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Review of Tanke et al.

To be evolutionarily successful, organ-
isms must reliably represent the sensory
world and use this information to guide
decisions. The sensory component of
sensory-guided decision-making is well
understood in the rodent barrel cortex, a
primary sensory area that receives soma-
totopic input from the whiskers via the
thalamus. The barrel cortex contains a di-
verse population of genetically defined
neuronal cell types that respond sparsely
to single-whisker stimulation (Lefort et
al., 2009); these responses can be used to
discriminate the outcome of a trial in ba-
sic sensory-guided decision-making tasks
(Peron et al., 2015). However, a concep-
tual framework describing how rodents
use this sparse information to guide deci-
sions has not been established.

A more complete model has been for-
mulated for higher brain regions through
seminal work in monkeys, in which sen-
sory-evoked spikes are integrated across a
pool of neurons until the crossing of a be-

haviorally relevant threshold, at which
point a decision is made (Gold and
Shadlen, 2007; Brody and Hanks, 2016).
Further theoretical work has shown that
weighting the inputs of individual neu-
rons within such a “decision pool” ac-
cording to their sensitivity to sensory
stimuli is an optimal strategy upon which
to base decision-making (Haefner et al.,
2013). However, questions remain re-
garding the size and diversity of this pool
and the relative contribution of individual
neurons to its output.

Models of decision-making in mon-
keys generally rely on choice probability
(CP), a quantitative measure of decision-
making stemming from the observation
that the activity of individual cortical sen-
sory neurons correlates with behavioral
choice (Britten et al., 1996). High CP val-
ues indicate that the outcome of a given
trial can be reliably predicted from the
spike count of the recorded neuron. How-
ever, the contribution of individual neu-
rons cannot be inferred from CP alone.
Correlations in response variability be-
tween neurons can contribute to a high
CP value (Shadlen et al., 1996; Nienborg
et al., 2012; Haefner et al., 2013). There-
fore, one cannot be certain that CP in
decision-pool models is dictated by the
contribution of individual neurons rather
than interneuronal correlations.

One can establish causality between
neuronal activity and sensory-guided de-

cision-making through direct manipula-
tion of neurons during the presentation of
sensory stimuli. The barrel cortex is an ideal
model for such experiments. Because of its
superficial location and somatotopic orga-
nization, it can be easily accessed with elec-
trical or optical stimulation and its sensory
input can be tightly controlled.

Previous experiments in rodents sug-
gest that individual neurons influence be-
havioral response to sensory stimuli with
a weight that depends on their tuning
properties, in line with theoretical predic-
tions (Romo et al., 2000; Houweling and
Brecht, 2008; Doron et al., 2014). How-
ever, proximity effects of the stimulating
electrode or light source in such experi-
ments can result in stimulus-driven hy-
persynchronous activation at the expense
of natural activity dictated by functional
connectivity (Stanley, 2013). In a recent
article, Tanke et al. (2018) addressed some
of these limitations using juxtacellular
single-neuron current injection, or nano-
stimulation, in rat barrel cortex.

To investigate the contribution of
individual neurons to sensory-guided
decision-making, rats were trained to re-
port deflection of a single whisker by lick-
ing a spout, receiving a water reward for
correct responses. After establishing a
threshold stimulus, Tanke et al. (2018)
asked whether inducing spike trains in
single barrel-cortical neurons was suffi-
cient to enhance detection performance.

Received April 22, 2018; revised June 20, 2018; accepted June 25, 2018.
We thank Dr. Michael Kohl for providing comments on the manuscript.
The authors declare no competing financial interests.
*M.J.B. and J.M.R. contributed equally to this work.
Correspondence should be addressed to either of the following: Matthew J.

Buchan, Department of Pharmacology, University of Oxford, Mansfield Road,
Oxford OX1 3QT, United Kingdom, E-mail: matthew.buchan@chch.ox.ac.uk; or
James M. Rowland, Department of Physiology, Anatomy & Genetics, University
of Oxford, South Parks Road, Oxford OX1 3QX, United Kingdom, E-mail:
james.rowland@ccc.ox.ac.uk.

