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O U T L I N E

• Markov chain formulation 
• RNA production and degradation 
• Stationary distribution 
• Mean and variance 
• Gene expression mean and cv 
• Bursting 
• Deterministic approximation 
• Stochastic simulation algorithms 
• First reaction algorithm 
• Direct method 
• RuleBender 
• Factors affecting expression noise 
• Intrinsic vs extrinsic noise



RECALL: 



MARKOV CHAIN DESCRIPTION OF CHEMICAL 
KINETICS

SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder



COMBINATORIALLY COMPOSED STATE SPACE

SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder



THE REACTION TIMES HAVE AN EXPONENTIAL 
DISTRIBUTION

SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder



EXPONENTIAL DISTRIBUTION IS FORGETFUL

SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder



UNDERLYING CHEMICAL MASTER EQUATION

SLIDE CONTRIBUTED BY MUSTAFA KHAMMASH, ETH



STEADY STATE BEHAVIOUR FOR DIFFERENT MEANS

SLIDE CONTRIBUTED BY MUSTAFA KHAMMASH, ETH



TRANSCRIPTION + TRANSLATION

SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder



SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder



SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder

LARGE MEAN ~= SMALL FLUCTUATIONS 
(BURSTING)



STOCHASTIC AND DETERMINISTIC MODELS

SLIDE CONTRIBUTED BY MUSTAFA KHAMMASH, ETH



SLIDE CONTRIBUTED BY MUSTAFA KHAMMASH, ETH



SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder

MONTE CARLO SIMULATION OF MARKOV CHAINS



SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder

FIRST REACTION METHOD



SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder

DISTRIBUTION OF MINIMUM OF EXPONENTIAL RVs



SLIDE CONTRIBUTED BY BRIAN MUNSKY, UC Boulder

DIRECT METHOD (Gillespie Algorithm)



+

=
EFFICIENT RULE BASED MODELS & FAST STOCHASTIC SIMULATIONS 

OF LARGE SYSTEMS



SLIDE CONTRIBUTED BY ADAM ARKIN AND RON WEISS, MIT/BERKELEY

SOURCES OF NOISE



SLIDE CONTRIBUTED BY ADAM ARKIN AND RON WEISS, MIT/BERKELEY

SOURCES OF NOISE



SLIDE CONTRIBUTED BY ADAM ARKIN AND RON WEISS, MIT/BERKELEY

EXTRINSIC VS INTRINSIC NOISE

extrinsic 

intrinsic 



SLIDE CONTRIBUTED BY ADAM ARKIN AND RON WEISS, MIT/BERKELEY
QUANTIFICATION OF EXTRINSIC VS INTRINSIC 

NOISE


