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The segmentation of the vertebrate body axis is a
rhythmic and sequential process controlled by a multicel-
lular clock. This clock operates in the presomitic meso-
derm (PSM), a tissue situated at the tail of the growing
embryo. Traveling waves of oscillatory gene expression
sweep across the field of PSM cells1,2.
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FIG. 1. (a) Snapshot of deltaC mRNA expression patterns
in the PSM of the developing zebra fish embryo. The cells
in the tailbud oscillate homogeneously generating a traveling
wave across the PSM. (b) Schematic PSM together with the
already determined segments and the most recently formed
somites. Figure reproduced with permission from Ref.2.

This clock has been described either by models of reg-
ulatory networks or by simpler descriptions in terms of
phase oscillators2. While these phase descriptions do not
consider amplitude effects, gene regulatory networks are
too complex to draw any general conclusion about these
effects1.
To address the effects of the amplitude of the oscilla-

tions in the segmentation clock we propose a model based
on the Complex Ginzburg-Landau Equation (CGLE):

∂A

∂t
= (µ+ iω)A+ (br + ib)A|A|2 + (cr + ic)∇2A+ v∇A

(1)

The CGLE describes an oscillatory medium close to
a supercritical Hopf bifurcation3, in agreement with ac-
cepted gene regulatory network models of the segmenta-
tion clock4. We added to the equation a drift term to

describe the system in the moving PSM reference frame.
We also consider a spatial frequency profile, motivated
by morphogen gradients in the PSM2. The presence of
this profile generates the traveling wave pattern.

By taking into account the amplitude of the oscilla-
tions in a simple way, we are able to reproduce previous
results describing the oscillations in the PSM and to find
instabilities which are not present in phase descriptions,
and were not described in genetic regulatory networks.
These instabilities can lead to distinct regimes, includ-
ing spatiotemporal chaos (Fig. 2). Our theory suggests
possible perturbations to developing embryos that could
disrupt the behavior of the segmentation clock and lead
to the described regimes.

FIG. 2. Spatiotemporal chaos in the CGLE. (a) |A(x, y)|.
(b)Arg(A(x, y)). (c) Transversal cut of |A(x, y)| (black line),
Re(A(x,y)) (grey line) and spatial frequency profile (dashed
line).
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