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EMBL-EBI | ¢ Computational model in SysBio

d[C2]/dt = k¢[M] — kg[~P][C2] + ko[CP]
d[CP]/dt = —k3[CPI[Y] + kg[~P][C2] — ko[CP]

d[pM]/dt = k;[CPI[Y] — [pMIF([M]) + ks[~P][M]
d[M]/dt = [pM]F(IM]) — ks[~P][M] — k¢[M]
d[Y]/dt = kilaa] — ky[Y] — k3[CP][Y]

d[YP)/dt = kgM] — k-[YP]
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Computational model in SysBio

d[C2]
d[CP]

d[pM.

Not a bimolecular
Interaction

/dt = ke[M] — kg[~P][C2] 4»{ CP]
/dt = —k3[CP][Y] + ks[~P][C2] |- ko[CP]
/dt = k3[CPI[Y] — [pM]F(M]) + ks[~P][M]

dM]/dt = [pM]F(IM]) — ks[~P1[M] — kes[M]
dlY]/dt = kilaa] — k2[Y] — k3[CP][Y]
d[YP]/dt = k¢[M] — k;[YP]
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Computational model in SysBio

d[C2]
d[CP]

Not a bimolecular
Interaction

/dt = ke[M] — kg[~P][C2] 4»{ CP]
/dt = —k3[CP][Y] + ks[~P][C2] |- ko[CP]

complexes [d[pM_

/dt F k3[CPI[Y] — [pMIF(IM]) + ks[~P][M]

diM]/dt = [pM]F(IM]) — ks[~P1[M] — ke[M]

dY]/dt = kilaa] — kp[Y] — k3[CPI[Y]
d[YP)/dt = ke[M] — k7[YP]
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Computational model in SysBio

d[C2]
d[CP]
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Interaction

/dt = ke[M] — kg[~P][C2] 4»{ CP]
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complexes [d[pM_
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of the same
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Why not C2P? Not a bimolecular

Interaction
\d[CZ /dt = kg[M] — kg[‘:“"P C2] 4#{ CP]

d(CP]/dt = —k3[CPI[Y] 1 ks[~PI[C2] |- ko[CP]
complexes [d[pMZ /dt F k3[CPI[Y] — [pMIF(IM]) + ks[~P][M]
diM]/dt = [pM]F(IM]) — ks[~P1[M] — ke[M]
dlY]/dt = kilaa] — k2[Y] — k3[CP][Y]
d[YP]/dt = k¢[M] — k;[YP]

Non—phos/
and phos

of the same
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Computational model in SysBio

Tyson JJ (1991)
Modeling the cell division cycle: cdc2 and cyclin interactions.
Proc. Natl. Acad. Sci. U.S.A. 88: 7328-7332

d[C2]/dt = k¢[M] — kg[~P][C2] + ko[CP]
d[CP]/dt = —k3[CPI[Y] + kg[~P][C2] — ko[CP]

d[pM]/dt = k3[CP][Y] — [pMIF([M]) + ks[~P][M]
d[M]/dt = [pM]F(IM]) — ks[~P]l[M] — ke¢[M]
d[Y]/dt = kilaa] — ky[Y] — k3[CP][Y]

d[YP)/dt = k¢gM] — k-[YP]

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

BIOMDO0O00000005


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

The Systems Biology Markup Language

9 News Documents Downloads Forums Facilities Community Events About )

The Systems Biology Markup Language (SBML) is a computer-readable format
for representing models of biochemical reaction networks in software. It's applicable
to models of metabolism, cell-signaling, and many others. SBML has been evolving
since mid-2000 thanks to an international community of software developers and
users. This website is the portal for the global SEML development effort; here you
can find information about all aspects of SBML.

For the curious
® What is SBML? Read our basic introduction and then perhaps

browse the mailing lists to get a sense for what's currently going on
in the world of SBML.

For modelers
II | Are vou looking for ready-to-run software that supports SBEML? Take a
I II look at our SBML Software Guide. Are you instead looking for
ready-to-use models? Visit the BioModels Database®, where you
can find hundreds of tried and tested models.

