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Stochastic mass action

Stochastic reaction rates
► Kinetic constant: volume 

when order > 1
► Combinatorial term

Jump process dynamics
► Instantaneous reactions
► Next instant of reaction

► Next reaction

( ) ( )

( ) ( )

,
1

, ,
1 1

1 1 ,

!
!

r

M

i r
i

M M
k

r i r i i r i
i i

M
ir

r
i i i r

r
r

R X X

XkX
X

V

X X

α

α β

λ
α

λ λ

=

= =

− =

= ⎯⎯→

=
−∑

=

∑ ∑

∏

∑

( )

( ) ( )
( )

0

0
0

0

0 :

( )
t s t

X s
X

r t
t t r

t

s X X

P s e
X

P X X
X

λ

τ

τ

τ
λ

γ
λ

= =

−

=
= =

=

≤ < =

> =

= + =



10/12/2006 3SMBL Forum 2006

Solution methods

Formal derivation 
► Delbruck 1940, Bartholomey 58,59,62
► McQuarrie 1963, 64
► Peccoud & Ycart Theoretical Population Biology 1995
► Not practical but the most simplistic models

Numerical solutions
► P(Xt) solution of the master equation 
► Tractable when the state space if finite and small (107 states)
► Cost is a function of the state space size 
► Finite state projection algorithm (Munsky 2006)

Simulations
► Gillespie 1976, 1977
► Not exact – only estimates
► Cost is a function (a2) of accuracy (a) and intensity
► Rare events can be missed
► Impractical for stiff systems



10/12/2006 4SMBL Forum 2006

Fast and slow reactions

Not all reactions are alike
►Reactions between molecules in large numbers

Deterministic mass action
Well approximated by ODEs

►All other reactions
Stochastic
Discrete event simulation

Partitioning
►Conditions 

(1): Validity
(2): Efficiency

► Iterative process
►Dynamic: after every event
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Hybrid simulation
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Performance
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HIV-1 Tat 
transactivation
►Positive feed-back loop

►ODE is bistable
►Stochastic is bimodal

►Bursts of Tat 
expression

►Change of regime

SSA

Hybrid
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HIV-1 Tat
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Parameter 
sensitivity

Dim bulk sort
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Software

Applications
► Stiff systems: 

Gene networks and metabolic pathways
Bistable systems changing regimes

► Universal simulation engine
Current status
► Published online in Bioinformatics (09/05/2006)
► Command line interface (Win/Linux)
► I/O with text files
► www.mobius.uiuc.edu/bioinfo06/

Plans
► Make it SBML compatible
► Make it available in various modeling environments 

Copasi
SimBiology
SBW
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