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One of the major accomplishments during 2015 has been the publication in Cell (vol. 163 1
37, 2015) a draft digital reconstruction of the neocortical column of the rat braid a detailed
computer representation of about a third of a cubic millimetre of brain tissue containing about
30,000 neurons connected by nearly 40 million synapses. Simulating the emergent electrical

made in experiments on the brain, validating its biological accuracy and providing new insights
into the functioning of the neocortex. The project has published the full set of experimental data
and the digital reconstruction, in a public web portal, allowing researchers around the world to
use them (https://bbp.epfl.ch/nmc-portal). The reconstruction represents the culmination of
20 years of biological experimentation that generated the core dataset, and 10 years of compu-
tational science work that developed the algorithms and built the software ecosystem required
to digitally reconstruct and simulate the tissue. Importantly, this study is the result of a massive
effort by 82 scientists and engineers at EPFL and at institutions in Israel, Spain, Hungary, USA,
China, Sweden, and the UK. The publication represents a major milestone for the Blue Brain
scientists (six authors are from the Cajal Blue Brain project, and one of them is asemior au-
thor). The study demonstrates that it is feasible to digitally reconstruct and simulate brain tis-
sue. It is a first step and a significant ¢
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In Brief
A digital reconstruction and simulation of
the anatomy and physiology of
neocoriical microcircuitry reproduces an
array of in vitro and in vivo experiments
without parameter tuning and suggests
10 siicn predictions for that cellular and synaptic mechanisms

k = can dynamically reconfigure the state of
the network to support diverse
information processing strategies.

Simulation revealed a spectrum of activity states
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Highlights
« The Blue Brain Project digitally reconstructs and simulates a
part of neocortex

# Interdependencies allow dense in silico reconstruction from
sparse experimental data

& Simulations reproduce in vitro and in vivo experiments
without parameter tuning

« The neocortex reconfigures to support diverse information

processing strategies
Markram et al., 2015, Cell 163, 456492
@‘*""““‘ October 8, 2015 £2015 Elsevier Inc. CeII

httpe/idix. doi.org/10.1 016/j.cell 2015.09.029
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Any man can be, If he wants,the sculptor of hs own brain
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15 Main Achievements

Neuroscience

2015 Main
Achievements

9 All the objectives proposed in 2015 have been achieved. In addition, one of the major
accomplishments during 2015 has been the publication in Cell (vol. 163037, 2015)
a draft digital reconstruction of the neocortical column of the rat brain.

Release of the software tool for the 3D segmentation of cells

A new method for the fast segmentation of mitochondria and synaptic junctions has
been developed

Two articles have been published regarding the structure of the dendritic arbor of pyra-
midal cells and branching angles

Pyramidal Explorer: a new interactive tool to explore the morphumctional relations of
pyramidal neurons

Tracttracing experiments performed to analysis the connectivity of the cortical column

A new method based on 3D reconstruction of data analysis have been used for model-
ling neurotransmitter diffusion and synaptic receptor activation
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Data Analysi s

9 Unkdimensional classification of GABArgic interneurons (gardener) (Mihaljevic et al.,
2015a) and discovery of new subgroups (Mihaljevic et al., 2015b) with the aim of
building the NeuroClassificator. We have developed a new R package for these models
(Mihaljevic et al., submitted).

9 Study of dendritic pyramidal neurons per layer in juvenile rat somatosensory cortex
(Rojo et al., 2016) and their dendritic branching angles (Leguey et al., submitted), ex-
tended to humans (Fernandegonzalez et al., submitted).

Mathematical definition of a soma (Luengo et al., 2015).

Dendritic and axonal neuronal wiring optimization (Anteanchez et al., submitted and
Master Thesis by Antoi®anchez, 2015).

The value of publishing data sets in neuroscience (Leitner et al., submitted).
Bielza, C.: Associate Editor of Frontiers in Computational Neuroscience

Bielza, C.: Bayesian Networks for Neuroscience Challenges, invited talk at 2015 Hu-
man Brain Project Summit, Madrid

Proposal of the renewed participation in the Human Brain Project, with two tasks.
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Neuroinformatics Tool s
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9 Development of new versions of the EspINA framework
1 Integration of new algorithms as plugins in the EspINA framework.

I Calibration of simulation models in collaboration with the Brain Mechanics and Trauma
Lab (I BMTL Antoine J®rusalemds group at
implementation of the algorithms in collaboration with Antonio Garellopico from
ETSIINF (UPM).

9 Cell counting and annotation

sualization Tools (GMRV, URJC & UE

T A new generic method for the interactive exploratory analysis of neuroscience devel-
oped
9 Automatic data retrieval techniques

1 Morphologically correct representations for large neuron populations, including addi-
tional improvements in RTNeuron, developed by Juan Hernando in collaboration with
EPFL, and in osthe-fly neuron model remeshing for supporting multiresolution repre-
sentations.

Development of abstract representations for exploring large cortical neuronal circuits
Combined abstract and morphologically correct representations within a framework of
interactive exploratory analysis

9 A first prototype finished
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2015 Main Achievements
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9 Research into experimental design in clinical trials
1 Broadening knowl edge on the matter of Allzhei

9 Theoretical research into deep brain stimulation techniques: DBS Review paper(in pro-
gress)

Cel | Physi ol ogy C&salCds Laboratory |(IC
9 The experimental work performed has provided novel results regarding the role of astro-
cytes in the regulation of the synaptic transmission between the neuronal projections from

the cortex to the dorsal striatum. These results have revealed the existence of circuit
specific signaling in astrocyteeuron networks that selectively modulates cortiestriatal
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CONTACT DETAILS |

Cajal Cortical Circuits Laboratory
Center for Biomedical Technology (CTB)
. Pargue Cientifico UPM
Campus de Montegancedo s/n’ |
28223 Pozuel o, de Al arc-pn
Madrid. Spain
E-mail: info@cajalbbp.com
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CTB

The Cajal Blue Brain Project is hosted by the Universidad Politécnica de Madrid (UPM) in the
Scientific and Technological Park of Montegancedo Campus. Computational needs and sup-
port infrastructure required by CajalBBP are

provided by two of the Research Centers of the

Park, the Centro de Tecnologia Biomédica

(CTB) and the Centro de Supercomputacion y

Visualizacién de Madrid, CeSViMa, which is

focused on the massive storage of information,

high-performance computing and advanced

interactive visualization.

More information: www.ctb.upm.es




