
Computational models in 
signal transduction research
Convinces biologists that formal verification is actually a thing, 
hilarity ensues.

Stefano Schivo
Joint works with many people
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Formal Methods and Biology



*record scratch*  *freeze frame*
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Yup, that’s a biologist. Explaining Timed Automata to biologists.
You’re probably wondering how she ended up in this situation.
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Lesson #1: listen
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Complex networks of interactions
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Impossible to predict network behavior from static graphs!

Drug



The more we know…
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Idea: ask computers
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To do something, a computer needs instructions:
we need a systematic description of our problems
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Lesson #2: terminology



Formal models
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No, we mean
formal models



Formal models to understand
complex biological netwoks

Formal model = Precise description of knowledge

- Logic:

• IF B is active AND C is NOT active, THEN A is active

- Mathematical equation (ODE):

• ![#]
!%

= 𝑘& 𝐵 − 𝑘' 𝐶 − 𝑘([𝐴]
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Models range: mechanistic à abstract
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Modelling with ANIMO: between fuzzy logic and differential equations.
S. Schivo, J. Scholma, P.E. van der Vet, H.B.J. Karperien, J.N. Post, J.C. van de Pol, R. Langerak.
In: BMC systems biology, Vol. 10, 27.07.2016, p. 56.
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Why not precise?
Why publishing in multidisciplinary journals can be a pain…
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We need to know why 
this is precise

We don’t care about 
those details

We are unable to be precise:
most parameters are hard to measure

We can and want to be precise
(a bit of Dunning-Kruger effect)
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Abstractions: interactions
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Biological networks 101: computational modeling for molecular biologists.
J. Scholma, S. Schivo, R.A. Urquidi Camacho, J.C. van de Pol, H.B.J. Karperien, J.N. Post.
In: Gene, Vol. 533, No. 42, 01.01.2014, p. 379-384.
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Schivo et al. (2014). Modeling biological pathway dynamics with Timed Automata.

Schivo et al. (2016). Modelling with ANIMO: between fuzzy logic and differential equations.
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Schivo et al. (2014). Modeling biological pathway dynamics with Timed Automata.

Schivo et al. (2016). Modelling with ANIMO: between fuzzy logic and differential equations.



ANIMO model
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Schivo & Langerak (2017). Discretization of continuous dynamical systems using UPPAAL.
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Reference data
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(Relative phosphorylation values of proteins in human chondrocytes)
Time series measure the dynamic evolution of signal.

Biological networks 101: computational modeling for 
molecular biologists. / J. Scholma, S. Schivo, R.A. Urquidi
Camacho, J.C. van de Pol, H.B.J. Karperien, J.N. Post.
In: Gene, Vol. 533, No. 42, 01.01.2014, p. 379-384.



Reference data
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Numeric semi-quantitative data.
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Use data and model to improve knowledge, generate hypotheses.



Models in Systems Biology:
the Empirical Cycle
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Models in Systems Biology:
the Empirical Cycle Spiral
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Lesson #3: start small…
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… you can go for bigger things later on
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ECHO: biologist view
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Schivo et al. (2020). ECHO, the executable CHOndrocyte: A computational model to study 
articular chondrocytes in health and disease.



ECHO: in silico experiments
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Schivo et al. (2020). ECHO, the executable CHOndrocyte: A computational model to study 
articular chondrocytes in health and disease.
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Khurana, Schivo et al. (2021). An ECHO of cartilage: in silico prediction of combinatorial treatments 
to switch between transient and permanent cartilage phenotypes with ex vivo validation
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ANIMO & ECHO: model checking
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Khurana, Schivo et al. (2021). An ECHO of cartilage: in silico prediction of combinatorial treatments 
to switch between transient and permanent cartilage phenotypes with ex vivo validation



ANIMO & ECHO: model checking
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Khurana, Schivo et al. (2021). An ECHO of cartilage: in silico prediction of combinatorial treatments 
to switch between transient and permanent cartilage phenotypes with ex vivo validation

Lesson #4: formal methods can be used in biology
(if you know how)



Back to the end of the story
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Ideas for a happy & fruitful
multidisciplinary research
üLesson #1: listening to the “others”
üLesson #2: ensure a common terminology
üLesson #3: start small, go big later
üLesson #4: powerful models, under the hood

…?
üProfit!
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