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Requirements for an efficient exchange
B

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 ...
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Standard of representation
~ TIN——

http://www.cellml.org/
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Mooy, malh e knewhiie Fixed specification; Based on modules;
scalable; ... complex

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

Flexible (expendable set of classes/schemas); scalable;

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

BioPAX http://www.biopax.org/

No kinetics; deep semantics;
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The Systems Biology Markup Language (SBML) is a computer-readahle format for representing models of

hiochemical reaction networks. SEML is applicable to metaholic networks, cell-signaling pathways, regulatory SEML-PET Announced

networks, and many others.

Fnternatinnally Supported and Widely Used

SBML has heen evalving since mid-2000 through the efforts of an international group of software developers and users,
Today, =BML is supported by over 90 software systems, including the fallowing fwhere ™ indicates SBML support in

development):

BALSA DEsalve
BAZIS Dizzy
BIOCHAM E-CELL
BiaCharon ecelll
Byalyn E=S
biocyc2=BML FluxAnalyzer
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A Free and Open Language
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(Maw & 2008) SBML-PET is a parameter
esztimation tool that uzes SBML and can wiark
with & variety of types of models.

read more

JSIim suppods SEML

(May &, 2006) J5im iz a Java-bazed simulation
system for building and analyzing gquantitative
models.

read more

SBW 2.5.5 Released

(Al 19, 20061 4 new release of SBW (the
Systems Biology YWorkbench) iz now available.
features significant new capabilities and new
modules.

read more

WebCell Suppors SEML

(A g, 200:) WebCell iz a web-bazed
sitmulation environment far biochemical
networks. b supports exploration and analysis of
steady-state and dynamic behaviors.

read more

SEBML Hackathon 2006

(Aprird, 2006) Yisit the SBML Hackathon
2006 page for mare info about the event
happening this week in Move Hrady, Czech
Republic.

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

SBML is not limited to biochemistry!

Events can describe any discontinuous change, e.g.

neurotransmitter release;

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

It can be a receptor
It can be a neuron
It can be an functional assembly

It can be an organism

> Systems Biology is scale-free!
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Requirements for an efficient exchange
B

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

- Ontologies to relate model components and biological information
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Minimum Information Requested In
the Annotation of biochemical Models

Le Novere N., Finney A., Hucka M., Bhalla U., Campagne F., Collado-Vides J.,
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

http://wwwiebi.ac.uk/compneur-srv/miriam/



Requirements for an efficient exchange
- [T

We need to make the models available
- Personal websites
- Publisher's websites

- Curated repository/databases
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Relevant models repositories

B
[GENESIS]] [ ]
g““"’ ModelDB| Of SenseLab [NEURON, GENESIS][ ]
“HeellML
1 models repository [CellML][curation...][ ]
".. glmgnmdﬂhknmledgz.

JWS online [SBML, Pysces][curation]

Developer Network [E-Cell, SBML]

+ ...
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Neither focussed on a particular biological substrate or
process, nor specialised on a given modelling approach

Real “searchable” database rather than mere repository

Models thoroughly verified, structure and results,
and annotated

International collaboration rather than a one-group effort
Long-term commitment and secure funding

Freely available and reusable

Requirements for a unified model resource
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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

http://www.ebi.ac.uk/biomodels/



Requirements for a unified model resource
[T

Neither focussed on a particular biological substrate or
process,

Real “searchable” database rather than mere repository
Models thoroughly verified, and annotated

International collaboration rather than a one-group effort
Long-term commitment

Freely available and reusable



What is BioModels Database?

Store and serve guantitative models of biomedical interest

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 “Swiss-Prot” of quantitative modelling.
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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+modellers)

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
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. Fil= Edit YWiew Go Bookmarks Tools Window Help

@QQ @ Q |% http:ffwwew ebi.ac. ukfcompneur-srvfbiomodels-mainfsearch-models . dotcmd=ADVANCED: N

| [@g Search] Cgo

-I 4 Home | E3Bookmarks % Biomodels %% compneur S Google % PubiMed % SBO::Systems ...

r

Eurcpean Bicinfermatics Institute

EEI Home About EBI Groups Services Toolbox Databases Downloads Submissions

BIOMODELS DATAB,

;. SEEIC il Models
IIIII B Teut Search
----- Search

You can search Biokodels Database far madels using one or more of the fnllowing criteria
Submit Your Model

+« BioModiels 1D - Search BioModels Database for exacf BioModels identifiers (for exarnple SI0MOG000000007 or BIOMDO000000022).

