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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 present in BioModels Database are annotated and linked to relevant data resources, such as
publications, databases of compounds and pathways, controlled vocabularies, etc.|
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Kinetics models are biological data

nature

5 May 2005 voluma 435 Istus no 7038

In pursuit of systems

The study of functioning groups of molecules is an important frontier of biclogy at reductionist and holistic levals, Cantral
to the long-term goals of scientific research, it brings its own challenges of infrastructure and evaluation.

hat is the difference between a live cat and a dead one? One
Wscimtiﬁ.c answer is “systems biology’ A dead cat is a collec-

tion of its component parts. A live cat is the emergent
behaviour of the system incorporating those parts. There is certainby
a vast distance to go before we can fully encompass such a system
within scientific description. 5o how is systerns biology already
moving us towards the fullest possible description of a live cat?

By focusing on the behaviour of individual proteins and other
biomolecules, much of what gives life its unique propertics can be
missed. Toa systems biologist, the network of interactions formed by
these components is more important than the molecules themselves,
Properties such as robustness and evalvability, essential characteris-
tics of life, then emerge from the topology of biological networks,
independent of the constituents from which they are built.

Such ahoelistic view may sound dangerously soft-edged. Far from
it. Systems biology couples the acquisition of comprehensive, high-
definition data sets to the construction of quantitative models and
comnputer simulations, Indeed, it is an explicitaim of bath the Eyoto
Encyclopedia of Genes and Genomes and the Alliance for Cellular
Signaling to constructa fully functioning computer model ofa cell.

Thepresent state of experimental systems biology isboth tantaliz-
ing and frustrating. To provide the level of detail required for us to
lnow whatis going on in a cell, microarray technologies will need to
be faster and require smaller samples; ways to label and follow more
hiological malecules within a cell must be discovered; new spectno-
scopic tools to non-invasively measure multiplemetabalite levels will
need to be developed, and so on. Nature is committed to publishing
studies that push back the technolagical frontier of whatitis possible
toknow about important biological systems.

But technical wizardry and large data sets are only part of the
systems-biclogy approach — a system is not fully understood unti
aquantitative model can be built. The role of modelling in biological
research is controversial and can spark heated debates. What is clear,

though, is that the wealth of experimental data emerging from sys-
tems biclogy would be uninterpretable without detailed models
againstwhichthey can be compared. Advances inmodellingand sim-
ulation are thus no lessimpor tant than data collection.

Every discipline generates community infrastructures, and systems
bialogy is no exception. In the past five years, systems-hiclogy insti-
tutes, departments and initiatives have been springing up across the
globe, New journalshave beenlaunched, including The Institution of
Electrical Engincers’ Systems Biolagyand Nature Publishing Group's
Molecwlar Systemns Bialogy. The latter, an author-pays, online-only
journal, is a joint venture with the European Molecular Biology
Organization and went livelast month.

The exchange of models between researchers is imperative, so
a welcome development last month was the launch of BioModels
(www.chiac,uk/biomodels), a curated database for the deposition of
biological models. BiohModels has built on the success of Systems
Biology Markup Language (SBML) in providing a format for the
presentation of modds, allowing thern to be implemented on different
software platforms. Nature journals and Molecular Systesns Biology
supportsubmissions invalving SEML.

It is hoped that BioModels will form the basis of a universally
accepted repository that can do for systems biology what GenBank
and the Protein Data Bank have done for genetics and structural biol-
ogy. Nature applauds such efforts and will encourage authors of
papers containing suitable models to contribute them to BioModels.

Systerns biology presents an intellectual challenge to scientists
and journal editors alike. Papers in thisfield document a highly multi-
disciplinary endeavour. Reviewers of such papers are very good at
dissecting the aspects that fall with in their sphere of expertise,but are
less insightful beyond. 5o it falls to editors to weigh their frequently
conflicting opinions in taking balanced and clear-sighted decisions.
As a multidisciplinary journal, Nature welcomes the particular
challenges that systems biology presents. ]
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Kinetics models are biological data

nature

5 May 2005 voluma 435 Istus no 7038

In pursuit of systems

The study of functioning groups of molecules is an important frontier of biclogy at reductionist and holistic levals, Cantral
to the long-term goals of scientific research, it brings its own challenges of infrastructure and evaluation.

hat is the difference between a live cat and a dead one? One
Wscimtiﬁ.c answer is “systems biology’ A dead cat is a collec-

tion of its component parts. A live cat is the emergent
behaviour of the system incorporating those parts. There is certainby
a vast distance to go before we can fully encompass such a system
within scientific description. 5o how is systerns biology already
moving us towards the fullest possible description of a live cat?

By focusing on the behaviour of individual proteins and other
biomolecules, much of what gives life its unique propertics can be
missed. Toa systems biologist, the network of interactions formed by
these components is more important than the molecules themselves,
Properties such as robustness and evalvability, essential characteris-
tics of life, then emerge from the topology of biological networks,
independent of the constituents from which they are built.

Such ahoelistic view may sound dangerously soft-edged. Far from
it. Systems biology couples the acquisition of comprehensive, high-
definition data sets to the construction of quantitative models and
comnputer simulations, Indeed, it is an explicitaim of bath the Eyoto
Encyclopedia of Genes and Genomes and the Alliance for Cellular
Signaling to constructa fully functioning computer model ofa cell.