DOI:10.1523/JNEUROSCI.1026-18.2018
Copyright © 2018 the authors 0270-6474/18/386609-03$15.00/0

The Journal of Neuroscience, July 25, 2018 • 38(30):6609 – 6611 • 6609



Overall, nanostimulation did not signifi-
cantly increase detection performance.
Furthermore, nanostimulation alone elic-
ited responses in only 10% of trials. Thus,
on average, single-neuron nanostimula-
tion had no significant effect on the detec-
tion of whisker deflection.

Because neuronal heterogeneity in the
barrel cortex suggests that neurons might
have differing roles in sensory processing,
Tanke et al. (2018) classified neurons
based on electrophysiological properties.
Clustering neurons according to action-
potential width and maximum firing rate
yielded two groups: putative fast-spiking
(FS) interneurons and putative excitatory
neurons. Nanostimulation of FS inter-
neurons enhanced the detection of whisker
deflection, and the extent of enhancement
was positively correlated with interspike-
interval variance, suggesting that nanos-
timulation of spontaneously irregular FS
interneurons more reliably increased detec-
tion performance. In contrast, nanostimu-
lation of putative excitatory neurons as a
whole did not affect detection. Therefore,
these neurons were further subdivided by
cluster analysis based on spike count after
whisker deflection. This yielded four sub-
groups: neurons whose activity decreased,
neurons whose activity sharply increased
(indicating high sensitivity), neurons whose
activity weakly increased, and neurons
whose activity was unchanged after whisker
deflection. Nanostimulation of highly sensi-
tive neurons significantly enhanced the de-
tection of whisker deflection. There were
no significant effects in the remaining
subgroups.

These results suggest that the activity
of a small population of highly sensitive
(HS) neurons belonging to the sensory-
guided decision pool have a dispropor-
tionately large impact on the detection of
whisker deflection. To estimate the size of
this pool, Tanke et al. (2018) used the re-
corded responses of HS neurons to con-
struct a simple threshold detection model.
A pool size of �10 HS neurons closely
matched their observed estimates of de-
tection enhancement evoked by nanos-
timulation. The authors conclude that
single-neuron nanostimulation of either
putative FS interneurons or HS neurons
was sufficient to increase the amount of
evidence for whisker motion provided to
the sensory-guided decision-making pool,
thereby enhancing detection. This observa-
tion provides welcome insight regarding the
influence of individual neurons upon
sensory-guided decision-making.

Several findings by Tanke et al. (2018)
are consistent with currently available lit-

erature. Previous studies have shown that
the influence of individual neurons on
sensory-guided decision-making increases
with stimulus sensitivity (Houweling and
Brecht, 2008). Furthermore, the location
and electrophysiological properties of re-
corded HS neurons suggest that they cor-
respond to layer 5b pyramidal neurons
(de Kock et al., 2007), which account for
the majority of intracortical output (Har-
ris et al., 2018); hence, stimulation of these
neurons is likely to have a significant im-
pact on global brain networks and may
influence behavior more strongly than lo-
cally connected neurons.

In contrast, the finding that nanos-
timulation of single FS interneurons en-
hances stimulus detection is unexpected.
Previous work has shown that barrel
cortex parvalbumin-expressing (PV) in-
terneurons, which are likely the main
constituent of the putative FS group
(Markram et al., 2004), fired less in trials
in which strong whisker motion was de-
tected than in those in which it was not.
Additionally, stimulus detection was en-
hanced or reduced when PV interneurons
in layer 2/3 were optogenetically inhibited
or stimulated, respectively (Sachidhanan-
dam et al., 2016). These seemingly contra-
dictory results may be explained by the
timing of stimulation. Tanke et al. (2018)
began nanostimulation concurrent to
whisker stimulus onset, whereas Sachid-
hanandam et al. (2016) incorporated an
80 ms delay. The incorporation of a delay
may mean that any postinhibitory effects
induced by Sachidhanandam et al. (2016),
such as long-lasting (�0.4 s) biphasic de-
polarizations (Yamashita and Petersen,
2016), fall outside a critical window for
detection of whisker motion. Addition-
ally, Sachidhanandam et al. (2016) re-
stricted their stimulation to neurons in
layer 2/3. Given the functional heteroge-
neity of neuronal subtypes across layers
and within circuits (Harris and Shepherd,
2015), it is reasonable to suppose that the
effects of nanostimulation differ across
layers.