Curation tips

Annotation tips

Bruce Shapiro or Shapiro, Edelstein or Novak).
& SBML Elements — Search BiowModels Database for SBMWL elements by either name or nofes content (for example Edglstein or Ricotinic).

Reactame).
hodel of the month

Ve o Lise shapiwill return the same results as searching for Shapiro or shagpiro. I addition, since search strings are treated as words, do not enter regular expressions.

Related Software

heeti
el least one of the criteria will be returned.
Contact
Cluote
---------------------------------------------- BioModels ID: I
BIOMAODELS. NET
Person: I
Compheatione) SBML Elements: |
Neufpbiology i
Resource: EGene Ontology j IMAPK
- s
; ‘ML Resource: Publication I
ChEBI
- Resource: Gene Ontology |
kB . J Taxonomy
R ID: i -
B\ esource UniProt I
JWS Resource ID: IBIND j I
online Resource 1D: |BIND j I

Compose by & and ¢ or
Search | Reset |

Top Last modification: Fri May 28 02:36:06 BST 2008

+ Person - Search Biokodels Database for model submitter and/or creatar(s) names, or model reference puhlication authar{s) names (for example Micolas Le Novere, Micolas,

Sign In

,,,,, g ¢ Resource — Search BioModels Database for related information found in the models reference publication or third-party resources, by either publicationfresource identifier or text
Mews (for example 9256450 ar cychin for publication, GO0007043 or cell cyele far Gene Ontology, FO4557 ar cell division for UniProt).

EaQ + Resource D - Search BioModels Database for annotations, by third-party resource identifiers (for example /PRO02394 for nterPro, hsal4080 far KEGG Pathway, 68970 for

A part from the BioModels 10 -based search, for every other criteria the search operates on a confaing the enfered sfrng basiz, case-insensitive. That is, searching Person for Shagi or

Multiple criteria can be combined with either and or or. If and is selected, only those models satisfying all the criteria will be returned. If instead or is selected, all the models satisfying at

re

Contact
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. 4 Home EBookmarks % Biomadels % compneaur S Google S PubMead < SBO::Systems ...

@QO @ O |% http: g ebiac. Uk fcompneur-shifbiomodels-mainfsearch-models do?cmd=ADWVANCED: SEARCH

| [GL Search ] Cgo

uropean Bicinformatics Institute

EBI Home About EBI Groups Services

7 Search Models
BioModels

The search returned 13 models.

Databases Downloads Submissions
BIOMODELS ]

o Browse
e Search <= Mew Search
Submit Your Model
----- Curation tips Show 10 Only
BioModels ID — Name Publication 1D Last Modified

BIOMDO000000003 Huang1996_MAPK_ultrasens 8816754 2006-06-13T23:09:10 SBML L2 41

BIOMDO000000010 Kholodenko2000_MA&PK_feedback 107 12687 2006-04-07 T22:02:49 SBRL L2 41
Model of the manth BIOMDO00000001 1 Levchenko2000_MAPK_noScaffld 10823339 2008-01-31T10:04:08 SBML L2 41
Tarms of Use BIOMDO000000014 Levchenko2000_MAPK_Scaffold 10623939 2006-01-31T10:08:45 SBRL L2 41
Related Software BIQMDO000000026 Markevich2004_MAPK_orderedElementary 14744399 2006-04-02T18:50:28 SBML L2 41
Meetings BIOMDO000000027 Markevich2004_MAPK_orderedhih 14744999 2006-01-31710:12:00 SBML L2 W1
;Zr:taed BIQMDO000000028 Markevich2004_MAPK_phosphoRandomElementary 14744399 2006-04-02T18:53:13 SBML L2 41
------------------------ o BIOMDO000000029 Markevich2004_MAPK_phosphoRandomhii 14744999 2006-04-02T18:55:05 SBRL L2 41
FIOMAODELENET BIQMDO000000030 Markevich2005_MAPK_AlIRandomElementary 14744399 2006-04-02T18:57:56 SBML L2 41
l:';n'ml:rhumni BIOMDO000000031 Markevich2004_MAPK_orderedMM2kinases 14744999 2006-04-02T18:58:15 SBRL L2 41

