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Time=77
Surface: ¢>200

Growth of a glioblastoma

rate of change of tumor cell population
= diffusion (motility) of tumor cells

+ net proliferation of tumor cells

— =V - (DVe¢) + pc

Time=490 Max: 1.00
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Spheroid from V-79 Chinese hamster lung cells
Folkman & Hochberg, Exp Med. 138:745-753 (73)

*~ 10 ¢cells

* Maximum diameter ~ 2 mm
* Necrotic core

* Quiescent region

* Periferic proliferation

* “Nutrient” diffusion limit
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Random walk
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Random walk
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How do patterns emerge 1n biology?
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Embriogenesis

How do patterns emerge in biology?

Stage 20 Stage 23
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Embriogenesis
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Embriogenesis
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Pioneer mathematician
1n

* Computer science

* Cryptography
* Biology
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Turing instability

THE CHEMICAL BASIS OF MORPHOGENESIS

By A. M. TURING, F.R.S. Unwersity of Manchester

(Received 9 November 1951—Revised 15 March 1952)

Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences,
237, No. 641. (Aug. 14, 1952), pp. 37-72.

Diffusion driven (Turing) instability:

incorporation of diffusion within an otherwise stable
dynamical system induces an instability which drives spatial
organization
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THE CHEMICAL BASIS OF MORPHOGENESIS

By A. M. TURING, F.R.S. Unwersity of Manchester

(Received 9 November 1951—Revised 15 March 1952)

Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences,
237, No. 641. (Aug. 14, 1952), pp. 37-72.

Diffusion driven (Turing) instability:
incorporation of diffusion within an otherwise stable
dynamical system induces an instability which drives spatial

C u(x, t); = DV2u(x, t) + f(u(x, t))

@ u=(uy,Us,.., Uy) respresents the chemical concentrations.

@ D is the n x n nonnegative diagonal matrix for chemical
diffusion coefficients.

@ f(u(x,t),t) defines the chemical reactions.
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Turing instability

( Ou 0%
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OV 0%
(5t = Prggz Tolw)

va > Du:> the inhibitor must diffuse faster than the
activator.

Over short ranges the activator dominates leading to increase in u
Over longer ranges inhibition dominates leading to a suppression of u
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Vegetation patterns
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