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Move beyond deterministic ODEs and learn when and how to use stochastic modeling for
biochemical reaction networks. This module focuses on the chemical master equation, Gillespie
style simulation algorithms, noise analysis and hybrid approaches so that you can correctly
capture fluctuation driven behaviour in cellular systems.
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S e s s i o n  I n d e x

Session 1 — Stochastic Processes & Chemical Master Equation Session 2 — Gillespie Algorithm &

SSA Variants Session 3 — Noise, Variability & Hybrid Methods Session 4 — Mini Capstone:

Stochastic Simulation of a Biochemical Circuit
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F e e :  R s  8 8 0 0   Apply Now

Stochastic Processes & Chemical Master Equation

Why stochastic models for biochemical systems

l o w  c o p y  n u m b e r  e f f e c t s  c e l l  t o  c e l l  v a r i a b i l i t y  l i m i t s

o f  d e t e r m i n i s t i c  O D E s

Basics of stochastic processes in chemistry and biology

M a r k o v  j u m p  p r o c e s s e s  s t a t e  s p a c e  a n d  t r a j e c t o r i e s

p r o p e n s i t i e s  a n d  h a z a r d s

Chemical master equation (CME) intuition
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p r o b a b i l i t y  d i s t r i b u t i o n s  o v e r  s t a t e s  l i n k  t o

d e t e r m i n i s t i c  l i m i t s  m o m e n t s  a n d  f l u c t u a t i o n

m e a s u r e s

S e s s i o n  2
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Gillespie Algorithm & SSA Variants

Direct method (Gillespie SSA) step by step

p r o p e n s i t y  c a l c u l a t i o n s  t i m e  i n c r e m e n t  s a m p l i n g

r e a c t i o n  c h a n n e l  s e l e c t i o n

Efficient variants and approximations of SSA

f i r s t  r e a c t i o n  /  n e x t  r e a c t i o n  m e t h o d s  t a u  l e a p i n g

b a s i c s  t r a d e  o f f s  b e t w e e n  a c c u r a c y  a n d  s p e e d

Tooling for stochastic simulation experiments

C O P A S I  /  S t o c h K i t  o v e r v i e w  P y t h o n  a n d  R

i m p l e m e n t a t i o n s  S B M L  m o d e l s  w i t h  s t o c h a s t i c

s o l v e r s

S e s s i o n  3
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Noise, Variability & Hybrid Methods

Quantifying noise and variability in simulations

e n s e m b l e  r u n s  a n d  d i s t r i b u t i o n s  F a n o  f a c t o r  a n d

c o e f f i c i e n t  o f  v a r i a t i o n  n o i s e  i n d u c e d  s w i t c h i n g  a n d

b u r s t s

Intrinsic vs extrinsic noise and experimental links

s i n g l e  c e l l  d a t a  i n t e r p r e t a t i o n  p o p u l a t i o n  v s  l i n e a g e

t r a c e s  c o n n e c t i n g  t o  f l o w  /  i m a g i n g  r e a d o u t s

Hybrid stochastic deterministic modeling strategies

http://www.nthrys.com
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p a r t i t i o n i n g  f a s t  a n d  s l o w  r e a c t i o n s  c o u p l i n g  S S A  t o

O D E  m o d u l e s  w h e n  h y b r i d s  a r e  a p p r o p r i a t e

S e s s i o n  4
F e e :  R s  1 8 8 0 0   Apply Now

Mini Capstone: Stochastic Simulation of a Biochemical
Circuit

Build a stochastic model for a simple gene or signaling circuit

T h e o r y  +  P r a c t i c a l

Explore noise driven behaviours and design levers

b u r s t i n g ,  s w i t c h i n g  o r  o s c i l l a t i o n s  p a r a m e t e r  s c a n s

f o r  n o i s e  c o n t r o l  c o m p a r i s o n  t o  d e t e r m i n i s t i c  m o d e l

Deliverables: code, trajectories, plots and README

s i m u l a t i o n  s c r i p t s  o r  n o t e b o o k s  s u m m a r y  f i g u r e s  a n d

s t a t i s t i c s  a s s u m p t i o n s  a n d  l i m i t a t i o n s  d o c u m e n t

http://www.nthrys.com

