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Motivation

Systems Biology and Cellular Modeling:
biologists, computer scientists, mathematicians.

Olivier Gandrillon, cellular differentiation, hematopoiesis.
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Hematopoiesis
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Cellular darwinism

Instructive model
vs

Darwinian point of view
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Cellular darwinism

Signaling pathways
speci�c recognition
vs

Cell population effects

non speci�c recognition
competition for signals
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Atamas

Gandrillon ! Sergei Atamas’ work (medical doctor) :

Individual based simulations (cellular automata).

Population of elements recognizing signals
(resources).
Recognition ! duplication,
no recognition ! death.

Recognizers characterized by a morphological trait.
Trait quanti�ed by a real number.
Trait determines which signal is recognized.
Trait transmitted to offsprings (with slight variations).

Modeling evolutionary branching by a nonlocal Fisher equation � p. 5



Atamas

Gandrillon ! Sergei Atamas’ work (medical doctor) :

Non speci�c (degenerate) recognition :

! competition for the signals between similar
recognizers.
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Atamas

Typical result of the simulations:

Evolutionary branching.
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Mathematical model

�Nonlocal Fisher equation�:

@tf(t; x) = af(t; x)
�

K � C(f)(t; x)
�

+ d �xf(t; x);

f : population density, x 2 
: morphological trait (

morphological space).

af(t; x)
�

K � C(f)(t; x)
�

: logistic term, ecological

interactions.

d �xf(t; x): diffusion term, evolutive phenomena.
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Mathematical model

Logistic term, af(t; x)
�

K � C(f)(t; x)
�

:

a: malthusian parameter,
K: carrying capacity of the environnement (resources),

C(f)(t; v) =

Z




�(x � x0)f(t; x0)dx0: degenerate

competition, convolution with the competition kernel �:

φ

X

(X)

0 b-b

1/(2b)
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Mathematical model

Diffusive term, d �xf(t; x):

Spreading of the population in the morphospace, due to
the slight modi�cations from generation to generation
(mutations).

Ecological parameters: a, b, K.

Evolutive parameter: d.

Expect d to be small with respect to a, b, K.
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Linear stability analysis

Homogeneous equilibrium f � K unstable if
d

aKb2
is small

enough:

-sin(X)/X3

d/(aKb 2)
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Stability condition depends on the actual form of �, but
general feature:

�̂ > 0 ! stabilizing effect, �̂ < 0 ! pattern forming effect.
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Linear stability analysis

Instability:
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