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Fluctuation Analysis: Dissecting Transcriptional Kinetics with Signal Theory.
Methods in enzymology : 159-91 : DOI : 10.1016/bs.mie.2016.03.017

Résumé
Recent live-cell microscopy techniques now allow the visualization in multiple colors of RNAs
as they are transcribed on genes of interest. Following the number of nascent RNAs over
time at a single locus reveals complex ﬂuctuations originating from the underlying
transcriptional kinetics. We present here a technique based on concepts from signal theorycalled ﬂuctuation analysis-to analyze and interpret multicolor transcriptional time traces and
extract the temporal signatures of the underlying mechanisms. The principle is to generate,
from the time traces, a set of functions called correlation functions. We explain how to
compute these functions practically from a set of experimental traces and how to interpret
them through diﬀerent theoretical and computational means. We also present the major
diﬃculties and pitfalls one might encounter with this technique. This approach is capable of
extracting mechanistic information hidden in transcriptional ﬂuctuations at multiple
timescales and has broad applications for understanding transcriptional kinetics.
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Tineke L Lenstra, Antoine Coulon, Carson C Chow, Daniel R Larson (2015 Nov 10)

Single-Molecule Imaging Reveals a Switch between Spurious and Functional
ncRNA Transcription.
Molecular cell : 597-610 : DOI : 10.1016/j.molcel.2015.09.028

Résumé
Eukaryotic transcription is pervasive, and many of the resulting RNAs are non-coding. It is
unknown whether ubiquitous transcription is functional or simply reﬂects stochastic
transcriptional noise. By single-molecule visualization of the dynamic interplay between
coding and non-coding transcription at the GAL locus in living yeast cells, we show that
antisense GAL10 ncRNA transcription can switch between functional and spurious under
diﬀerent conditions. During galactose induction, GAL10 sense transcription occurs in short
stochastic bursts, which are unaﬀected by transcription of antisense GAL10 ncRNA, even
when both are present simultaneously at the same locus. In contrast, when GAL10 is not
induced, ncRNA transcription is critical to prevent transcriptional leakage of GAL1 and
GAL10. Suppression of ncRNA transcription by strand-speciﬁc CRISPR/dCas9 results in
transcriptional leakage of the inducer GAL1, leading to a more sensitive transcription
activation threshold, an alteration of metabolic switching, and a ﬁtness defect in competition
experiments.
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Dynamics of chromatin accessibility and long-range interactions in response to
glucocorticoid pulsing.
Genome research : 845-57 : DOI : 10.1101/gr.184168.114

Résumé
Although physiological steroid levels are often pulsatile (ultradian), the genomic eﬀects of
this pulsatility are poorly understood. By utilizing glucocorticoid receptor (GR) signaling as a
model system, we uncovered striking spatiotemporal relationships between receptor loading,
lifetimes of the DNase I hypersensitivity sites (DHSs), long-range interactions, and gene
regulation. We found that hormone-induced DHSs were enriched within ± 50 kb of GRresponsive genes and displayed a broad spectrum of lifetimes upon hormone withdrawal.
These lifetimes dictate the strength of the DHS interactions with gene targets and contribute
to gene regulation from a distance. Our results demonstrate that pulsatile and constant
hormone stimulations induce unique, treatment-speciﬁc patterns of gene and regulatory
element activation. These modes of activation have implications for corticosteroid function in
vivo and for steroid therapies in various clinical settings.
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Kinetic competition during the transcription cycle results in stochastic RNA
processing.
eLife : DOI : 10.7554/eLife.03939

Résumé
Synthesis of mRNA in eukaryotes involves the coordinated action of many enzymatic
processes, including initiation, elongation, splicing, and cleavage. Kinetic competition
between these processes has been proposed to determine RNA fate, yet such coupling has
never been observed in vivo on single transcripts. In this study, we use dual-color singlemolecule RNA imaging in living human cells to construct a complete kinetic proﬁle of
transcription and splicing of the β-globin gene. We ﬁnd that kinetic competition results in
multiple competing pathways for pre-mRNA splicing. Splicing of the terminal intron occurs
stochastically both before and after transcript release, indicating there is not a strict quality
control checkpoint. The majority of pre-mRNAs are spliced after release, while diﬀusing away
from the site of transcription. A single missense point mutation (S34F) in the essential
splicing factor U2AF1 which occurs in human cancers perturbs this kinetic balance and defers
splicing to occur entirely post-release.
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Eukaryotic transcriptional dynamics: from single molecules to cell populations.
Nature reviews. Genetics : 572-84 : DOI : 10.1038/nrg3484

Résumé
Transcriptional regulation is achieved through combinatorial interactions between regulatory
elements in the human genome and a vast range of factors that modulate the recruitment
and activity of RNA polymerase. Experimental approaches for studying transcription in vivo
now extend from single-molecule techniques to genome-wide measurements. Parallel to
these developments is the need for testable quantitative and predictive models for
understanding gene regulation. These conceptual models must also provide insight into the
dynamics of transcription and the variability that is observed at the single-cell level. In this
Review, we discuss recent results on transcriptional regulation and also the models those
results engender. We show how a non-equilibrium description informs our view of
transcription by explicitly considering time- and energy-dependence at the molecular level.
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