A new correlation-based measure of spike timing reliability
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1. Introduction 2.2 The correlation measure 3.2 Reliability with jitter 4. Model neurons with
ISpike|train1l Correlation measure Histogram measure differe nt dynamics

- Also based on repeated presentation
Spike timing reliability places limits on the amount of information a neuron of the same stimulus (N trials)

4.1 Model neurons and stimulus protocol

can potentially transmit about the stimulus. A multitude of different measures | | | |
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has been used to characterize spike timing reliability. One popular group of 100 200 300 400 = 500 ~ 600 700 800 900 1000 - All spike trains are filtered with threshold\\

time (msec)
measures is based on the histogram of spike times (PSTH) in response to Gaussian of width o,
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- Model neurons implemented in NEURON
_ \ - Adapted from a model of a pyramidal neuron
repeated presentation of the same stimulus. These measures characterize Spike train 2 _ _ ( five basic conductances: Na’, K, passive, slow K', and persistent Na’)

. ' ' - Two individual trials are correlated
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reliability faithfully, but rely on at least two independent parameters, which

: The input « ”
have to be carefully adapted, and require the explicit definition of firing events. (and normalized) P Arnold plot

Here, we describe a simple correlation-based measure, which only requires /h { \ { \ / E / \ 2 4 6 8 Jiti;oer (1%8)14 16 18 20 0 12 14 16 18 20
. .y . N " - n . " . Jitter (mS)
one intuitive parameter and does not involve the definition of "a posteriori - Average "correlation” of all pairs of
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events. We test and compare the measure in the context of time (msec) trials defines reliability
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The correlation measure degrades ' Low threshold
smoothly with jitter. o, should be
Correlation

(Rcorr is in [0;1]) adjusted according to the expected
1. A surrogate test data set  rocision of the duta.
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" High | example B example A
- threshold bin=1ms P

bin=12 ms
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2. Model neurons with different dynamics

The histogram measure suffers

from “event skipping”. The reliability 2t bin=12 ms
timei?ﬂsecfm A IS not indicative of the amount of
jitter in the data.
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2. Re|labl|lty Measures 5+ fitered spike train i (=1,..N) -, 3.3 Reliability with extra and missing spikes
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N ... number of trials R L . 42 “AmOld plOtS”
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2.1 Histogram-based measures
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based on spike trains recorded in response to repeated presentation 1. width of the filter o, ] - | | 04 w ni;:f ‘Lr |\IF ||F| I | h 1 | |
of the same stimulus (N triaIS) ' 0 extra spikes/trial : 0 extra spikes/trial 0.05 IR ' I |
* 20 40

parameters of the measure: Correlation measure Histogram measure Correlation measure Histogram measure | R

- original bin size (e.g. from a 10 KHz recording) can be used : : * 20 40 60 60

PSTH may be smoothed with a filter - filter width directly correlates with the expected temporal precision N o 1 m “gfm
threshold is applied to PSTH to define events 4 A = - — — X L 0.05

reliability is characterized as number of spikes within events vs. 250 40 60 : 40 60

Total number of spikes (Rhist is in [0;1]) o | 30 extra spikes/trial » W]“

3. The surrogate test data set o " nesing sk 4 ——
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3.1 The test data set: jitter, additional, and - e . qwy

leak conductance
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| | | | ! | ! | ! mISSIng Splkes ' 60 % missing spikes : )‘ 3 ’/\( —> -
200 400 600 200 400 600 800 - 607 missing spikes 0
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Missing spikes l Extra spikes / trial Extra spikes / trial

# of spikes
# of spikes

- The correlation measure is reliable in quantifying missing, additional spikes,
and spike jitter.

l J | | | [l R 3.4 Dependence on the number of trials
. 1o

200 400 600 800 1000 200 400 600 800 L _ I T L I _ , i
time (msec) time (msec) S I D LR el g , _ Histogram measure - In contrast to histogram measures the correlation measure only relies on one parameter
2k B | ot kDL S AL e (related to the precision of spike timing);
no assumptions about event structure in the data are made.

The average error in reliability with

only N<35 trials is calculated taking - Smooth degradation as a function of missing/additional spikes and jitter.
reliability for 35 trials as a reference.
_ (Based on 208 test sets with - The correlation measure is robust in characterizing spike timing reliability independently of
Correlation measure additional/missing spikes) the dynamics of the neuron, the mean firing rate, the frequency content of the input;
' on average fewer trials than for the histogram measure are necessary.
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The error in the correlation-based

reliability estimate is always more

¥ L Foh S e i ] T R O R L A A vt _ than a factor two lower than the - Computational efficiency (data not shown):

1. Bin size, R O o e R L 1 L SO o 1 O A N (1 v e | error in the histogram-based in most cases it is enough to only average neighboring trials;

2. Smoothing filter width c,, I S o T o . LA o P O b SR DA A 4 B U B okt . . | . , , reliability estimate. bin size can be traded for filter width.

3. Threshold value 0 (absolute, relative to mean firing rate, relative to max. if PSTH, 2 04 060 o. o. o. 10 15 20 25 30 35
defining event separations (as upper or lower boundary); needs to be adjusted
for bin size, number of trials N etc.)

- Well suited to characterize spike timing resonances.
Parameters of the measure:
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Number of trials N
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