For software developers
Are you interested in developing SBML support for yvour software?
Read our basic introduction and then the SBML specifications to
- P

understand how to use SBML. After that, vou may want to look at
libSBML, an AFI library supporting many programming languages.

Whether you use SBML as a modeler or a developer, we invite yvou to sign up for
news updates either through our RSS feed or one of the mailing lists, and get
involved with community efforts to help keep SBML improving.

Mone of this would be possible without the support of multiple agencies and
organizations. Visit our acknowledgments page to learn about the visionary funding
agencies that have backed SBML over the years.

SBML News

Old sbmil.org failed

{2 Mar.'08) The old sbml.ocrg server

failed, so we had to unveil this new site even
though some areas are unfinished.

LibSBML 3.1.1 released!

(25 Feb.'26) The latest wversion of

LibSBML, an embeddable, portable

APT Ilbrar',- for working l."ulth SBML content, is
now available.

SBML Hackathon 2008 @3
(19 Feb."08) This year's SBML

Hackathon will be April (6)-7-8 at
Stellenbosh University .

Older news ...

Community News

cell Erc.la supports SBML & ﬁ‘%}
(12 Feb.'08) The Cell Cycle

Database ff collects genes, proteins and
medels of the cell cycle and provides a
user-friendly web interface. It supports
SBML.

PottersWheel 1.5 released [ ﬁ‘%}
(27 Jan.'02) PottersWheel@ is a
multi-experiment fitting toolbox that
supports SBML. The new versicn includes
identifiability analysis.

SBToolbox” released ﬁ?—-}
{18 Jan.'08) The rewritten

SBToolbox & and companicn add-on
package [(SBPD) offer powerful features for
biclegical meodeling in MATLAB.

Older news ...

http://sbml.org/index.php/Main Page

Ad



EMBL-EBI 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



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

MIRIAM

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

élmn large subcellular modals.,

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

LEwopaan Bicinformatics Institule, Hincdon, CE10 LED, UK.

ZPhysizmics PLC, Magdalan Carkra, Coord Scianca Fark, Dadord,

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
& Dawalopment Limitsd, Medicines Ressarch Candrs, 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.
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PERSPECTIVE

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

Nicolas Le Novere"!™, Andrew Finney™', Michael Hucka®,
Julic Collado-Vides®, Edmund ] Crampin”, Matt Halstead?, Edda Klipp®, Pedro Mendes®, Poul Nielsen?,
Herbert Saura, Bruce Shapire'!, Jacky L Snocp!?, Hugh It Spence! * & Barry L Wanner'#

Upinder 5 Bhalla®, Fabien Campagne®,

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,

1500
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MIRIAM guidelines

requirements for scheme for
reference correspondence encoding annotations
model attribution annotation of
and generation model components
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@ W}E Minimum Information for Biological B
D) D)L and Biomedical Investigations

MIBBI Search News 20071205 | The Portal | The Foundry | Related Resources | About Us

# Download a registration form for the MIBBI Portal (please return to chris.taylor[@]ebi.ac.uk)

# Download a summary spreadsheet of all registered projects

# Download the latest MIMI XML Schema

# Try the beta version of MICat — the searchable version of the MIBEI Portal

Registered projects (20 listed as of 2007-11-22)
CIMR Core Infarmation for Metabolemics Reporting Details External Link
MIACA Minimal Information About a Cellular Assay Details External Link
MIAME Minimum Information About a Microarray Experiment Details External Link
MIAME/Env MIAME / Environmental transcriptomic experiment Details External Link N
MIAME/Nutr MIAME / Nutrigenomics Details External Link B
MIAME/Plant MIAME / Plant transcriptomics Details External Link
MIAMETox MIAME / Toxicogenomics Details External Link
MIAPA Minimum Information About a Phylogenetic Analysis Details Extermmal Link
MIAPE Minimum Informatfion About a Profeomics Experiment Details External Link
MIARE Minimum Infarmation About a RNAI Experiment Details External Link
MIFlowCyt Minimum Informafion for a Flow Cyfomelry Experiment Details External Link
MiGen Minimum Information about a Genofyping Experiment Details Extermnal Link
MIGS Minimum Information about a Genome Sequence Details External Link
MIMIX Minimum Information about a Molecular Interaction Experiment Details External Link
MIMPP Minimal Information for Mouse Phenotyping Procedures Details External Link
MINI Minimum Information about a Neuroscience Investigation Details External Link
MIQAS Minimal Information for @QTLs and Association Studies Details External Link
MIRIAM Minimal Information Required In the Annofation of biochemical Models Details External Link
MISFISHIE Minimum Information Specification For In Sitw Hybridization and Immunohistochemistry Experiments Details External Link
STRENDA Standards for Reporting Enzymology Data Details External Link —
| [0 &F | Sl e
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MIRIAM guidelines

