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INSIDE THIS ISSUE:  

One of the major accomplishments during 2015 has been the publication in Cell (vol. 163: 1ð

37, 2015) a draft digital reconstruction of the neocortical column of the rat brain. ð 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 Europeõs Human Brain Project 
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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: 1ð37, 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 J®rusalemõs group at University of Oxford as well as in the parallel 

implementation of the algorithms in collaboration with Antonio García-Dopico from 

ETSIINF (UPM). 

¶ Cell counting and annotation  

 

Visualization Tools (GMRV, 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 Main Achievements 

2015 Main 

Contributions 

Physiology and Modelling (San Carlos Hospital, CTB-UPM, Hospital de Para-

pl®jicos de Toledo): In-vivo Electrophysiology 
¶ Research into experimental design in clinical trials 

¶ Broadening knowledge on the matter of Alzheimerõs Disease 

¶ Theoretical research into deep brain stimulation techniques: DBS Review paper(in pro-

gress)  
 

Cell Physiology Cajalôs Laboratory (IC-CSIC)  

¶ 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: 
 
aŀǊƪǊŀƳ IΣ aǳƭƭŜǊ 9Σ wŀƳŀǎǿŀƳȅ {Σ wŜƛƳŀƴƴ a²Σ !ōŘŜƭƭŀƘ aΣ {ŀƴŎƘŜȊ /!Σ !ƛƭŀƳŀƪƛ !Σ !ƭƻƴǎƻ-
bŀƴŎƭŀǊŜǎ [Σ !ƴǝƭƭŜ bΣ !ǊǎŜǾŜǊ {Σ YŀƘƻǳ D!Σ .ŜǊƎŜǊ ¢YΣ .ƛƭƎƛƭƛ !Σ .ǳƴŎƛŎ bΣ /ƘŀƭƛƳƻǳǊŘŀ !Σ 
/ƘƛƴŘŜƳƛ DΣ /ƻǳǊŎƻƭ W5Σ 5ŜƭŀƭƻƴŘǊŜ CΣ 5ŜƭŀǧǊŜ ±Σ 5ǊǳŎƪƳŀƴƴ {Σ 5ǳƳǳǎŎ wΣ 5ȅƴŜǎ WΣ 9ƛƭŜƳŀƴƴ 
{Σ Dŀƭ 9Σ DŜǾŀŜǊǘ a9Σ DƘƻōǊƛƭ WtΣ DƛŘƻƴ !Σ DǊŀƘŀƳ W²Σ DǳǇǘŀ !Σ IŀŜƴŜƭ ±Σ Iŀȅ 9Σ IŜƛƴƛǎ ¢Σ 
IŜǊƴŀƴŘƻ W.Σ IƛƴŜǎ aΣ YŀƴŀǊƛ [Σ YŜƭƭŜǊ 5Σ YŜƴȅƻƴ WΣ YƘŀȊŜƴ DΣ YƛƳ ¸Σ YƛƴƎ WDΣ YƛǎǾŀǊŘŀȅ ½Σ 
YǳƳōƘŀǊ tΣ [ŀǎǎŜǊǊŜ {Σ [Ŝ .Ş W±Σ aŀƎŀƭƘńŜǎ .wΣ aŜǊŎƘłƴ-tŞǊŜȊ !Σ aŜȅǎǘǊŜ WΣ aƻǊǊƛŎŜ .wΣ 
aǳƭƭŜǊ WΣ aǳƷƻȊ-/ŞǎǇŜŘŜǎ !Σ aǳǊŀƭƛŘƘŀǊ {Σ aǳǘƘǳǊŀǎŀ YΣ bŀŎƘōŀǳǊ 5Σ bŜǿǘƻƴ ¢IΣ bƻƭǘŜ aΣ 
hǾŎƘŀǊŜƴƪƻ !Σ tŀƭŀŎƛƻǎ WΣ tŀǎǘƻǊ [Σ tŜǊƛƴ wΣ wŀƴƧŀƴ wΣ wƛŀŎƘƛ LΣ wƻŘǊƝƎǳŜȊ WwΣ wƛǉǳŜƭƳŜ W[Σ wǀǎπ
ǎŜǊǘ /Σ {ŦȅǊŀƪƛǎ YΣ {Ƙƛ ¸Σ {ƘƛƭƭŎƻŎƪ W/Σ {ƛƭōŜǊōŜǊƎ DΣ {ƛƭǾŀ wΣ ¢ŀǳƘŜŜŘ CΣ ¢ŜƭŜŦƻƴǘ aΣ ¢ƻƭŜŘƻ-
wƻŘǊƛƎǳŜȊ aΣ ¢ǊŅƴƪƭŜǊ ¢Σ ±ŀƴ DŜƛǘ ²Σ 5ƝŀȊ W±Σ ²ŀƭƪŜǊ wΣ ²ŀƴƎ ¸Σ ½ŀƴƛƴŜǧŀ {aΣ 5ŜCŜƭƛǇŜ WΣ 
Iƛƭƭ {[Σ {ŜƎŜǾ LΣ {ŎƘǸǊƳŀƴƴ CΦ όнлмрύΦ wŜŎƻƴǎǘǊǳŎǝƻƴ ŀƴŘ {ƛƳǳƭŀǝƻƴ ƻŦ bŜƻŎƻǊǝŎŀƭ aƛŎǊƻŎƛǊπ
ŎǳƛǘǊȅΦ /Ŝƭƭ мсоΥ мςотΦ 

