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Why using mathematical models?
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What is a mathematical model?

Wikipedia (April 17th 2013): “A mathematical model is a description of a 
system using mathematical concepts and language.”
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What is a mathematical model?

Wikipedia (April 17th 2013): “A mathematical model is a description of a 
system using mathematical concepts and language.”

 

Different types: Dynamical models, logical models, rule-based models, 
multi-agent models, statistical models, etc.
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Knowledge-based model creation
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A very simple 
SBML file

Systems 
Biology 
Markup 
Language

A → B
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 8 compartments

 5 063 metabolites

 2 194 proteins

 7 440 reactions

A not so  simple 
SBML file (Recon2)
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Aims of the Path2Models project

 To re-use existing pathway data to generate biochemically based models

 To provide a starting point to model as many biochemical pathways as possible 
in as many species as possible

 To provide models in a standard format readable by most systems biology 
software

_x = f(X)

Pathways
In proprietary 

formats

Pathways
In SBML

Models
In SBML

Graphical representation in SBGN
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Four types of networks in systems biology

Process descriptions

Interaction networks

Influence diagrams
(activity flows)

Entity relationships
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Influence diagrams (activity-flows)

ERK

MEK

RAF

 Signalling pathways, 
gene regulatory networks

 Nodes represent activities

 Directional

 Sequential

 Non-mechanistic

 Logical modelling
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http://www.genome.jp/kegg/pathway.html
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http://stke.sciencemag.org/cm/
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Process Descriptions

P1

P2

CDK Cyc

Wee1

MPF MPFi

 Biochemistry, Metabolic networks

 Nodes represent populations of 
reactants and reactions

 Directional

 Sequential

 Mechanistic

 Subjected to combinatorial explosion

 Process modelling (ODE, SSA)
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http://www.genome.jp/kegg/pathway.html
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http://www.reactome.org
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Three parallel workflows

 Signalling 
Pathways

+  
Logical models

of individual signalling pathways
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 Metabolic 
Networks
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 Chemical kinetics models 

of individual metabolic pathways
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of individual signalling pathways
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Three parallel workflows

+
 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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From KEGG metabolic pathways to full kinetic models

KGML
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From KEGG metabolic pathways to full kinetic models

KGML
Which type?
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Missing reactants and modifiers
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From KEGG metabolic pathways to full kinetic models

KGML

KEGG
API

Missing reactants and modifiers

Which type?

Which one?

Ab initio kinetics

 =
Chemical kinetics model

Supercurated pathway =
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Metabolic reactions: Common modular rate-law

● Common rate law
● Direct binding rate law 
● Simultaneous binding rate law 
● Force dependent rate law 
● Power Law

Liebermeister, Uhlendorf, Klipp (2010) Modular rate laws for enzymatic reactions: 
thermodynamics, elasticities and implementation. Bioinformatics 26: 1528-1534



Babraham Institute Lab talks, 25 April 2013

 

Unparametrised Vs. known kinetics 

myo
inositol

O2

myoinositol
oxygenase

glucuronate

H2O

2

PH2O

1IP3

Inositol
monophosphatase

To estimate

Model BMID000000038685 "Inositol phosphate metabolism"
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Signalling pathways: Logical models

 Variables can take a discrete number of values, at least 2

 Transitions of output are expressed as logical combinations of input values

 Simulations can be:
synchronous: all the nodes are updated at once
asynchronous: nodes are updated one after the other

 One can add delays, inputs etc. 

A B

C

and

1 1 1

1 0 1 1 0 0

1 1 0
A B C

Influence diagram state diagram



Babraham Institute Lab talks, 25 April 2013

 

Gene Ontology Coverage
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23nd BioModels Database release

 11th August 2012 – 2nd release of Path2Models data 

 112 898 common modular rate law models of 
metabolic networks

 27 306 qualitative models of signalling pathways 

 1 846 whole genome flux balance analysis models

 239 models for human, 234 models for mouse

 10 547 589 mathematical relations

 444 024 053 cross references

 http://www.ebi.ac.uk/biomodels-main/path2models
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What can I do with Path2Models?

?

iBioSim
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