Thepresent state of experimental systems biology isboth tantaliz-
ing and frustrating. To provide the level of detail required for us to
lnow whatis going on in a cell, microarray technologies will need to
be faster and require smaller samples; ways to label and follow more
hiological malecules within a cell must be discovered; new spectno-
scopic tools to non-invasively measure multiplemetabalite levels will
need to be developed, and so on. Nature is committed to publishing
studies that push back the technolagical frontier of whatitis possible
toknow about important biological systems.

But technical wizardry and large data sets are only part of the
systems-biclogy approach — a system is not fully understood unti
aquantitative model can be built. The role of modelling in biological
research is controversial and can spark heated debates. What is clear,

though, is that the wealth of experimental data emerging from sys-
tems biclogy would be uninterpretable without detailed models
againstwhichthey can be compared. Advances inmodellingand sim-
ulation are thus no lessimpor tant than data collection.

Every discipline generates community infrastructures, and systems
bialogy is no exception. In the past five years, systems-hiclogy insti-
tutes, departments and initiatives have been springing up across the
globe, New journalshave beenlaunched, including The Institution of
Electrical Engincers’ Systems Biolagyand Nature Publishing Group's
Molecwlar Systemns Bialogy. The latter, an author-pays, online-only
journal, is a joint venture with the European Molecular Biology

The exchange of models between researchers 15 imperative, so
welcome development last month was the launch of BioModels
webiac.uk/biomodels), a curated database for the deposition of
logical models. BiohModels has built on the success of Systems
Blogy Markup Language (SBML) in providing a format for the
ntation of modds,allowing them to be implemented on different

The exchange of models between researchers is imperative, so
a welcome development last month was the launch of BioModels
(www.ebi.ac.uk/biomodels),a curated database for the deposition of
biological models. BioModels has built on the success of Systems
Biology Markup Language (SBML) in providing a format for the
presentation of models,allowing them to be implemented on different
software platforms. Nature journals and Molecular Systems Biology
supportsubmissions involving SBML.

Storage and Annotation of Reaction Kinetics Data
May 21-23, 2007, EML research, Heidelberg, Germany



EMBL-EBI

Kinetics models are biological data

nature
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In pursuit of systems

The study of functioning groups of molecules is an important frontier of biclogy at reductionist and holistic levals, Cantral
to the long-term goals of scientific research, it brings its own challenges of infrastructure and evaluation.

hat is the difference between a live cat and a dead one? One
st:ientiﬁ.-: answer is “systems biology’ A dead cat is a collec-

tion of its component parts. A live cat is the emergent
behaviour of the system incorporating those parts. There is certainby
a vast distance to go before we can fully encompass such a system
within scientific description. 5o how is systerns biology already
moving us towards the fullest possible description of a live cat?

By focusing on the behaviour of individual proteins and other
biomolecules, much of what gives life its unique propertics can be
missed. Toa systems biologist, the network of interactions formed by
these components is more important than the molecules themselves,
Properties such as robustness and evalvability, essential characteris-
tics of life, then emerge from the topology of biological networks,
independent of the constituents from which they are built.

Such ahoelistic view may sound dangerously soft-edged. Far from
it. Systems biology couples the acquisition of comprehensive, high-
definition data sets to the construction of quantitative models and
comnputer simulations, Indeed, it is an explicitaim of bath the Eyoto
Encyclopedia of Genes and Genomes and the Alliance for Cellular
Signaling to constructa fully functioning computer model ofa cell.

The present state of experimental systems biology is both tantaliz-
ing and frustrating. To provide the level of detail required for us to
lnow whatis going on in a cell, microarray technologies will need to
be faster and require smaller samples; ways to label and follow more
hiological malecules within a cell must be discovered; new spectno-
scopic tools to non-invasively measure multiplemetabalite levels will
need to be developed, and so on. Nature is committed to publishing
studies that push back the technolagical frontier of whatitis possible
toknow about important biological systems.

But technical wizardry and large data sets are only part of the
systems-biclogy approach — a system is not fully understood unti
aquantitative model can be built. The role of modelling in biological
research is controversial and can spark heated debates. What is clear,

though, is that the wealth of experimental data emerging from sys-
terns biclogy would be uninterpretable without detailed models
againstwhichthey can be compared. Advances inmodellingand sim-
ulation are thus no lessimpor tant than data collection.

Every discipline generates community infrastructures, and systems
bialogy is no exception. In the past five years, systems-hiclogy insti-
tutes, departments and initiatives have been springing up across the
globe. Mew journalshave beenlaunched, including The Institution of
Electrical Engincers’ Systems Biolagyand Nature Publishing Group's
Molecwlar Systemns Bialogy. The latter, an author-pays, online-only
journal, is a joint venture with the European Molecular Biology

The exchange of models between researchers 15 imperative, so
welcome development last month was the launch of BioModels
.ebiac. uk/biomodels), a curated database for the deposition of
logical models. BiohModels has built on the success of Systems
Blogy Markup Language (SBML) in providing a format for the
ntation of modes, allowing thermn to be implemented on different

