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Editorial on the Research Topic
Emergent Effects of Noise in Biology: From Gene Expression to Cell Motility

Deterministic modeling coarse-grains unitary events into population behavior, however this
approach often misses the diversity of responses in cellular and molecular systems, due to long-time
effects of stochastic fluctuations. The origins of stochasticity in biological systems are multiple and it
is now generally accepted that this stochasticity can play key roles in emergent biological function
at many scales: from intracellular processes to populations of macroscopic individuals. One can
distinguish two sources: intrinsic fluctuations related to molecular processes, as those involved in
biochemical reactions (in many instances the count of molecules participating in these processes
is low, and so their stochastic nature becomes apparent); and extrinsic fluctuations due to random
changes in the environment surrounding affecting the time evolution of the system.

Taking into account stochastic behavior is often a difficult but mandatory step to refine the
description of a cellular and molecular behavior and to reveal the physiological functions. Thus,
in the middle of several innovative approaches, stochastic modeling is being increasingly pursued
in the context of modern statistical biophysics and cell biology.

Stochastic fluctuations associated to emerging cellular functions attracted the attention of
scientists from various fields as diverse as physics, cell biology, applied mathematics and biophysics.
Modeling both intrinsic and extrinsic random fluctuations is a unifying factor that links the articles
of this Research Topic, which focus on three issues: (i) mathematical methods for studying the
stochastic aspects of the gene expression; (ii) emerging role of noise in developmental and cellular
processes, and (iii) information transmission, both in signaling pathways, as well as in the context
of evolution. Bellow, each of the present Research Topic papers is briefly discussed.

Gonze et al. present a review of different modeling approaches that explore biological systems’
robustness to noisy fluctuations. They first describe how a population of molecular clocks subject
to intrinsic noise can work synchronously to produce sustainable circadian oscillations at the
tissue level. Thus, despite the phase diffusion of the individual oscillators, intercellular coupling
can induce robust oscillations even in the absence of an external cues [1]. Computational models
that study intrinsic-noise effects on cell cycle oscillations are also reviewed, emphasizing the role
of positive feedback in the oscillatory dynamics of the cyclin-dependent kinase network [2]. In
another example, Gonze et al. review how calcium-induced calcium release converts stochastic
Ca?* dynamics into a more regular pattern [3], and mitochondrial buffering can counteract this
regularity [4]. In the following work of this special issue, Givre et al. present a theoretical analysis of
the information transmitted for the role of intracellular calcium dynamics. This study suggests that
slow recovery from calcium release inhibition allows higher information transmission Givre et al.
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Information transmission, although not a new concept, is
gaining momentum in cell signaling and gene network studies,
and applications of this discipline are achieving unprecedented
growth in several areas [5, 6]. The review article from Pedraza
et al. focuses on the relationship between fitness and information
in biology. This study explores the adaption to changing
environments in intermediate timescales and the quantification
of the amount of information a cell needs to obtain from its
environment through a theoretical approach.

Noise can also play a crucial role in embryonic development
by acting as a trigger to determine the trajectory of cell
differentiation due to cell multistability [7, 8]. In this sense,
the review from Gonze et al. discuss several computational
approaches that emphasize the interplay between noise and
multistability during cell differentiation. Also in the context of
development and cell differentiation in multicellular organisms,
Holloway addresses the effect of the gene regulation variability,
focusing on spatial patterning in Drosophila. The contribution
also summarizes recent experimental advances in RNA
transcripts quantification in fixed samples and, visualization
of gene transcription in live embryos. The article gives some
examples about noise regulatory mechanisms.

Cell size often exhibits variability from cell to cell and from
generation to generation. Cellular size may be studied by either
following single-cells over several generations or examining
population data. The original research article by Thomas
provides analytical computations for the size distribution of
single cells, both in forward and backward lineages, and also
across all births in a population tree. Their results highlight the
differences between cell growth and division in isolation and in
a population, and confirms that the extrapolation of results from
isolated cells to population cells is not straightforward.

Cell migration is the result of several processes which involve
the machinery of polarization and motility. When the direction
of polarization is maintained during cell movement it develops
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a persistent movement. This kind of active movement has been
observed both in response to chemotactic gradients, as well as
in the absence of external signals, and induce strong spatial
and temporal correlations [9]. Guisoni et al. study the effects of
density culture and additional correlations using cellular Potts
models, as well as their importance for cell motility. Their
work also summarizes current knowledge on modeling persistent
cell motion. Further, Gosztolai et al. introduce a model for
motile organisms which combines random exploration and finite
perception that presents efficient search.

Finally, adequate mathematical tools and methodologies are
critical for ensuring robust and reliable model predictions
of stochastic gene networks. Methods are used to compute
the time-dependent multivariate distributions and to describe
the stochastic dynamics of gene networks. These methods
are presented in an original research article of this Research
Topic Innocentini et al. presents a meticulous dissection of
three mathematical methods based on piecewise-deterministic
approximations of the master equation applied to small genetic
circuits. This analysis can be a useful reference for mathematical
biologist and theoretician interested in models of stochastic
gene expression.

We hope this Research Topic will stimulate further studies
about the role of stochastic fluctuations on molecular and
cellular biology.
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