Genes marked with colorful barcodes give
precise, instantaneous snapshots of single
cells
8 June 2018, by Lori Dajose
(sequential fluorescence in situ hybridization), is a
major advance in being able to identify what goes
on across the genome in hundreds of different cells
at once. Previously, researchers could only image
four to five genes at a time in cells with microscopy.
This work builds off of previous advances from the
Cai laboratory, including an earlier version of
seqFISH from 2014 and research from 2017 that
profiled over 10,000 genes under a microscope.
Scaling seqFISH up to a genomic level now
enables the imaging of over 10,000 genes—about
half of the total number of genes in
mammals—within single cells.
In order for genetic instructions to be turned into an
actual functioning protein, a process called
transcription must first occur. This process often
occurs in pulses, or "bursts." First, a gene will be
read and copied into a precursor messenger RNA,
or pre-mRNA, like jotting a quick, rough draft. This
Intron seqFISH enables 3-D reconstruction of nascent
molecule then matures into a messenger RNA, or
transcription active sites (colored spots) in an embryonic mRNA, akin to editing the rough draft. During the
stem cell (blue), with individual chromosomes occupying "editing" process, certain regions called introns are
distinct spatial territories (colored differently). Here, 982
cut out of the pre-mRNA.
transcription active sites, corresponding to individual
genes, are present in this cell. Credit: Courtesy of the
Cai laboratory

A breakthrough new technique enables scientists
to image 10,421 genes at once within individual
cells.
The work was done in the laboratory of Long Cai,
research professor in biology and an affiliated
faculty member of the Tianqiao and Chrissy Chen
Institute for Neuroscience at Caltech. A paper
describing the research appears in the June 7
issue of the journal Cell.
The new technique, dubbed intron seqFISH

The team chose to focus on labeling introns
because they are produced so early in the
transcription process, giving a picture of what a cell
is doing at the precise moment of gene expression.
Using the newly developed intron seqFISH
technique, each intron is labeled with a unique
fluorescent barcode, enabling it to be seen with a
microscope. Seeing introns reveals which genes
are currently turned on in individual cells, how
strongly they are expressed, and where they are
located. 10,421 introns—and therefore 10,421
genes—can be imaged at once.
Previous work that developed the barcoding
technique focused on labeling mRNA itself,
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providing a measurement of how gene expression and Spatial Genomics of the Nascent Transcriptome
changed over several hours as the mRNA
by Intron seqFISH, Cell (2018). DOI:
developed. Looking at introns enabled the
10.1016/j.cell.2018.05.035
researchers to examine, for the first time, so-called
nascent transcriptomes—newly synthesized gene
expression. This led them to discover that the
transcription of genes oscillates globally across
Provided by California Institute of Technology
many genes on what Cai calls a "surprisingly short"
timescale—only about two hours—compared to the
time it takes for a cell to divide and replicate itself,
which takes from 12 to 24 hours. This means that
over the course of a two-hour period, many genes
within a cell will burst on and off.
There are several reasons why the oscillation
phenomenon had not been observed previously.
First, because these two-hour oscillations are not
synchronized amongst different cells, the
fluctuations are averaged out by methods that
require many cells. Second, the high accuracy of
the seqFISH method allows the researchers to be
certain that what they observe represents real
biological fluctuations, rather than technical noise.
Lastly, these two-hour oscillations are obscured
when mRNAs rather than introns are measured,
because mRNA molecules have a longer lifetime,
three to four hours, in mammalian cells.
Additionally, because introns stay where the gene
is physically located, fluorescently imaging introns
allows researchers to visualize where genes are
located within the chromosome, the large structure
that DNA folds into within the cell's nucleus. In this
work, the team was surprised to discover that most
active, protein-encoding genes are located on the
surface of the chromosome, not buried inside of it.
"This technique can be applied to any tissue," says
Cai, who is a collaborator on the Human Cell Atlas,
a project that aims to define all cell types in the
human body. "Intron seqFISH can help identify cell
types and also what the cells are going to do, in
addition to giving us a look at the chromosome
structure in the same cells."
The paper is titled "Dynamics and spatial genomics
of the nascent transcriptome in single cells by
intron seqFISH."
More information: Sheel Shah et al. Dynamics
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