Deposition advised by

Molecular Systems Biology
all PLoS journals
all BMC Journals

The exchange of models between researchers is imperative, so
a welcome development last month was the launch of BioModels
(www.ebi.ac.uk/biomodels),a curated database for the deposition of
biological models. BioModels has built on the success of Systems
Biology Markup Language (SBML) in providing a format for the
presentation of models,allowing them to be implemented on different
software platforms. Nature journals and Molecular Systems Biology
supportsubmissions involving SBML.
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C ML Systems Biology
' Markup Language

Search this site |

home * contacts * documents * downloads * FAQs * forums * Level3 * models * news * onlinetools * wiki * workshops

A Free and Open Language

ame hinlnnv

The Systems Biology Markup Language (SBML) is a computer-readable format for representing models of BioNetGen@VCell Release
biochemical reaction networks. SBML is applicable to metabolic networks, cell-signaling pathways, regulatory (October 6, 2006) BioNetGen@VCell is a new
networks, and many others. release of BioNetGen, a tool for automatically
generating a reaction network from user-specified
Internationally Supported and WIdEly Used rules for biomolecular interactions on the level of
protein domains.
SBML has been evolving since mid-2000 through the efforts of an intemational group of software developers (EZE T
. . . . o )
arl’d u?ersé;&dl_ay, SBh:tL. |sdsuplported ::)y over 100 software systems, including the following (where PottersWheel supports SEML il
Indicates support in development): (October 4, 2006) PottersWheel 1.2 beta, a
. . MATLAB systems biol toolbox, supports model
Eilf‘_:slsf? I[EJIEZELL mmecullzer SBMLR, creation, ﬁtts;ng data, ancc)iggesigning ne*.ir:rpo
- onod SBMLSIim experiments.
BIOCHAM ecellJ Narrator SBMLToolbox read more
BioCharon ESS NetBuilder SBIiD
ByoDyn FluxAnalyzer Oscill8 SBToolbox 1 ;
BioCyc Fluxor PANTHER Pathway SBW SBML Level 2 Version 2 Released!
BioGrid Gepasi PathArt SClpath (September 25, 200&?} The ﬁnall version of the
BioModels Gillespie2 PathScout Sigmoid* gfa’i‘l'a'a';f"e' 2 Version 2 specification is now
BioNetGen HSMB Pathway Analyser SigPath .
BioPathwise HybridSBML PathwayLab SigTran S ke
Bio Sketch Pad INSILICO discovery Pathway Tools SIMBA . ——
BioSens JACOBIAN PathwayBuilder SimBiology SBML Wikipedia entry
BioSPICE Dashboard Jarnac PATIKAweb Simpathica (Sepiember 15, 2006) There is now an updated
BioSpreadsheet JDesigner PaVESy SimPheny* entry for SBML in Wikipedia. Let us know your
BioTapestry JigCell PET SimWiz suggestions for improvements.
BioUML JSim PNK SloppyCell read more
BSTLab JWS Online PottersWheel SmartCell .
CADLIVE Karyote* Reactome SRS Pathway Editor SBML Tutorial at ICSB 2006
CellDesigner KEGG2SBML ProcessDB StochSim (September 8, 2006) Mike Hucka will be leading a
Cellerator Kineticon PROTON StochKit tutorial on SBML this year at ICSB 2006 in Japan.
CellML2SBML Kinsolver* pysbml STOCKS The focus willl be on the about-to-be-released SBML
Cellware libSBML PySCeS TERANODE Suite Level 2 Version 2.
CL-SBML MathSBML runSBML Trelis read more
CLEML MesoRD SABIO-RK Virtual Cell .
COPASI MetaboLogica SBML ODE Solver ~ WebCell See older news items.
Cyto-Sim MetaFluxNet SBML-PET WinSCAMP
Cytoscape MMT2 SBMLeditor XPPAUT
DBsolve Modesto SBMLmerge

T T == ] =



EMBL-EBI © SBML Level 2 Version 3

®» Pre-released on March 20™" 2007
= Simpler and cleaner (units ...)

m  Generic entities (compartmentType, speciesType)
> path to generalised reactions

= Constraints and initialAssignments
= Controlled (MIRIAM) annotations (+ links to SBO)
m Backward compatible with Level 2 Version 1

m More detailed and bug-free specification ... 158 pages,
10pt, small margin.
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EMBL-EBI | i Is SBML enough? What's missing?

= An SBML model lists participants, but does not identify
them.

= An SBML model contains mathematical expressions, but
does not tell-us what they “mean”, and how they are
derived.

= An SBML model constructed for a certain modelling
approach cannot be used straight-away within another
modelling framework.

= SBML models cannot be easily searched
SBML models cannot be easily converted
SBML models cannot be easily merged
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MIRIAM

Proposed guidelines for
curation of quantitative models

Specifically about encoding &
annotation

Limited to models that can be
simulated

Effort arose from a meeting
organized by Andrew Finney
during ICSB 2004

Not specific to SBML;
applicable to any structured
model format

Mest of the published quantitative models in biology are
lost for the community because they are sithar not mada
available or they are insufficiently characterized to allow
tham to be reused. The lack of a standard description format,
lack of stringent reviewing and authors’ carelessnass are

the main causeas for incomplete medal descriptions. With
today's increased interest in detailed biochemical models,

it is necessary to define a minimum quality standard for

the encoding of those models. We propose a set of rules for
curating quantitative medels of biological systems. These
rules define procedures for enceding and annotating madels
represented in machine-readable form. We believe their
application will enable usars to () have confidence that
curated medels are an accurate reflection of their asseciated
reference descriptions, (i) s2arch collections of curated
models with precision, (i) quickly identify the biclogical
phenomena that a given curated modal or madel constituant
@ represents and () facilitate madel revse and compasition

élmo large subcellular modals.,

LEwopaan Bicinformatics Institule, Hincdon, CE10 LED, UK.