One way individual PV neurons might
enhance detection of threshold whisker
deflection is by increasing network signal-
to-noise ratio. Nanostimulation of PV in-
terneurons could achieve this in several
ways. First, stimulation of FS interneu-
rons might increase whisker-evoked neu-
ral responses relative to ongoing activity,
leading to greater salience of whisker
stimulation, much as optically driving PV
interneurons in auditory cortex sup-
presses spontaneous network activity, but
not responses evoked by a tone (Hamilton

et al., 2013). Second, stimulation of PV
interneurons might drive gamma oscilla-
tions, dampen network noise, and in-
crease the gain of spike trains, as has been
seen with optical stimulation of PV in-
terneurons in slices from rodent PFC (So-
hal et al., 2009). Increased signal-to-noise
ratio may also account for the finding that
irregularly firing FS interneurons more
reliably enhanced whisker detection. The
electrical stimulation performed by Tanke
et al. (2018) causes bursts of spikes, thus
transitioning the neuron from irregular to
regular firing. This transition would result
in a greater increase in signal-to-noise in
spontaneously irregular neurons relative
to spontaneously regular neurons, thereby
potentially ascribing greater saliency.

Another way individual neurons might
enhance detection of threshold whisker de-
flection is through the modulation of global
brain state. Driving single neurons in whole-
cell patch configuration in vivo modulates
local field potential and switches the cortex
into a persistent up state (Li et al., 2009).
Hence, nanostimulation by Tanke et al.
(2018) might have had effects beyond the
local circuit of the targeted neuron. Addi-
tionally, in vivo optical stimulation of PV in-
terneurons in barrel cortex induces gamma
oscillations and modulates whisker-evoked
responses (Cardin et al., 2009). Driving an
opsin restricted to PV interneurons reduced
spike latency from whisker stimulation and
improved the spike precision of these re-
sponses. This effect varied depending on the
timing of the whisker-evoked response rela-
tive to PV-interneuron-induced gamma os-
cillations. These findings illustrate how the
nanostimulation of individual FS interneu-
rons by Tanke et al. (2018) may have driven
salient changes in global brain state during
sensory decision-making.

Finally, it is also possible that the de-
tection enhancement reported by Tanke
et al. (2018) is caused by nanostimulation
of vasoactive intestinal peptide-expre-
ssing (VIP) interneurons, which inhibit
other interneurons and thus disinhibit ex-
citatory neurons (Lee et al., 2013). Be-
cause VIP neurons are sparse in barrel
cortex and are predominantly localized to
layer 2/3, Tanke et al. (2018) state that the
FS group is unlikely to include VIP in-
terneurons. Disinhibition cannot be ruled
out entirely, however, because suppres-
sion of layer 4 PV interneurons has been
shown to result in a tightly coupled in-
crease in both excitatory and inhibitory
inputs to downstream excitatory neurons
(Moore et al., 2018).

In conclusion, the work of Tanke et al.
(2018) constitutes an important step toward
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establishing a conceptual framework for the
role of sparse barrel cortex activity in
sensory-guided decision-making in ro-
dents. It illustrates how neurons can play
specific roles in sensory-guided behavior.
Furthermore, the finding that a small num-
ber of neurons can influence behavioral
choice in response to sensory stimuli pro-
vides an excellent basis for exploring the role
of individual neurons in decision-making
more generally.
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