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1 Background on biologicalpatterns



Two general strategies to formbiological patterns

Morphogenegradient LewisWolpert

positionalinformation laid outexternally

cells respondpassively geneexpression movement

Reaction diffusionsystems AlanTuring

patternformation autonomous self organized

typicallyinvolvemutual signaling
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pattern formation dynamics best studied
in exemplary physical d chemicalsystems

e g Rayleigh Benard convection

originsofbiological pattern often had to elucidate

early failures
Some real life not quite Turing examples
hair follicles in developing mice Cheung etal 201 2



Synthetic pattern from engineered bacteria
Linetal 2011

time

engr
strain

WT

Mechanism phase diagram baryDs



Outline for this section

describe the wrath ofTuninginstability

pattern functionfor simple dynamhealsystem

Turingspace mode selectman

and systemsizedependence

Amplitudeeqn stipe vs spots
secondary instability

bio applications team projects



2 Turinginstability
Recall N z dynamicalsystem
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from the stable state FM co det M o

transition across Troy 0 Hopfbifecation
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Consider diffusinespatalcoupling
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Tlb F DtT dispersionrelation
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Withoutlossofgenerality take fu o fr
i.e vis auto inhibiting

u is auto activating
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quantitative criterion forTuringinstability
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3 Tuning space
parameterspace whereTuringinstability occurs
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4 ModeSelection

At thethreshold ofTuing instability
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for largeok most unstable mode

where X k is maximum dominates

since unit e Eskx ftp
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Manybiologicalapplications
2d patterns
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other tesselationpattern e g hexagonal

UH y wskx cos k Ey cosk Ey

regular array ofspots
e g hair follicles spot coating

or combination of stripes and spots

pattern selection depends
on nonlinear

terms which stabilizes linear instability