ZPhysiomics PLC, Magdalan Carkra, Cxlord Scianca Fark, Dwcdord,

Q%4 4GA K. Jcontrol and Cynamical Syslams, Caliornia Inskduba of
Tachnology,Pasadena, Caliornia $112%, LSA *Mational Cantra for Biokgical
Sciancas, TIFR, UAS-GHVE Campus, Bangalers 550065, India. Sinstiuta
for Computational Eiomedicing, Welll Medical Collaga of Cormall Universiy,
Maw York, Haw York 10021, UsA. “canker for Genomic Soancas, Univarsidad
Macional Autznoma de México, Av. Universidad s, Cuamavaca, Morclos,
52100, Maxico. "Biosnginasring | etiuty and Departmant o1 Engnasring
‘Eclanca, Tha Universiy of Aucdand, Frivata Bag 32019, AucHand, Haw
Zaaand. "Wax-Planck | nstiiuba for Molkcuar Genatics, Bsrin Cantar for
‘Ganoma bassd Einformatics (ECE], Ihnestr. 72, 14155 Earlin, Garmany.
Mirginia Bioimormatics Instiube, ¥Wirgink Tach, Washington 31., Blacksburg,
Wirginia 2406 1-0477, USA. Keck Graduaba Instiiuta, 532 Walson Drive,
Clarement, Gallfornia 1711, USA. IList Propulsion Laboratory, Galifomia
Instituks of Tachnolegy, Pasadena, Galitornia 1109, USA. 12Triple-J Group
“or Wolezular Gell Physiciogy, Dspartment of Biozhamistry, Stallanbaseh
Univarsty, Privaia Bag X1, Watialand 7E02, South Africa. T*Dapartmant of
Sciantinc Compubing & Mathematical Modaling, GRASMANKIInG Rasaarch
& Davalopment Limibad, Medicines Ressarch Canira, Gummals Wood

Foad, Sbavanags, Harts, 561 2MY, UK. “Purdu Univarsty, Capartmant of
Bigkgical Sdances, Lilly Hall of Lifa Sciences, 215 W Sale Stract, Wast
Lafayetlg, Indiana 475072054, W34, *Thase authars hava condributed
agually bo tha work. Comsspondanca should ba addressad 1o NLLLNH.

-l lana vsshi a0 ukl.

2005 Nature Publishing Group hitp-#fawee nature.c ominaturebloechnology

Pubdishad onling & Decamber 2304; dad: 10.103EmbA112E

MATURE BIOTECHMOLDGY VWOLUME 22 MNUMEER 12 DECEMBER 2005

PERSPECTIVE

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

Micolas Le Movére"!'”, Andrew Finney™", Michael Hucka®,
Julic Collado-Vides®, Edmund ] Crampin, Matt Halstead?,
Herbert Saura, Bruce Shapire!!, Jacky L Snocp! 2, Hugh [ Spence! * & Barry L Wanner!4

Upinder 5 Bhalla®, Fabien Campagne®,
Edda Elipp®, Pedro Mendes®, Foul Mielsen?,

Diuring the genomic erawe have witnessed a vast increase in availakil-
ityof large amounts of quantitative data, This is motivatinga shift in
the fozus of malecular and cellular ressarch from qualitative descrip-
tiems of bicchemical interactions towards the quantification of such
inberactions and their dynamics. One of the tenets of systems biology
isthe use of quantitative models (see Box 1 for definitions) asa mech-
anism Bor capturing preciss hypothesss and making predictions!?.
Many specialized models exist that attempt to explain aspects of the
cellular machinery. However, as has happened with other types of bio-
legical informaticmn, mach as ssquences, macromalecular structures or

Box 1 Glossary

Some termis are used In a very specific way throughout the article.
‘W= provide hare a praciss defintion of each one.

Quantitative blochemical model. A formal model of abiclogical
systern, basad on the mathematical description of Its melecular
and cel lular components, and the interactions betwesn thoss
componeants.

Encoded model. & mathematical madel written in a formal
machingTeadale langUags, SUCh that It can ba systematically
parsad and emplayed by simulation and analysis software without
further iuman branslation.

MIRIAM-compllant model. & mode| that passes all the t=skz and
fulmiE all the conditions (Eted In MIRIAM.

Reference description. A uniqus document that describes, ar
reterences the description of the model, the stnicturs of the
model, the numerical values necesary to Instantists 3 simulatian
from the medel, or to parform a mathernatical analysis of the
model, and the results one expects from sUch 8 simulation ar
analysis.

Curatlon process, The process by which the compliance of an
ercoded model with MIRIAM 15 achisved andsor verifisd. The
Curation process may SncOMpEss same of &1l of the fallowing
tazks: encoding of the modal, venncation of the raference
COMEspondenca and annatation of the model.

