Skewed firing rate distribution and
fluctuation-driven regime




Spinal Cord

Advantages:

® Purpose: Function is well-defined

® Morphology: Primarily a one-dimensional
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Decerebrate cat:
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“Fictive locomotion”

by adding neuro-chemicals

a Swimming CPG (lamprey) b Walking CPG (mouse, cat)

Intact animal Intact animal
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Isolated spinal cord Isolated spinal cord

Goulding, Nat Rev Neurosci 2009

Rune W. Berg :: INF University of Copenhagen www.berg-lab.net ©
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Model for motor pattern generation:

Turtle scratch reflex

G. A. ROBERTSON AND P.S. (. STEIN

Robertson & Stein, J. Physiol. 1988

Rune W. Berg :: INF University of Copenhagen www.berg-lab.net ©
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Sensory-specific spinal scratchin
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Two regimes:

Fluctuation-driven Mean-driven

Coppvmpdod Med o

Wulfram Gerstner, Werner M. Kistler,
Richard Naud and Liam Paninski
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From Single Neurors to Networks
and Models of Cognition
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Two regimes:

Fluctuation-driven Mean-driven

Definition Rinltotal < %hreshold‘RinItotal > V;fhreshold'

Hallmarks
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Two regimes:

Fluctuation-driven Mean-driven

Definition

Rinltotal < %hreshold‘RinItotal > V;ﬁhreshold'

Hallmarks

Low rates H| gh rates
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Two regimes:

Fluctuation-driven Mean-driven

Definition

Rinltotal < %hreshold‘RinItotal > V;ﬁhreshold'

Hallmarks
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Two regimes:

Fluctuation-driven Mean-driven

Definition

Rinltotal < %hreshold‘RinItotal > V;ﬁhreshold'

Hallmarks
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Shape of rate distribution in the two
regimes?
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Shape of rate
distribution is skewed

The Journal of Neuroscience, November 9, 2011 - 31(45):16217-16226 * 16217

Behavioral/Systems/Cognitive

On the Distribution of Firing Rates in Networks of Cortical

Neurons

Alex Roxin,'? Nicolas Brunel,> David Hansel,>* Gianluigi Mongillo,? and Carl van Vreeswijk?

ICenter for Theoretical Neuroscience, Columbia University, New York, New York 10032, 2Centre National de la Recherche Scientifique, Unité Mixte de
Recherche 8119, Université Paris Descartes, 75270 Paris, France, 3Insitut d’Investigacions Biomediques August Pi i Sunyer, Barcelona 08036, Spain, and
“Interdisciplinary Center for Neural Computation, Hebrew University, 91904 Jerusalem, Israel

“WVe argue that skewed rate distributions are
a signature of the nonlinearity of the in vivo F-l-curve”

Rune W. Berg :: INF University of Copenhagen www.berg-lab.net ©
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Transformation of
Input-to-output

Spike Rate
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Transformation of
Input-to-output

Spike Rate
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Two regimes:

Fluctuation-driven Mean-driven

Definition RinItotal < V;Shreshold'Rz'nItotal > V;fh’r‘eshold'

Hallmarks Low rates High rates

Hallmarks Irregular
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Peter Petersen



http://www.berg-lab.net
http://www.berg-lab.net

Berg64-Probe by Neuronexus

4

37 ym
33 ym
29 uym
25 ym

21um 20 am
60 pn
5mm 17 ym i

28pm =
(min)

200 pm

8 shanks with 8 leads = 64 ch

Rune W. Berg :: INF University of Copenhagen www.berg-lab.net ©
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Electrophysiology:
Multichannel recording

# Silicon probes
L 64 channels

Ventral

Rostral

Rune W. Berg :: INF University of Copenhagen www.berg-lab.net ©
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Experimental Setup
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Histology
DiD-labeling and Nissle
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Spike sorting

Different units on same probe

CorrelogramsView
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Rastergram of
spinal neurons
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opatiotemporal spiking activity
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Rune W. Berg :: INF University of Copenhagen

Petersen and Berg, in preparation
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Population Distribution of Spike Rates
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Population Distribution of Spike Rates
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Single cell rate distribution

Linear

Distribution

80 100 120 140 160 180

s Y

60
Spike frequency [Hz
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Single cell rate distribution

I (inear
== log

Linear

Skewness

Distribution
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Spike frequency [HZ]
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Single cell rate distribution
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Rune W. Berg :: INF University of Copenhagen

Skewness

- - Gaussian D

R=-0.46825 ***

Skewness on log scale

Log mean firing rate

www.berg-lab.net ©
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Time dependence of distribution?
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Spatiotemporal spiking activity Timedependent distribution

Channel position

ohanks
10 11 12 13 14 15 16 10" 107" 10" 10"

. Eirina rates (H7)
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Rastergram

Petersen and Berg, in preparation
Rune W. Berg :: INF University of Copenhagen www.berg-lab.net ©
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Time-dependent distribution
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Time-dependent lognormal distribution

>
O
-
7]
S
o
)
S
L
c
©
o
=



http://www.berg-lab.net
http://www.berg-lab.net

UoneIASQ pIepUE

S
7

-
0O
)
-
0
=
A
O
K
&
. G
O
-
o0
O
s
-
)
O
-
)
o
)
7
)
£
T



http://www.berg-lab.net
http://www.berg-lab.net

Irregularity?
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Irregularity measure
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Irregularity measure
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Driving a cell across regimes

aley Mjids

7

Current

Distribution
Irregularity (CV2)

e
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Irregularity (CV2) Injected Current [nA]

Petersen and Berg, in preparation




Samples: Fluctuation- and mean-driven neurons
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Petersen and Berg, in preparation




Samples: Fluctuation- and mean-driven neurons

Fluctuation-driven Mean-driven
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Petersen and Berg, in preparation




Irregularity for the
population over time
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Number of cells
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Number of cells

10 20 30 40 50 60 70 80 90 100
Time in irregular regime for each cell (%)



http://www.berg-lab.net
http://www.berg-lab.net



http://www.berg-lab.net
http://www.berg-lab.net

Conclusions

® Skewed, log-normal firing rate distribution in

some neurons some of the time
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