requirements for scheme for
reference correspondence encoding annotations

model attribution
and generation
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Characteristics of a useful identifier

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.
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Data-Type
(required)
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—
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MIRIAM annotation

Data-Type
(required)
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MIRIAM annotation

Data-Type
(required)

f

URI

—

Not a URL,
not a “Web-
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Qualifier
(optional)
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EMBL-EBI MIRIAM annotation

Data-Type |dentifier Qualifier
(required) (required) (optional)
URI text string text string

/—/L “F N Atrolled Y

Not a URL ormat depends
not a “Web- on the resource vocabulary
address”! identified by established by
| - the communit
\_ - \the data typej 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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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.



MIRIAM Resources

EMBL-EBI

s

Interactive a Programmatic
access (browser) & " access (Java)
WSDL
(X)HTML (XML)
AJAX SOAP
| : //
R 4
MIRIAM MIRIAM
Web Web Services
Application | (AXis)
(Servlet, JSP)

Web server & Web container (Apache Tomcat)

{}

Connections pool

Database
(MySQL)

B
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Blm MIRIAM

= Browse - m = =

. Srowse the data-types http://www.ebi.ac.uk/miriam/
= Submit new Brief overview of the different data-types stored in MIRIAM Database.

= Export

= Sign In . Name | KR Definion

= Web Services
- WSDL
E"Ser"-rices available
~Library

documentation

= Documents
“"MIRIAM Standard
- FAQ
E--Media
é"News &
“-BioModels Qualifiers

= MIRIAM on SourceForge

= Contact

i |:rn1p|:|.*.'.|! Tarna!
NewFaohino lergpuy

SOURCEFORGE.NET

ArrayExpress

r¥i

IM

=]
=

[m]
]

BioModels Database

Ensembl

Enzyme Homenc lature

FlyBase
Gene Ontology

InterPro
KEGG Compound

KEGG Drug

KEGG Glycan

KEGG Pathway
KEGG Reaction

MIRIAM Resources

ArrayExpress is a public repository for microarray data, which is aimed at storing MIAME-compliant
data in accordance with Micrearray Gene Expression Data (MGED) recommendations.
arkiv is an e-print service in the fields of physics, mathematics, non-linear science, computer
science, and guantitative biology.

BIMD is a database of protein-protein interactions. This data-resource is not open-access.
BioModels Database is a data resource that allows biclogists to store, search and retrieve published
mathematical models of biclogical interests.

Chemical Entities of Biological Interest (ChEBI) is a freely available dictionary of molecular entities
focused on small’ chemical compounds.

The ClUSTr database offers an automatic classification of UniProt Knowledgebase and IPl proteins
inte groups of related proteins. The clustering is based on analysis of all pairwise comparisons
{Smith-Waterman) between protein seguences.

The Digital Object ldentifier System is for identifying content cbjects in the digital envircnment.
Ensembl is a joint project between EMBL - EBI and the Sanger Institute to develop a software
system which produces and maintains automatic annotation on selected eukaryotic genomes.
The Enzyme Classification contains the recommendaticns of the Nomenclature Committes of the
Internaticnal Unicn of Biochemistry and Molecular Biology on the nomenclature and classification
of enzyme-catalysed reactions.

FlyBase is the database 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 crganism.

The Internaticnal Classification of Diseases is the internaticnal standard diagnostic classification
for all general epidemiclogical and many health management purposes.

