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Neurodata without Borders
• Initiated by Kavli Foundation with support from GE, Allen Institute, HHMI, INCF 
• Effort to standardize multilevel neurophysiology data including ephys, ophys, behavior, etc. 
• Specifically: 

– More specifically the format will encompass: 
– time series data (in particular voltages) 
– 5d images (fluorescence channels, x,y,z,t) 
– image sequences/video for behavioral analysis 
– neuronal events (spikes, calcium transients) 
– behavioral events 
– stimulus data 
– behavioral data 
– other metadata required to interpret the experiment
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• The major results of BigNeuron will include: 
–a worldwide community-oriented and large single neuron morphology database, 
–a large set of open-source, community-based novel tools for neuroscience studies, 
–a standardized protocol and resource for any future scientists to study and reconstruct 

neuron morphology, and 
–a rich library of morphology feature definitions and algorithms to provide the basis of 

quality metrics and classification. 
• Supported by Allen Institute, HHMI, Wellcome Trust, INCF, HBP, and many 

others
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Human Brain Project

5INCF Swiss Node, Atlasing, Dataspace, Ontologies, Data Sharing - Provenance,  
Neuroscience Information Framework, Neurodata without Borders, BigNeuron



Japanese national 
brain initiative to 
use transgenic 

mice and 
marmoset to 

understand cellular 
and circuit basis of 

behaviour. 

INCF J-Node a 
leader within effort.

Brain/MINDS



China
Visible Brainwide Networks, Wuhan

Brain Disorders Study

Figure 4 | Shape reconstruction for the somas of the neurons with different size and complicated morphology. (a) Neurons with complicated dendritic
trucks and the reconstructed soma shape (red). The density distribution of the surface area (b) and the cubage (c) of these reconstructed neuronal somas
show the size diversity.

Figure 5 | A comparison of three shape reconstruction methods on the experimental data. (a)The shapes reconstructed using VM_SCS under the
condition of a given soma position, denoted by black points. (b) The shapes reconstructed using rayburst sampling that a rays were casted from a soma
position (black points) and the threshold method were used to compute the length of the ray. (c) The shapes reconstructed using active contour model. All
the initial boundaries were circles centered on their soma positions (black points) and whose radiuses were set to 5 mm for best results. (a) – (c) The results
for two subareas (small black squares) selected for comparison, and further enlarged (big black squares). Note that, in the enlargement, the reconstructed
shapes of different somas were distinguished using different colors, and the points or open curves that the arrows pointed towards still denote the
reconstructed results.

www.nature.com/scientificreports
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274 and previous definitions (Blinder et al., 2013; Heinzer et al., 2006; Tsai
275 et al., 2009).

276 Results

277 High resolution 3D datasets of whole mouse brains

278 Four 3D datasets of the whole mouse brains were obtained at a sec-
279 tioning thickness of 1 μm with a lateral pixel size of 0.4 μm × 0.35 μm
280 (Figs. 1, 3a–c, Supplementary Video 2). Cells and blood vessels can be
281 simultaneously distinguished by voxel intensity (Figs. 1f–j, 3f–h), and
282 brain-wide background intensity is uniform after preprocessing
283 (Figs. 1a–e, 3a–c). In addition, little data was lost while sectioning, and
284 the morphology of the cells and blood vessels that spanned the section
285 boundaries was well maintained (Figs. 1f–j, Supplementary Figs. 2c–f).
286 Furthermore, the cytoarchitecture and vascular architecture could be vi-
287 sualized using minimum (Fig. 2d) and maximum intensity projections
288 respectively (Fig. 2g), and some brain structures, such as the olfactory
289 bulb, hippocampus, and striatum can be clearly identified (Figs. 1a–e,
290 3b–d).

291Laminar configurations of cells and blood vessels

292In order to obtain a normative anatomy of laminar configurations of
293cells and blood vessels, we computed the cellular and vascular configu-
294rations in M1 of three mouse brains (the two hemispheres in two C57
295mice, left hemisphere in a Kunmingmouse brain). We cropped the cor-
296onal images in the primary motor cortex (M1, AP: Bregma, +1.18 mm,
297ML: Bregma, +1.75 mm, DV: Bregma, +1.75 mm) according to a
298mouse brain atlas (Paxinos and Franklin, 2001). The image stacks
299were virtually resliced parallel to the pial surface and were cropped
300(600 μm × 600 μm) to cover Q5the entire cortical depth. The inner cells
301and blood vessels were vectorized and reconstructed (Fig. 4). Due to
302the curved nature of the pial surface and the cortical layers, the absolute
303cortical range was hard to precisely localize in a large area of cortical
304mantle. Therefore, 600 μm × 600 μm sections of the pial surface were
305divided into 200 μm × 200 μm squares, and the cortical depth in each
306square was normalized to allow direct comparison of different layers.
307The laminar densities of the cells and blood vessels were successfully vi-
308sualized, and the results show amismatch between cellular density and
309vascular density (Supplementary Fig. 7), which is in agreement with
310previous results (Tsai et al., 2009). The result suggested that the

