbml/level2" level="2" version="1
xmlns:math="http://www.u3.org/1998/Math/MathML">
<model>
<list0fCompartments>

> SBML defined using UML i e

<list0fSpecies>
and XML SChema <species id="X0" compartment="cell"” initialConcentrati
<species id="X1" compartment="cell"” initialConcentrati
<gpecies id="T" compartment="cell" initialConcentratio

<gspecies id="51" compartment="cell" initialConcentrati

= Targeted at XML but <species id="352" compartment="cell" initialConcentrati
)

</list0fSpecies>

. . <list0fFParameters>
rT]()EStIS/ Ir1CjEBF)EBT1(jEBY1t ()f |t <parameter id="Keq" value="2.5"/>
</list0fParameters>
<listOfRules>
- <assignmentRule variable="S1">
’ A Ilngua franca for <math xmlns="http://wuw.w3.org/1998/Math/MathML">
<apply>
software, not humans e T /et
<apply>
<plus/>

. <cn> 1 </fcn>
’ Thlnk HTML <eir [{aqfw"-r:i}
</apply>
</apply>
</math>
</assignmentRule>




Where is SBML today?




Now the de facto standard

SBML.org - The home site for the Systems Biology N

806
[ -

] [ ¢ l ;_3http:f,fﬁbml.nrg,findex_pﬁp

BML

Systems Biolog)
Markup Langua

home # contacts # documents + downloads = FAQs + forums # Level 3 * models

The Systems Biology Markup Language (SEML) is a computer-readable format for represel
maodels of biochemical reaction networks. SEML is applicable to metabolic networks, ct
signaling pathways, regulatory networks, and many others.

Internationally Supported and Widely Used

SBEML has been evolving since mid-2000 through the efforts of an international group of sof
developers and users. Today, SEML is supported by owver 100 software systems, includi
following (where ™ indicates SEML support in development):

BALSA
BASIS
BIOCHAM
BioCharon
ByoDyn
BioCyc
BioGrid
BioModels
BioMetzen

DBEsolve
Dizzy
E-CELL
ecelld

ESS
FluxAnalyzer
Fluxaor
Gepasi
GillespieZ
HSME
HybridSEML

[LY E=J U Bl W R S )

MMTZ
Modesto
Maleculizer
Manod
Marrator
MetBuilder
Cscills
PANTHER Pathway
PathArt
PathScout
PathwayLab

Omdbarms s Tommles

SEMLmerge
SEMLR
SEMLSIm
SEMLToolbox
SEID
SEToolbox
SBW
SClpath
Sigmoid*
SigPath
SigTran

CIRAD A

» Supported by >100
systems

» Accepted by journals

» Nature
» PLoS
» BMC

» Used in texbooks &
courses




A community of modelers and
software developers

» sbmli-discuss (275+
people), sbml-announce

» Annual SBML Forum
meeting (at ICSB)

» Annual SBML Hackathon
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Support by SBML Team

» Writing grants for core development
» Writing infrastructure software

» libSBML

» MathSBML, SBMLToolbox

» Maintaining web & mailing list resources

» Organizing workshops & other events




Latest: SBML Level 2 Version 2

Systems Biology Markup Language (SBML) Level 2:
Structures and Facilities for Model Definitions

Andrew Finney
afinney@shbml . org
Phyvsiomics PLC
M Clentre
§ | Science Park
Oxford, OX4 4GA. UK

» Final version released N Le Novire

lenovi@ebi.ac.uk

Se tem ber 26 European Bioinformatics Institute
p Wellcome enome Campus, Hincton

Cambridege, CB10 15D, UK

SBML Level 2, Version 2, Revision 1

26 September 20006

ML lang
or the

ML Lewvel 2
corg/specificatie

‘ersion 2 iom 15 available at

sbhml - level ion-2/revision-1/




Examples of significant changes

» Many clarifications

» Simplification to the unit system

» Addition of species types, compartment types

» Addition of “constraints”

» Support for the Systems Biology Ontology (SBO)
» Recommended standard format for annotations

» “Revisions” process for handling errata




What lies ahead?




