Spatlal Symmetry and Stability of V1 Receptive Fields Revealed with Two-Dimensional Hermite Functions

1. INTRODUCTION

A neuron’s receptive field succinctly describes neural feature selectivity and quantitatively
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3. COMPARISON BETWEEN MODELS

cart cart cart cart
O = w G

Receptive fields computed using the two
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4. CONTEXT-DEPENDENCE

In approximately half of the cells, receptive fields showed significant differences with
context, i.e. between Cartesian and polar stimulus sets.
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6. SYMMETRY AND LABILITY OF
RECEPTIVE FIELD COMPONENTS
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o the first two of the examples above. Nevertheless, context-dependent changes were always

We computed V1 receptive fields (n=51, 34 from cat V1 and 17 from macaque V1) using
two complementary approaches:

I. In the two-pathway model, the neural response is a sum of three elements:

- stimulus filtered with the linear part of receptive field (L filter) contributes linearly to
the predicted firing rate.

- stimulus filters with the even part of receptive field (E filters) contributes to the
predicted firing rate through full-wave rectification (absolute value of the stimulus
convolved with E filter).

- mean firing rate is added.

f two-pathway quasi-linear model
stimulus / - \
H sum to compute

II. We compute receptive fields of the linear-nonlinear model as most informative
dimensions (MID) (Sharpee, Rust, & Bialek 2004). We will denote these receptive fields as
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of the estimated receptive fields.
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Receptive field estimates have lower variability in the two-pathway
quasi-linear model than of the linear-nonlinear model.
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Comparison of the nonlinear firing rate function in the two modaels.
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for all stimuli with positive, zero, or negative

_ _ _ _ asymmetry index (M filters)
correlations with the receptive field.

qualitatively similar in both models, suggesting that lack of significance in the case of the
linear-nonlinear model was due to the higher variability in these receptive field estimates.

5. PROCRUSTES ANALYSIS

To non-parametrically characterize any systematic differences in receptive
fields at the population level, we compute the best linear transformation
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between two sets of receptive fields. This “"Procrustes” matrix represents a
rotation in 36-component space (dimensionality of receptive fields.
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vectors.

/7. SUMMARY

Higher-rank components show greater context-dependent changes than the more
localized, lower rank components.

Receptive field components that are anti-symmetric with respect to 180 degree spatial
rotation (odd-rank components) are more susceptible to context dependent changes that
the symmetric components (even-rank components).

Procrustes analysis allows for a non-parametric characterization of context-dependent
changes in receptive fields.
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