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Motivation

® Biological systems are complex

® “Simple” underlying dynamics can be
iIncredible costly to simulate directly

® Need to look for ways to increase
efficiency of computations

® |f rare events matter, how can we
cope’?



Resampling
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A Welghted Ensemble Is
Just Repeated Resampling

® Of any stochastic process:
® Molecular dynamics (protein motion)
® Chemical kinetics (cell signaling)

® Branching processes (cancer
modeling)

® Agent based models (population
dynamics)



Fnsemple Sampling
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Welghted Ensemble
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Time Propagation: Arbitrary Dynamics Engine
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Fnsembles:
Weighted vs Unweighted
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Spatial Stochastic
Systems



Toy Model







Toy Model Results
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Neuromuscular Junction
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Neuromuscular
Junction Mode|
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NMJ Zoomed-In

® (Calcium is released from bottom, diffuses, and can
bind to synaptotagmin vesicles

® Model: if enough calcium bind to one vesicle, in the
right pattern, a release event occurs



First Passage Times

Total Firing: WE = 0.0014 / BF = 0.0013
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Scaling Relationship

Firing Probability vs. Ca Concentration
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Realistic Geometry




Signaling Network
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Pipeline: CellOrganizer = BioNetGen — MCell



Protein Histograms

Time = 100 secs
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Steady-State




N steady state,
MFPT(A-B) = 1/FIlux(A—=B)



First Passage Times

BF equiv = 89616 secs of Dynamics
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Pipeline: M) Bios

Chemical Kinetics

Visual Editing Enhanced Sampling
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Conclusions

 Able to sample the rare events and full
distributions for stochastic systems biology

mode

e Speec

S over a wide range of complexity

-Up over brute-force is dramatic

enough encourage the design of more
complex, more realistic models

 LONg time-scale behavior can be
extrapolated from short simulations: can
bridge dynamics over multiple timescales
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