Revised SBML governance &
development process

» Borrow ideas from W3C & other organizations
» Implement a better-defined, regimented process
» Calls for proposals, etc.
» \oting, etc.
» Have an architectural board to steer development
» Have more SBML Editors
» Elect SBML Editors for limited terms
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» Modular language extensions

» Core expected to be based “mostly” on Level 2 Version 2




SBML Level 3

» Modular language extensions

» Core expected to be based “mostly” on Level 2 Version 2
» |ayered on top of core: feature sets for—

» Diagram storage

» Multicomponent species

» Models composed of submodels

» Arrays and/or sets of components

» Spatial geometry

» Other cababilities




Full SBML Test Suite

» Allows developers to test implementation of SBML support
» Critical for improving software interoperability
» Currently have a partial “SBML semantic test suite”
» Needs further work to—
» Complete coverage of SBML features

» Improve ease of use
» Update for Level 2 Version 2 and Level 3

» Add web system for reporting results, comparisons, etc.
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BioModels.net




Got models?




Got models?

» Early FAQ in SBML.: is there
a database of models?




Got models?

» Early FAQ in SBML.: is there
a database of models?

» Raw model isn’t very
“searchable”




Got models?

» Early FAQ in SBML.: is there
a database of models?

» Raw model isn’t very
“searchable”

» SBML provides syntax
» But SBML doesn’t—

» encode meaning

» regulate use of names




Got models?

» Early FAQ in SBML.: is there
a database of models?

» Raw model isn’t very
“searchable”

» SBML provides syntax
» But SBML doesn’t—

» encode meaning

» regulate use of names

<Pxml version="1.0" encoding="UTF-g"7>
<sbml xmlns="http://www.sbml.crg/sbml/level2” level="2" versiocn="1
xmlns:math="http://www.w3.org/1998/Math/MathML">
<model>
<list0fCompartments>
<compartment id="cell"/>
</list0f Compartments>
<list0fSpecies>
<species id="X0" compartment="cell"” initialConcentrati.
<spacies id="X1" compartment="cell"” initialConcentrati
<gspecies id="T" compartment="cell" initialConcentratim
<species id="51" compartment="cell"” initialConcentrati
<species id="52" compartment="cell"” initialConcentrati
</list0fSpeciaes>
<listUfFarameters>
<parameter id="Keq" value="2.5"/>
</list0fParameters>
<list0fRules>
<assignmentRule variable="31">
<math xmlns="http://www.w3. org/1998/Math/MathML">
<apply>
<divide/>
<ci> T </ei>
<apply>
<plus/>
<cn> 1 <fcn>
<ci> Keq </ci>
</apply>
</apply>
</math>
</assignmentRule>




Got models?

» Early FAQ in SBML.: is there
a database of models?

» Raw model isn’t very
“searchable”

» SBML provides syntax
» But SBML doesn’t—

» encode meaning

» regulate use of names

<Pxml version="1.0" encoding="UTF-g"7>
<sbml xmlns="http://www.sbml.crg/sbml/level2” level="2" versiocn="1
xmlns:math="http://www.w3.org/1998/Math/MathML">
<model>

<listO0fCompartmentsz
<compartment i-:l
</list0f Compartments:

<list0fSpecies>
<gspecies idf"X0" jcompartment="cell"” initialConcentrati
<gspacies idfp"X1" jcompartment="cell"” initialConcentrati
<gspecies idp"T" qompartment="cell" initialConcentratim
<species idp"S51" jcompartment="cell"” initialConcentrati
<species idg"52" Jcompartment="cell"” initialConcentrati
</list0fSpeciaes>

<listUfParameters>
<parameter idlugl"z 5/
</list0fParameters®

<list0fRules>
<assignmentRule variable="S51">
<math xmlns="http://wuw.w3.org/1998/Math/MathML">
<apply>
<divide/>
<ci> T </ci>
<apply>
<plus/>
<cn®» 1 </cn>
<ci> Keq </eci>
</apply>
</apply>
</math>
</assignmentRule>




Got models?

