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MULTI-AREA MODEL OF MACAQUE VISION-
RELATED CORTEX

e rich anatomical and physiological data sets available

e stepping stone to human

e regularities of organization
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MULTI-AREA MODEL OF MACAQUE VISUAL
CORTEX

800 million neurons in one hemisphere

32 areas in Felleman & Van Essen parcellation

_ _ . _ Maximilian
representing each area by a 1 mm? microcircuit Schmidt

4-10° neurons and 2.4-10%° synapses

simulated using NEST on Julich supercomputers

Schmidt M, Bakker R, Shen K, Bezgin G,
Diesmann M, van Albada SJ (2018) PLOS CB

T Potjans
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MINIMAL LAYERED CORTICAL NETWORK MODEL

e 1 mm?2

« 0.3 billion synapses; 80,000 leaky integrate-

and-fire neurons
« 2 populations of neurons per layer:
« E: Excitatory
« I Inhibitory
- Eandlidentical neuronal dynamics
- laterally homogeneous connectivity

- layer- and type-specific connection
probability based on collation of
experimental data

« Poisson drive
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HIERARCHY OF VISUAL CORTICAL AREAS

UNILAMINAR

ORIGIN TERMINATION
(Sorl) (F,C, or M)
s|® 00
| | F
I - . |
| | ! !
11 L I
Ll sF ] L B-F
UPRA |
14 N ' | ¢
il |
<+ |
NULAR E :

[ kM . _B-M

this is only one of thousands of possible
orderings fitting the pairwise connection
patterns equally well Hilgetag et al., 1996

alternatively, can use "architectural types’ or
neuron densities to define hierarchy
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DIFFERENTIAL LOCAL ARCHITECTURE

architectural types
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« total cortical thicknesses and overall neuron densities for 14 areas _
Hilgetag et al. (2016)

« estimated for remaining areas based on architectural types Neurolmage

« reduction in L4 thickness toward higher areas based on micrographs from the literature
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CONNECTIVITY MAP FROM TRACING DATA

partly binary, partly quantitative
data

connection probability decays
with distance also for inter-area
connections

use this decay to estimate
missing data based on distance
between areas

roughly 2/3 of area pairs are
connected

more important: connection
density, spanning ~6 orders of
magnitude

Member of the Helmholtz Association
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PLAUSIBILITY CHECK
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LAMINAR PATTERNS
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INTER-AREA INTERACTIONS CAUSE SLOW
F L U CTUATI O N S e stable ground state obtained after

mean-field-based stabilization

Schuecker J, Schmidt M, van Albada SJ,
Diesmann M, Helias M (2017) PLOS CB
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GROUND STATE WITH MULTIPLE TIME SCALES
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— Simulation

V1 SPIKING STATISTICS
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TEMPORAL HIERARCHY
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FUNCTIONAL CONNECTIVITY

inter-area interactions in metastable state resemble experimental resting-state fMRI

correlations between fMRI functional connectivity
simulated synaptic inputs - averaged over six monkeys
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GITHUB REPOSITORY https://inm-6.github.io/multi-area-model/

Multi-scale spiking network model of

multi-area- macaque visual cortex
model

A large-scale spiking

model of the vision- Local connectivity
related areas of ) V — 1
macaque

Population sizes

@ View On GitHub

e =
=

This project Is
maintained by INM-6

Cortico-cortical connectivity

This code implements the spiking network model of macaque visual cortex developed at the Institute of
Neuroscience and Medicine (INM-6), Research Center Julich. The model has been documented in the

following publications:

1. Schmidt M, Bakker R, Hilgetag CC, Diesmann M & van Albada SJ Multi-scale account of the
network structure of macaque visual cortex Brain Structure and Function (2018), 223: 1409
https://dol.org/10.1007/s00429-017-1554-4

2. Schuecker J, Schmidt M, van Albada SJ, Diesmann M & Helias M (2017) Fundamental Activity
Constraints Lead to Specific Interpretations of the Connectome. PLOS Computational Biclogy,
13(2): e1005179. https://doi.org/10.1371/journal.pcbi.1005179

3. Schmidt M, Bakker R, Shen K, Bezgin B, Diesmann M & van Albada SJ (accepted) A multi-scale

layer-resolved spiking network model of resting-state dynamics in macaque cortex. PLOS

Hosted on GitHub Pages Computational Biology, 14(9): €1006359. ' X c
Member of the Helmholtz Association 26 June 2020 17 J Forschungszentrum



FROM MACAQUE TO HUMAN CORTEX

Member of the Helmholtz Association

Macaque

34 areas
one hemisphere of human cortex
Desikan-Killiany parcellation
3.6 million neurons
44 billion synapses
cytoarchitectonic data
o von Economo & Koskinas (1925)
o layer thicknesses (Wagstyl et al. 2020 PLOS Biol)
extracted from BigBrain

o neuron densities measured by Timo Dickscheid et al.

extracted from BigBrain where available
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Target

HUMAN CONNECTIVITY DATA AND
PREDICTIVE CONNECTOMICS

Cortico-cortical connectivity (DTI)
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ASPECTS OF LOCAL CONNECTIVITY

Synapse-to-soma probability
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Target

STRUCTURAL CONNECTIVITY
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MEAN-FIELD DYNAMICS

Alexander

van Meegen
 mean-field theory describes
population-averaged rates: Mean-field rate dynamics
duv Cuneus, Cuneus,
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parameter space
« strong effect of inhibitory connections
onto layer 5 excitatory neurons
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SIMULATED DYNAMICS

Spiking dynamics Functional connectivity
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