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Motivation: Model validation with experimental data

Large-scale spiking neural network models
m usually assume "idle" or "resting state" activity
m often validated with data from experiments involving stimulation or behavioural task

How does neuronal activity change during different behaviours?

Ultimate goal: provide a data set suitable for spiking neural network models validation.
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Our experimental data

m two macaque monkeys (E & N)

m 4x4 mm? 10x10 electrodes Utah array implanted in the hand area of M1/PMd

m approx. layer 3-5 of motor cortex

m parallel spiking activity of ~ 120 single units (SUs) and local field potential (LFP)

m 15-20 min long recording sessions

m only SUs with SNR> 2.5 and average firing rate > 1 spike/s considered in analyses

Details available in a preprint:

Dabrowska, P. A., Voges, N., Von Papen, M., Ito, J., Dahmen, D., Riehle, A., Brochier, T., Grlin, S.
(2020). On the complexity of resting state spiking activity in monkey motor cortex. BioRxiv. doi:
10.1101/2020.05.28.121095
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Our experimental data

Resting state

m no task, no stimuli

m electrophysiology and video recording 512 {
m three behavioural states defined: N1 | |
resting state (RS) N2 | |
no movements, eyes open RS mmmRSS mmmM [—notclassified
sleepy rest (RSS)
no movements, eyes closed Data analysed in 3 s long continuous slices of
spontaneous movement (M) single state.

limbs or body movements

JULICH

Member of the Helmholtz Association poster COG_P76 | December 10-11 (Th-Fr) 15:30-16:30 CET p.dabrowska@fz-juelich.de J Forschungszentrum



Our experimental data
Reach-to-grasp
Task:
m monkey self-initiates a trial (TS)
m acue relevant to the task is displayed
(CUE-ON-CUE-OFF)
m monkey waits for 1s without
movements

m second cue (GO) provides missing
information about the task

m monkey initiates (SR) a reaching
movement, grasps an object and holds
it to receive a reward (RW)
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mmm task-related movement (TM)
preparatory period (PP)

500 ms long data slices, for population-level
analyses concatenated into 3 s long slices.
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Single unit spiking across behaviours

Resting state

~ 50% SUs significantly change firing rate with  Behavioural correlation (BC) per SU:
monkey’s behaviour (Kruskal-Wallis test with « = 0.001 m create state vector: single second

and Bonferroni-Holm correction for multiple comparisons) resolution; 1=M, -1=RS, O = other

session N1, REST m correlate with firing rate (1s bins)
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Single unit spiking across behaviours
Resting state & Reach-to-grasp

Average over time per SU
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Population spiking across behaviours

Dimensionality

Dimensionality quantified as participation ratio:
Covariance matrix of all spike trains.
Eigenvalues A from eigenvalue decomposition.
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Population spiking across behaviours

Dimensionality

Dimensionality quantified as participation ratio:
Covariance matrix of all spike trains.
Eigenvalues A from eigenvalue decomposition.
PR = (223'71’2)2 (normalized by number of SUs per session)
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Population spiking across behaviours
Excitatory-inhibitory balance

Separation of putative excitatory and putative inhibitory neurons:

1 P.er monkey take all 2 B.ase.d OI’.I spike widths 3 Calculate consistency:
single waveforms from distribution, set a N broad/narrow>
all recordings, extract threshold and apply to dlassif con;fél;ent SUs
their widths. average SU waveforms. Y )
monkey N N1, REST, ¢=0.62

examplary single waveform —
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Population spiking across behaviours
Excitatory-inhibitory balance
Dominance of excitation or inhibition (A):

In 3 s long slices, bin population
activities into 100 ms bins. seoslon FL REST

Z-score with respect to g
whole-recording mean and std. 5
Subtract inhibitory from excitatory éﬁ
activity. 5
©
2
a
Instantaneous balance (p): 5 % o 1o a0 s 0 6w
. . . time [s]
In 3 S |.Ong. SI|CeS, bln po.pl'”atlon -sleepy resting state (RSS) resting state (RS) -spontaneous movement (M)
aCtIVItIeS |nt0 100 ms blnS. ~ putative excitation = putative inhibition ~ difference: excitation-inhibition

Calculate Spearman rank correlation
between activities.
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Population spiking across behaviours

Excitatory-inhibitory balance

Dominance of excitation or inhibition (A):
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Calculate Spearman rank correlation
between activities. P ..
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Population spiking across behaviours

Dimensionality and excitatory-inhibitory balance
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Spearman rank correlations
between dimensionality and
instantaneous balance:

E N
RSS | -0.31 -0.32
RS | -0.44 -0.21
M -0.77 -0.42
™ | 014 -0.33
PP | 0.04 -0.08

gray - insignificant
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Summary

m Resting state spiking activity differs from other behaviours, both task-related and
spontaneous.

m ~ 50% SUs significantly change their firing rate with respect to behaviour.

m Spike times and counts are more variable in time during spontaneous than task-related
behaviours.

m Spontaneous behaviours show no domination of excitation or inhibition.

m Non-movement states in the motor cortex are characterized by the highest dimensionality
and the lowest instantaneous balance of population activity.
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Model validation

Why is it important to use matching data for model validation?

model assumption electrophysiological data

stationary states, no transient activations transient firing rate fluctuations related to
behaviour

balance of input excitation and inhibition output activity balanced in spontaneous be-
haviours

uncorrelated or weakly correlated external no access to neuronal input, but higher co-

inputs variance and lower dimensionality of spiking

during movements suggests higher correla-
tion in the inputs

parameters defined as distributions and high heterogeneity of activities

ranges
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Additional materials
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Local field potentials
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Time-resolved single units firing

session E1, REST
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Time-resolved dimensionality

session E1, REST
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Time-resolved balance

session E1, REST session N1, REST
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