<Pxml version="1.0" encoding="UTF-g"7>
<sbml xmlns="http://www.sbml.crg/sbml/1e
xmlns:math="http://uww.wd.org/1}

’ Early FAQ |n SBML |S thel’e {mndﬂistﬂfli'_‘.nmpartmentﬂir-

a database of models?

» Raw model isn’t very
“searchable”

» SBML provides syntax

» But SBML doesn’t—

» encode meaning

» regulate use of names

<compartment id ]

</list0fCompartments?
<list0fSpecies>
<gspecies idf"X0" jcompartment="cell"” initialConcentrati
<speacies i compartment="call" initialConcentratii
mpartment="cell" initialConcentratim
compartment="cell" initialConcentrati
compartment="cell" initialConcentrati.
</list0fSpeciaes>
<listUfFarameters>
<parameter id alue="2.5"/>
</list0fParameters®
<list0fRules>
<assignmentRule variable="G1">
<math xmlns="http://www.w3.org/1998/Math/MathML">
<apply>
Zdivides>
<ci> T </ei>
<apply>
<plus/>
<cn> 1 <fcn>
<ci> Keq </ci>
</apply>
</apply>
</math>
</assignmentRule>




Got models?

<Pxml version="1.0" encoding="UTF-g"7>
<sbml xmlns="http://www.sbml.crg/sbml/1e
xmlns:math="http://uww.wd.org/1}

> Early FAQ in SBML: is there
a database of models?

<list0fSpecies>
<species id

» Raw model isn’t very (species

spacies ] domp - —zi
L = “apacias compartment="cell"” imnitialConcentrati
ESEBEIF()?]Eit)lEB {sggcies £ S cﬁmﬁartmentn"cell“ initialConcentrati
</list0fSpeciaes>
’ . clistOfParameters> .
SBML pI’OVIdeS SyntaX <parameter idf"Keq" Jalue="2.5"/>
</list0fParameters®
£listOfRules>

’ <assignmentRule variable="G1">
’ But SBML doesn t_ <math x:n]_:n:_-'.='l:htt]:n:_.-".-"'uuu.'..:3.m_'g,u"1.QQE.-"!-{ath.-"'HathH[."::

<divide/>
' <ci> T </ci>
» encode meaning b T </e
<plus/>
<cn®» 1 </cn>
» regulate use of names o Tt >
L .I'Il a‘ppl :" :.J «
</math>
</assignmentRule>




BioModels.net consortium

» International collaboration to develop:
1. A public database of curated, annotated models: BioModels Database
2. Guidelines for curation and annotation of models: MIRIAM
3. Ontology suited to computational models: SBO
» Main collaborators
» Nicolas Le Novere’s Computational Neurobiology group at EBI (UK)
» Hucka and SBML Team at Caltech (USA) and U. Hertfordshire (UK)
» Herbert Sauro’s group at Keck Graduate Institute
» Hans Westerhoff & Jacky Snoep’s JWS Online (ZA and UK)
» Hiroaki Kitano’s Systems Biology Institute




BioModels Database
http://www.ebi.ac.uk/biomodels
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* European Bioinformatics Institute

Ime About EEBI Senvices Toolbox Database:

» Free, public resource

» Models must be described in e Ll Tyson1991 CellCyc
peer-reviewed publication(s) del

SBML L2 V1 | CellML | SciLab | XPP | BioPAX

ted Models

> |mp0rtS mOde|S in SBM L & curated Models 2, View Model Graph | View Model SVG | View Simulation Result | Vi
CG"ML fOI’matS i submit Model Comment/Bug

four Model

» Exports in SBML, CellML, e

itation tips

SciLab, XPP and BioPAX Reference Publication

Proc Matl Acad Sci U

Modeling the cell divi
Publication ID: 1831270 Tyson JJ.