Fig. 3. 3Ddataset of awholemouse brain used to simultaneously visualize the cells and blood vessels. (a) 3D reconstruction of thewholemouse brainwith a corner-cut view. (b, c) Sagittal and
coronal sections in (a) (thickness: 1 μm) show the inner structures of the whole mouse brain. Note that the background intensity is uniform. (d) Minimum intensity projection of (c) (thick-
ness: 30 μm,posterior direction) shows the cytoarchitecture. (e)Maximum intensity projection of (c) (thickness: 200 μm,posterior direction) shows vascular architecture. (f) Enlarged viewof
the cortical region indicated by the white box in (c) shows simultaneous cross-sections of cells (black) and blood vessels (white). (g) The enlarged view of the cortical region indicated by the
white box in (d) shows the laminar cytoarchitecture in the neocortex. Layers I to VI can be clearly distinguished. (h) Enlarged viewof the cortical region indicated by thewhite box in (e) shows
the vascular architecture, including capillaries, in the neocortex. The diameters of the large penetrating vessels are approximately 23 μmand thediameter of small capillaries are less than 3 μm.
Note that the capillaries are interconnected with few gaps, suggesting complete labeling of the vascular network.

5J. Wu et al. / NeuroImage xxx (2013) xxx–xxx

Please cite this article as: Wu, J., et al., 3D BrainCV: Simultaneous visualization and analysis of cells and capillaries in a whole mouse brain with
one-micron voxel resoluti..., NeuroImage (2013), http://dx.doi.org/10.1016/j.neuroimage.2013.10.036



China

Understanding 
the BrainBrain Technology 

(deep learning, AI, etc) Brain Health 

(Clinical, Brain imaging, genetics)

Large-scale brain initiative 
under development



Israel
• Israel Brain Technologies (IBT) is a non-profit organization 

whose mission is to turn Israel into a global brain 
technology and research hub, by: 

• supporting applied brain research 

• accelerating brain technology development 

• creating & fostering a community around 
neurotechnology 

• attracting key stakeholders to partner and support 
braintech in Israel



Australia
AusBrain proposed - 

$250,000,000 AUD for 
large-scale brain 
modelling project: 

Implementation to be 
determined.

INSPIRING SMARTER BRAIN RESEARCH IN AUSTRALIA
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6. We will be better able to retain excellent scientists 
and doctors in Australia, and attract a new intake of 
highly skilled researchers to work here, based on the 
excellence of our research. Without a competitive 
research environment, the best of our own doctors 
and scientists will leave for other countries where 
there are more and better opportunities.

7. We will be able to integrate our excellence in 
computing, neuroscience, pathology, translational 
medicine, psychology and ethics, a unity that will 
bring benefi ts to other fi elds. We will be able to 
operate (more easily than most countries) in an 
effi  cient yet ethical research environment.

RECOMMENDATIONS
Those who attended the meeting are strongly of 
the opinion that Australia needs to make a strategic 
investment in brain research now, to enable us as 
a nation to share the benefi ts of this booming 
global endeavour. Strategic investment will not 
only aff ord the preservation of excellence of our 
current biomedical research strengths, but allow 
us to share the health, defence and commercial 
benefi ts that will result from the US$5 billion global 
venture over the next decade.

Wherever possible, Australia’s contribution should be 
in an area where we have advantages because of the 
strength of our existing research, or from other national 
structures such as our health system. We recognise that 
we represent groups with a vested interest in increasing 
the national investment in brain research, and therefore 
we propose that the Australian national brain initiative 
(‘AusBrain’) be coordinated by a national consortium 
committee that includes federal and state 

governments, patient support groups, information 
technology, the Defence Science and Technology 
Organisation, NICTA, the Australian Nuclear Science 
and Technology Organisation and CSIRO, the health 
and hospital systems and industry, as well as 
representatives of the universities and medical 
research institutes.

Because of the 10-year perspective for major programs 
of research into the brain, the discussions did not only 
focus on the obvious, immediate clinical targets such 
as Alzheimer’s disease. Over the longer time scale 
appropriate for this research, it is likely that areas of 
concern such as post-traumatic stress disorder, autism, 
and the interaction between genes and environment 
in mental illness will begin to be elucidated. The real 
benefi ts from a major commitment to brain research 
will be most likely to come in these areas that are 
presently very poorly understood. Commercial and 
entrepreneurial opportunities that arise might be in 
fi elds that hardly exist at present, such as epigenetics 
and brain/machine interfacing.

Many practical ideas were put forward. Some were 
simple and inexpensive ideas, such as facilitating a 
series of workshops that allow people from various 
discipline backgrounds to meet, exchange ideas and 
begin collaborations. The need to train scientists with 
experience in two disciplines (neuroscience and 
bioinformatics, for instance) is also a recurrent theme, 
as is the need to involve patient support groups in 
determining the research agenda. Equally important 
is the need to increase the number of clinicians who 
have experience with basic research to PhD level, and 
to embed a research culture in clinical training, both 
for doctors and for allied health professionals such as 
nurses and psychologists. There is a powerful argument 
for a national ethics framework, as at present research 
ethics committees are locally based and often lack 
a national and international perspective. Several 
individuals noted that it is important to free scientifi c 
research from ethics reviews that inhibit rather than 
facilitate important research programs, based on fears 
that have little substance.