Reference cormespondence. The fact that the structuore of a
model and the results of a simulation ar an analysls match the
Irformation presant In the referencs desciption,
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EMBL-EBI i i MIRIAM

oy

MIRIAM guidelines

requirements for scheme for
reference correspondence encoding annotations
model attribution annotation of
and generation model components
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EMBL-EBI MIRIAM

MIRIAM guidelines

requirements for scheme for
reference correspondence encoding annotations

model attribution
and generation
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EMBL-EBI

Characteristics of a useful identifier

Storage

May 21-23,

Unique
an identifier must never be assigned to two different objects;

Perennial
the identifier is constant and its lifetime is permanent;

Standards compliant
must conform on existing standards, such as URI;

Resolvable
identifiers must be able to be transformed into locations of online
resources storing the object or information about the object;

Free of use
everybody should be able to use and create identifiers, freely
and at no cost.

and Annotation of Reaction Kinetics Data Y
2007, EML research, Heidelberg, Germany i SR 1



EMBL-EBI i i MIRIAM annotation

Data-Type
(required)

f

URI
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EMBL-EBI i i MIRIAM annotation

Data-Type
(required)

f

URI

—

Not a URL,
not a “Web-
address”!

NG S
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EMBL-EBI i i MIRIAM annotation

Data-Type Identifier
(required) (required)
URI text string
Not a URL,
not a “Web-
address”!
N S

Storage and Annotation of Reaction Kinetics Data :
May 21-23, 2007, EML research, Heidelberg, Germany e S o



EMBL-EBI i i MIRIAM annotation

Data-Type Identifier
(required) (required)

URI text string
mﬁ,L “Format depeNnds
not a “Web- on the resource
address”! identified by
" - \the data—type)
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EMBL-EBI

MIRIAM annotation

Data-Type
(required)

f

URI

—

Not a URL,
not a “Web-
address”!

NG .

Identifier
(required)

f

text string

L

ormat depends
on the resource
identified by

the data-type

— _/
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(optional)
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EMBL-EBI

MIRIAM annotation

Data-Type
(required)

f

URI

—

Not a URL,
not a “Web-
address”!

NG .

Identifier
(required)

f

text string

L

ormat depends
on the resource
identified by

the data-type

— _/
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(optional)

f
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Atrolled )
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established by
the community
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EMBL-EBI i i MIRIAM annotation

Data-Type Identifier Qualifier
(required) (required) (optional)
URI text string text string

/—/L /F N Atrolled )

ormat depends

Not a URL,
not a “Web- on the resource vocabulary
address”! identified by established by
| - the communit
\_ - \the data type) y)

The data-type and the identifier can be combined in a single URI
URL style: http://www.MyResource.org/#Myldentifier
URN style: urn:lsid:MyResource.org:MyIdentifier
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EMBL-EBI MIRIAM Resources

MIRIAM Database
Core element of the resource, storing all the information about
the data-types and associated information;

= MIRIAM Web Services

SOAP-based application programming interface (API) for querying
MIRIAM Database

= MIRIAM Library
Library to use MIRIAM Web Services

= MIRIAM Web Application
Interactive web interface for browsing and querying MIRIAM
Database, and submit or edit data-types.

Storage and Annotation of Reaction Kinetics Data Y
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EMBL-EBI i MIRIAM Resources

s

Interactive Programmatic
access (browser) & access (Java)
WSDL
(X)HTML (XML)
AJAX SOAP

|
%L
//
MIRIAM MIRIAM
V\_Ieb_ Web Services
Application L (Axis)
(Servlet, JSP)

Web server & Web container (Apache Tomcat)

{}

Connections pool

Database

. . ... MySQL
Storage and Annotation of Reaction Kinetic LEyEIel :
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) Foi |

*jEiIe Edit View Go Bookmarks Tools Window Help p://WWW.e |.ac.u /mlrlam/
R‘Kﬂ MIRIAM
= Browse
= Query Browse the data-types

= Submit new
= Export

= Sign In

= News

= 'Web Servces

= MIRIAM Standard

= BioModels Qualifiers
= FAQ

= MIRIAM on
SourceForge

= Contact

i |:rn1pat.'.|.! arrad!
NewFohin fergay

soURCER. RGE”
shet

Brief overview of the different data-tvpes stored in Miriam Database.

BIND http:/ fwww.bind. ca/ BIMD i a database of protein-protein interactions., This data-resource is not
OpEn-acCess,
BioModels Database is a data resource that allows biologists to store, search and
retrieve published mathematical medels of biological interests,
Chemical Entities of Biological Interest (ChEBI) iz a freely available dictionary of

]
=

BioModels Databaze http: f Fwww. ebi.ac. uk/biomodels/f

ChEBI hittp:/ /wwnw. ebi.ac.uk/chebi/ molecular entities focused on 'small chemical compounds,
The ClusTr database offers an automatic classification of UniProt Knowledgebase and
CluSTr http: £ fwenws eblac, ukdf clustrf Pl proteins into groups of related proteins, The clustering 1= based on analvsis of all
pairwize comparisons (Smith-Waterman) between protein sequences.
Dol http: / fwww, doi. ore/ The Digital Object ldentifier Svstem is Ifur identifving content abjects in the digital
environment.
Ensembl iz a joint project between EMBL - EBl and the Sanger Institute to develop a
Ensembl http:/ fwww. ensembl orgsf software system which produces and maintains automatic annotation on selected
eukarvotic genomes.
Enzvme The Enzyme Classification contains the recommendations of the Nemenclature

Committee of the International Union of Biochemiztry and Molecular Biology on the
nomenclature and classification of enzvme-catalysed reactions.
FlyBaze iz the databaze of the Drosophila Genome Projects and of associated
literature.
The Gene Ontology project provides a controlled vocabulary to describe gene and
gene product attributes in any organism.
The International Classification of Diseases is the international standard diagnostic

Nomenclature http:/ fwww ec-code.org/f

FlvBaz e http:f Fwwew flybase.orgf

Gene Ontology http:/ fwww.geneontology. org/

ICh http:/f swiho,intfclassifications ficdf e iy \ . .

