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BioModels Database growth (published models branch) since its creation

Computational models on the rise

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

20 relationships 
per model

500 relationships 
per model
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Designed

Many

Standard

Automated production

Collaboration

Workflow

Robust

Improvised

One off

Unique

Manually produced

One or few artists

Produced in one go

Fragile



ParametrisationsParametrisations

Simulation descriptionsSimulation descriptionsModel descriptionsModel descriptions

We need to

Therefore we need to share

Re-useRe-use

Build uponBuild upon

VerifyVerify ModifyModify

Integrate withIntegrate with

Biological meaningBiological meaning

Signalling ISP seminar, 3 November 2014



Three types of standards

Minimal 
requirements

Data-models

Terminologies

What to encode in order to
share experiments and 
understand results 

How to encode the  information defined
above in a computer-readable manner

Structured representations
of knowledge, with 
concept definitions 
and their relationships

OBO
foundry

WHAT

HOW

Signalling ISP seminar, 3 November 2014



http://co.mbine.org
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A language to describe computational models in biology

Data-models

SBRML

Born in Caltech 2000Model
descriptions

Mike
Hucka

Hamid
Bolouri

Andrew
Finney

Herbert
Sauro

Hiroaki
Kitano

John
Doyle

Hucka et al. Bioinformatics (2003)
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What can we encode in SBML (core)?

c
n

McG Mn

PP'

arbitrary rulesdiscrete events

http://sbml.org
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variables

relationships

Structure of SBML
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A

A very simple 
SBML file

B
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 8 compartments

 5 063 metabolites

 2 194 proteins

 7 440 reactions

A not so simple 
SBML file (Recon2)

MODEL1109130000MODEL1109130000
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SBML Level 3 
is modular

 Core package – public specification

 Flux balance constraint – public specification

 Qualitative models – public specification

 Model composition – public specification

 Graph Layout – public specification

 Groups – public specification

 Graph rendering – specification finalised

 Complex species – specification finalised 

 Spatial diffusion – specification finalised 

 Distributions and ranges – draft specification available

 Arrays and sets – draft specification available

 Dynamic structures – draft specification available

 Enhanced metadata – under discussion

 Extended math – under discussion 
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Logical model 
with SBML Qual

A

B
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CytoCopter
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CySBML
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Adding the semantics to the syntax

Minimal 
requirements

Data-models SBRML

Terminologies

Model
descriptions Born in Heidelberg 2004

Le Novère et al. Nat Biotechnol (2005), Courtot et al.  Mol Syst Biol(2011)
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 Encoded in public standard format

 Single reference description

 Reflect biological processes

 Simulatable and reproduce results

 Model creators details

 Time of creation and last modification

 Precise terms of distribution

 Model components identified

 Cross reference as triplets  {collection, record, qualifier}

 Collection and record in one agreed-upon URI





















http://co.mbine.org/standards/miriam

Minimal Information Required In the Annotation of Models
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                         (aka new MIRIAM URIs)

http://identifiers.org/namespace/identifier

protocol type of URI collection record

Camille Laibe Nick Juty Sarala Wimalaratne
Juty et al. Nucleic Acid Res. (2012)
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http://identifiers.org/namespace/identifier

http://identifiers.org/pubmed/22140103

http://identifiers.org/ec­code/1.1.1.1

http://identifiers.org/go/GO:0000186

                         (aka new MIRIAM URIs)

protocol type of URI collection record
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http://www.ebi.ac.uk/miriam/
http://identifiers.org/registry

http://www.ebi.ac.uk/miriam/
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Unique Persistent

Resolvable

Homogeneous
Human

readable

Maintained
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The Systems Biology Graphical Notation

http://sbgn.org/
Le Novère et al (2009)
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Unambiguous consensual visual notation 

 An unambiguous way  of graphically describing and interpreting 
biochemical and cellular events

 Limited amount of symbols
Re-use existing symbols
                                             Smooth learning curve

 Can represent logical or mechanistic models, biochemical pathways, at 
different levels of granularity

 Detailed technical specification, precise data-models, standard API and 
growing  software support

 Developed over ten years by a diverse community, including biologists, 
modellers, computer scientists etc.
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   Process modelling

 Biochemistry, Metabolic networks

 Generally within “closed world”

