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‘Cell’ in the Blue Brain Framework

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 brain. - 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
behavior of this virtual tissue on supercomputers reproduced a range of previous observations
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 a co-senior 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 contribution to Europe’s Human Brain Project
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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, Gell 163, 456-492
@‘*""M October 8, 2015 £2015 Elsevier Inc. CeII
httpe/idix. doi.org/10.1 016/j.cell 2015.09.029
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2015 Main
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2015 Main Achievements

Neuroscience

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. 163: 1-37, 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 morpho-functional relations of
pyramidal neurons

Tract-tracing 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

Data Analysis

Uni-dimensional classification of GABA-ergic 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).

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 (Fernandez-Gonzalez et al., submitted).

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

Dendritic and axonal neuronal wiring optimization (Anton-Sanchez et al., submitted and
Master Thesis by Anton-Sanchez, 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.

Neuroinformatics Tools

Development of new versions of the EspINA framework
Integration of new algorithms as plugins in the EspINA framework.

Calibration of simulation models in collaboration with the Brain Mechanics and Trauma
Lab (IBMTL Antoine Jérusalem’s group at University of Oxford as well as in the parallel
implementation of the algorithms in collaboration with Antonio Garcia-Dopico from
ETSIINF (UPM).

Cell counting and annotation

Visualization Tools (GMRYV, URJC & UPM)

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

Morphologically correct representations for large neuron populations, including addi-
tional improvements in RTNeuron, developed by Juan Hernando in collaboration with
EPFL, and in on-the-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

A first prototype finished
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2015 Maln Achievements

Physiology and Modelling (San Carlos Hospital, CTB-UPM, Hospital de Para-
pléjicos de Toledo): In-vivo Electrophysiology
e Research into experimental design in clinical trials
e Broadening knowledge on the matter of Alzheimer’s Disease
e Theoretical research into deep brain stimulation techniques: DBS Review paper(in pro-
gress)

Cell Physiology Cajal’s Laboratory (IC-CSIC)

e 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 astrocyte-neuron networks that selectively modulates cortico-striatal

2015 Main Contributions

Cross-publications between modules and/or groups:

Markram H, Muller E, Ramaswamy S, Reimann MW, Abdellah M, Sanchez CA, Ailamaki A, Alonso-
Nanclares L, Antille N, Arsever S, Kahou GA, Berger TK, Bilgili A, Buncic N, Chalimourda A,
Chindemi G, Courcol JD, Delalondre F, Delattre V, Druckmann S, Dumusc R, Dynes J, Eilemann
S, Gal E, Gevaert ME, Ghobril JP, Gidon A, Graham JW, Gupta A, Haenel V, Hay E, Heinis T,
Hernando JB, Hines M, Kanari L, Keller D, Kenyon J, Khazen G, Kim Y, King JG, Kisvarday Z,
Kumbhar P, Lasserre S, Le Bé JV, Magalhdes BR, Merchan-Pérez A, Meystre J, Morrice BR,
Muller J, Mufioz-Céspedes A, Muralidhar S, Muthurasa K, Nachbaur D, Newton TH, Nolte M,
Ovcharenko A, Palacios J, Pastor L, Perin R, Ranjan R, Riachi |, Rodriguez JR, Riquelme JL, RGs-
sert C, Sfyrakis K, Shi Y, Shillcock JC, Silberberg G, Silva R, Tauheed F, Telefont M, Toledo-
Rodriguez M, Trankler T, Van Geit W, Diaz JV, Walker R, Wang Y, Zaninetta SM, DeFelipe J,
Hill SL, Segev I, Schirmann F. (2015). Reconstruction and Simulation of Neocortical Microcir-
cuitry. Cell 163: 1-37.

Ramaswamy S, Courcol JD, Abdellah M, Adaszewski SR, Antille N, Arsever S, Atenekeng G, Bilgili A,
Brukau Y, Chalimourda A, Chindemi G, Delalondre F, Dumusc R, Eilemann S, Gevaert ME,
Gleeson P, Graham JW, Hernando JB, Kanari L, Katkov Y, Keller D, King JG, Ranjan R, Reimann
MW, Réssert C, Shi'Y, Shillcock JC, Telefont M, Van Geit W, Villafranca Diaz J, Walker R, Wang
Y, Zaninetta SM, DeFelipe J, Hill SL, Muller J, Segev |, Schirmann F, Muller EB, Markram H
(2015). The neocortical microcircuit collaboration portal: a resource for rat somatosensory
cortex. Front Neural Circuits. 9:44. doi: 10.3389/fncir.2015.00044

Montes J, Pefia JM, DeFelipe J, Herreras O, Merchan-Perez A. The influence of synaptic size on
AMPA receptor activation: a Monte Carlo model. PLoS One. 2015 Jun 24; 10(6):e0130924.
doi: 10.1371/journal.pone.0130924. eCollection 2015.

Montes, J., LaTorre, A., Muelas, S., Merchan-Pérez, A., and Pefia, J. M. (2015). Comparative Study
of Metaheuristics for the Curve-Fitting Problem: Modeling Neurotransmitter Diffusion and
Synaptic Receptor Activation. Abstract and Applied Analysis 2015, 16.

Mihaljevic B, Benavides-Piccione R, Bielza C, DeFelipe J, Larrafiaga P (2015) Bayesian network
classifiers for categorizing cortical GABAergic interneurons. Neuroinformatics 13:193-208.
Luengo-Sanchez S, Bielza C, Benavides-Piccione R, Fernaud-Espinosa |, DeFelipe J, Larrafiaga P.
(2015) A univocal definition of the neuronal soma morphology using Gaussian mixture mod-

els. Front Neuroanat. 9:137.

Rojo, C.,I. Leguey, A. Kastanauskaite, C. Bielza, P. Larrafiaga, ). DeFelipe, and R. Benavides-
Piccione, Laminar differences in dendritic structure of pyramidal neurons in juvenile rat so-
matosensory cortex, Cerebral Cortex, accepted, 2016 (doi: 10.1093/cercor/bhv316).

Toharia P, Robles OD, Fernaud-Espinosa |, Makarova J, Galindo SE, Rodriguez A, Pastor L, Herreras
O, DeFelipe J, Benavides-Piccione R (2016). PyramidalExplorer: A new interactive tool to ex-
plore morpho-functional relations of human pyramidal neurons. Front Neuroanat, In press.

Leguey |, Bielza C, Larrafiaga P, Kastanauskaite A, Rojo C, Benavides-Piccione R, DeFelipe J (2016).
Dendritic branching angles of pyramidal cells across layers of the juvenile rat somatosensory
cortex. ) Comp Neurol, In press.

Mihaljevic B, Guerra L, Benavides-Piccione R, DeFelipe J, Larrafiaga P, Bielza C (2015) Classifying
GABAergic interneurons with semi-supervised projected model-based clustering. Artif Intell
Med. 65:49-59.
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Cajal Cortical Circuits Laboratory. »
Center for Biomedical Technology (CTB)
Parque Cientifico UPM
Campus de Montegancedo s/n s
28223 Pozuelo de Alarcén
Madrid. Spain =
E-mail: info@cajalbbp.com
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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 i

provided by two of the Research Centers of the
Park, the Centro de Tecnologia Biomédica
(CTB) and the Centro de Supercomputacién y - &

Visualizacion de Madrid, CeSViMa, which is BE EE HFH
focused on the massive storage of information,

high-performance computing and advanced
interactive visualization.

RuENTHE Lﬁwumdtnmmm =

More information: www.ctb.upm.es




