
Stochastic Interactions Coordinate 

Transcriptional Programs 

Dimitris Thanos 

Biomedical Research Foundation 

Academy of Athens 
thanos@bioacademy.gr 



Biology and Noise 

 
Noise=Variability 



Noise can be classified as 

     internal :  stochastic fluctuations in the number of   

 protein molecules 

     external : fluctuations in environment and control     

 parameters. 

Noise also classified as      

     phenotypic noise:  leading to qualitative differences in a 

cell phenotype (eg. lysis-lysogen pathway). Fluctuations 

cannot always be viewed as simply small perturbations as 

they can, in fact, induce different developmental pathways. 

     stablizable noise: leading to fluctuations in protein 

concentrations (robustness properties of biological systems).  

 

TYPES OF NOISE 



•I define stochasticity as randomness 

 

•A stochastic process is one whose behavior is non-

deterministic in that a state does not fully determine its 

next state 

 

•Stochasticity arises because random intermolecular 

collisions make biochemical reactions stochastic 

 

•Stochasticity is enhanced by low numbers of molecules 

(intrinsic)  because low numbers changing by one or two 

can make individual events more significant  

 

•Genetically identical cells can behave quite different from 

one another because of stochastic reactions 

Definition of Stochasticity 
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E. coli 
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Stochastic gene expression in a single cell 
 

Double reporter construction  Experiment in E. coli 

no intrinsic noise, only extrinsic noise 

both intrinsic and extrinsic noise 



 

Stochastic kinetic analysis of a developmental pathway 

bifurcation in phage-λ Escherichia coli cell 
 



Stochasticity 
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Every single step occurs in a probabilistic manner, it 

does not determine the next step but it is critical for 

the next step.  

Minor changes in one step could affect dramatically 

the final result 
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STOCHASTIC EXPRESSION-1 

Bacteria Drosophila Retina 
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STOCHASTIC EXPRESSION-2 



STOCHASTIC EXPRESSION-3 



Two models explaining the low efficiency of iPS cell generation. 



 

  
 

Stochastic influences on phenotype 



 

  
 



STOCHASTIC EXPRESSION OF CYTOKINES 
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                Stochasticity requires 
 

•A means to generate noise  
(e.g biochemical reactions, protein-DNA interactions) 

 

•Mechanisms to amplify the noise  

(e.g hypersensitivity-cooperativity) 

 

•Mechanisms to stabilize stochastic decisions 

(e.g transcription factors, epigenetics) 
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Probability of Expression 

Time/Cues 
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IRF-3 NF-κB 
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NRCs colocalize with monoallelically expressed IFN-β RNA 



IFN-β DNA 

NRC21 DNA 

IFN-β RNA 

Uninfected 6hrs post-infection 

Triple RNA/DNA FISH 

Τhe single IFN-β allele interacting with NRCs  is the one that expresses IFN-β mRNA  

Τhe stochastic choice of a single IFN-β allele for expression depends on stochastic 

inter-chromosomal associations. 

  

Hypothesis: Increased frequency of inter-chromosomal 

associations should lead to an increased probability of IFN-β 

expression 
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Τhe NRC NF-kB site plays a critical role in determining the probability  

of IFN-β expression in each cell  
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HOW NRCs WORK? 



The interchromosomal associations between the IFN-β locus and the  

NRCs occur at maximal frequencies before initiation of transcription 

and during enhanceosome assembly and they are significantly 

reduced at the time of initiation of transcription (~6 hrs)  
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However, 

despite this amazing complexity, the fraction of cells 

expressing these genes is always the same 
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thus, 

 

stochasticity in gene expression is  

genetically determined  
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