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Digitizing and simulating neural tissue reveals 
mechanisms underlying diverse brain states  
An international team led by EPFL scientists have completed a first draft 
computer reconstruction of a piece of the neocortex. The electrical behavior of 
the virtual brain tissue was simulated on supercomputers and found to match 
the behavior observed in a number of experiments on the brain. Further 
simulations revealed novel insights into the functioning of the neocortex. This 
first step towards the digital reconstruction and simulation of the brain is 
published in Cell. 

Today, the Blue Brain Project, the simulation core of the Human Brain Project, 
released a draft digital reconstruction of the neocortical microcircuitry 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 paper describing the digital reconstruction is published by the renowned journal 
Cell (ref), acclaimed for publishing only the most important biological discoveries. 
The reconstruction represents the culmination of 20 years of biological 
experimentation that generated the core dataset, and 10 years of computational 
science work that developed the algorithms and built the software ecosystem 
required to digitally reconstruct and simulate the tissue.  

The 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 EPFL scientists. “They delivered 
what they promised.”, says Patrick Aebischer, president of EPFL who together with 
the Swiss government took the bold step of funding the ambitious and controversial 
Blue Brain Project. While a long way from the whole brain, the study demonstrates 
that it is feasible to digitally reconstruct and simulate brain tissue. It is a first step and 
a significant contribution to Europe’s Human Brain Project, which Henry Markram 
founded, and where EPFL is the coordinating partner.   



The reconstruction: a digital approximation of brain tissue 
 
The researchers  performed tens of thousands of experiments on neurons and 
synapses in the neocortex of young rats and catalogued each type of neuron and 
each type of synapse they found. They indentified a series of fundamental rules 
describing how the neurons are arranged in the microcircuit and how they are 
connected via synapses.  
 
Although the resulting data collection is one of the most comprehensive to date on a 
part of the brain, it remains far from sufficient to reconstruct a complete map of the 
microcircuitry, they developed software to mine findings from laboratories world-wide, 
reported in the literature, and developed algorithms that used the available data, not 
as building blocks, but as constraints or landmarks. “We can’t and don’t have to 
measure everything”, says Markram. “The brain is a well-ordered structure, so once 
you begin to understand the order at the microscopic level, you can start to predict 
much of the missing data”. 
 
According to Michael Reimann, a lead author who developed the algorithm used to 
predict the locations of the nearly 40 million synapses in the microcircuitry, “The 
algorithm begins by positioning realistic 3D models of neurons in a virtual volume, 
respecting the measured distribution of different neuron types at different depths. It 
then detects all locations where the branches of the neurons touch each other - over 
600 million. It then systematically prunes all the touches that do not fit with five 
biological rules of connectivity. That leaves 37 million touches.These are the 
locations where we constructed our model synapses". To model the behavior of 
synapses, the researchers integrated data from their experiments and data from the 
literature. “It is big step forward that we can now estimate the ion currents flowing 
through 37 million synapses by integrating data for only a few of them”, says Srikanth 
Ramaswamy, a lead author.   
 
Researchers found a close match between connectivity statistics for the digital 
reconstruction and experimental measurements in biological tissue, which had not 
been used in the reconstruction, including measurements by researchers outside the 
project. Javier DeFelipe, a senior author from Universidad Politecnica de, Madrid 
(UPM), confirms that the digital reconstruction compares well with data from powerful 
electron microscopes, obtained independently at his laboratory.  
 
Idan Segev, a senior author, sees the paper as building on the pioneering work of the 
Spanish anatomist, Ramon y Cajal from more than 100 years ago. “ Ramon y Cajal, 
began drawing every type of neuron in the brain by hand. He even drew in arrows to 
describe how he thought the information was flowing from one neuron to the next. 
Today, we are doing what Cajal would be doing with the tools of the day – building a 
digital representation of the neurons and synapses and simulating the flow of 
information between neurons on supercomputers. Furthermore, the digitization of the 
tissue allows the data to be preserved and reused for future generations".  
 
