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Epigenetic decision making Timing matters!

• Where important?  Main idea.

•  Paradigmatic genetic switch - Speed dependent 
cellular decision making

• Another form of signalling

• Genetic switch regulating differentiation of immune 
cells

• Multidimensional genetic switch

• Conclusions and Open questions

• Example of timing regulated by quorum-sensing
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Epigenetic genetic decision. Where important:

• In synthetic genetic switches and logical circuits

Wednesday, 12 December 12



Epigenetic genetic decision. Where important:

• In the design of genetic 
therapies
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Where important:

• Un

Understanding of natural cell differentiation circuits 

Differentiation of 
progenitors in immune 
systems (Graf 2008)

• DNA Methylation 
signature is different in 

cancer in networks 
responsible for stem cell 

differentiation
  

 From M. Widschwendter et 
al, Nature Genetics (2006)
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Design of therapies:
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Design of therapies:
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The Genetic Switch in Bacteriophage λ 
 

Let us consider paradigmatic genetic switch
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Let us consider the paradigmatic genetic switch:
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals

Dephosporylation
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals

Mutual Inhibition:
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals

Noise:
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Mathematical model:
Activation or inhibition:

Phosporylation by 
external signals

Noise:

Degradation

Wednesday, 12 December 12



S1 

S2 

X 

X X 

X,Y S1 S2 

X 

X 

X 

Wednesday, 12 December 12



So we have bifurcation, noise and asymmetry
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R is  the ratio Ph/(Ph+Pl) where Ph is the probability 
to choose the upper branch, Pl - the lower one.
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Speed- dependent Cellular decision making
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Asymmetry Ratio
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Speed- dependent Cellular decision making

Speed

Asymmetry
Ratio
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In genetic decision networks:
• natural noise and asymmetry
• decision depends on the scenario, choosing the branch 
and speed of the decision making
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More realistic form of signals
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Further research: multidimensional genetic switch
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Correlation between matrices: C=0.12
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Summary

• All genetic decision switches naturally have asymmetry 
and noise. 

• As a result we have speed dependent cellular decision 
making.

• In contrast to previous results on delayed bifurcations, 
here the asymmetry is transient: and potentially we have 
additional complexity due to the interplay between point 
of maximal asymmetry and point of the decision.
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Summary

• All genetic decision switches naturally have asymmetry 
and noise. 

• As a result we have speed dependent cellular decision 
making.

• In contrast to previous results on delayed bifurcations, 
here the asymmetry is transient: and potentially we have 
additional complexity due to the interplay between point 
of maximal asymmetry and point of the decision.

Such speed-dependent decision making should be 
taken account of in Biology, Synthetic Biology, 

Medicine
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Open Q: Transition to coexisting dynamic attractors
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Open question: delayed 
bifurcations in transition
to coexisting dynamic

attractors
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Open Question: Regulation of decision making in 
growing populations
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Open Question: Cellular decisions in systems with 
cellular intelligency
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Conclusions and thanks to my co-authors!!!

and to Afnan Alagha (KAZ University)
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THANK YOU!!
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