Morphodynamics ?

Control (&/or/of/vs) Dynamics...

Growth vs Maintenance

Stéphane Douady, Univ. Paris 7



Bzology shape ( ?) = = classiﬁcatzon

Genetic = reproduction of the shape




DNA as support of heredity

“The fixed part are the genes...
Hence the control comes from the genes”
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Black box

How does it work ?
Development...



In Physics

Where the
stability
comes from ?
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Formal
description




Phyllo-Taxie

Leaf-Arrangement
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Number of spirals:




Tangent Discs



).
e

x

111

e ) d
R

)

&
b h B R

-4
RN
T

44

o

-

- -
) 1 X 4
v e
’ .- HA* . ', el
1 3 - >
B 4o 4 -
4 . . M
i "t w..r ; I8
.y +
3 .
- F
- Cr AR $
- - > - -
R 44 >
- ﬂ,.w. HENaws
) 1
pmes e &
' > ’
& s -
4 4
: >
- . : :
D BV It 3 .
~— . v {4 b b + -
d 3 - ) §
.4 - .
' 3
| :
* ey -
r T y 1 T
— = winmesansemEn
e ml * vM. JA.W.Z b F
= 5 1 11
O T
m . e .
> >
e
! gttt |
) 4 ) §
— == 2! e
S x 1 y dd
) 4 T 1 e
P IEEERSNW L
g = P ’ ’ s ‘. 4
- T T
L Tt T :

.

k- Rl

[(RER N 444
»
=

-
’

N

T - ATE
Tl ;1 -
- 4 L 4 .
CRES TL
% * m H.A |
: * B
1 o
- " 4
4 '
) 4
S B
- 11 1]
X b 4
) & -
- B
il il ilL]
121 ) 1 X
1. - * MAIY‘A e
¢ ' 4
m Nanaw, SiRaNEEREREE S .
* - e Sl BEREE m
< ’




« imperfect » « dynamical »
bifurcations threshold
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The real parameter is the History of I'(t)

(and initial conditions)



As long as successive appearance of closed packed primordia
With a forbiden central zone

>

Fall into the strong constraint of a mathematical object (2D regular cylindrical lattice)




Outer Front:
55 red edges
34 green

35 pentagons
1 triangle

Middle front:
21 red edges
34 green

Inner front:
21 red edges
I3 green

J. Dumais & C. Golé
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Araucaria

Banksia
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(i’ J) -> (|+1 J J)
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(happens often in corn too)

S = i+ -> i+j+1
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No limitation of shape by the Kirigami (theorem)

The limitation of shape comes from the particular folding,
Hence the develoement of the folds... (see Etienne)
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Mangroves

(inversion of flux direction: vector)



Intrinsic limitations from the type of model (dynamics)












Angles depend on Large

the diameters of the veins !

intermediate

small
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40 micrométres
p——

Where the stability
comes from ?



Early

¥ ¥ ¥

Intermediate

Late

Vartanian & al.
New Phytol 2009






(a) Early Phases
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Creation of shape by a (physical/chemical) instability

But how to « control » the irregularity of the physical instability ?

Dynamical boundary conditions (e.g. directional growth) ?






Lung/Kidney growth




Lung Devellopment

Metzger & al Nature 453 2008
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Globally stable but always different... need a regulation !




A B  Average number of total new
branches per day
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Saffman-Taylor

crossance interface
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Stade pseudo-glandulaire
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Lobe cranial —E12.5 — vue antérieure
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Lobe cranial — E12.5 — vue postérieure

“One possibility is that the process is not precisely (r——
controlled; for example, if branching occurs °,
randomly to fill available space.” 222 1222 1111 1111

oLt MRP14 Dl-d V4

Part d’auto-organisation dans la morphogénese bronchique?



Expression of Fgf10 (growth factor 10)

Bellusci et al., Dev. 1997



Sprouty 2: Spry 2

- il

Epithelium  Mesenchyme

Surexpression de Sry2 et
prolifération cellulaire

Mailleux et al., Mech Dev. 2001
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Double interface modified Saffman-Taylor
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Raphael Clement
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Dunes

« Zoologie »

Barchane

Dunes Transverses

Forme
siamoise




average wind direction ™
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Flux de sable

Intéraction = Mécanisme de stabilisation (raisonement virtuel, avec « force de rappel »)
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The mechanisms of interaction within the shape
induce and constrain the shape itself

Self-regulation of the shape
Also essential for shape maintenance



