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What is Turing instability?

Can diffusion cause instability?

Diffusion driven instability (Turing instability):

A steady state of the system is

I asymptotically stable without diffusion,

I unstable with diffusion.
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I. Lengyel and I. R. Epstein:

I u . . . concentration of unbound chemical 1,

I v . . . concentration of unbound chemical 2,

I w . . . concentration of bound chemical 1,

ut = du∆u + fuu + fvv − huu− hww,

vt = dv∆v + guu + gvv, (RDES)

wt = huu + hww.

We assume hu > 0 and hw < 0.

For |hw| and hu large one can approximate the system RDES by

(1 + K)ut = du∆u + fuu + fvv,

vt = dv∆v + guu + gvv, (RDER)

where K = −hu/hw > 0.
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What does Turing instability require?

I Reaction + diffusion: fugv < 0 and d1 6= d2,

I Reduced reaction + diffusion + binding: fugv < 0,

I Reaction + diffusion + binding: ?
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Summary of results for RDES

I Binding SA =⇒ TI can occur for du, dv with arbitrary relation to
one another.

I Binding SI =⇒ TI can occur only if the inhibitor diffuses faster than
the activator.

I SA-SA type kinetics permits TI (also for du = dv). !

I SI-SI type reaction does not permit TI.

I If du = dv then the necessary and sufficient conditions for TI do not
depend on du and dv.

I Hopf bifurcation cannot occur (as without binding).

I Instability condition does not depend on the parameters of binding !
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Thank you.
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