— BIQMDO000000032 Kofahl2004_pheromone 15300679 2006-03-24T13:34:26 SBML L2 41
:3M L BIOMDO000000033 Brown2004_NGF_EGF_signaling 14526003 2006-05-03T13:02:33 SBRL L2 41
LB' J BIOMDO000000043 Sasagawa2ll5_MAPK 15793571 2006-03-07 T11:36:34 SBML L2 41
.--__‘ <o Mew Search
gr\{}:]se Top Last modification: Fri May 28 02:36:08 BST 2005 Contact
| [ () & £] Done ==




ba

dl

3 [ Tr ]

se - Mozilla >
/é/ ) Cllednisiaaaii0itM Huang1996_MAPK _ultrasens

[ SBML L2 1 | CellML | Scilab | PP | BioPAX

----- Browse e e e
e Search & Wiew Madel Graph | View Model SYG
Submit Your Model <> Zubmit Model Comment/Bug
----- Curation tips
----- Annotation tips = HE
Sign In | |
""""""""""""""""""""""""""" Proc Matl Acad Sci ll 5 A 1995 Sep,93(19):10078-33.
Mews Publication ID: B81E754 Ultragensitivity in the mitogen-activated protein kinase cascade.
FAQ — Huang CY, Ferrell JE. o N
Department of Molecular Pharmacology, Stanford University School of Medicine, CA 34305-5332, USA,

Maodel of the month

= |

Terms of Use

Related Software Submitter: Micolas Le Movere babialis set #1 Gene Ontology MAPKKK cascade
: Taxonomy Xenopus laevis

Meetings Submission Date: 2005-09-13T13:37 562

Contact Last Modification Date: 2006-05-13T23:09:10

.............................................. Creation Date: 2005-02-10T23:32:30

BIONODELS.NET Creators: Rainer Machne

o
Computational = =
Neufoblologyy
compartment
e ML Referrad to as: compartment
= -
SW MAPKKK activator babiokisVersionOf set #| InterPro |[PROD3S77
g Compartment. compartment
Referred to as: ET
JWS MAPKKK inactivator
online Compartment; compattiment

Referred to as: E2
MAPKKK

H

bghiolisversionOf set #1 UniProt MOS XERNLA

Compartment: compartment
Referred to as: KKK

P-MAPKKK bghiolisversionOf set #1 UniProt MOS XENLA

Compartment: compartment
Referrad to as: P_KKK

MAPKK bghiolisversionOf set #1 UniProt MP2K1 XENLA

Compartment: compartment
Referred to as: KK

P-MAPKK bghiolisversionOf set #1 UniProt MP2K1 XENLA

Compartment. compartment
Referrad to as: P_KK

PP-MAPKK bgbiol:isWersionOf set #1 UniProt MP2K1_XEMLA

Compartment: compartment
Referrad to as: PP_KK




Versatility
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unsolicited mirrors
I

CellDesigner:
http://www.systems-biology.org/cd/features/BioModelsNet.html

SIGMOID:

http://www.sigmoid.org/models/ModelBrowse.do

JSIM:

http://nsr.bioceng.washington.edu/cgi-bin/butterw/jsquery.cgi?d=biomodels

We are happy about that! Feel-free to do the same!



The EBI team

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

tat ‘w:“ | l

, B Camille Laibe
Lu Li:

Curation plus Graph, CellML,
XPP and SciLab exports

Nicolas Le Novere:
Design and curation

Arnaud Henry:
BioPAX export




An international collaboration

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

Hiroaki Kitano
Akira Funahashi

Adam Halasz

Noriko Hiroi

Boris Kholodenko

Ursula Kummer

Ken Lau

Adrian Lopez Garcia de Lomana

I

E_Bil Nicolas Le Novére External contributors

- Marco Donizelli

- Mélanie Courtot - Samuel Bandara - Carole Proctor

- Luli - Upinder Bhalla - Tomas Radivoyevitch

- Chen Li Chris Cox - Birgit Schoeberl

- Nicolas Rodriguez Joha.n Elf - Oleg Sokolsy

- Alexander Broicher Dav'ld Fange - Joanne Matthews

_ Arnaud Henry Chr.|st0|.oh Flgmm - Tjeerd olde Scheper

~  Camille Laibe Colin Gillespie - Birgit Schoeberl

Les Grivell - Henning Schmidt

SBML team Ryan Gutenkunst - Paul Smolen

- Darren Wilkinson
- Molecular Systems Biology

Programs used for curation

- CellDesigner

' A - COPASI
- Harish Dharuri Rainer Machne _
Yukiko Matsuoka - Jarnac/JDesigner
Keck Graduate Institute Joanne Matthews - MathSBML
- Herbert Sauro - Robert Phair - SBMLeditor
- Marc Poolman - SBMLodeSolver
Systems Biology Institute - XPP-Aut

Stellenbosh University
- Jacky Snoep =532
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