IntAct provides a freely available, open source database system and analysis tools for protein
interaction data.

InterPro is a database of protein families, domains and functicnal sites in which identifiable
features found in known proteins can be applied to unknown protein seqguences.
hitp: / fwwew.genome. ip/kegg /compound/ KEGG compound contains ocur knowledge on tr:E E;i;verse of chemical substances that are relevant
KEGG DRUG contains chemical structures of drugs and additional information such as therapeutic
categories and target molecules.

KEGG GLYCAMN, a part of the KEGG LIGAMD database, is a collection of experimentally determined
glycan structures. |t contains all unigue structures taken from CarbBank, structures entered from
recent publications, and struectures present in KEGG pathways.

KEGG PATHWAY is a cellection of manually drawn pathway maps representing our knowledge on
the molecular interaction and reaction networks.

KEGG reaction contains our knowledge on the universe of reactions that are relevant to life.
MIRIAM Resources is an online resource created to catalogue the data-types (Gene Ontology,
Taxecnomy or PubMed are some examples), their URls and the corresponding physical URLs,

http:/ farrayexpress.org/

htkp: £ farkiv.org f
http: S Swvew. bind.calf
hitp: £ fvwww.ebi.ac.uk/biomodels

http:/ fwww.ebl.ac.uk/chebis

http: S fweew.ebi.ac.uk/clustrs
htkp: £ Swwew doi.org f
http: £ fwww. ensembl.org f
htkp: £ Swww.ec-code.org

http:/ fwew. flybase.org

http: f Swww. geneontology..orgf
http:/ fwww.owho.int/ classifications ficd/
http:/ fwew.ebi.ac.uksintacts

http: /S wew.ebi.ac.uk/interproS

http: f Swww. genome. jpfkege fdrug /

http: / fwww. genome. jpf kege felycan/

htkp: £ fwww. genome. jps kega f pathway /

htkp: f fwww. genome. jpsd kege freaction/

http:/ f biomodels. net/ MIRLAMS

whether these are controlled vocabularies or databases.
=l
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requirements for a MIRIAM-compliant data-type

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 reactions and
not pathways) and consistent (e.g. classes or instances but not
classes AND instances)

Identifier
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



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

WEE EJ|Dnne
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Qualification of annotation

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

represents represents
biological biological
entity A _). _ entity B
relationship



EMBL-EBI | ¢ Qualification of annotation

bgbiol:hasPart
species MPF —  UnNiProt PO4551

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



EMBL-EBI | ¢ Qualification of annotation

bgbiol:isVersionOf
reaction MKPase m——— EC 3.1.3.16

represents represents

MAPK phosphoprotein
dephosphorylation — phosphatase

Is a version of



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.



EMBL-EBI Current BioModels.net Qualifiers

NEW

m bgbiol:encodes The biological entity represented by the model component encodes,
directly or by transitivity the subject of the referenced resource.

m bqgbiol:isEncodedBy The biological entity represented by the model component is
encoded, directly, or by transitivity, by the subject of the referenced resource.

PROPOSED

m  bgbiol:occursln The biological entity represented by the model component takes
place in the subject of the referenced resource.



EMBL-EBI 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:li 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>




EMBL-EBI | ¢ Computational model in SysBio

bgbiol:isVersionOf
bgbiol:isVersionOf Gene Ontology G0:0006468

Gene Ontology EC 3.1.3.16
G0:0000079

bgbiol:isVersionOf

UniProt
CDC2_SCHPO
%[CZ /dt = ke[]M] — kg[~P][C2] + kolCP]

d[CP]/dt = —k;[CPI[Y] + kg[~P][C2] -4 ko[CP]
e dIpMI/dt = k[CPI[Y] — [PMIF(M) + ks[-#PIM)
interPro 1PRO06670  d[M]/dt = [pMIF(IM]) — ks[~P][M] — kgIM]
dlY]/dt = kilaa] — k,[Y] — k;3[CPI[Y]

d[YP]/dt = k¢[M] — k7[YP]

bgbiol:isVersionOf
Gene Ontology GO:0006470

bgbiol:isVersionOf EC 2.7.11.1

InterPro
IPRO06670

bgbiol:hasVersion
Reactome REACT 6216
Reactome REACT 6308
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Hidden assumptions

