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Hebbian assemblies hypothesis
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- Top: Bouss, 2020
Bottom: adapted
from Quaglio et al.
2018
e Cellassemblies act as building blocks for information T e T
processing et et e S Lo e
e Assembly membership is expressed by coordinated el e .' et
spiking activity
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Higher order correlation analysis is a statistical
challenge

Challenges we have to face:
1. Building on pairwise correlation analysis may miss higher-order correlations
a. HOC analysis, for Spatio-Temporal spike Patterns (STPs)
2. Large number of neurons (100 or more)
a. Combinatorial explosion of patterns for N neurons, duration K: 2A(N"K)

b. Massive multiple statistical testing problem

° Torre et al. (2013) Front Comput
3. Development of methods Neurosci
Torre et al. (2016) J Neurosci
. ° Yegenoglu et al. (2016)

a. Detection of STPs ° Quaglio et al. (2017) Front Comput

Neurosci
. . . ° Stella, Quaglio et al. (2019) Biosystems
b.  Significance of STP beyond chance based on firing rates T el Boue ctalin preparatioyn

c. Can cope with non-stationary data
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Detection of spatio-temporal spike patterns with
SPADE

Spike trains
e SPADE detects Spatio-temporal Spike e =
. . . . 1 1 | | Il 11 1
Patterns in massively parallel spike trains. -, . : EE B =T BT
(Quaglio et al. 2017) 5 s T B BT nrE Y
) 4 (I [ 111 1 nis
e Combines —
bHH eb window size w time ( )

o an optimized pattern mining
algorithm (collaboration with Uni Spike trains with detected pattern

Bielefeld: Porrmann et al., subm.) 1 ! o 1 L !
§ 2 N} 1 1 1 | | 1 1 1
together with g 3 e [ I T
4 I 11 I | | 1 1 | 11 1 1
e robust statistical testing (Stella et al. dme (9

2019; Stella et al., in preparation)
STP detection on parallel spike trains. Adapted from Stella et al. 2019
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Detection of spatio-temporal spike patterns with
SPADE

e  Mine original data for STPs

ving[—{tpping} {0 ] pasers couss | P |

e  Generate surrogates and
analyze them in the same

Pattern spectrum Pattern set
filtering reduction Way

e Repeat the procedure for N>>

Destroy
correlation

= | =i | p-value
surrogate data binning ]J_‘clipping )J_{ FIM pattern counts spectrum

Significant [ ] Derlve Slgﬂlﬁcaﬂce
STPs

e  Significant patterns — STPs

surmgaté data -

Surrogate method 1

| M Surrogate method 2
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Comparison and evaluation of Surrogate techniques

A ub B ubDD C JISI-D
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shifted >>H—F—H—
ISI Shuffled
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Uniform Dithering (UD) (Date et
al. 1098; Grun and Rotter 2010)

Uniform dithering with Dead
Time (UDD) (Bouss 2020 - Master
Thesis)

Joint ISI-Dithering (JISI-D)
(Gerstein 2004)

ISI-Dithering (ISI-D)

Trial Shifting (TR-Shift) (Pipa et al.
2008; Louis et al. 2010a Grun and
Rotter (2010))

Window Shuffling (Win-Shuff)
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Which surrogate technique to choose?

Feature/ Method Uniform Uniform ISI Joint-ISI Trial Window

Dithering Dithering with | Dithering Dithering Shifting Shuffling
Dead Time

Spike count no approx approx approx yes yes

ISI no no approx approx yes approx

Dead time no yes yes yes yes no

Auto-correlation no no no no yes approx

Rate modulation approx approx approx approx approx approx

CV > 1 (regular no no approx approx yes no

neurons)

CV < 1 (bursty neurons) | no no approx approx yes approx
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Comparison of surrogate techniques on non-stationary
artificial data

Artificial data modeled on two sessions of experimental data (Brochier et al. 2018) by Poisson process with dead time
(PPD; Deger et al. 2012) and Gamma process.

A Single unit average FR  Single unit ISI CV2 of all units Dead time of all units

40 40 In artificial data:
60 60 fl [ original
5 30 - 50 - 50 - 30 ngnma e In case of non-Poisson data, UD leads to
=5 . . .
= 240 - w40 1 a strong reduction in spike count after
© 20 L .
& 830 1 §30 - clipping, causing a large number of false
£ .
€ 10 - 2 209 positives (FPs)
10 + 10 4
0, J o - 0+ e The other methods show a small number
0 500 0.0 0.1 0.2 0 2 0.0 25
time (ms) IS1 (s) DT (ms) of FPs
B PPD Gamma

o 10 @6 m= WO mm 5D
s ) == UDD mm TR-SHIFT
3 D4 m JS-D  mmm WIN-SHUFF
g 5 5
Q Q 2
a . 13 14 14 15 14 (& .
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SPADE analysis of experimental data

