
1

Regulation of neuronal differentiation at the neurogenic wave front
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Neurogenesis in the vertebrate embryonic retina is an
example of pattern formation of differentiated cells. In
this case, cells differentiate into either neural or non neu-
ral fates. The choice between these two fates relies on the
expression of the so-called proneural genes: this expres-
sion induces neural differentiation, while cells become
non neural in its absence.This fate choice is regulat-
ed spatially through a process termed lateral inhibition
with feedback1. Such a process is mediated by two kind
of proteins, the Notch receptor and the Delta ligand:
when Delta ligand anchored in a cell membrane binds
to its receptor Notch in a neighbouring cell, it generates
a signal towards the cell harbouring the receptor that
inhibits the proneural genes. Feedback arises from the
fact that (i) all cells can potentially express the receptor
and the ligand and then each cell can perform lateral
inhibition to its neighbouring cells, and (ii) Delta ex-
pression itself can be inhibited by Notch signaling. As a
result, neural cells (or equivalently high-expressing Delta
cells) differentiate surrounded by non neural cells (or
low-expressing Delta cells) in an ordered salt and pepper
pattern.

Theoretical studies on lateral inhibition dynamics for
pattern formation have focused until now in unrealistic
fields of cells with periodic boundary conditions. This
combined experimental and theoretical study focuses on
a more realistic situation of a fine grained pattern emerg-
ing in a discrete multicellular system behind a travelling
wave2 and analyses how its progression depends on the
state that is being invaded.

In the retina of chick embryos, the pattern emerges
first in the centre of this tissue and spreads out defin-
ing a differentiation wavefront which divides the retina in
two areas: a differentiating inner domain (the neurogenic
domain) and a surrounding undifferentiated region3–5.
In the inner domain the lateral inhibition process takes
place and differentiation of the first neural cells starts.
In the undifferentiated region the proneural genes are
not expressed, Delta is in high levels and there is no lat-
eral inhibition dynamics. The boundary between both
domains moves forward when cells nearby get differen-
tiated. This scenario is what we call a self-regulated
wavefront.

The goal of our study is to decipher the role of high
Delta expression in the invaded undifferentiated area for
proper pattern emergency. For this purpose we have de-
rived an extension of the nonlinear dynamics coupled in
space of Collier’s model1. We have performed an ex-
ploration across the parameter space with simulations in

two very different scenarios: having Delta (wild-type sit-
uation, WT) or not (Delta=0) in the invaded domain of
undifferentiated cells. Stochastic simulations have been
performed on irregular cell lattices (Voronoi tesselations).
The limits of deterministic dynamics and regular hexag-
onal lattices have been evaluated as well.

Figura 1. Snapshots from simulation results showing the
emerging fine grained patterns in the tissue without Delta
(Left) and in the wild type situation (Right) at the same time
point. Black cells are neural precursors, white cells are non
neural cells that are feeling the lateral inhibition effect and
gray cells belong to the undifferentiated tissue being invad-
ed. The morphological instability and fastest growth in the
Delta=0 scenario are observed.

Our model shows that the presence of the Delta ahead
from the neurogenic wavefront has two important roles
in relation to proper pattern emergency. First of all,
Delta protein reduces the possibility to have either a mas-
sive neurogenic phenotype or sparse patterns, facilitating
proper lateral inhibition patterning. Second, the expres-
sion of Delta slows down the velocity of the differentia-
tion wave front and promotes its morphological stabili-
ty. These predictions explain some of the observations
made by Rocha et al6 in a vertebrate embryonic retina
and might be extrapolated to other organisms and oth-
er neural tissues. Indeed, by applying our theory to the
morphogenetic furrow progression in the eye of flies, we
reproduce experimental results on front perturbation7.
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