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T he Model

Newman and Frisch [1979]: Formation of skele-
tal pattern of chick limb by means of a reaction

diffusion mechanism
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The geometry of the Apical Zone varies with
time. This may ‘steer’” the pattern formation.
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Changes in size of tip of chick wing during
time of skeletal pattern formation. (from
Newman, Frisch & Percus [1988])



Turing mechanism on a rectangle

oc

8—: = rq (Ca,¢;) + Da - v2Ca
oc;

8—; = ri (ca,¢;) + Di - V¢

® cq,c;. concentrations, rq,r;: reaction terms,
Dy, D;: diffusion coefficients

e Linearization close to equilibrium:
TCL(EChEi) — O,Ti(Ea,(_:z') =0

get

d
5,U =A0U + DV?U
o D =diag (Dqg, D;), Ag = Jac(r)(

U — (Ca - Ea, Ci - EZ)T

Eavai)'

e von Neumann (no flux) boundary condi-
tions



e Solution

Ul (2,9, 1) =
QU p, - €XP (a},,mt) - COS (qz,mx) - €OS (qy,nY)

for mn=20,1,2,..., 1 = 1,2, where

— — mn — nr
Qz,m — T " Qy,n — Ly

— o, , are the eigenvalues of
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A— (q%,m + qin> D with eigenvectors o, ,,

e Contour plot of components of Uﬁn,n
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Biochemistry of Precartilage Condensation

extracellular matrix molecule fibronectin:

e carly mediator of the condensation of mes-
enchymal cells

e Mmakes cells more " sticky”

family of Transforming Growth Factor-gs
(TGF-3s):
e Stimulate own synthesis and the production
of fibronectin

e possible activator morphogen in a Turing
type reaction-diffusion process

corresponding inhibitor: not definitely identi-
fied

e possible connection to Ectodermal Fibrob-
last Growth Factors (FGFs) (Moftah et al.,
2002)



The full model

%CCL = fo(ca,c;) + Ja(R) + DaVQCa,

—c; = fi(ca, ;) + DV

P — fp(Pa R7 CCL) + Dpv2p

o
i = fr(R) =XV - (1Vp) + DRV*F

e c,... I GF-B concentration

e c;...inhibitor concentration

e p...fibronectin concentration

e [7...cell density



Example 1: Full Model
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Full Model: Cell Density

3D Plot of the Cell Density




Example 2: Only Activator-Inhibitor
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Conclusions

e Mechanism can produce bifurcations.

e Inclusion of fibronectin makes process more
stable.

Plans

e More realistic parameters

e effects of shape of domain
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