- oot e AL L clazsification for all general epidemiological and many health management purposes.
It Act http: / /www. ebi.ac. uk/intact / IntAct provides a freely available, n[l:n;-,l? snurcel databaze svstem and analysis tools for
- protein interaction data.

InterProis a database of protein families, domains and functional sites in which
InterPro http:/ Hwww, ebi.ac. ukdinterprof identifiable features found in known proteins can be applied to unknown protein

sequences,
KEGG compound contains our knowledge on the universe of chemical substances that
are relevant to life,
KEGG DRUG contains chemical structures of drugs and additional information such as
therapeutic categories and target molecules,
KEGG GLYCAM, a part of the KEGG LIGAND databaze, iz a collection of experimentally
determined glvcan structures, |t contains all unique structures taken from CarbBank,
structures entered from recent publications, and structures present in KEGG

FEGG Compound  http:/fwww.genome. jp/kege/compound/f

KEGG Drug http:/ f'www.genome. jp/kegg/drug/

KEGG Ghvcan http:/ Awww.genome. jpflegalglvcan/

IIn=E=Esl

e




EMBL-EBI i requirements for a MIRIAM-compliant resource

= Open access
Anybody can access any public data without restriction (no
commercial licence; no login page etc.)

= Atomicity
The granularity of the data distributed has to be appropriately
selected (A database of “reactions” distributes reaction and not
pathways) and consistent (e.g. classes or instances but not
classes AND instances)

= |dentifier
An atomic data is associated to a unique and perennial
identifier

= Community recognition
The resource has to be “recognised” by the corresponding
experimental community, be reasonably supported etc

Storage and Annotation of Reaction Kinetics Data Y
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M- Miriam Resources - Iceape m B

= Browse

B Juery

= Submit new

= Export

= Sign In

= Mews

= Web Services

= MIRIAM Standard

B BioModelz: Qualifiers
= FAQ

= MIRIAM on
SourcefForge

= Contact

En:l."r'.pl-J'taI!.'nnz.'

Newrobioiogy
sOURCER. RGE
onet

.| Eile Edit \Wiew Go Bookmarks Tools Window Help

EBl * Groups ¥* Computational Heurobiology * Research * Miriam

MIRIAM

Data-type: Enzyme Nomenclature =

Identifier MIR: 00000004
Mame Enzyme Momenclature
Enzyme Classiﬁcatinn|
Synonyms EC code
EC
Official URL http:f Fwww ec-code.orgf
Official URN urn:lsidiec-code. org

Deprecated http:d Mwewew ebi, ac, ul/ IntEnzs

The Enzyme Classification contains the recommendations of the Momenclature Committee of the

Definition International Unmion of Biochemistry and Molecular Biology on the nomenclature and classification of
enzyme-catalysed reactions. =
Identifier Pattern s e (- 4] e d e - ) e d e s - S
Data Entry http:/ M ebi ac,ukfintenz/ queryiemd=SearchEC G ec=5%id
Resource #1 Data Resource http: /S ebi ac, uk/intenz/
Infor mation IntEnZ (Integrated relational Enzvme database)
Institution Eurapean Bioinformatics Institute, United Kingdom
Data Entry http:/ fwwawvgenome, jpd dbget-bin/www_bgetfec:Sid
Data Resource http: Awww genome, jpf dbget-binfwww bfind?enzvme
Resource #2 . ;
Infor mation KEGG Ligand Database for Enzyme Momenclature
Institution Kvoto University Bicinformatics Center, Japan
Data Entry http:/ fus, expasy orgf cgi-bin/nicezvme, pl7Sid
Data Resource http://us. expasv. org/enzvme
Resource #3 . : :
Infor mation Enzvme nomenclature database, ExPASy (Expert Protein Analysiz Svstem)
Institution Swizz Institute of Bioinformatics, Switzerland

URL(s) http: Swwew chem, gmul ac, ulkfiubmb/ enzvmeld

http:/fsrs. ebi.ac, uk/srsbind cgi-binfweetz-view+MedlineFull+[medline-PMID: 10812475]

Miscellaneous
Date of creation 2006-08-14 19:38:06 GMT
Date of last modification 2007-03-09 16:00:07 GMT
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EMBL-EBI i Qualification of annotation

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

represents represents
biological biological
entity A _)_ _ entity B
relationship
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EMBL-EBI i Qualification of annotation

bgbiol:hasPart
species MPF ——  UNiProt PO4551

represents represents
M-phase
promoting factor ——- CDC2
has a part

Storage and Annotation of Reaction Kinetics Data :
May 21-23, 2007, EML research, Heidelberg, Germany T T



EMBL-EBI i Qualification of annotation

bgbiol:isVersionOf
reaction MKPase m——— EC 3.1.3.16

represents represents

MAPK phosphoprotein
dephosphorylation — phosphatase

Is a version of

Storage and Annotation of Reaction Kinetics Data :
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EMBL-EBI Current BioModels.net Qualifiers

m bgmodel:is The modelling object represented by the model component is the subject
of the referenced resource.