<reaction>
<listOfReactants>
<speciesReference species="S" />
</listOfReactants>
<listOfProducts>
<speciesReference species="P" />
</listOfProducts>
<listOfModifiers>
<speciesReference species="E” />
</listOfModifiers>
<kineticLaw>
<listOfParameters>
<parameter id="Km”/>
<parameter id="kp"/>
</listOfParameters>

kp.[EL.[S]

E V =
S>> P Km + [S]

Import in a discrete simulator

?

<math xmlns="http://www.w3.0rg/1998/Math/MathML">

<apply>
<divide/><apply>
<times/><ci>E</ci>
<ci>kp</ci>
<ci>S8</ci>
</apply>
<apply>
<plus/><ci>Km</ci>
<ci>S8</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>

k, kp Henri-Michaelis-Menten
E+S=ES > E+P; k, =k /K _
k

-1

K, kIO Van Slyke-Cullen
E+S > ES > E+P k, =k /K,

k&

k kp Briggs-Haldane

E+S=ES » E+P; k, = (k,+k J/K_
k

-1


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

EMBL-EBI 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”.



= [

ﬂ' NTTD W ) =10 1|-._lll LT DD ) JJM
k| ]
Q [ http:/fwww.ebi.ac.uk/compneur-sry/sbo-main/d " . " " Close
arks % Google % Wikipedia % PubMed % Biomodels % cq SBO:0000031 Briggs-Haldane equation
Definition
SUSCTE Pt LT GIEOHE lialll| Rate-law presented in "G.E. Briggs and J.B.S. Haldane (1925) A note on the kinetics [a]
of enzyme action, Biochem. J., 19: 338-339". It is a general rate equation that does
EELSBL = B not require the restriction of equilibrium of Henri-Michaelis-Menten or irreversible |_
SBO::Systems Biologv Ontolo reactions of Van Slyke, but instead make the hypothesis that the complex i
4 gy gy enzyme-substrate is in quasi-steady-state. Although of the same form than the
ela Henri-Michaelis-Menten equation, it is semantically different since Km now represents [}
a pseudo-equilibrium c ual to the ratio between the rate of |
= sbo consumpti complex (sum of dissoc n of substrate and generation of hd
O i - hAL
guantitative parameter e xm‘ _ ey E
5 @ modelling framework <semantic deflnltanRL—"http //biomodels.net/SBO/#SB0: 0600062 "> -
= O mathematical expression mbda=> —]
= rate law =
0 mass action kinetics
0 Hill equation. generalised form E
- krat xEtx §
] i =
=] (1) enzyme kinetic M fecat, B 5, Em) K +5
= 0 kinetics of irreversible non-modulated mment
= € kinetics of irreversible non-mod
€ Henri-Michaelis Mern#h ed
€ van Sivke-Culleg/equation
e equation Parent(s)
SBO:00006828 kinetics of irreversible non-modulated unireactant enzymes (is a)
© kinetig Children
0 obsolete mat atical expression
O event
@ participant
i
- ukfindustry’ [ € | Done E'ﬂq’




EMBL-EBI i i SBML and SBO

<reaction sboTerm="SBO:0000172">
<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="K1” sboTerm="SBO:0000008"/>
<parameter id="kp” sboTerm="SBO: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>S8</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>


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

EMBL-EBI i i SBML and SBO

<reaction sboTerfgz”SB0:0000172">) - catalysis
<listOfReactants> —
<§pec1esReference species="8" sboTer@BO:OOOOOl% }substrate
</listOfReactants>
<listOfProducts>
<speciesReference species="P”" sboTer@BO:OOOOOlD—-—> product
</listOfProducts>
<listOfModifiers>
<speciesReference species="E” sboTer ="SBO:000001@3k >cata|yst
</listOfModifiers> — : _
<kineticLaw sboTex@="SBO:0000031">) » Briggs-Haldane equation
<listOfParameters> —
<parameter id="K1” sboTerfQ="SBQ: 8"/ - Km
<parameter id="kp” sboTenfi=" : "/ —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>S8</ci>
</apply>
</apply>
</math>
</kineticLaw>
</reaction>


