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What is the Blue Brain Project??
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Workflow: anatomy

A Morphological diversity of neurons: B Microcircuit anatomy: (a) Microcircuit dimensions, C Reconstructing
(a) m-types, (b) cloning (b) m-type distribution, and morphology selection microcircuit connectivity

H. Markram et al., Cell, 2015



Worktlow: physiology

D Electrical diversity of neurons: E Synaptic diversity: F Reconstructing virtual tissue volumes for
s-types in silico experimentation

stimulus

H. Markram et al., Cell, 2015









Why?

Study the emergent structural and functional properties of the
microcircuit.

Study neurological disorders and neuroprostheses in silico.



Why?

Study the emergent structural and functional properties of the
microcircuit.

Study neurological disorders and neuroprostheses in silico.

Reduce the need for animal testing in laboratory experiments.



Topological analysis of the
MICrocircuit

Reimann et al. Frontiers in Computational Neuroscience, 2017.
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Topology is...

* the mathematics of shape;

Wikipedia, no license






Topology is...

* the mathematics of shape;
* the mathematics of connectivity;

* the mathematics of emergence of global structure from local
constraints.

D. Benbennick, CC BY-SA 3.0









From networks to topology

* Analyze the huge network of directed connections among neurons in
terms of much smaller significant subnetworks.

Directed simplices of dimensions 0, 1, 2, and 3



From networks to topology

* Analyze the huge network of directed connections among neurons in
terms of much smaller significant subnetworks.

* The numbers of different types of significant subnetworks provide
important local information about the whole network.



From networks to topology

* Analyze the huge network of directed connections among neurons in
terms of much smaller significant subnetworks.

* The numbers of different types of significant subnetworks provide
important local information about the whole network.

* Quantify how the significant subnetworks overlap in the larger
network to obtain important global information.



Directed simplices

1e7
8- Bio-M

= e General biol.

| § Erdds-Rényi
NVeasuring 2
e
structure N
Z 2-
1 A

0 1 2 3 4 5 6 7

Simplex dimension



The functional importance of simplices
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The idea of

a cavity
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1 simplex 3 simplices... a cavity made

of 4 simplices



-ligner dimensions
for a cavity

1 simplex 3 simplices... a cavity made
of 8 simplices




Topology faithfully reflects biology
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Neurons membrane
potential

-10mV

-80mV

Time (ms): 562
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Classification of neuron
morphologies

Y. Deitcher et al, Cerebral Cortex, 2017.
L. Kanari et al, Neuroinformatics, 2018.
L. Kanari et al, Cerebral Cortex, 2019.
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Collaborators

 Stefania Ebli, Daniela Egas * Dejan Govc, Ran Levi, Daniel
Santander, Adélie Garin, Celia Ldtgehetmann, and Jason
Hacker, Nicolas Ninin, Martina Smith (Aberdeen)

Scolamiero (now KTH), Gard
Spreemann, Katharine Turner (now _ .
ANU), and Dimitri Zaganidis * Rodrigo Perin (Laboratory of
(Laboratory for Topology and Neural Microcircuitry, EPFL)
Neuroscience, EPFL)

* Nicolas Antille, Giuseppe Chindemi,
Cyrille Favreau, Lida Kanari, Henry
Markram, Taylor Newton, Max
Nolte, and Michael Reimann (Blue
Brain Project, EPFL)

* Pawel Dlotko (Swansea)






