
to analyse one class of neuron, GABAergic 
inhibitory interneurons, in the mouse pri-
mary visual cortex. Inhibitory interneurons 
are neurons that send projections to local 
brain regions, and that typically suppress or 
shape the activity of excitatory neurons (the 
neurons that send long-range axon projections 
to other parts of the brain to convey sensory or 
behavioural information). There are dozens of 
inhibitory interneuron subtypes in the cortex, 
and their functional properties had not been 
studied in detail. The authors used a technique 
called calcium imaging (in which intracellu-
lar calcium levels act as a proxy for neuronal 
activity) to record the activity of large popu-
lations of these neurons as mice ran on a ball 
and responded to visual stimuli on a screen. 
The authors subsequently applied coppaFISH 
to the imaged tissue to identify cells in the 
superficial layers of the cortex (Fig. 1). They 
also performed a series of image-alignment 
tasks, to ensure that the correlations between 
the imaging and transcriptomic data for each 
cell were highly precise. In total, they obtained 
data for 1,090 interneurons. 

The authors assigned these interneurons to 
5 subclasses, 11 types and 35 subtypes, many 
of which had not previously been identified 
in vivo (such as a subclass named Sncg). They 
then used their data to analyse how each 
group responded to different visual stimuli 
and different brain states (that is, states char-
acterized by patterns of activity that drive par-
ticular behaviours, such as running or being 
stationary). They found that the responses of 
the neurons to various features of the visual 
stimuli (such as orientation and direction 
selectivity) differed significantly across sub-
classes, but not types or subtypes. By con-
trast, responses to different brain states, as 
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An essential step towards understand-
ing how the brain works is to create a 
catalogue of brain-cell types. Cell-type clas-
sification has been transformed by single-cell 
transcriptomics, which reveals the entire rep-
ertoire of expressed genes (the transcriptome) 
in each of thousands or millions of single cells 
isolated from a brain region of interest1. But 
what do these cell types do, and what parts do 
they play in neuronal circuits? On page 330, 
Bugeon et al.2 attempt to address these ques-
tions by developing an approach to measur-
ing the in vivo activities of transcriptomically 
defined cell types in the mouse visual cortex. 

Single-cell transcriptomics has revealed 
many different groups of cortical neurons1,3,4 

— about 95  in the mouse primary visual cortex, 
for instance3. These groups can be organ-
ized in a hierarchical manner on the basis of 
transcriptomic similarities and differences, 
forming a four-level structure of classes, sub-
classes, types and subtypes. 

Unravelling the function of each of these 
groups requires the ability to distinguish them 
in living brains and measure their activities over 
time. This has become possible in the past few 
years thanks to spatial transcriptomics5–7, in 
which gene expression is analysed in a brain 
slice, preserving the spatial location of each 
cell. Spatial transcriptomics can be conducted 
after in vivo functional studies in the same brain 
tissue, enabling researchers to assign transcrip-
tomic identities to neurons for which other 
properties (such as activity or shape) have 
already been measured8,9.

Bugeon and colleagues set out to increase 

the scope of such post hoc spatial transcrip-
tomic profiling, in terms of both the number of 
cells profiled and the number of genes probed 
in each cell. To do this, the authors developed 
a technique called coppaFISH, which deter-
mines the expression of 72 genes simultane-
ously in individual cells in thin brain sections. 
This expression profile can then be mapped to 
existing3 single-cell transcriptomes to decode 
fine-grained cell identities.

The researchers made use of this approach 
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A gene-expression axis 
defines neuron behaviour
Hongkui Zeng & Saskia E. J. de Vries

A combination of functional imaging and gene-expression 
profiling in brain tissue has been used to unravel the properties 
of 35 subtypes of neuron in mice, revealing a gene-expression 
axis that governs each subtype’s activity. See p.330
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Figure 1 | Combining function with gene expression. Bugeon et al.2 used imaging approaches to measure 
the activity of one class of neuron in the visual cortex of the mouse brain, while the animal ran on a ball 
and responded to visual stimuli on a screen. They subsequently analysed the expression of 72 genes in 
slices of brain containing the same neurons, using a technique called coppaFISH. The authors mapped 
the coppaFISH profile of each neuron onto existing gene-expression profiles (transcriptome data) for 
neurons of various identities — this enabled them to assign each of the neurons they had analysed to one of 
5 subclasses, 11 types and 35 subtypes (for simplicity, only part of the tree is shown). Aligning the activity and 
coppaFISH data from each cell enabled the authors to determine how a cell’s classification into a particular 
transcriptomic subclass, type and subtype related to its activity. Neurons exhibited different responses to 
visual stimuli at subclass level, whereas differences in brain-state-related activity (whether the mouse is 
running or stationary, for instance) were apparent at subclass, type and subtype levels.
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measured by the locomotor activity and pupil 
size, differed at all three hierarchical levels. 

Bugeon et al. performed a principal com-
ponent analysis — an approach that reduces 
the dimensionality of large data sets by iden-
tifying their most important features (named 
principal components). The analysis revealed 
a single transcriptomic principal component 
that could predict how the activity of different 
cell subtypes would be modulated by brain 
states. This transcriptomic axis correlates 
with specific physiological properties10 of the 
cells, such as their membrane time constant (a 
measure of the time taken for a change in elec-
trical potential across the cell membrane) and 
rheobase (a measure of neuronal excitability). 
It also correlates with the level of expression 
of genes that encode cholinergic receptor 
proteins, which are involved in modulating 
neuronal activity. These findings will help us 
to better understand the complex roles that 
diverse inhibitory neurons have in circuit func-
tion, and how different subtypes of neuron 
interact with one another.

