Systematic exploration of relationships between inhibitory and
excitatory synaptic strength, grid firing and gamma oscillations
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How do rate coded grid fields and network gamma oscillations
vary with strength of excitatory and inhibitory connections?



In the absence of noise fine tuning of excitatory and
iInhibitory synapses is required for grid firing
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Introducing intrinsic noise makes grid firing robust to
changes in synaptic strength
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Adding more noise impairs grid firing
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Theta-nested gamma oscillations emerge with introduction of
Intrinsic noise
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Properties of gamma oscillations vary with synaptic strength, but
do not predict rate coded grid computations
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Gridness score

Noise-dependence of grid firing and gamma oscillations
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Gamma oscillations can be tuned while maintaining grid firing
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How does intrinsic noise promote grid firing and gamma oscillations?
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Seizure-like states emerge in the absence of intrinsic noise
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Frequent seizure-like states disrupt grid firing
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Seizures are reduced when theta input is removed
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Recurrent inhibition abolishes seizures and promotes grid firing
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Gamma oscillations and grid firing can be independently
tuned in networks with recurrent inhibition
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Summary

1. Experimentally constrained E-I models account for rate coded grid firing and
gamma oscillations through a shared circuit mechanism.

2. Rate coded grid firing and gamma oscillations can be independently controlled
by adjusting gE or gl.

3. Gamma oscillations vary with network state, but are a poor predictor of rate
coded computations.

4. Noise suppresses disruptive seizure-like dynamics.
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Physiological

Light

Selective optical activation of stellate cells and fast
spiking interneurons
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Timing of gamma oscillations relative to theta is consistent
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Grid firing is maintained when interneurons receive “noisy”
spatial inputs
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Grid patterns of interneuron firing become undetectable

A subset of excitatory cells have grid firing fields
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E-l models predict that interneurons have spatial firing fields
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