home position
B A TS-ON WS-ON CUE-ON CUE-OFF GO-ON SR RW-ON
I 400ms I 400ms |300ms| 1000ms I I 500ms I
| | | | | + | |
PG SG HF LF

e Instructed delay reaching and grasping experiment

e One 10x10 Utah electrode array is inserted in pre-/motor cortex of
two macaque monkeys

e Two grip types, two force types
e Simultaneous recordings from ~100 neurons

e References: Riehle et al. 2013, Brochier et al. 2018

Figures adapted from Brochier et al. 2018. Data from the lab of
Thomas Brochier, INT Marseille.
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SPADE analysis of experimental data

o 2 monkeys A TSON  WSON CUE-ON CUE-OFF GO-ON SR RW-ON
I 400ms I 400ms I 300ms I 1000ms I I 500ms I
e  O/10 sessions per monkey (15min per session) T I 1 I "I"I "
e 4 trialtypes (SGHF, SGLF, PGHF, PGLF) B BH ]
PG SG HF LF
[
Separately analyzed B & N o
. . & & K ¥ P ¥
e Quasi time-resolved analysis 149 1 ——

cue
early-d

B late-d

movement

o into behaviorally relevant epochs

Neurons

SPADE parameters: 04

) o . . 0 1000 2000 3000 4000
Max pattern duration: 6oms, temporal precision (bin size): Time (ms)
5ms,

Surrogate technique: trial shifting (25ms), alpha: 0.05
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Analysis of Spatio-Temporal Patterns of experimental parallel
spike trains with SPADE: Pattern statistics
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Pattern statistics for both monkeys across sessions.

A.  Pattern counts across behavioral epochs:
— ~60 patterns per monkey
— patterns occur in all phases of
behavior and all trial types
B. Pattern size:
— 2-5 neurons per pattern
C.  Pattern lags:
— max temporal duration = 60ms
D.  Number of pattern repetitions:
— min: 10 to max. 250 occurrences,

depending on size
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Spatial distribution of Spatio-temporal spike patterns on the
Utah array

PGHF PGLF SGHF SGLF

PGHF PGLF SGHF SGLF
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Utah electrode arrays implanted in
Monkey L and N. Figure adapted from
Brochier et al. 2018
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Spatio-temporal patterns may share individual spikes

latedelay SGLF

Unit: 58.2

latedelay SGHF

N
c
il
)
8
(0]
rul
—
(o]
(8]
Y
(o]
-
Q
ge]
|- 201
S

T T T T T T
-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0
Time (s)

Member of the Helmholtz Association

0.1

a.stella@fz-juelich.de

Order of correlation 3

Unit: 98.2

Unit: 41.1

Unit: 7.1

Unit: 89.1

Unit: 65.1
a0

Unit: 292
a(

Order of correlation 4

Unit; 11.1
40

-0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.0
Time (s)

Page 13

0.1

latedelay SGHF

/.

-06 -05 -04 -03 -02 -01 00 01
Time (s)

JULICH

Forschungszentrum


mailto:a.stella@fz-juelich.de

Analysis of Spatio-Temporal Patterns of experimental parallel
spike trains with SPADE

All patterns of one trial:
1101126-002-02, cuel, PGHF: Trial 1

7.2 S : e Shown: neurons involved in

21 patterns. Video shows single trials in
s succession
g 72.1 ®
3 701 . = e Patterns are strictly specific to the
g specific condition
S 61.1
e S5 @ : : e Different neuronal compositions and
£ a different lags

371 — STPs are specific to behavior

76.1
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Hub neurons In patterns

Spatio Temporal Patterns share neurons

— might be central for the network coordination
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Conclusions

e e hypothesize that assembly activity is expressed by the occurrence of precise spatio-temporal patterns of

spikes emitted by neurons that presumably are members of an assembly

e \Xe developed a method, called SPADE, detecting significant spatio temporal patterns in massively parallel

spike trains

e \Xe analyzed N=19 experimental sessions with SPADE consisting of about 100 parallel spike trains recorded by a

10x10-electrode Utah array in the pre-/motor cortex of two macaque monkeys performing a reach-to-grasp task
e  Ourresults show that spatio temporal patterns occur in all phases of the behavior

e Patterns are specific to a behavioral condition, suggesting that different assemblies are activated for each

specific behavioral context

IJ JULICH

Forschungszentrum

Member of the Helmholtz Association a.ste[[a@fz_Jue[iCh.de Page 16


mailto:a.stella@fz-juelich.de

Thanks for listening

Special thanks to:
° Prof. Dr. Sonja Grun
° Prof. Dr. GUnther Palm
° Peter Bouss
° Dr. Alexa Riehle
[ Dr_ Thomas Brochier ELECTROPHYSIOLOGY ANALYSIS TOOLKIT
Surrogate techniques and SPADE are on elephant!
elephant.readthedocs.io
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Analysis of Spatio-Temporal Patterns of experimental parallel
spike trains with SPADE

Percentage involvement of neurons in patterns
per experimental session
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