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» VKBL model of circadian rhythms
» Deterministic and stochastic models
» Comparable behaviour for g = 0.2

» Qualitatively different behaviour for g = 0.05

» Explanation
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VKBL model — parameters 1 OXFORD

@ ap =50 h—1

Sa aly =500h~1
'YCT ar =0.01h"1
8,\\ ,J 5 oy = 50h!

Ba=50h"1

/ \ Br=5h""
BR ya=1mol~1 h71
HBM" ba HSMR ygr =1mol~! h7!

vc =2mol~t h~!

oa=1 h—1
dr =0.2h71
@ 6MA =10h"1

om, =0.5h 1
04 =50 h—1
DA Dy Da DR Or = 100 h~1

[Vilar, Kueh, Barkai, Leibler, 2002]
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Deterministic and stochastic modelling 0),43(0)23))
A0
A(t) ... number of molecules in time t, provided A(0) = ng

Law of mass action:
dA(t)/dt = —kA(t)

Gillespie stochastic simulation algorithm:
kA(t)dt ... probability that a reaction occurs in [t, t + dt)
(a) r~U(0,1)
(b) a = KkA(t) _ InE
a= CTE Ny
(c) A(t+71)=A(t) -1
(d) t:=t+ T, goto (a)



VKBL model — law of mass action

dDa/dt = 64D — yaDAA
D’y /dt = —0aDy + vaDaA
dDg/dt = 6rDly — YRDRA
dDl/dt = — OrDl + YrDrA
dMa/dt = a4D) + aaDa — dp,Ma
dMg/dt = oy D + arDg — Su, Mg
dA/dt = BaMpa + 04D} + 0Dl
— A(vaDa +YrDg +7cR + 04)
dR/dt = BrMgr — vcAR + 04C — 0gR
dC/dt = vcAR — 6aC

Initial conditions:
DA = DR =1 mol
D/’L‘:D;?:MA:MR:A:R:C:OmOI
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Full system — solution of ODE
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Full system — Gillespie SSA
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Full system — comparison
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Full system — dg = 0.05 — solution of ODE
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Full system — phase diagram
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Simplified system

Quasi-steady state assumptions:

dR/dt = BrM(R) — 7cA*(R)R + 64C — 6gR
dC/dt = vcA*(R)R — 6,4C

~s _ R Or(ar—alk)
ME(R) = S T SO a2 R)

Simplified chemical system:
1 ko

k ~ ~
0e2 R C, ki=BrMi(R), k=7cA(R)
R A
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Simplified system — 0 = 0.2 — two ODE “«’ OXFORD
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Simplified system — 0g = 0.05 — two ODE
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Simplified system — phase diagram
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Mean period vs. dg
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Mean period — g = 0.05

Stochastic simulations, 6=0.05
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Period of deterministic system is infinite.
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Conclusion

v

Qualitatively different behaviour appears close to a bifurcation
point

v

Bifurcation point of stochastic system seems to be around
or = 0.001
Low copy numbers of a chemical species = stochastic effects

v

v

High copy numbers = stochastic and deterministic models
agree
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