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A new approach to monitoring both signaling over time and a global gene expression profile from the same
cell establishes a functional role for NF-kB dynamics in transcription.

Diverse dynamics have been observed
at the protein level and in localization
of transcription factors in response to
different stimuli (Behar and Hoffmann,
2010; Purvis and Lahav, 2013). However, the functions of these dynamics,
especially at the transcriptional level,
are unclear, mainly because it has
not been feasible to robustly measure
signaling dynamics and global gene
expression profiles in the same cell.
In this issue of Cell Systems, Lane
et al. (2017) design a novel integrative
approach, combining single-cell RNA
sequencing (RNA-seq) with live-cell
imaging to allow, for the first time,
the analysis of signaling dynamics
and transcriptomics from the same
single cell. The authors show on a
transcriptome-wide scale that different
NF-kB dynamics result in differential
activation of NF-kB targets. They also
provide evidence for mechanisms by
which transcription of different targets
could be synchronized. Beyond its
relevance to NF-kB, this study provides a new way to explore the functional role of signaling dynamics in other
systems.
Researchers have long realized that
single-cell monitoring is required to uncover heterogeneity. Early studies took
advantage of advances in live-cell imaging and computational tools to watch
the dynamics of transcription factor
activation, as measured by the temporal fluctuations in protein levels or
localization (Lahav et al., 2004; Tay
et al., 2010). Later work showed that
these dynamic responses can even
vary between genetically identical individual cells (Lee et al., 2009; Paek
et al., 2016). Such studies shed light

on the temporal and spatial dynamics
of transcription factor activation and,
in many cases, revealed mechanisms
by which different dynamics are
generated.
Associating signaling dynamics with
functional outcomes has been successful
when clear phenotypic differences between cells, such as differences in
apoptosis, proliferation, and differentiation, were readily observable (Purvis and
Lahav, 2013). In contrast, associating dynamics with transcription is challenging
because population-based RNA-seq
techniques intrinsically mask cell-to-cell
variation.
In recent years, the development of
many single-cell RNA-seq technologies
has allowed unprecedented investigation of cellular heterogeneity in different
tissues, niches, and differentiation
stages (Habib et al., 2016; Tirosh et al.,
2016). Using fluorescence-activated
cell sorting to isolate single cells prior
to single-cell RNA-seq can reveal the
cell state and specific characteristics
at a given time prior to sequencing.
This method of separation, however,
cannot be utilized properly to address
the relationship between transcription
factor dynamics and the transcriptome, due to the absence of temporal
information.
The transcription factor NF-kB is
an ideal candidate for studying the
relationship between transcription factor
dynamics and transcriptomics. Its dynamics depend on the type and strength
of stimulus (Nelson et al., 2004), and it
has been shown that single cells display
different dynamics even in response to
a single stimulus (Lee et al., 2009).
Whether or not this dynamical heteroge-

neity translates to transcriptional heterogeneity remains unresolved. With this in
mind, Lane et al. (2017) integrated live
cell imaging with single-cell RNA-seq
(Figure 1). Although seemingly straightforward, this integration faced many
challenges.
First, the identity of a cell must be
maintained while it is being imaged and
sequenced, but these two measurements are typically done on two
different, incompatible platforms. To
address this, the authors created a
new experimental protocol for a Fluidigm C1 microfluidics instrument to allow
rapid adherence of cells and treatment
with stimuli while cells are in the microfluidics chip. The use of the Fluidigm
C1 chip is an elegant way to resolve
the integration challenge given the
ability to visualize the cells in the microfluidic chip prior to processing them
for single-cell RNA-seq (Tay et al.,
2010). Additionally, the Fluidigm C1 is a
commercially available platform already
present in many institutions. Therefore,
for many researchers, this will provide
an almost off-the-shelf approach to
tackle similar problems.
In addition to the technical challenge,
integrating single-cell imaging and single-cell RNA-seq data requires a sophisticated bioinformatics pipeline. Analysis
of single-cell imaging data is relatively
labor intensive and time consuming.
Single-cell RNA-seq data contain a
high degree of noise and variability.
This poses a challenge for highly expressed genes because a difference in
expression of gene X between cells that
have similar NF-kB dynamics might be
real or might be a result of inter-sample
variability. In addition, lowly expressed
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