Putting vision into context:

Influence of behaviour and context on sensory processing
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Effect of context on perception:




Effect of context on perception:

—_— e P ——— J— —




Integration of sensory and contextual ‘top-down’ signals
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Integration of sensory and contextual ‘top-down’ signals

Top-down cortical inputs

Higher-order thalamic inputs
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Outline

* Neuronal signals related to attention and reward
expectation

« Behavioural relevance & Learning
« Motor signals in sensory cortex

* Predictive coding



Modulation of sensory responses by attention

Spatial attention (Top-down)
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Modulation of sens

ory responses by attention

Object-based attention

Curve-tracing task
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Modulation of sensory responses by reward expectation

Attention or reward expectation?

Adapted curve-tracing task Saccade
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Modulation of sensory responses by reward expectation

Neuronal signals in V1 related to reward timing (or motor signals?)
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Changes of sensory responses during learning

How do responses to visual stimuli change as they
become behaviourally relevant to an animal?



Changes of sensory responses during learning

Visual discrimination task in virtual reality

Reward zone
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Trained mouse performing the task

Head-fixed mouse on a cylinder,
running through a virtual corridor
(only half of virtual reality visible)




Access to the cortex for chronic recordings

Skull

Implantation of a chronic cranial
window:

Holtmaat et al., 2009



Two-photon calcium imaging of GCaMP calcium indicators

GCaMP6-expressing neurons in visual cortex (V1)
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In vivo two-photon calcium imaging during the discrimination task

Neurons in visual cortex
Trained mouse performing the task expressing GCaMP6 Eye position
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Neuronal responses to task-relevant stimuli

Example cell response to grating corridors:

Trials rewarded grating (vertical) Trials non-rewarded grating (angled)
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Neuronal responses to task-relevant stimuli
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Relationship between behavioural and neuronal performance
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Neuronal changes with learning

: Learning
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Switching between visual and olfactory discrimination task
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Trained mouse switching between visual and olfactory task




Switching between visual and olfactory discrimination task

Mice switch between a visual and an olfactory task
(the same visual stimuli are shown but ignored)
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Modulation of sensory responses by task demands

Task-dependent changes in auditory cortex receptive fields
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Motor signals in sensory areas

Electrophysiological recordings in primary visual cortex in head-fixed, running mice
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Motor signals in sensory areas

Circuit-mechanisms of locomotion-related signals in visual cortex?

visual cortex
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Motor signals in sensory areas

Circuit-mechanisms of locomotion-related signals in visual cortex?
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Motor signals in sensory areas

C

Spikes per s

Just gain control? No!

Activity in visual cortex excitatory cells:
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Motor signals in

Origin of motor signals?

Sensory areas

Anterior cingulate cortex (+ secondary motor cortex)?

D

AfV-Efta-ChrimsonR @

RL 4| Auditory

/- _ areas
LM LI

-~

G

Muscimal .,
A,

AF/(F [%]

Stimulation onset responses

== Stim. responsive cells
= Stim. unresponsive cells

Time [s]

Running onset responses

=== = == EE— I _i

= Baseline
« » « Muscimol
= = Recovery

Time [s]

AFIF [%)]

Running onset responses

m— Stim. responsive cells
= Stim. unresponsive cells

0 1 2 3 4
Time [s]

Leinweber at al., 2017



Motor signals in sensory areas

Origin of motor signals?

Thalamus?
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Imaging activity of t

Expression of calcium
indicator in pulvinar or LGN

Intrinsic signal imaging
to determine position of
visual areas

Two-photon imaging of
thalamic projections in V1

halamic projections in V1

Lateral
posterior
nucleus LP




In vivo two-photon calcium imaging of thalamic axons and boutons in layer 1 of V1

Speed 5x 15 pm



Imaging activity of thalamic projections in V1

Visuo-motor ‘task’

 Trained to run through
virtual corridor

* Running uncoupled from
visual flow



Visuo-motor signals in thalamic boutons in V1
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Motor signals in sensory areas

Motor signals seem to dominate neuronal activity across the cortical surface
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Motor signals in sensory areas

Motor signals as efference copy?
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The importance of predictions for sensory perception
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The importance of predictions for sensory perception

During eye or head movements:

Information about own body’s movement
Efference Prediction Predicted
copy visual
feedback

Motor Difference I Visual
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system
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Predictive coding framework

A  Representational g Hierarchical
framework predictive processing

modulatory feedback

secondary
sensory
primary
sensory

secondary
sensory
primary
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Error
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Predictive coding framework

Experimental evidence for predictive coding in cortical circuits

x>

=== Feedback mismatch
= Running

Playback

Playback halt

Fluorescence change [AF/F]

A subset of neurons in V1 shows strong mismatch (prediction error) responses

E — CT =— Mismatch
— NT oo Playback halt

Coupled training (CT) Non-coupled training (NT) 1]

Mismatch responses are
dependent on experience
of visuo-motor coupling

Time [s]

Keller et al., 2012
Attinger et al., 2017






Predictive coding framework

Potential circuit for mismatch computation in visual cortex

Muscimol in Anterior Cingulate Cortex (ACC)
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Predictive coding framework

Potential circuit for mismatch computation in visual cortex
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Predictive coding framework

Spatial prediction and prediction error signals in visual cortex
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Predictive coding framework

Spatial prediction and prediction error signals in visual cortex
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Summary

I ——

“Sensory” cortical areas are strongly influenced by context and
behaviour

Sensory processing is highly dynamic, allowing animals to flexibly access
and process sensory information according to their current perceptual
and behavioural demands.

Still unclear to what degree top-down predictions influence or dominate
sensory representations

The sources of different contextual signals are mostly still unknown and
we are only starting to determine the circuit mechanisms of how some of
these signals are integrated with sensory information

Recently, the focus has shifted away from the neocortex towards
subcortical structures such as the superior colliculus, thalamus,
cerebellum and the basal ganglia as sources for contextual modulation.
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