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Feedback needs experience
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Visual perception requires aligned feedforward and feedback processing, yet the role of experience remains
unclear. The study by Dias et al.” in this issue of Neuron shows that the retinotopic organization of orientation-

tuned feedback from higher to primary visual cortex is learned in mice.

The development of mature visual per-
ception relies on both innate and learned
mechanisms. Context influences the
perception of visual features, a process
long known to be shaped by experience.”
For instance, individuals from different
backgrounds may perceive the classic
Muller-Lyer illusion differently, possibly
due to variations in early visual exposure®
(Figure 1A).

Vision is organized hierarchically,
involving feedforward and feedback loops
between visual areas (Figure 1B). Lower-
order regions, like the primary visual cor-
tex (V1), process simple visual stimuli,
while higher-order areas, such as primate
V2 or mouse lateromedial visual cortex
(LM), provide feedback that refines this
input by incorporating information from
the broader visual context.” The role of
contextual feedback depends on various
input features® and is thought to serve
multiple functions. One idea is that feed-
back predicts lower-order visual features
to detect interrupted contours, fill in
occluded information, or reduce process-
ing load.*® Feedback incorporates such
expectations based on prior information,
which may be either hardwired or learned
from experience.” In this issue of Neuron,
Dias et al." investigate how experience
shapes the precise alignment of feedback
from mouse LM to V1.

The visual world is mapped topograph-
ically onto the cortex, with feedback pro-
jections providing retinotopically aligned
input to lower-order circuits (Figure 1C).
However, this topographic mapping
does not perfectly match the receptive
fields (RFs) of feedforward neurons. Neu-
rons in layer 2/3 (L2/3) of V1 also receive
input from distant parts of the visual field,
often aligned with the parent neuron’s
tuning.” Such input is believed to be

long-range feedback from higher visual
areas.” Previous studies have shown
that the retinotopic alignment of feedback
from LM to V1 depends on the tuning
properties of LM neurons.® Many neurons
in the visual cortex are tuned to oriented
contours, and synthetic stimuli, such as
high-contrast gratings, elicit orientation-
selective responses. Dias et al.' build on
these previous findings® and confirm
that LM neurons tuned to vertical gratings
preferentially respond to parts of the vi-
sual field that are not collinear with their
preferred orientation compared to the
average RF location of their lower-order
L2/3 neuron targets (Figure 1C). This
collinear depletion is striking because it
violates the principle of topographic align-
ment and decreases the spatial precision
of L2/3 responses. Interestingly, this phe-
nomenon is more pronounced for vertical
orientations and is specific to feedback
originating from L5 neurons in LM, while
feedback from L2/3 lacks this effect.

Dias et al.’s’ central question is: how
does such an organization arise? Experi-
ence-independent mechanisms, such as
molecular guidance cues and correlated
activity waves before eye opening,
seem inadequate to explain this complex
arrangement. Therefore, the authors
tested the hypothesis that visual experi-
ence plays a critical role. They used the
classic approach of dark-rearing mice
from birth and then assessed adult visual
responses. By employing a sophisticated
multi-color imaging technique to simulta-
neously record LM axonal projections in
L1 of V1 and the neuronal responses in
L2/3 within the same field of view, they
found that the precision of retinotopic
alignment of feedback from LM to V1 is
greater in dark-reared mice than in nor-
mally reared controls.
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In dark-reared mice, LM feedback RFs
clustered more tightly around the average
RF center of L2/3 neurons. However, the
structuring effect of orientation selectivity
was completely lost (Figure 1C). Presyn-
aptic boutons in L1 of dark-reared mice
responded equally to horizontally and
vertically offset regions of the visual field,
regardless of tuning. Visual experience,
therefore, is not required for the primary
topographic organization of feedback
but is needed for the secondary expan-
sion of collinearly depleted surround input
to V1.

But how could visual experience lead
to such an effect? In normally reared
mice, the spread of feedback RFs is
larger, meaning that LM feedback RFs
overlap less with the RFs of their corre-
sponding L2/3 neurons. Dias et al.’
explored whether a simple experience-
dependent overlap elimination model
could account for this. They tested a
model that considered only RF sizes, RF
orientations, and RF locations of feed-
back boutons and V1 neurons across
different experimental groups. The model
posited that the survival of an LM-V1
connection is inversely related to the
overlap between feedback and feedfor-
ward RFs. Remarkably, this simple model
replicated the study’s main findings,
including the preferential collinear deple-
tion of vertically tuned LM inputs and the
absence of this effect in L2/3-originating
feedback. These results suggest that RF
overlap statistics alone may explain the
experience-dependent degradation of
topographic feedback precision and
collinear depletion.

This finding raises several intriguing
questions for future research. First, the
circuit mechanisms and plasticity rules
that minimize RF overlap and lead to
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Figure 1. Experience shapes expectations and feedback
(A) Muller-Lyer illusion. Are the arrow shafts the same length?

(B) The simplified visual processing hierarchy.

(C) Schematic of the collinear depletion and topographic degradation of tuned LM-to-V1 feedback,

dependent on visual experience.

topographic degradation and collinear
depletion remain unclear. Traditional
Hebbian learning suggests that neurons
with overlapping RFs should “fire
together” and “wire together.” Yet
here, the opposite occurs. How might
such an anti-Hebbian rule be imple-
mented? This could happen through
direct synaptic mechanisms or involve
inhibitory interneurons that invert the
sign of inputs.® Second, how do L2/3
neurons with specific tuning integrate
retinotopically distant, tuned input from
LM feedback—both with and without vi-
sual experience? The study by Dias
et al.” does not allow conclusions about
functional connectivity, leaving the tun-
ing of L2/3 neurons receiving LM input
unknown. Previous studies have shown
that L2/3 neurons prefer distant input
that is co-tuned and displaced along an
axis collinear with their preferred orienta-
tion.” It remains to be seen how these
findings relate to the current results.’”*
In any case, modeling the possible
parameter space of connectivity, plas-
ticity rules, and circuit function through
biologically plausible spiking neural
networks could provide insights into
hierarchical feedback processing and
generate testable hypotheses about
the experience-dependent mechanisms

of collinear depletion and topographic
degradation.®

Finally, Dias et al." convincingly showed
that the V1-LM feedforward-feedback
loop adapts to the statistical structure of
visual experience. But what is the function
of such an organization? At the computa-
tional level, hierarchical feedback pro-
cessing is thought to predict and correct
sensory input using higher-order informa-
tion, which helps the brain resolve uncer-
tainty and focus on relevant details.*°
But which visual processing algorithms
benefit from learned collinear depletion,
and how exactly is this circuit imple-
mented? The predictive role of feedback
in vision has been long hypothesized to
explain phenomena like pattern comple-
tion,® contour integration, and filling in,*®
but the specific mechanisms—and how
they depend on experience—remain
elusive. The study by Dias et al.” repre-
sents a critical step toward understanding
how the brain encodes learned statistical
regularities in visual input to improve
perception. However, the precise function
and circuit implementation remain sub-
jects for future exploration.
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