Accepted Manuscript

NEUROSCIENCE

Comparison of mechanisms for contrast-invariance of orientation selectivity in
simple cells

Pierre A. Fortier

PII: S0306-4522(17)30072-6

DOI: http://dx.doi.org/10.1016/j.neuroscience.2017.01.052
Reference: NSC 17588

To appear in: Neuroscience

Received Date: 16 September 2016

Revised Date: 29 January 2017

Accepted Date: 31 January 2017

Please cite this article as: P.A. Fortier, Comparison of mechanisms for contrast-invariance of orientation selectivity
in simple cells, Neuroscience (2017), doi: http://dx.doi.org/10.1016/j.neuroscience.2017.01.052

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


http://dx.doi.org/10.1016/j.neuroscience.2017.01.052
http://dx.doi.org/10.1016/j.neuroscience.2017.01.052

Comparison of mechanisms for contrast-invariance of orientation
selectivity in simple cells

Pierre A. Fortier!
' Dept. Cell. Mol. Medicine, Univ. Ottawa, Canada, K1H 8M5

January 28,2017

Highlights:
1. A single mechanistic model was used to compare feedforward mechanisms of contrast-invariance.

2. Thalamocortical (TC) synaptic noise was sufficient to widen tuning for low contrasts to that for high
contrasts.

3. Weak TC synaptic depression removes some offset but strong depression disrupts the stimulus/response
relationship.

4. Only broadly tuned inhibition could completely counteract the remaining offset at all contrast levels.

5. Broadly-tuned inhibition from simple cells maintain response gain but complex cells reduce this gain.
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Abstract

The simple cells of the visual cortex respond over a narrow range of stimulus orientations,
and this tuning is invariant to the contrast at which the stimulus is presented. The inputs
to a single cell derive from a population of thalamic cells that provide a bell-shaped tuning
width and offset that increases with stimulus contrast. Synaptic depression, noise and inhi-
bition have been proposed as feedforward mechanisms to explain why these features do not
appear in simple cells. The extent to which these three mechanisms contribute to contrast-
invariant orientation tuning is unknown. Consequently, the aim was to test the hypothesis
that these mechanisms do not contribute equally. Unlike previous studies, all mechanisms were
examined using the same network model based on Banitt et al. (2007). The results showed
that thalamocortical synaptic noise was essential and sufficient to widen tuning widths at low
contrasts to that of higher contrasts but could not counteract the offset at higher contrasts.
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