® bgmodel:isDescribedBy The modelling object represented by the component of the
encoded model is described by the referenced resource.

m  bqgbiol:is The biological entity represented by the model component is the subject of
the referenced resource.

m  bqgbiol:hasPart The biological entity represented by the model component includes
the subject of the referenced resource, either physically or logically.

m  bqgbiol:isPartOf The biological entity represented by the model component is a
physical or logical part of the subject of the referenced resource

m  bqgbiol:isVersionOf The biological entity represented by the model component is a
version or an instance of the subject of the referenced resource.

m  bqgbiol:hasVersion The subject of the referenced resource is a version or an instance
of the biological entity represented by the model component.

m  bqgbiol:isHomologTo The biological entity represented by the model component is
homolog, to the subject of the referenced resource, i.e. they share a common
ancestor.

m bgbiol:isDescribedBy The biological entity represented by the model component is
described by the referenced resource.
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May 21-23, 2007, EML research, Heidelberg, Germany pranetees i b



EMBL-EBI i i SBML and MIRIAM

<species id="Ca calmodulin" metaid="cacam"'>
<annotation>
<rdf:RDF
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:bgbiol="http://biomodels.net/biology-qualifiers/">
<rdf:Description rdf:about="#cacam">
<bgbiol:hasPart>
<rdf:Bag>
<rdf:1li rdf:resource="http://www.uniprot.org/#P62158"/>
<rdf:1li rdf:resource="http://www.ebi.ac.uk/chebi/#CHEBI:29108"/>
</rdf:Bag>
</bgbiol:hasPart>
</rdf:Description>
</rdf:RDF>
</annotation>
</species>
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EMBL-EBI i i How to chose the right annotation?

m Choose the right level of abstraction

Precise enough to narrow down to the meaning of the component: not
“vertebrate” for “mammal”; not “protein phosphorylation” for “MAPK
phosphorylation”

Comprehensive enough to encompass the whole semantic of the component:
not “rodent” for “mammal”; not “threonine phosphorylation” for “MAPK
phosphorylation”

= Complete

If annotation of one part of a complex, annotate all the parts: Partial annotation
can be misleading. The function of Cyclin/CDK is different of the function of CDK

(if annotating resource incomplete, file a curator request ...)
= Comply with usual identifier requirements

Unique, perennial, standard compliant, resolvable ...
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EVBL-EBI Hidden assumptions

<reaction>
<listOfReactants>
<speciesReference species="S" />
</listOfReactants>
<listOfProducts>
<speciesReference species="P" />
</listOfProducts> =
<listOfModifiers> S=2>P
<speciesReference species="E"” />
</listOfModifiers> Import in a discrete simulator
<kineticLaw>
<listOfParameters>
<parameter id="Km”/> ..
<parameter id="kp"/> "
</listOfParameters>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">

<apply> k k Henri-Michaelis-Menten
i vi 1
<divide/><apply> R P
<times/><ci>E</ci> E+S—=ES > E+P; kl = k-I/Km
<ci>kp</ci> ‘
<ci>S</ci> 1
</apply> K, kIO Van Slyke-Cullen
<apply> : —
<plus/><ci>Km</ci> E+5 > ES > E+P ! kl _ I<p/Km
<ci>S</ci> k1
</apply> ) .
</apply> K, K, Briggs-Haldane
</math> LN . —
< rimeionos E+S<=ES > E+P; k| (k-1+kp)/Km
</reaction> k

Storage and Annotation of Reaction Kinetics Data b
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EMBL-EBI i i Systems Biology Ontology vocabularies

= Types and roles of reaction participants, including terms like

“substrate”, “catalyst” etc., but also “macromolecule”, or
“channel”

= Parameter used in quantitative models. This vocabulary includes
terms like “Michaelis constant” , “forward unimolecular rate
constant”etc. A term may contain a precise mathematical
expression stored as a MathML lambda function. The variables refer
to other parameters.

= Mathematical expressions. Examples of terms are “mass action
kinetics”, “Henri-Michaelis-Menten equation” etc. A term may
contain a precise mathematical expression stored as a MathML
lambda function. The variables refer to the other vocabularies.

= Modelling framework to precise how to interpret the rate-law. E.g.
“continuous modelling”, “discrete modelling” etc.

= Event type, such as “catalysis” or “addition of a chemical group”.