 Subjected to combinatorial explosion

Process Descriptions
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   Rule-based modelling

 Molecular Biology

 “Open world”

 Independent rules: no explosion

Entity Relationships
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  Logical modelling

  Signalling pathways,  gene regulatory networks

Activity Flows
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Surely, this is enough?
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Simulation experiment = model + what to do with it

Edelstein et al 1996 (BIOMD0000000002)

Huang & Ferrell (BIOMD0000000009)

Ueda, Hagiwara, Kitano 2001 (BIOMD0000000022)

Bornheimer et al 2004 (BIOMD0000000086)
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Choice of algorithm affects behaviour

G1 P1P2 G2

lsodeGibson-Bruck



In Silico Systems Biology, EMBL-EBI, 03-09 July 2016

 

Minimal 
requirements

Data-models SBRML

Description of simulations and analyses

Born in Hinxton 2007

Simulations
and analysis

Terminologies

Model
descriptions

Dagmar Waltemath

Anna Zhukova

Waltemath et al. PloS Comput Biol (2011), BMC Syst Biol (2011), Courtot et al. Mol Syst Biol (2011)
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 Provide models or mean of access

 Equations, parameter values and necessary conditions

 Standard formats, code available or full description

 Modifications required before simulation

 Simulation steps, algorithms, order, processing

 Information for correct implementation of all steps

 If not open source, all information to rewrite

 If dependent on platform, how to use this platform 

 Post-processing steps to generate final results

 How to compare results to get insights





















http://co.mbine.org/standards/miase

Minimal Information About a Simulation Experiment
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Simulation Experiment Description Markup Language

http://sed-ml.org
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Flexible model use in SED-ML

Any XML

Remote access

Modifications before simulations
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Minimal 
requirements

Data-models NuML

Etc.

Simulations
and analysis

Terminologies

Model
descriptions

Numerical
results

Christian 
Knüpfer
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Controlled 
terminologies

MAthematical
Modelling
Ontology

Systems
Biology
Ontology

KInetics
Simulation
Algorithm
Ontology

TErminology
for the
Description of
DYnamics

Courtot et al. Mol Syst Biol (2011)



archive

http://co.mbine.org/standards/omex

14th Intl Workshop on Bioinformatics and Systems Biology, 20 July 2014, Berlin

Bergman et al. BMC Syst Biol (2014)
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That looks very useful. 
Where can I find those?
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Mihai
Glont

Marco 
Donizelli

Viji Chelliah

Le Novère et al. Nucleic Acid Res (2006), Li et al BMC Syst Biol (2010), Juty et al. Nucleic Acid Res (2015)

http://www.ebi.ac.uk/biomodels
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Was it worth it?
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“You should not develop standards and easy to use 
modelling software. This allows biologists to write models, 
and they don't know how to do it properly.”

Biomathematician, 2007 

“By developing BioModels you harmed the cause of 
modelling in biology. My students do not learn how to make 
a model any more, instead, they download it ready to use.”

Theoretical biologist, 2006
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From pathways to models … path2models

 Provide pathways in a standard format

 Re-use existing pathway data to generate biochemically based models

 Provide starting points to build more quantitative models

_x = f(X )

Pathways
In proprietary 

formats

Mathematical
Models

Büchel et al. BMC Syst Biol (2013)

Pathways
In standard 

formats
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 Signalling 
Pathways

+  
Logical models

of individual signalling pathways
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 Metabolic 
Networks

 
 Chemical kinetics models 

of individual metabolic pathways

 Signalling 
Pathways

+  
Logical models

of individual signalling pathways
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+
 Metabolic 
Networks

 Metabolic 
Networks

 

 
 Chemical kinetics models 

of individual metabolic pathways

Flux Balance Analysis
of whole genome reconstructions

 Signalling 
Pathways

+  
Logical models

of individual signalling pathways
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KGML



In Silico Systems Biology, EMBL-EBI, 03-09 July 2016

 

KGML
Which type?
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KGML

KEGG
API

Missing reactants and modifiers

Which type?
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KGML

KEGG
API

Missing reactants and modifiers

Which type?

Which one?

Ab initio kinetics

Supercurated pathway =
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KGML

KEGG
API

Missing reactants and modifiers

Which type?

Which one?

Ab initio kinetics

 =
Chemical kinetics model

Supercurated pathway =
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