wŀƳŀǎǿŀƳȅ {Σ /ƻǳǊŎƻƭ W5Σ !ōŘŜƭƭŀƘ aΣ !ŘŀǎȊŜǿǎƪƛ {wΣ !ƴǝƭƭŜ bΣ !ǊǎŜǾŜǊ {Σ !ǘŜƴŜƪŜƴƎ DΣ .ƛƭƎƛƭƛ !Σ 
.Ǌǳƪŀǳ ¸Σ /ƘŀƭƛƳƻǳǊŘŀ !Σ /ƘƛƴŘŜƳƛ DΣ 5ŜƭŀƭƻƴŘǊŜ CΣ 5ǳƳǳǎŎ wΣ 9ƛƭŜƳŀƴƴ {Σ DŜǾŀŜǊǘ a9Σ 
DƭŜŜǎƻƴ tΣ DǊŀƘŀƳ W²Σ IŜǊƴŀƴŘƻ W.Σ YŀƴŀǊƛ [Σ YŀǘƪƻǾ ¸Σ YŜƭƭŜǊ 5Σ YƛƴƎ WDΣ wŀƴƧŀƴ wΣ wŜƛƳŀƴƴ 
a²Σ wǀǎǎŜǊǘ /Σ {Ƙƛ ¸Σ {ƘƛƭƭŎƻŎƪ W/Σ ¢ŜƭŜŦƻƴǘ aΣ ±ŀƴ DŜƛǘ ²Σ ±ƛƭƭŀŦǊŀƴŎŀ 5ƛŀȊ WΣ ²ŀƭƪŜǊ wΣ ²ŀƴƎ 
¸Σ ½ŀƴƛƴŜǧŀ {aΣ 5ŜCŜƭƛǇŜ WΣ Iƛƭƭ {[Σ aǳƭƭŜǊ WΣ {ŜƎŜǾ LΣ {ŎƘǸǊƳŀƴƴ CΣ aǳƭƭŜǊ 9.Σ aŀǊƪǊŀƳ I 
όнлмрύΦ ¢ƘŜ ƴŜƻŎƻǊǝŎŀƭ ƳƛŎǊƻŎƛǊŎǳƛǘ ŎƻƭƭŀōƻǊŀǝƻƴ ǇƻǊǘŀƭΥ ŀ ǊŜǎƻǳǊŎŜ ŦƻǊ Ǌŀǘ ǎƻƳŀǘƻǎŜƴǎƻǊȅ 
ŎƻǊǘŜȄΦ CǊƻƴǘ bŜǳǊŀƭ /ƛǊŎǳƛǘǎΦ фΥппΦ ŘƻƛΥ млΦооуфκŦƴŎƛǊΦнлмрΦлллпп 