Storage and Annotation of Reaction Kinetics Data Y
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EMBL-EBI

SBML and SBO

<reaction sboTerm="SBO:0000172">
<listOfReactants>
<speciesReference species="S"” sboTerm="SB0O:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="P” sboTerm="SBO:0000011"/>
</listOfProducts>
<listOfModifiers>
<speciesReference species="E” sboTerm="SB0O:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="K1l” sboTerm="SB0O:0000008"/>
<parameter id="kp” sboTerm="SB0O: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>K1l</ci>
<ci>S</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>

Storage and Annotation of Reaction Kinetics Data
May 21-23, 2007, EML research, Heidelberg, Germany


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

EMBL-EBI i i SBML and SBO

<reaction sboTerfgz”SB0:0000172">) - catalysis
<listOfReactants>
<speciesReference species="S" sboTer@BO:OOOOOl@ - substrate
</listOfReactants>
<listOfProducts>
<speciesReference species="P" sboTer@BO:OOOOOlD—-’ product
</listOfProducts>
<listOfModifiers>
<speciesReference species="E" sboTe@BO:OOOOOl@ >cata|yst
</listOfModifiers> : _
<kineticLaw sboTexG="SB0:0000031">) p Briggs-Haldane equation
<listOfParameters>
<parameter id="K1” sboTer&="SBQ: W - Km
<parameter id="kp” sboTenfi="SBU: 5" - —p kcat

</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>K1l</ci>
<ci>S</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>
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EMBL-EBI i i SBML and SBO

<reaction sboTerm="SBO:0000172">
<listOfReactants>
<speciesReference species="A" sboTerm="SB0O:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="B” sboTerm="SB0O:0000011"/>
</listOfProducts>
<listOfModifiers>
<speciesReference species="C” sboTerm="SB0O:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm="SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SBO:0000008"/>
<parameter id="V” sboTerm="SBO:0000025"/>
</listOfParameters>

</kineticLaw>
</reaction>
continuous simulator discrete simulator
k \%
Ly Cvial vi=5Y A o)
(U+[A])
v2=k_ | D]
v3=V-|D|
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EMBL-EBI i i SBML and SBO

<listOfCompartments>

<compartment id="C” sboTex@BO:OOOOZSD p functional compartment
</listOfCompartments>
<listOfSpecies>

<species id="A" sboTerQ_ISRO+6668247" simple chemical
<species id="B" sboTerQ_T=moeese=IT —p simple chemical
<species id="C" sboTe ’ enzyme
</listOfSpecies>
<listOfReactions>
<reaction sboTer@BO:OOOON@ —pp Catalysis
<listOfReactants>
<speciesReference species="A" sboTerr@O:OOOOOlSD - Ssubstrate
</listOfReactants>
<listOfProducts>
i L eg="B" 27 SBO : S roduct
<speciesReference species="B” sboTer SB0.00000ll& P P
</listOfProducts>
<listOfModifiers>
<speciesReference species="C" sboTerr@O:OOOOOMD P catalyst
</listOfModifiers>
<kineticLaw sboTer@O:OOOOOBl"} - Briggs-Haldane equation
<listOfParameters> —
<parameter id="U" sboTerm{’SBO; " /> —p Km
<parameter id="V"” sboTerm¥ SBO: >/ —p kcat
</listOfParameters>
</kineticLaw>
</reaction>

</listOfReactions>
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[ 1588416 ECSH0 andIC50 *2006-11-17 15:44 ] Closed nobody gaolebiewskim
[T 15984p4  Catalytic efficiency *2006-11-17 15:16 2 Closed nobody golebiewskim
[ 1597770 move enzyme *2006-11-16 14:44 5 Closed nobody lenov .~

[ 4 & E)
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TErminology for the Description of DYnamics

EMBL-EBI

= Dynamical behaviour of biological variables, including terms like

n i 144 i

“oscillation”, “bistability”, “steady-state”, “equilibrium” etc.

m Characteristics used to describe dynamics, such as “period” ,
“limit-cycle”, “Hopf bifurcation”etc.

= Functional role of model elements. Examples of terms are

144 i

“negative feedback”, “integrator” etc.
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EMBL-EBI | i An international collaboration

® EBI

Nicolas Le Novére B NCBS B Journals supporting BioModels Database
Mélanie Courtot Upinder Bhalla Molecular Systems Biology

Harsha Rani All PLoS Journals

- - i All BioMedCentral Journals
Christian Knuepfer B University of Washington J
Chen Li Herbert Sauro .
. B Programs used for curation

Lu L'_ ) B Vienna TBI
Camille Laibe .
Nicolas Rodriguez Rainer Machne CellDesigner/SBMLodeSolver

James Lu COPASI |

Jarnac/]Designer
B SBML team B Systems Biology Institute MathSBML
RoadRunner

Michael Hucka Hiroaki Kitano SBMLeditor
Andrew Finney Akira Funahashi XPP-Aut
Harish Dharuri m WS Online Thg comm_unlt.y of Systems Biology for
Enuo He their contributions of models and comments.
Sarah Keating Jacky Snoep
Maria Schilstra Hans Westerhoff

Bruce Shapiro
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EMBL-EBI | i European Bioinformatics Institute

=
+;-l-.

British outstation of the European Molecular Biology Laboratory

= Databases

UniPrOt ‘‘‘‘‘‘‘‘‘‘‘ Iternatg
Sequences, structures thouniversal | | IF> VIR Y1006 P
protein resource TS
Transcriptomics, Proteomics 1-/ B /"g
pathways, models
Controlled vocabularies ;;:E_-*c"ﬂ“ Imerpmm cor a
and dictionaries LT 2

= Research groups

Structural Genomics (Thornton)

Molecular Evolution (Goldman)

Text-Mining (Rebholz-Schumman)

Computational Systems Biology (Le Novere)
Statistical array analysis (Huber)

Genomic analysis of requlatory systems (Luscombe)

Systems Biology of ES cells (Bertone)



