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The understanding of the structural and dynamic complexity of
mammalian brains is greatly facilitated by computer simulations.
We present here a detailed large-scale thalamocortical model
based on experimental measures in several mammalian species.
The model spans three anatomical scales. (i) It is based on global
(white-matter) thalamocortical anatomy obtained by means of
diffusion tensor imaging (DTI) of a human brain. (ii) It includes
multiple thalamic nuclei and six-layered cortical microcircuitry
based on in vitro labeling and three-dimensional reconstruction of
single neurons of cat visual cortex. (iii) It has 22 basic types of
neurons with appropriate laminar distribution of their branching
dendritic trees. The model simulates one million multicompartmen-
tal spiking neurons calibrated to reproduce known types of re-
sponses recorded in vitro in rats. It has almost half a billion
synapses with appropriate receptor kinetics, short-term plasticity,
and long-term dendritic spike-timing-dependent synaptic plasticity
(dendritic STDP). The model exhibits behavioral regimes of normal
brain activity that were not explicitly built-in but emerged spon-
taneously as the result of interactions among anatomical and
dynamic processes. We describe spontaneous activity, sensitivity
to changes in individual neurons, emergence of waves and
rhythms, and functional connectivity on different scales.
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he last decade has seen great progress in our understanding

of brain dynamics and underlying neuronal mechanisms.
Linking these mechanisms to behavior such as perception is
facilitated by large-scale computer simulations of anatomically
detailed models of the cerebral cortex (1-3). Although these
models have stressed microcircuitry and local dynamics, they
have not incorporated multiple cortical regions, corticocortical
connections, and synaptic plasticity. In the present article, we
describe a large-scale model of the mammalian thalamocortical
system that includes these components.

Spatiotemporal dynamics of the simulation show that some
features of normal brain activity, although not explicitly built into
the model, emerged spontaneously. The model exhibited self-
sustained activity in the absence of any external sources of input.
The behavior of the model was extremely sensitive to contributions
of individual spikes: adding or removing one spike of one neuron
completely changed the state of the entire cortex in <(0.5 s. Regions
of the model brain exhibited collective waves and oscillations of
local field potentials in the delta, alpha, and beta ranges, similar to
those recorded in humans (4). Simulated fMRI signals exhibited
slow fronto-parietal anti-phase oscillations, as seen in humans (5).

The shape and connectivity of the model were determined by
diffusion tensor imaging (DTI) data for a human brain. Experi-
mental data from three species, human, cat, and rat, were incor-
porated to build other details of the model.

Model Structure. Here, we review some of the basic assumptions
used to construct the model, summarized in Figs. 1-3. A full
description is provided in supporting information (SI) Appendix.
For computational reasons, the density of neurons and synapses
per mm? of cortical surface was necessarily reduced. Accordingly,
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Fig. 1. The model’s global thalamocortical geometry and white matter
anatomy was obtained by means of diffusion tensor imaging (DTI) of a normal
human brain. In the illustration, left frontal, parietal, and a part of temporal
cortex have been cut to show a small fraction of white-matter fibers, color-
coded according to their destination.

the model neurons have fewer synapses and less detailed dendritic
trees than those of real cortical neurons. Although we do not
explicitly model subcortical structures other than the thalamus, we
do simulate brainstem neuromodulation, including the dopaminer-
gic reward system (6, 7) and the cholinergic activating system.
Developmental changes, other than activity-dependent fine-tuning
of connectivity due to dendritic STDP, are also not modeled
explicitly.

Macroscopic Anatomy. Diffusion tensor imaging (DTI) data derived
from magnetic resonance imaging (MRI) of a human brain was
used to identify the coordinates of the cortical surface to allocate
cell bodies of model neurons at appropriate locations. Conse-
quently, the model reflects all areas of the human cortex, the folded
cortical structure with sulci and gyri. The DTI data, analyzed using
the “TensorLine” algorithm (8, 9), formed the white matter tracts
of the model, portions of which are illustrated in Fig. 1, that connect
individual neurons in one area with target neurons in other areas.

So that neuronal density approached that of animal cortices,
spatial scales were reduced by a factor of 4 (so the model cortex

Author contributions: E.M.I. and G.M.E. designed research; E.M.I. performed research;
E.M.I. and G.M.E. analyzed data; and E.M.l. and G.M.E. wrote the paper.

The authors declare no conflict of interest.
*To whom correspondence should be addressed. E-mail: edelman@nsi.edu.

This article contains supporting information online at www.pnas.org/cgi/content/full/
0712231105/DC1.

© 2008 by The National Academy of Sciences of the USA

PNAS | March4,2008 | vol. 105 | no.9 | 3593-3598



http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1



http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1



http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1



http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1



http://www.pnas.org/cgi/content/full/0712231105/DC1
http://www.pnas.org/cgi/content/full/0712231105/DC1