aƻƴǘŜǎ WΣ tŜƷŀ WaΣ 5ŜCŜƭƛǇŜ WΣ IŜǊǊŜǊŀǎ hΣ aŜǊŎƘŀƴ-tŜǊŜȊ !Φ ¢ƘŜ ƛƴƅǳŜƴŎŜ ƻŦ ǎȅƴŀǇǝŎ ǎƛȊŜ ƻƴ 
!at! ǊŜŎŜǇǘƻǊ ŀŎǝǾŀǝƻƴΥ ŀ aƻƴǘŜ /ŀǊƭƻ ƳƻŘŜƭΦ t[ƻ{ hƴŜΦ нлмр Wǳƴ нпΤ млόсύΥŜлмолфнпΦ 
ŘƻƛΥ млΦмотмκƧƻǳǊƴŀƭΦǇƻƴŜΦлмолфнпΦ Ŝ/ƻƭƭŜŎǝƻƴ нлмрΦ 

aƻƴǘŜǎΣ WΦΣ [ŀ¢ƻǊǊŜΣ !ΦΣ aǳŜƭŀǎΣ {ΦΣ aŜǊŎƘłƴ-tŞǊŜȊΣ !ΦΣ ŀƴŘ tŜƷŀΣ WΦ aΦ όнлмрύΦ /ƻƳǇŀǊŀǝǾŜ {ǘǳŘȅ 
ƻŦ aŜǘŀƘŜǳǊƛǎǝŎǎ ŦƻǊ ǘƘŜ /ǳǊǾŜ-CƛǩƴƎ tǊƻōƭŜƳΥ aƻŘŜƭƛƴƎ bŜǳǊƻǘǊŀƴǎƳƛǧŜǊ 5ƛũǳǎƛƻƴ ŀƴŘ 
{ȅƴŀǇǝŎ wŜŎŜǇǘƻǊ !ŎǝǾŀǝƻƴΦ !ōǎǘǊŀŎǘ ŀƴŘ !ǇǇƭƛŜŘ !ƴŀƭȅǎƛǎ нлмрΣ мсΦ  

aƛƘŀƭƧŜǾƛŎ .Σ .ŜƴŀǾƛŘŜǎ-tƛŎŎƛƻƴŜ wΣ  .ƛŜƭȊŀ / Σ 5ŜCŜƭƛǇŜ WΣ [ŀǊǊŀƷŀƎŀ t όнлмрύ .ŀȅŜǎƛŀƴ ƴŜǘǿƻǊƪ 
ŎƭŀǎǎƛŬŜǊǎ ŦƻǊ ŎŀǘŜƎƻǊƛȊƛƴƎ ŎƻǊǝŎŀƭ D!.!ŜǊƎƛŎ ƛƴǘŜǊƴŜǳǊƻƴǎΦ bŜǳǊƻƛƴŦƻǊƳŀǝŎǎ моΥмфо-нлуΦ 

[ǳŜƴƎƻ-{ŀƴŎƘŜȊ {Σ .ƛŜƭȊŀ /Σ .ŜƴŀǾƛŘŜǎ-tƛŎŎƛƻƴŜ wΣ CŜǊƴŀǳŘ-9ǎǇƛƴƻǎŀ LΣ 5ŜCŜƭƛǇŜ WΣ [ŀǊǊŀƷŀƎŀ tΦ 
όнлмрύ ! ǳƴƛǾƻŎŀƭ ŘŜŬƴƛǝƻƴ ƻŦ ǘƘŜ ƴŜǳǊƻƴŀƭ ǎƻƳŀ ƳƻǊǇƘƻƭƻƎȅ ǳǎƛƴƎ Dŀǳǎǎƛŀƴ ƳƛȄǘǳǊŜ ƳƻŘπ
ŜƭǎΦ CǊƻƴǘ bŜǳǊƻŀƴŀǘΦ фΥмотΦ 

wƻƧƻΣ /ΦΣ LΦ [ŜƎǳŜȅΣ !Φ YŀǎǘŀƴŀǳǎƪŀƛǘŜΣ /Φ .ƛŜƭȊŀΣ tΦ [ŀǊǊŀƷŀƎŀΣ WΦ 5ŜCŜƭƛǇŜΣ ŀƴŘ wΦ .ŜƴŀǾƛŘŜǎ-
tƛŎŎƛƻƴŜΣ [ŀƳƛƴŀǊ ŘƛũŜǊŜƴŎŜǎ ƛƴ ŘŜƴŘǊƛǝŎ ǎǘǊǳŎǘǳǊŜ ƻŦ ǇȅǊŀƳƛŘŀƭ ƴŜǳǊƻƴǎ ƛƴ ƧǳǾŜƴƛƭŜ Ǌŀǘ ǎƻπ
ƳŀǘƻǎŜƴǎƻǊȅ ŎƻǊǘŜȄΣ /ŜǊŜōǊŀƭ /ƻǊǘŜȄΣ ŀŎŎŜǇǘŜŘΣ нлмс όŘƻƛΥ млΦмлфоκŎŜǊŎƻǊκōƘǾомсύΦ 

