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Models of cortical dynamics usually either cover small cor-
tical circuits in detail, or represent large patches in a highly
simplified manner, for instance using a few differential
equations for each area. This is due partly to limited com-
putational resources, and partly to sparsity of large-scale
structural connectivity data. These two barriers are now
being lifted. Recent developments in the simulation tech-
nology NEST [1] and the availability of supercomputers
like JUQUEEN in Jilich and the K computer in Japan
make it possible to represent substantial parts of primate
cortical tissue at cellular and synaptic resolution. At the
same time, gaps in experimental knowledge on large-scale
connectivity are gradually being closed [2].

Making use of these developments, we construct a
model comprising the 32 areas of the macaque cortex
associated with visual processing, where the individual
areas are based on our recent layered cortical microcir-
cuit model [3]. While this model accounts for the distri-
bution of spike rates across layers and populations, it is
heavily underconstrained because only about half the
synapses onto the cells in the microcircuit have a local
origin. The extension to multiple areas makes it possible
to account for a large majority of the synapses and
thereby enhances the self-consistency of the model. We
compile a realistic structural connectivity map by incor-
porating multiple datasets from both electro-physiological
[4] and anatomical studies [2,5] on different species. The
map is adapted to the macaque using realistic area- and
layer-specific neuron densities and in-degrees. Both local
and inter-area connectivity are layer-specific. The CoCo-
Mac database [5] provides the basis for the inter-area
connectivity, and is supplemented with quantitative infor-
mation from further tracing studies [2]. We complete
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these data sets by applying empirical connectivity rules,
for instance exploiting the dependence of connection
strengths on inter-area distances, and of laminar connec-
tion patterns on architectural type differences [6].

Combining a simple neuron model with complex con-
nectivity enables us to study the influence of the struc-
tural connectivity itself on cortical dynamics. We present
preliminary results on basic dynamical features like area-
and population-specific firing rates and degrees of irregu-
larity. In addition, we examine the influence of the
cortico-cortical connections by comparing dynamical fea-
tures like power spectra of the isolated primary visual
cortex (V1) with Poisson input to its dynamics when
embedded in the global network. This model bridges the
gap between abstract large-scale models and small-scale
microcircuit models. It therefore provides a link between
global activity patterns and local spiking activity.

Acknowledgements

We are grateful for the on-going discussion with Claus Hilgetag on cortical
architecture. This work was partly supported by EU FP7 Grant 269921
(BrainScaleS), the Helmholtz Alliance on Systems Biology, the Helmholtz
Association in the Portfolio theme “Supercomputing and Modeling for the
Human Brain”, the Jilich Aachen Research Alliance (JARA), the VSR
computation time grant JINB33 on the JUGENE supercomputer in Jilich, and
the Next-Generation Supercomputer Project of MEXT. All network
simulations carried out with NEST (http://www.nest-initiative.org).

Author details

"Institute of Neuroscience and Medicine (INM-6) and Institute for Advanced
Simulation (IAS-6), Julich Research Centre and JARA, Jilich, Germany.
°Donders Institute for Brain, Cognition and Behavior, Radboud University
Nijmegen, the Netherlands. *Faculty of Medicine, RWTH Aachen University,
Aachen, Germany. “RIKEN Brain Science Institute, Wako-Shi, Japan.

Published: 8 July 2013

References
1. Gewaltig M-O, Diesmann M: NEST (Neural Simulation Tool). Scholarpedia
2007, 2:1430.

© 2013 Schmidt et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.



https://core.ac.uk/display/208566079?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://www.nest-initiative.org
mailto:max.schmidt@fz-juelich.de
http://creativecommons.org/licenses/by/2.0

Schmidt et al. BMC Neuroscience 2013, 14(Suppl 1):P111
http://www.biomedcentral.com/1471-2202/14/51/P111

2. Markov NT, Misery P, Falchier A, Lamy C, Vezoli J, et al: Weight consistency
specifies regularities of macaque cortical networks. Cerebral Cortex 2011,
21:1254-1272.

3. Potjans T, Diesmann M: The cell-type specific cortical microcircuit:
relating structure and activity in a full-scale spiking network model.
Cerebral Cortex 2012, doi:10.1093/cercor/bhs358.

4. Binzegger T, Douglas RJ, Martin KAC: A quantitative map of the circuit of
cat primary visual cortex. J Neurosci 2004, 39(24):8441-8453.

5. Stephan KE, Kamper L, Bozkurt A, Burns GAPC, Young MP, Kétter R:
Advanced database methodology for the collation of connectivity data
on the macaque brain (CoCoMac). Phil Trans R Soc Lond B 2001,
356:1159-1186.

6. Hilgetag CC, Burns GAPC, O'Neill MA, Scannell JW, Young MP: Anatomical
connectivity defines the organization of clusters of cortical areas in the
macaque monkey and the cat. Philos Trans R Soc Lond B Biol Sci 2000,
355:91-110.

doi:10.1186/1471-2202-14-S1-P111

Cite this article as: Schmidt et al.: Integrating multi-scale data for a
network model of macaque visual cortex. BMC Neuroscience 2013
14(Suppl 1):P111.

Page 2 of 2

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

www.biomedcentral.com/submit

Submit your manuscript at ( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/21045004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21045004?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10703046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10703046?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10703046?dopt=Abstract

	Acknowledgements
	Author details
	References

