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P,(t) = Prob(Xa(t) = n)

APu(t) _ .
dt — mZ:O(W(n’m;t) Pfrn(t) —W(m’n?t) Pn(t)) LN, E N
AP, (1 _ )
dt( ) — w:—l Pn—l(t) + wn+1 Pn_|_1 (t) — (’I,U;l_ — wn) Pn (t)

w™ =\, for n - n+1 and

w, =, for n - n—1

Master equation in chemical reaction kinetics
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Pi(t) = ) P(r.p) Py(plt) = P(r.pu) /Y P(r,v)

Pi(1) = aexp(—aTt), 0<7< o0 and

Py(ulr) = Py(p) = ap /a, p=1,.. K

ap = Yphum) and a = ZO‘” = Z’}/u

The stochastic simulation algorithm (SSA, Gillespie et al.)
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Simulation tool: xSSA-lite

XSSA is a module of the xCellerator simulation package
for systems biology of whole cells.

Shapiro, B.E., Levchenko, A., World, E.M.M.B.J., Mjolsness, E.D.: Cellerator:
Extending a computer algebra system to include biochemical arrows for signal
transduction simulations. Bioinformatics 19, 677-678 (2003)
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Table 1: Simulation errors of xSSA-lite in the xCellerator package for

the reactions A = B . Shown are the equilibrium expectation values of the ran-

dom variable E(Xa(t)) and the width of the one-o confidence interval 20 (Xa(t))

obtained by simulation and calculation. Sample size: N = 1000 trajectories.

parameters simulation calculation
no | k I | E(Xy) | E(AR) | 26(X) E(Xy) | E(XR) | 26(X)
10 | 5 5 5.005 4.995 3.068 5 5 3.162
10 4] 6 5.995 4.005 3.011 6 4 3.098
10 | 3 7 6.977 3.023 2.778 7 3 2.898
10 | 2 8 7.949 2.051 2.382 8 2 2.529
10 | 1 9 8.883 1.117 1.676 9 1 1.897
Binomial distribution: E(XA) no Z and ¥ ar((’f}:\) no L
[+ k (I + k)?




Expectation values are wrong for asymmetric reaction rates

equilibrium constants K = 1.

Variances or standard deviations are calculated too small.

Diagnostics of simulation errors
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Endpoint statistics



Table 2: Endpoint statistics of xSSA-lite in the xCellerator package for
the reactions A = B . Shown are the equilibrium expectation values of the ran-
dom variable E'(Xa(t)) and the width of the one-o confidence interval 20 (Xa(t))
obtained by simulation and calculation. Sample size: N = 1000 trajectories.

parameters simulation calculation

ng | k [ | E(Xa) | B(XR) | 25(X) E(Xy) | E(XR) | 26(X)
10 | 5 5 5.001 4.999 3.166 5 5 3.162
10 | 3 7 6.998 3.002 2.899 7 3 2.898
10 | 1 9 8.996 1.004 1.903 9 1 1.897
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equilibrium probability density P(n)
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Continuity in step functions
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Thank you for your attention
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