¢ƻƘŀǊƛŀ tΣ wƻōƭŜǎ h5Σ CŜǊƴŀǳŘ-9ǎǇƛƴƻǎŀ LΣ aŀƪŀǊƻǾŀ WΣ DŀƭƛƴŘƻ {9Σ wƻŘǊƛƎǳŜȊ !Σ tŀǎǘƻǊ [Σ IŜǊǊŜǊŀǎ 
hΣ 5ŜCŜƭƛǇŜ WΣ .ŜƴŀǾƛŘŜǎ-tƛŎŎƛƻƴŜ w όнлмсύΦ tȅǊŀƳƛŘŀƭ9ȄǇƭƻǊŜǊΥ ! ƴŜǿ ƛƴǘŜǊŀŎǝǾŜ ǘƻƻƭ ǘƻ ŜȄπ
ǇƭƻǊŜ ƳƻǊǇƘƻ-ŦǳƴŎǝƻƴŀƭ ǊŜƭŀǝƻƴǎ ƻŦ ƘǳƳŀƴ ǇȅǊŀƳƛŘŀƭ ƴŜǳǊƻƴǎΦ CǊƻƴǘ bŜǳǊƻŀƴŀǘΣ Lƴ ǇǊŜǎǎΦ 

[ŜƎǳŜȅ LΣ .ƛŜƭȊŀ /Σ [ŀǊǊŀƷŀƎŀ tΣ YŀǎǘŀƴŀǳǎƪŀƛǘŜ !Σ wƻƧƻ /Σ .ŜƴŀǾƛŘŜǎ-tƛŎŎƛƻƴŜ wΣ 5ŜCŜƭƛǇŜ W όнлмсύΦ 
5ŜƴŘǊƛǝŎ ōǊŀƴŎƘƛƴƎ ŀƴƎƭŜǎ ƻŦ ǇȅǊŀƳƛŘŀƭ ŎŜƭƭǎ ŀŎǊƻǎǎ ƭŀȅŜǊǎ ƻŦ ǘƘŜ ƧǳǾŜƴƛƭŜ Ǌŀǘ ǎƻƳŀǘƻǎŜƴǎƻǊȅ 
ŎƻǊǘŜȄΦ W /ƻƳǇ bŜǳǊƻƭΣ Lƴ ǇǊŜǎǎΦ 

aƛƘŀƭƧŜǾƛŎ .Σ DǳŜǊǊŀ [Σ .ŜƴŀǾƛŘŜǎ-tƛŎŎƛƻƴŜ wΣ 5ŜCŜƭƛǇŜ WΣ [ŀǊǊŀƷŀƎŀ tΣ .ƛŜƭȊŀ / όнлмрύ /ƭŀǎǎƛŦȅƛƴƎ 
D!.!ŜǊƎƛŎ ƛƴǘŜǊƴŜǳǊƻƴǎ ǿƛǘƘ ǎŜƳƛ-ǎǳǇŜǊǾƛǎŜŘ ǇǊƻƧŜŎǘŜŘ ƳƻŘŜƭ-ōŀǎŜŘ ŎƭǳǎǘŜǊƛƴƎΦ !ǊǝŦ LƴǘŜƭƭ 
aŜŘΦ срΥпф-рфΦ 



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 Tecnología Biomédica 
(CTB) and the Centro de Supercomputación y 
Visualización 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  

 

CONTACT DETAILS 
 

Cajal Cortical Circuits Laboratory 
Center for Biomedical Technology (CTB) 

Parque Científico UPM 
Campus de Montegancedo s/n 
28223 Pozuelo de Alarc·n 

Madrid. Spain 
E-mail: info@cajalbbp.com 