Department of Biolog
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Models are curated

» Human curators check cﬁ‘aé?ﬁ!lﬁ?i
correspondence to publication

» Human curators add
annotations

» General info about model,
author, publication, etc.

bt

» References to external data el méaucs E:?Itgsfgnn;g:ﬁi:ﬁ
resources: UniProt, KEGG,
NCBI, Gene Ontology, ChEBI,
BIND, Reactome ~SEID,




Features of BioModels Database

» True database: can search model content & annotations

» SBML XML stored in XINDICE; annotations in an SQL database
» Some statistics today (6th release in Oct. 2006):

» 70+ curated, dynamical models

» E.g.: Tyson yeast cell cycle models, Elowitz E. coli repressilator,
Teusink et al. yeast glycolysis, Rohwer et al. E. coli glucose transport

» 26 non-curated models (e.g., models lacking kinetics, such as FBA)

» Model sources: us, Nature/EMBO Molecular Systems Biology,
repositories such as JWS Online and CellML, individual researchers




MIRIAM

» “Minimal info. requested in the annotation of biochemical models”

» Proposed guidelines for basic annotation of models
» Reference correspondence, €.g.,
» Be encoded in a public, standardized format (SBML, CellML, etc.)
» Must be instantiated in a simulation & all quantitative attributes defined
» Attribution annotation (info about model creators, source reference, etc.)

» External source annotations (linking model element to data source)

» Goal: minimal common standards enabling sharing of curation effort




SBO = Systems Biology Ontology

» Occupies a space not filled by other ontologies
» Primarily for describing rate laws and constituents
» Classification of rate laws
» Each term includes a mathematical function definition
» Controlled vocabulary for the roles of reaction participants

» E.g.: “substrate”, “catalyst”, “competitive inhibitor”, etc.

» Controlled vocabulary for the roles of parameters in quantitative
models




BioModels.net portal
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Background

» No current standard for
network diagrams in biology

» No consistency—
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» Between publications




Background

» No current standard for
network diagrams in biology

» No consistency—
» Between authors
» Between papers

» Between publications

plasma membrane

pPT183Y185

CREB
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Standardization would bring benefits

» Notations standardized in -
. . Typical 8-pin "DIP" op-amp
electrical/electronics, integrated circuit
software engineering, etc. NG Offect

connection v Output null

» Taught in textbooks
» Supported by software
» Automated verification

» Consistency makes it easier
to read new diagrams




SBGN =
Systems Biology Graphical Notation

» Goal: bring simulation/modeling community together and develop a
proposal for a standard notation for some types of diagrams

» Starting with metabolic & signaling networks
» Begun late ‘05 by Kitano/Le Novere/Hucka thanks to NEDO funding
» 2 SBGN workshops held so far (Feb and Oct 2006)

» Many groups participating: Goryanin group (U. Edinburgh), BioPAX
(MSKCC New York), SR, CellML, EML (Germany), many others

» Join if you’re interested!

» Currently working towards a first proposal
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The funding

National Institute of General Medical Sciences (USA)

JST ERATO Kitano Symbiotic Systems Project (Japan) (to 2003)
National Science Foundation (USA)

International Joint Research Program of NEDO (Japan)

JST ERATO-SORST Program (Japan)

Japanese Ministry of Agriculture

Japanese Ministry of Educ., Culture, Sports, Science and Tech.
BBSRC e-Science Initiative (UK)

DARPA IPTO Bio-SPICE Bio-Computation Program (USA)

Air Force Office of Scientific Research (USA)

» STRI, University of Hertfordshire (UK)

» Beckman Institute, Caltech (USA)
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Chen Li
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Hiroaki Kitano
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Michael Hucka
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A million thanks to the SBML Community too




Where to learn more

» http://sbml.org

» http://biomodels.net
» http://sbgn.org

» Upcoming:

» BioModels.net Training Camp 2007 January 13-15, Manchester, UK

» SBML Hackathon 2007 in June at U. Newcastle, UK

» SBGN Workshop in 2007 (probably March 2007, Gosau, Austria)

» SBML Forum 2007 in Long Beach, CA, USA, Oct. 5-6 (ICSB 2007)
» Thank you!




