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Spike-time reliability in real neurons

Mitral cell in the olfactory bulb
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Linear filter approximation of

neural dynamics
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Signal + background noise
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Reliability as a cross-correlation
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Analytical expression of reliability I
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Analytical expression of reliability 11
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Analytical expression of reliability 111
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Relationship between
the linear kernel and the neuron’s
phase response

PRC(¢) = —T K (t)dt < > K (t) = —% PRC(t)

Ermentrout, Galan and Urban, in prep.
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simple neuron model
- Hodgkin—Huxley model

=== pyramidal cells
= mitral cells
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Reliability and Liapunov exponent I
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Reliability and Liapunov exponent 11

Using the approximation
(Z(‘91 +¢)—Z (‘91)) ~ L '(‘91)¢

and averaging in time we obtain an equation of the form
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Reliability and Liapunov exponent 111
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Reliability and Liapunov exponent IV

Using the approximation
t
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Reliability and Liapunov exponent V
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For a sinusoidal phase response, Z(t) the absolute value of
the Liapunov exponent, A is maximized close to

r... =T 1(2rx)




Summary

Spike-time reliability depends on an intrinsic cell property: the
spike-triggered average.

In neurons firing periodically, the spike triggered average can be
calculated from the phase response curve, which in turn 1s
determined by the equations describing the neuron’s dynamics.

For neurons firing in the beta/gamma range, spike-time reliability
is optimal for signals fluctuating in a time scale of a few
milliseconds.

This is consistent with the fact that the Liapunov exponent of a
phase oscillator with period 7T is minimal (maximal in absolute
value) for fluctuating inputs in the time scale ~T7/(2m).



Summary

Spike-time reliability depends on an intrinsic cell property: the
spike-triggered average.

In neurons firing periodically, the spike triggered average can be
calculated from the phase response curve, which in turn 1s
determined by the equations describing the neuron’s dynamics.

For neurons firing in the beta/gamma range, spike-time reliability
is optimal for signals fluctuating in a time scale of a few
milliseconds.

This is consistent with the fact that the Liapunov exponent of a
phase oscillator with period 7T is minimal (maximal in absolute
value) for fluctuating inputs in the time scale ~T7/(2m).



Summary

Spike-time reliability depends on an intrinsic cell property: the
spike-triggered average.

In neurons firing periodically, the spike triggered average can be
calculated from the phase response curve, which in turn 1s
determined by the equations describing the neuron’s dynamics.

For neurons firing in the beta/gamma range, spike-time reliability
is optimal for signals fluctuating in a time scale of a few
milliseconds.

This is consistent with the fact that the Liapunov exponent of a
phase oscillator with period 7T is minimal (maximal in absolute
value) for fluctuating inputs in the time scale ~T7/(2m).



Summary

Spike-time reliability depends on an intrinsic cell property: the
spike-triggered average.

In neurons firing periodically, the spike triggered average can be
calculated from the phase response curve, which in turn 1s
determined by the equations describing the neuron’s dynamics.

For neurons firing in the beta/gamma range, spike-time reliability
is optimal for signals fluctuating in a time scale of a few
milliseconds.

This is consistent with the fact that the Liapunov exponent of a
phase oscillator with period 7T is minimal (maximal in absolute
value) for fluctuating inputs in the time scale ~T7/(2m).



In collaboration with:

Nathan Urban Bard Ermentrout



