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Hebbian assemblies activated over time. Adapted from Bouss, 2019 (Master thesis)
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Instructed delay reaching and grasping experiment. One 10x10 Utah electrode array is 
inserted in pre-/motor cortex of two macaque monkeys. Figures adapted from Brochier 

et al. 2018. Data from the lab of Thomas Brochier, INT Marseille.

STP detection on parallel spike trains. Adapted from Stella et al. 2019
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SPADE
Spatio-temporal PAttern Detection and Evaluation 

a.stella@fz-juelich.de

● SPADE detects Spatio-temporal 
Spike Patterns in massively 
parallel spike trains. (Quaglio et 
al. 2017)

● Combines 
○ an optimized pattern 

mining algorithm 
(Porrmann et al., in 
preparation) 

together with 
● robust statistical testing 

(Stella et al. 2019; Stella et 
al., in preparation)
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Spatio-temporal spike patterns in the macaque motor cortex

a.stella@fz-juelich.de

We analyzed with SPADE over 20 sessions of the reach-to-grasp experiment (2 monkeys) and found numerous patterns.

Utah electrode arrays implanted in 
Monkey L and N. Figure adapted from 
Brochier et al. 2018
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Spatio-temporal spike patterns in the macaque motor cortex
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Repeated occurrence over trials of a STP of size 
4 aligned on the first spike.

Clustering of STPs detected in three experimental sessions. 
Each dot is a neuron, each color represents a pattern. The 
hypergraphs show that numerous neurons are involved in 

multiple STPs.

Percentage involvement of neurons in patterns per session. 
Percentages are drastically different depending on the monkey.

Two STPs detected within the late waiting segment 
across trials..
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● We 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

● We developed a method, called SPADE, detecting significant spatio temporal patterns in massively parallel 

spike trains

● We analyzed N=20 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

● Our results show that spatio temporal patterns occur in all phases of the behavior

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

specific behavioral context

Conclusions
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Thanks for listening

a.stella@fz-juelich.de 

Acknowledgments: The project is funded by the Helmholtz Association Initiative and Networking Fund (ZT-I-0003), by Human Brain Project HBP Grant No. 785907 (SGA2 and SGA3), and by RTG2416 MultiSenses-MultiScales (DFG). We thank 
Sebastian Lehmann for the help in design and development of the graphics.

● Torre E, Quaglio P, Denker M, Brochier T, Riehle A, Grün S. Journal of Neuroscience. 2016

● Quaglio P, Yegenoglu A, Torre E, Endres DM, Grün S. Frontiers in computational neuroscience. 

2017

● Brochier T, Zehl L, Hao Y, Duret M, Sprenger J, Denker M, Grün S, Riehle A. Scientific data. 2018 

● Stella A, Quaglio P, Torre E, Grün S. Biosystems. 2019

● Stella A, Bouss P, Palm G, Grün S. In preparation

● Porrmann F, Pilz S, Stella S, Kleinjohann A, Denker M, Hagemeyer J, Rückert J. In preparation

References

Group of Statistical Neuroscience, Institute of Neuroscience 
and Medicine 6 (INM-6), Jülich Research Center

Special thanks to:
● Prof. Dr. Sonja Grün
● Prof. Dr. Günther Palm
● Peter Bouss
● Dr. Pietro Quaglio
● Dr. Emiliano Torre
● Dr. Alexa RIehle
● Dr. Thomas Brochier

mailto:a.stella@fz-juelich.de