‘Big ideas’ were also put forward and received 
substantial focus and attention. One group urged a 
commitment to create a ‘bionic brain’, while two others 
suggested large, properly funded teams with 10-year 
support to work on diffi  cult, interdisciplinary projects. 
One such project would involve the careful study of 
simple animal models (such as the bee, fl y or worm 
brain) as proof-of-concept model systems for the 
much larger human brain projects. The sorts of sums 
required for such research are large enough to make 
a diff erence and to be a fruitful contribution to global 
eff orts (particularly if they are allocated on merit, but 
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we have to be able to understand the biological 
mechanisms underpinning thought to the level at 
which we can replicate it.

If we could understand and simulate even a simple 
brain, the contributions to machine intelligence and 
the progress towards understanding the human brain 
would be enormous. Even simple animals like ants or 
bees are more behaviourally autonomous, robust, 
fail-safe and effi  cient than any machine we can 
currently build on a similar scale. We propose that rapid 
progress could be made by an initial focus on 
understanding and simulating the operation of simple 
animals with small brains. An exciting outcome will be 
a machine that will be more autonomous, more 
creative and more fail-safe than any machine built 
before.

Just as the human genome project saw the creation of 
new disciplines, new discovery, new medicine and new 
intellectual property, so the brain projects will similarly 
transform neuroscience. Australia cannot aff ord the 
cost of opting out of this global initiative. The 
Australian neuroscience program would leverage the 
programs in Europe and the US to rapidly create a 
unique Australian product: a thinking machine. This 
research has high value for Australia with applications 
in every part of our society and every sector of our 
economy. In the same way that programmable 
machines (computers) transformed our lives in the 
20th century, our lives in the 21st century will be 
transformed by machines that are beyond 
programmable, and are truly intelligent, directable and 
reasonable.

EXECUTION

This project cannot be realised without a dedicated 
injection of funds. In terms of funding, ‘business as 
usual’ for the Australian neuroscience community will 
not do. Within our community there is great concern 
about the widening gap between the funding scopes 
of the NHMRC and ARC. Many of the scientists working 
towards a greater understanding of the brain and 
thought have a background in the physical sciences 
(e.g. computer science, mathematics or engineering). 
While their work provides the underpinnings for 
subsequent medical breakthroughs, it lacks the 
immediate translational application increasingly 
desired by the NHMRC. Conversely, neuroscience 
projects are often viewed by the ARC as yielding 
human health outcomes, and therefore not 
appropriate for this funding agency.

As argued by proponents of the European brain 
project, a focused and integrated eff ort is required to 
ensure meaningful progress. The fragmented eff orts of 
individual research groups will not produce important 
advances in either knowledge or technology. But a 
coherent drive from our community, enabled by a 
signifi cant boost in dedicated funding, will see 
Australian neuroscience lead the world and provide 
enormous economic, healthcare and societal returns.

We estimate that the total cost of creating a bionic 
brain would be approximately $200 million, distributed 
over 10 years. Dedicated and stable funding is crucial 
in order to achieve real, tangible outcomes. Funding 
would be provided in the context of a concerted 
national program aimed at enabling big neuroscience. 
Core funding would allow the program to sustain 
a critical mass of personnel and activity.

Funding will be required across four domains:

 • People. Funding for scientists across all career stages 
will be necessary and could be provided as 3- to 
5-year scholarships or fellowships. Fellowships 
would be awarded to junior, mid-career and senior 
scientists who demonstrate their intention to 
conduct interdisciplinary research, describing 
a team with representation from multiple specialist 
fi elds. This would help to ensure forward thinking 
and creative approaches to problem solving and 
achieving research outcomes. Projects must align 
with the program’s two core goals, and synergies 
to other projects in the program must be explicit. 
In awarding scholarships to graduate students, we 
suggest these students be required to undertake 
multidisciplinary training, gaining expertise in at 
least two complementary fi elds (e.g. biostatistics and 
computer science). The supervisory team should also 
refl ect the multidisciplinary nature of their proposed 
research project.

INCF Australia Node is 
leading the efforts to launch 

an Australian Brain Endeavour



Integrating Research By Connecting People Online
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Pa$ents	  &	  
Ci$zens

Clinicians

Tech	  PartnersAdvocates

Researchers
One	  Mind	  Portal:	  
Crea0ng	  common	  
ground	  to	  build	  a	  
culture	  of	  shared	  
understanding	  of	  

disease



Open platform for clinical neuroinformatics
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TRACK-
TBI 2

US

CANADA

AUSTRALIA

RUSSIA

CHINA

€ 30 million 
funding

Large-scale 
international study

7 year study

> 5,000 patients

International 
standarization of 

CDEs

Open-source 
database

Integration with 
existing databases 

and biobanks

Compatibility 
with FITBIR

CENTER 
TBI

!

CENTER-TBI

FP7

International collaboration on traumatic brain injury

Andrew Maas, David Menon

NIH, FDA, CDISC

Expanding to China, Australia, India