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

EMBL-EBI i i SBML and SBO

<reaction sboTerm="SB0O:0000172">
<listOfReactants>
<speciesReference species="A" sboTerm="SB0O:0000015"/>
</listOfReactants>
<listOfProducts>
<speciesReference species="B” sboTerm="SB0O:0000011"/>
</1listOfProducts>
<listOfModifiers>
<speciesReference species="C” sboTerm="SB0O:0000014"/>
</listOfModifiers>
<kineticLaw sboTerm=”"SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SB0O:0000008"/>
<parameter id="V"” sboTerm="SB0O:0000025"/>
</listOfParameters>

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



EMBL-EBI i i SBML and SBO

<listOfCompartments>

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

<species id="A" sboTen=' SRou-t-t-tutud simple chemical
<species id="B” sboTe $ —pp Simple chemical
<species id="C"” sboTe ’ enzyme
</listOfSpecies>
<listOfReactions>
<reaction sboTer@BO:OOOON@ —pp catalysis
<listOfReactants>
<speciesReference species="A" sboTerr@O:OOOOOlSD - substrate
</listOfReactants>
<listOfProducts>
<speciesReference species="B" sboTerr@O:OOOOOllD p product
</listOfProducts>
<listOfModifiers>
<speciesReference species="C" sboTerr@O:OOOOOMD P catalyst
</listOfModifiers> . .
<kineticLaw sboTer@O:OOOOOBl"} —pp Briggs-Haldane equation
<listOfParameters>
<parameter id="U" sboTerm<SBQO; 7> —p Km
<parameter id="V” sboTerm¥”SBO: 7> —p kcat
</listOfParameters>
</kineticLaw>
</reaction>

</listOfReactions>



EMBL-EBI I i SBML to BioPAX conversion using SBO

<listOfCompartments>

<compartment id="C" sboTer{=”SBO:0000289">)- p GO annotation
</listOfCompartments>
<listOfSpecies>

<species id="A" sboTe YaWaRaNaValo ¥/ Small molecule
<species id="B” sboTe $ —p Small molecule
<species id="C” sboTe : Protein
</listOfSpecies>
<listOfReactions>
<reaction sboTer@BO:OOOON@ —pp catalysis
<listOfReactants>
<speciesReference species="A" sboTerr@O:OOOOOlS@—’ physicaIEntityParticipant
</listOfReactants>
<listOfProducts>
<speciesReference species="B" sboTerr@O:OOOOOll}’ physicalEntityParticipant
</listOfProducts>
<listOfModifiers>
<speciesReference species="C" sboTerr@O:OOOOOMD—» physicalEntityParticipant
</listOfModifiers>

<kineticLaw sboTerm=”"SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SB0O:0000008"/>
<parameter id="V"” sboTerm="SBO:0000025"/>
</listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>

http://www.biopax.org/

i S



EMBL-EBI I i SBML to SBGN conversion using SBO

<listOfCompartments>

<compartment id="C” sboTer@BO:OOOOZS@ |
</listOfCompartments>
<listOfSpecies>

<species id="A" sboTe
<species id="B"” sboTe
<species id="C"” sboTe

</listOfSpecies>
<listOfReactions>
<reaction sboTer@Bo: 0000 17@ — —
<listOfReactants>
<speciesReference species="A" sboTerdéZE%O:OOOOOlS"/> ——
</listOfReactants>
<listOfProducts>
<speciesReference species="B” sboTerMéZE%O:OOOOOll"/> —
</listOfProducts>

<listOfModifiers>
<speciesReference species="C"” sboTer —"SBO:OOOOOl4D—> _O
</listOfModifiers>
<kineticLaw sboTerm=”"SBO:0000031">
<listOfParameters>
<parameter id="U" sboTerm="SB0O:0000008"/>
<parameter id="V"” sboTerm="SBO:0000025"/>
</listOfParameters>
</kineticLaw>
</reaction>
</listOfReactions>

http://www.sbgn.org/
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EMBL-EBI © What is a model