Supercomputers: a new tool for neuroscience 
 
The aim of the study was to create a digital approximation of the tissue. The big test 
is how the circuit behaves when the interactions between all the neurons are 



simulated on a supercomputer. Of course, making this happen has been an 
enormous challenge for the project’s engineers, as well as for the scientists. As 
reported by Felix Schürmann, a senior author who leads the team that builds the 
sofware to run on supercomputers: “Building the digital reconstructions, running the 
simulations and analyzing the results required a supercomputing infrastructure and a 
large ecosystem of software. It was only with this kind of infrastructure that we could 
solve the billions of equations needed to simulate each 25 microsecond time-step in 
the simulation”.  
 
The simulations: validation against in vivo experiments  
 
The researchers ran simulations on the virtual tissue that mimicked previous 
biological experiments on the brain. Even though, the digital reconstruction was not 
designed to reproduce any specific circuit phenomenon, a variety of experimental 
findings emerged. One such simulation examined how different types of neuron 
respond when the fibers coming into the neocortex is stimulated by incoming fibers – 
analagous to touching the skin. The researchers found that the responses of the 
different types of neurons in the digital reconstruction were very similar to those that 
had been previously observed in the laboratory. They then searched the 
reconstruction for exquisitely timed sequences of activity ("triplets") in groups of three 
neurons, that other researchers had previously observed in the brain. They found 
that the reconstruction did indeed express the triplets and also made a new 
discovery: the triplets only occur when the circuit is in a very special state of activity. 
They further tested whether the digital reconstruction could reproduce the recent 
discovery that some neurons in the brain are closely synchronized with neighboring 
neurons (dubbed, “chorists”), while others operate independently from the group 
(“soloists”). The researchers found the chorists and soloists, and were also able to 
pin-point the types of neurons involved and propose cellular and synaptic 
mechanisms for these behaviors. 
 
The simulations: new insights, new theories 
 
Simulations also helped the team to develop new insights that have not yet been 
possible in biological experiments. For example, the article describes how they 
uncovered an unexpected yet major role for calcium in some of the brain's most 
fundamental behaviours. Eilif Muller, a lead author, describes how early simulations 
produced bursts of synchronized neural activity, similar to the activity found in sleep 
and very different from the asynchronous activity observed in awake animals. “When 
we decreased the calcium levels to match those found in awake animals and 
introduced the effect that this has on the synapses, the circuit behaved 
asynchronously, like neural circuits in awake animals”. Simulations integrating these 
biological data was enough to revealed a fundamental role of calcium in controlling 
brain states.  
 
The researchers found that there are, in fact, many cellular and synaptic mechanisms 
that can shift the circuit from one state of activity to another. This suggests that the 
circuit can change its state to enable different computing capabilities. If this is so, it 
could lead to new ways of studying information processing and memory mechanisms 
in normal brain states, such as wakefulness, drowsiness, and sleep and some of the 



mechanisms in abnormal states such as epilepsy, and potentially other brain 
disorders.  
 
Now that the Blue Brain team has published the experimental results and the digital 
reconstruction, other scientists will be able to use the data and reconstruction to test 
other theories of brain function. 
 
What next? 
 
“The reconstruction is a first draft, it is not complete and it is not yet a perfect digital 
replica of the biological tissue”, says Henry Markram. In fact, the current version 
explicitly leaves out many important aspects of the brain, such as glia, blood vessels, 
gap-junctions, plasticity, and neuromodulation. According to Sean Hill, a senior 
author: “The job of reconstructing and simulating the brain is a large-scale 
collaborative one, and the work has only just begun. The Human Brain Project 
represents the kind of collaboration that is required.” 

 
 
Pre-emptive Q&A 
 
Faq overview http://bit.ly/bbp-cell-2015-qa  
 
Press Kit 
 
Images, b-roll for TV, documents http://bit.ly/bbp-cell-2015  
 
Youtube Video 
 
Scientists are explaining their digital reconstruction http://bit.ly/bbp-cell-2015-YT  
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