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Mathematics of microRNAs: stabilizing gene regulatory networks

MicroRNAs (miRNAs) are fascinating in their versatility. An-
imal cells express hundreds of distinct microRNAs, and each
microRNA can regulate hundreds of distinct mRNA targets.
Therefore, in aggregate, the microRNA compliment of a cell
can exert pervasive effects on gene expression. Individual
microRNAs can also be potent determinants of phenotype: The
first microRNAs identified by genetics in nematodes [1,2] and
Drosopbhila [3] function as master regulators controlling genetic
switches between cell fates, largely by repressing translation of
the mRNA of a single target—for example, lin-41 in the case of
the let-7 microRNA [4], or Hid in the case of bantam [3].

Many additional cases of microRNAs functioning as devel-
opmental switches have been identified genetically, but also
many puzzling cases have emerged where genetic ablation of a
microRNA—or even entire families of microRNAs—resulted
in no visible phenotype [5,6]. In some such cases the microRNA
turns out to be required under certain stressful conditions to
ensure robust development [7-9]. These findings led to the
appreciation of the importance of microRNAs for buffering
genetic regulatory pathways against the perturbations associ-
ated with everyday stresses, such as temperature fluctuations
[7,8], or pathogen challenge [9].

The fact that microRNAs are predicted to target thousands
of genes—even a ‘developmental switch’ microRNA such as
let-7 has hundreds of complementary mRNA targets in addition
to lin-41—has suggested that a major role for microRNAs could
be in conferring developmental or physiological robustness,
essentially by dampening transcriptional noise or other fluctu-
ations in gene regulatory networks (GRNs) [10]. Mechanisti-
cally, this buffering function has been considered to reflect a
default mode of microRNA activity, where microRNA binding
to target mRNA causes a slight destabilization of the mRNA,
without necessarily inhibition of protein synthesis [11]. How-
ever, it has also been shown that in vivo, microRNAs can engage
in a dynamic process of repression, with translational inhibition
preceding target mRNA destabilization [12].

So, the versatile microRNA can in some cases directly affect
specific phenotypes, often by translational repression of a lim-
ited set of mRNA targets, or alternatively (or even simultane-
ously), that same microRNA can pitch in with hundreds of other
microRNAs to collectively dampen gene expression across the
transcriptome.

Given the assumption that the majority of microRNA.::target
interactions could be weak, and individually exert only slight re-
duction of gene activity, can this pervasive pan-transcriptome
activity of microRNAs contribute to the stability of the gene

regulatory networks that underlie cellular physiology and
behavior? Chung-1Wu and co-workers (Chen et al.) explore this
question using mathematical modelling of GRN stability against
perturbations, employing network parameters that are an-
chored by actual transcriptomic data, together with data-guided
assumptions for the genomic scope and potency of microRNA
repression. By modelling GRN stability with or without varying
degrees of microRNA activity, Chen et al. show that even
weak microRNA::target interactions, when applied across a
substantial fraction of the transcriptome, are sufficient to exert
stabilizing effects on the network [13].

The results of the Chen et al. study reinforce our appreciation
of the versatility of microRNAs—with their capacity to func-
tion, on the one hand, as master regulators of phenotypically-
potent developmental switches, and on the other hand, as mi-
nor contributors to a powerful pan-transcriptomic stabilizing
collective.

Future directions for this sort of modelling of GRN sta-
bility could include employing ribosome profiling datasets to
incorporate into the model the impact of microRNAs on the
proteome, represented by mRNA translational activity. Since
microRNAs can exert translational repression that is often more
potent than their effects on mRNA levels [3,14], the network
stabilizing effects of microRNAs could likewise be more potent
when assessed in terms of protein synthesis.

It would also be interesting to use the Chen et al approach to
explore the contribution of microRNAs to GRN stability in the
face of specific biological stresses such as heat shock response,
inflammation, or cell cycle arrest/progression, with the pertur-
bation models based on datasets of gene expression dynamics
during those processes.
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