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Motivation and objectives

to analyze a complex biological pathway of the Fibroblast Growth
Factor (FGF)

to adopt a stochastic modelling approach

to illustrate the applicability of the probabilistic model checker
PRISM

to create a model of FGF

to define interesting properties of the model

to calculate the exact quantitative measure of these properties
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Reaction rules for the pathway of FGF
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Modelling of a biological system in PRISM I

based on simulation-based techniques for discrete stochastic
models
PRISM provides:

modelling language – continuous-time Markov chains (CTMCs)

extended by rewards associated with states and transitions

specification language

symbolic approache to probabilistic model checking

J. Heath, M.Kwiatkowska et al. (Birmingham) Model checking of biological pathways 10.12.2007 3 / 12



Example of CTMCs

R - rate matrix
E - total rate matrix - E(s) = ∑s′∈S R(s,s

′
)

Probability of leaving s within t time units:
1−e−E(s)·t

Probability of transition from s to s
′
within t time units:

P(s,s
′
, t) = R(s,s

′
)

E(s) · (1−e−E(s)·t)

J. Heath, M.Kwiatkowska et al. (Birmingham) Model checking of biological pathways 10.12.2007 4 / 12



Modelling of a biological system in PRISM II

protein to protein reactions - complexation, decomplexation and
degradation
model consist of a set of reactive modules
two alternative approaches to modelling
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Fragment of the PRISM model
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Specification of properties I

extension of Continuous stochastic logic (CSL)

Basic syntax
ϕ := tt | A | ¬ϕ | ϕ∧ϕ | P./p(ψ)

ψ := X (ϕ) | ϕUϕ | ϕUIϕ

Steady-state probabilities extension
S./p(ϕ)

Reward extension
R./p(F ϕ) | R./p(C≤T )

definition of rewards
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Specification of properties II

Examples

1 P=?(ab = 0 U[T ,T
′
] (a = 0∧ab = 0))

2 What is the probability that the protein A degrades in the time
interval [T ,T

′
] and it has not bound to the protein B before?

3 S=?(a = 1)

4 What is the long-run probability that the protein A spends free
5 R=?(C≤T ) + definition of rewards
6 What is the expected time that the protein A spends free, during

the first T time units.
7 R=?(F (a = 0∧ab = 0)) + definition of rewards
8 What is the expected number of times that the proteins A and B

bind before A degrades
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Results I

Size of the model
80 616 states
560 000 transitions

Some inspected properties
1 What is the probability that Grb2 is bound to FRS2 at the time

instant T? – P=?(true U[T ,T ] agrb2)

2 What is the expected time that Grb2 spends bound to FRS2 within
the first T time units? – R=?(C≤T )
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Results II

Long run and expected reachability properties
1 What is the long-run probability that Grb2 is bound to FRS2? –

S=?agrb2

2 What is the expected number of times Grb2 binds to FRS2 before
degradation or relocation occurs? – R=?(F (asrc ∧aplc ∧aspry ))

3 What is the expected time Grb2 spends bound to FRS2 before
degradation or relocation occurs? – R=?(F (asrc ∧aplc ∧aspry ))
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Conclusion

created a model of a complex biological pathway of FGF

calculated the exact quantitative measure of interesting properties

illustrated the applicability of the probabilistic model checker
PRISM
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Thank you for your attention.
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