
Modelling in Systems Biology,
A few challenges



The four views of molecular systems biology



The four views are orthogonal projections 
of the underlying biological phenomena



Reverse engineering is hard ...
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more on Monday



Bridging Bioinformatics  and Systems Biology

Big historical divide: Origin of scientists (math/bio Vs eng/physics), 
journals, conferences, scientific societies etc.

Frontiers tend to blur: Network inference from omics data, 
parametrisation of models, optimisation (e.g. whole-genome metabolic 
models), precision medicine (perturbations and drugs explained in 
mechanistic context)

SysMod attempts to bring back systems modelling 
to ISCB (society) and ISMB (conference)

Improve the conversation between communities of 
bioinformatics/genomics and modelling

Annual meeting (Prague, 23 July 2017)

Mailing list (sysmod@googlegroups.com)

? (your idea)

http://sysmod.info
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The Strategy of the Genes: 
A Discussion of Some Aspects of 
Theoretical Biology. 
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Emergent properties and the
gene-system-phenotype puzzle
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Waddington C.H., Kacser H (1957) 
The Strategy of the Genes: 
A Discussion of Some Aspects of 
Theoretical Biology. 
George Allen & Unwin 

Emergent properties and the
gene-system-phenotype puzzle

Many networks can theoretically
generate the same phenotype, 
and this happens, in a synchronous 
(sister cells with same phenotype but
different transcript/prote/metabol/omes)
and diachronous manner (*omes of a cell
changes over time but same phenotype).  



Drug discovery modelling: pharmacometrics
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Drug discovery modelling: pharmacometrics 
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Drug discovery modelling: pharmacometrics 
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Systems modelling
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Quantitative Systems Pharmacology

Systems biology
modelling

PK/PD
modelling

Statistical
pharmacometrics



Drug discovery and pharmacometrics models



Drug discovery and pharmacometrics models

We (think we) 
know how to do 

that



Drug discovery and omics

?



Quantitative Systems Pharmacology

Systems biology
modelling

PK/PD
modelling

Statistical
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Pharmacogenomics
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9 orders of
magnitude

24 orders of
magnitude

Theoretical and
Computational
roadblockers

Coupled 
multi-scale

models 

Adapted from Castiglione et al. (2014)

The problem of scales
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Met Office Seamless Unified Model
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Schliess et al. (2014)

Chew et al. (2014)
Mattioni, Le Novère (2013)



Models need to be developed differently

Collaborative

Versioned

Modular

Built on 

knowledge-bases

Multi-approach

and hybrid models

Multi-software

Coupled 
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Standards!
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