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Bifurcation: change in number or stability of steady states

Saddle-Node bifurcation: one saddle and one node di sappear



limit cycle

Hopf bifurcation: one node changes stability and a limit cycle is born

Bifurcation: change in number or stability of steady states
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time independent – only 
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Two-parameter bifurcation diagram
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Switches

Buzzer
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Switches

Buzzer

Toggle switch 
One way switch



Switches

Buzzer

Toggle switch 
One way switch

Irreversible switch Reversible switch
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Example:
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Negative Feedback Loop
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Combining positive and 
negative feedback loops



Sources of nonlinearity
Oligomer binding

Cooperativity and allostery

Multisite regulation

Stochiometric inhibition
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Example: Bacterial Chemotaxis

Barkai & Leibler, 1997 
Goldbeter & Segel, 1986 

Bray, Bourret & Simon, 1993



Two component motifs
total: 3 4 = 81

32 = 9 (6)

Three component motifs
total : 3 9 = 19683

36 = 729 (138)
With inhibitory self interactions:



Chaotic behavior in a three component network
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