= A model is a mathematical description of the

components of a system, their relationships, and the
evolution of both.

ordinary differential equations (system evolution) dX/dt = f(X)
partial differential equation (system description) VX = g(X)
algebraic equations (conservation laws) h(X) = 0

probability distributions PX = i(X)

master equation dPX/dt = j(PX)

cell automata/finite elements



EMBL-EBI i i What is a simulation

m A simulation is the instantiation of a model over time,
using a given algorithmic approach, and a particular
software: A model can beget simulations giving
different results!

Logical (boolean or discrete) approach
Deterministic approach

Stochastic approach

Fixed timesteps

Adaptative timesteps

= Plus ... range of simulations

parameter scan
parameter search/optimisation
phase-plane analysis

bifurcation analysis
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Some simulation results from COPASI
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EMBL-EBI i i Some simulation results from COPASI

I
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EMBL-EBI © Some simulation results from COPASI

Edelstein et al 1996 (BIOMD0000000002) Ueda, Hagiwara, Kitanol 2001 (BIOMDO0000000022)
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EMBL-EBI © Some simulation results from COPASI

Edelstein et al 1996 (BIOMD0000000002) Ueda, Hagiwara, Kitanol 2001 (BIOMDO0000000022)

) op plot m NPT
|| Print save data.. Zoom out || Print Save data...
Concentrations, Volumes, and Global Quantity Values plot
e 16.94, 7.9422-06 b
7e-06
Ee-06
5e-06
de-06
3e-06
2e-06
1le-06
o i — —
e e e
0.0001 0,001 001 01 1 10 100
— [BasalAchz] I— [IntermediateACh] |~ [ActiveACh] [Active]
— [BasalAch] — [Basall — [DesensitisedAch2] |~ [Desensitised] s = e e
[IntermediateAChZ]l— [DesensitisedACh] | — [Intermediate] — [ActiveACh2] &
I, [Clk_mBMNA]|[Per_mRA]

Huang & Ferrell (BIOMDO0000000009)
Bornheimer et al 2004 (BIOMDO0O0O00000086)

1 —
(=)=l
Figure 3 A
8-
41461 0k | o
54 1p
0l F
0.0l F
0,001 F
4
1e-04 F
1e-06 F
24
i 1e- e e :'_- .
1 | [P oI
o ceeereet]
i ; e ; e ; e ; e
1e-06 18-05 0.0001 0,001 0.01
|- (K-PPIIELI_O |- [KK-PPII[ELLO|  [KKK-PI|(EL]_O
viewd 70,0000, 42,0000  scale: 1.00000, 1,00000




Minimum Information
About a Simulation Experiment (MIASE)

EMBL-EBI i i

https://sourceforge.net/projects/miase

MIASE aims at describing the information needed to run and repeat a
numerical simulation experiment derived from a given quantitative model.

The project is divided into three parts:

1. MIASE - The list of requested information to repeat a simulation result
* Simulation settings (Type of simulation and the according parameters)
* Simulation algorithm used to simulate a given model (see KiSAO)
* Model references & model changes

* Parameter settings
* Desired output

2. KiSAO - Kinetic Simulation Algorithm Ontology

* Classification of simulation algorithms & methods

* Literature references
* Relations between different simulation algorithms & methods

3. The MIASE Object Model

* Formal representation of the requirements defined in MIASE

* UML representation
* XML Schema representation to encode MIASE information (MIASE-ML)



EMBL-EBI

Kinetic Simulation Algorithm Ontology (KiSAO)

KiSAO
model numerical kinetic
characteristic characteristic
is_a
- spatial system .
type of variable : : type of timeste
yp resolution behaviour yp P
is a
continuous  discrete spatial non-spatial deterministic stochastic fixed adaptative
variable variable description description behaviour behaviour timesteps timesteps
hasProperty
Gillespie's Gillespie's Gillespie's Gillespie's
derived method derived method derived method derived method
is a
Gillespie's Gillespie's Gillespie's Gillespie's
direct method direct method direct method direct method
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EMBL-EBI | i Description of dynamics. Why?