This study begins to address a long-standing 
question in neuroscience — why are there so 
many subtypes of inhibitory (and excitatory) 
neuron in the cortex? Although the results 
are encouraging, there is still a long way to go 
to fully answer this question and understand 
whether different cell subtypes all have unique 
roles. 

Bugeon et al. deployed a limited set of visual 
stimuli while the animal was in one of just a few 
simple states. Future studies that use more 
diverse and naturalistic visual stimuli, and 
engage animals in behavioural and learning 
tasks, are likely to reveal more differences in 
how neurons respond to visual cues during 
different phases of behaviour at the type and 
possibly subtype levels11,12. For instance, it 
is likely that more-complete analysis of size 
and contrast tuning in vision will differentiate 
types within each subclass. This in turn will 
enable a deeper examination of the relation-
ship between a cell’s behaviour and its gene 
expression. 

The approach Bugeon et al. have taken is 
generalizable, and so can be applied to other 
regions of the brain — researchers should now 
take the opportunity to extend Bugeon and 
colleagues’ work to all cell types in all layers 
of the visual cortex. Finally, combining their 
method with in-depth morphological, con-
nectional and physiological characterization 
of cells1 could enable researchers to explore 
how cell types interact to form the circuits that 
govern complex processes such as sensory 
perception, behaviour and learning. 
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The last time a mysterious respiratory virus 
brought the world to its knees was in 1918, when 
a pandemic caused by an influenza A H1N1 virus 
spread around the globe. The evolutionary 
steps taken by that H1N1 virus are of particu-
lar interest today, as the COVID-19 pandemic 
continues. To investigate the virus’s evolution, 
Patrono et al.1 scoured museum archives in 
Europe for century-old lung samples contain-
ing RNA from the 1918 virus. Writing in Nature 
Communications, the researchers describe the 
fruits of their labour — genome sequences for 
three 1918 H1N1 viruses. Their work suggests 
that the 1918 flu virus acquired mutations 
during the first wave of the pandemic in the 

Northern Hemisphere’s spring of 1918 that 
might explain why the second wave in autumn 
was so deadly.

It took almost a decade to complete the 
first genomic analysis of a 1918 influenza 
virus, which was obtained in the 1990s from 
the lung tissue of a woman buried in perma-
frost in Brevig Mission, Alaska2. This analysis 
revealed that the 1918 pandemic virus came 
from a flu virus circulating in birds, and later 
allowed scientists to reconstruct the virus to 
study the immune responses that it triggered 
in animal models3. A second full genome was 
generated in the years that followed4. But both 
of these reconstructed genomes came from 
people who died in the United States during 

the deadly autumn wave of the virus — only 
short RNA fragments have been available for 
viruses from Europe5 and from the pandemic’s 
first wave. This lack of information has made 
it difficult to piece together the strain’s 
evolution.

Since the 1990s, there have been huge 
advances in sequencing technology. These 
improvements enabled Patrono et al. to effi-
ciently sequence one complete genome and 
two partial genomes from 1918 viruses found 
in human lung samples that were preserved in 
formalin in museum archives in Berlin (Fig. 1). 
Two of these genomes came from people 
known to have died in June 1918, before the 
pandemic’s second wave, enabling the authors 
to study changes in the virus over time.

The new sequences exhibit several genomic 
differences compared with the US strains, 
including in the viral polymerase complex — 
a set of genes that is key to viral pathogenicity. 
The authors therefore reconstructed the viral 
polymerase complex from the European and 
Alaskan viruses, and compared their func-
tion in vitro. The complex from the Alaskan 
virus was twice as active as the European ver-
sion, suggesting that the observed genomic 
changes might have optimized the virus for 
replication in a human host, explaining the 
autumn wave’s increased deadliness.

All human influenza A viruses circulating 
currently contain genes that trace their ori-
gins to the 1918 virus6. But the origins of one 
gene, which encodes the viral H1 protein 
(the external spike targeted by host immune 
responses), has been less clear. The influenza A 
virus genome comprises eight segments that 
can be swapped in their entirety when two dif-
ferent strains of the virus infect a cell together. 
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100-year-old pandemic flu 
viruses yield new genomes
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Lung samples housed in medical archives have yielded three 
genomes for the influenza A virus that caused the 1918 global 
pandemic. The sequences reveal mutations that might have 
triggered the pandemic’s devastating second wave.

“The authors’ work  
indicates that pandemic 
viruses evolve dynamically 
during the early stages.”

7. Close, J. L., Long & B. R., Zeng, H. Nature Methods 18, 
23–25 (2021). 

8. Xu, S. et al. Science 370, eabb2494 (2020). 
9. Condylis, C. et al. Science 375, eabl5981 (2022). 
10. Gouwens, N. W. et al. Cell 183, 935–953 (2020). 
11. Pakan, J. M. P., Francioni, V. & Rochefort, N. L. 

Curr. Opin. Neurobiol. 52, 88–97 (2018). 
12. Niell, C. M. & Scanziani, M. Annu. Rev. Neurosci. 44, 

517–546 (2021). 

The authors declare no competing interests.
This article was published online on 6 July 2022.

244 | Nature | Vol 607 | 14 July 2022

News & views

©
 
2022

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved. ©

 
2022

 
Springer

 
Nature

 
Limited.

 
All

 
rights

 
reserved.




