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Resonant cycle length polymodality and coherence in a noise-induced genetic oscillator
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Biological oscillations underlie many cellular functions,
from basic processes such as cell growth and division to
evolutionary environmental adaptations such as circadi-
an rhythmicity. Some of these self-repeating processes
exhibit a polymodal distribution of cycle lengths, con-
sequence of the skipping of some periods. This is the
case, for instance, of the cell cycle oscillations exhibited
by Chinese hamster cells1, fission yeast cells2, and Xeno-
pus laevis blastomeres3. In these organisms, cells not
always divide when they are supposed to, giving rise to
a distribution of cell-cycle periods that is not unimodal,
but which exhibits secondary peaks at multiples of the
cell-cycle period.

In this contribution we address the general question of
how a limit cycle behavior with polymodal period distri-
bution can arise in minimal oscillator models. To that
end we consider a simple activator-inhibitor system op-
erating in an excitable regime and subject to noise. We
recently showed that such a model system exhibits noise-
induced stabilization of an unstable focus point4. This
system displays noise-triggered excursions away from the
rest state, during which the cell passes through a region
near the unstable focus. The stabilization mechanism
consists in the appearance of oscillations around the un-
stable state, due to the stochastic fluctuations. As a
consequence of these oscillations, the distribution of ex-
cursion times exhibits a marked polymodality: each os-
cillation around the unstable state introduces a well de-
fined delay in the pulse duration. The pulses, however,
are randomly triggered by noise and thus far from oc-
curring regularly, a requirement for this mechanism to
explain the polymodal cell-cycle duration distributions
mentioned above. Nevertheless, excitable systems are
known to exhibit stochastic coherence, with optimal pe-
riod regularity observed for intermediate levels of noise.
Here we show that stochastic coherence can be invoked,
together with the noise-induced stabilization effect to
provide a minimal mechanism for the generation of poly-
modal distributions of cycle lengths in an otherwise peri-
odic behavior. In our setting, the level of intrinsic molec-
ular noise is characterized by the system size, Ω, whose
increase effectively scales up the numbers of molecular
species (thus reducing the noise), while maintaining the
concentrations constant.

Our results show that noise, besides enhancing the reg-
ularity of the pulse activations, also optimizes polymodal-
ity in the system’s response. Furthermore, optimization
of periodicity and polymodality are achieved when noise
levels are comparable. Thus, when the coherence of the

excitable pulses is maximized, so is the probability that
the pulses undergo oscillations around the unstable spi-
ral state. There is a range of noise levels for which opti-
mization holds. Together, these results show that noisy
activator-repressor genetic circuits can naturally behave
as polymodal oscillators.

Figura 1. Molecular noise induces bursts with multiple
pulses in the genetic activator-repressor model (A) by sta-
bilizing an unstable spiral point (B, C). Optimal levels of
molecular noise optimize the polymodality of the cycle lengths
(D).
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2 A. Sveiczer, B.Ñovak,and J. M.Mitchison, J Cell Sci
109,2947 (1996).

3 Y. Masui and P. Wang, Biol Cell 90, 537 (1998).
4 M. Turcotte, J. Garcia-Ojalvo, and G. M. Süel, Proc Natl

Acad Sci USA 105,15732 (2008).

Junio de 2011, Barcelona Pruebas de la contribución1


