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Choice is distributed, near orthogonal to other components and with a ventral-
stream dominance. a Angles between state axes averaged across animals. Choice
axes (pre- and post-movement) were orthogonal to all other axes (smallest angle
84 ± 7°). Attention and wheel had the smallest angular separation (44 ± 3°),
followed by wheel and saccades (56 ± 4°). b Hierarchical clustering from the
angle distances in a. Attention and wheel movements were most similar. Choice
pre- and post-movement onset clustered together, whereas stimulus and saccades
had unique profiles. c Angle between choice and movement state axes averaged
across animals aligned to movement onset (line for average across animals and
shaded area for its 95% CI, n = 7 animals); shaded gray band is the expected
angular distance range for statistically independent axes; observed angles never
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significantly deviated from the statistically independent condition. d Spatial-
Distribution index (SDI) for each state axis. Choice had the largest SDI (30 ±
4%); dots are different animals; middle lines and shaded areas are means and
their 95% CI (n = 7 animals). e We computed five d’ values, each derived by
restricting locaNMF components to one of the five area groups (insets), thus
defining a 5-D space for d’ components. The five broad area groups consisted of
the dorsal stream (PM and AM), ventral stream (L), posterior parietal (A, AL,
and RL), somatosensory (SSt and SSb) and retrosplenial (RS) regions. Each plot
shows a 2-D projection of the five broad area groups, where each dot
corresponds to the d’ values for a given animal and the large dot with errorbars to
the average across animals and s.e. (n = 7 animals). Credit: Nature
Communications (2023). DOI: 10.1038/s41467-023-35824-6

An all-RIKEN team of neuroscientists has mapped out neurons in the
mouse visual system that are selectively activated during decision-
making, and may directly influence this process. To achieve this, they
combined a cleverly-crafted behavioral task with sophisticated imaging
of neurons.

The choices we make involve diverse sectors of the brain, including
those responsible for cognition, movement and other activities. This
complexity has made it challenging for neuroscientists to tease out which
neural circuits directly coordinate decision making.

Many important decisions start with responding to what we see in front
of us. But the visual centers of the mammalian brain rely on much more
information than is supplied by the eyes alone. "Most of the inputs come
from within the brain," says Andrea Benucci of the RIKEN Center for
Brain Science. "And they carry a great diversity of non-visual signals."

This led Benucci to hypothesize that these other sources of data may
represent choice-guiding neuronal inputs. However, confirming this
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would require designing an experiment that minimized the confounding
effects of other brain functions that intersect with the decision-making
process.

To tackle this challenge, Benucci and his team used a behavioral task for
mice that minimized the involvement of memory, body movements and
responses to novel stimuli. This entailed training animals to earn a water
reward by aligning the orientation of a projected image to match that of
a target pattern. Once the animals had mastered this task, the researchers
used a fluorescent "reporter" protein to monitor the firing of neurons in
different regions of the brain as animals pursued their reward.

Their imaging data revealed subsets of neurons that appeared to be
directly involved in choice. These were mostly located in regions of the
brain within the ventral visual stream, a system of neurons primarily
involved in identifying features in a visual scene. The strength of these
signals depended both on the difficulty of the task and on the extent to
which the animal's attention was focused on the orientation task.

Benucci and colleagues validated the activity patterns they had observed
with a neural-network-based computational model, which they trained
using the actual data from animals. The work is published in the journal 
Nature Communications.

"In this study, we not only uncovered signatures of choice, but we also
found well-structured representational dynamics of choice signals that
reflected the context-dependent nature of the decision-making process,"
says Benucci. "The model confirmed that the recorded signals indeed
reflect network computations associated with solving this specific task
using choice strategies matching those of the mice."

Intriguingly, the choice signals identified here were produced by a
relatively small number of sparsely dispersed neurons within the ventral
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stream. Benucci's team is now exploring the extent to which these
"loners" influence vision-based decision making.

  More information: Javier G. Orlandi et al, Distributed context-
dependent choice information in mouse posterior cortex, Nature
Communications (2023). DOI: 10.1038/s41467-023-35824-6
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