m Comparison of simulation output with experimental
datasets

m Retrieval of models based on their behaviours

“Find-me one model that display an oscillation of
period X”

= From Systems Biology to Synthetic biology and reverse




TErminology for the Description of DYnamics

EMBL-EBI

= Dynamical behaviour of biological variables, including terms like

n i 144 '

“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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TeDDy is expressed in OWL

Contents

Ontology
All Resources

Class Hierarchy
All Classes

Teddy Entity
==Dynamical Behaviour

==Monotonic Behaviour

======5trictly Monotonic Behaviour
========[sotonic Behaviour
==========Linear Increasing Behaviour
==========]ncreasing Asymptotic Behavior
==========Diverging Increasing Behavior
========Antitonic Behaviour
==========Linear Decreasing Behaviour
==========Decreasing Asymptotic Behavior
Steady State

====Non-Monotonic Behaviour

======0scillation

Non-Periodic Oscillating Behavior
========Periodic Oscillating Behavior
==========5Iingle-Periodic Oscillating Behavior

============5ustained Oscillation
============Damped Oscillation
==========Mixed-Mode Oscillation
======5ingle Turnaround Behaviour

======Chaotic Behavior
======Bursting

Class: Dynamical Behaviour (TEDDY_0000001)

«owl:Thing
*Teddy Entity

sDynamical Behaviour

Super Classes

Teddy Entity

lAnnotations

Curator Comment

Curator Comment

Curator Comment

Curator Comment

Definition

Display Name

"The word "dynamical’ is used in order to emphasize the evolution of the state in time
distinguishing the term form behaviour in ethology. 'Dynamical’ will be omitted in
sub-terms for convenience if confusion is impossible.” [lang: en]

"This concept is used to name concrete behaviours of dynamical systems. Concrete
refers to a specified interval of time in which the behaviour takes place.” [lang: en]

"The set of possible states of a dynamical system has to be a metric space
(Kuznetsov 1998, p.4). IMHO it's enough to require a totally ordered set.” [lang: en]

"mathematical: A dynamical behaviour is a function from an ordered set (called Time)
to a totally ordered set S (called State Space). " [lang: en]

"A Dynamical Behaviour is a temporal sequence of states of (a part of) a dynamical
system. The set of possible states (state space) has to be a totally ordered set. A
dynamical system is either a fully instantiated mathematical model or a particular
bioclogical entity.” [lang: en]

Dynamical Behaviour
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What is ELIXIR?

= ELIXIR is an EU Framework 7 Preparatory Phase project

= |ts mission is to construct and operate a sustainable
infrastructure for biological information in Europe

m |t comprises a 32-member consortium engaging many of Europe’s
main bioinformatics funding agencies and research institutes

m The deliverables are memoranda of understanding to fund the
implementation

= The implementation will take many years and the estimated cost
Is ~€500-800M

= |tis envisaged that the cost of implementation will be borne,
mainly, by funding agencies within the member states and by
structural or cohesion funds

» |nterested parties should register as stake-holders:
www.elixir-europe.org

ELIXIR  EUROPEAN LIFE SCIENCES INFRASTRUCTURE FOR BIDLOGICAL INFORMATION



http://www.elixir-europe.org/
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What might ELIXIR be?

= Areliable distributed infrastructure to provide equality of access
to biological information across all of Europe

m Sustainable funding for the core European biological data
collections (genomes, sequences, structures, pathways etc)

m Sustainable funding the European components of the international
biological data collaborations (INSDC, UNIPROT, ww-PDB etc)

= Processes for
developing new core data collections
supporting interoperability of bioinformatics tools
developing bioinformatics standards and ontologies

= Enhanced use of biological information in Academic Research,
the Pharmaceutical Industry, Biotechnology, Agriculture and for
the Protection of the Environment

ELIXIR  EUROPEAN LIFE SCIENCES INFRASTRUCTURE FOR BIOLOGICAL INFORMATION
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