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To the Editor — Recent technological developments, such as high-throughput imaging and
sequencing, enable experimentalists to collect increasingly large, complex, and
heterogeneous ‘big’ data. These studies result in terabytes of data per day, yielding petabytes
across experiments and laboratories. These experimental capabilities exceed the scale or
feature set of existing software. For example, such data cannot be stored, processed, and
visualized on a laptop or workstation. Instead, big data must be stored on data centers and
processed on high-performance compute clusters.

In 2011, we launched Open Connectome Projectl, an open-access data repository powered
by open-source web-services software applications that store, analyze, and visualize large
imaging datasets. However, as technology changed, features were added, and scale
increased, our academic development team and resources became overwhelmed. We
overhauled our custom stack into a community-built and -maintained software ecosystem
deployed in the commercial cloud, integrating multiple open-source projects and extending
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them for our needs (https://neurodata.io). The ecosystem makes it possible to analyze
disparate datasets by reusing components originally designed for other applications.

All datasets use NeuroGlancer for visualization in a browser, bossDB—a cloud spatial
database—for data management, NDWeb to store visualization links, NDeX to exchange
data into and out of the system, and Jupyter notebooks for data analyses. Spatial data
derivatives are uploaded and coregistered for quality control. The other software tools are for
subsets of the data types, and make the ecosystem flexible and extensible. Figure 1 shows
our reusable tools and web visualizations of two exemplary datasets described below.

Conjugate array tomography images = 20 channels of microscale protein expression in three
dimensions, and can be followed by nanoscale serial electron microscopy?2. Our workflow
for these data aligns and stitches a collection of 2D images with custom scripts based on
TrakEM2’s nonlinear registration. After data have been ingested and visualized,
probabilistic synapse detection? is run on the entire dataset. We study the statistics of the
synapses using multiscale graph correlation?.

CLARITY—a brain-clearing method®— collects data from multiple channels, including
background for registration, and a ‘signal’ channel that exhibits protein expression localized
to a particular subpopulation of cells. Our workflow uses TeraStitcher to align and stitch the
collection of raw 2D image tiles, and registration to the Allen Brain Atlas with NDRegb, a
multiscale, multichannel implementation of large deformation diffeomorphic metric

mapping.

To date, NeuroData holds = 100 public and private datasets, with = 200 teravoxels from 30
collaborators, making it the world’s largest and most diverse public neuroscience data
repository (the up-to-date listing can be found at https://neurodata.io/). We add new data
based on our collaborations and community input (data incur ongoing costs for cloud storage
and computation). Without running any code or downloading any data, anyone with internet
access can visualize image data from different technologies to generate hypotheses or plan
new experiments. If investigators choose to download data and/or code, they can access and
analyze disparate data with the same functionality and syntax, which allows for faster
comparisons and scientific discoveries. Because all of the code is open source, anybody can
download, set up, and modify this ecosystem.
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Fig. 1 |. NeuroData’s open-source software ecosystem and example visualizations.
a, NeuroData’s open-source software ecosystem. EM, electron microscopy; Hist., histology;

AT, array tomography. b, Image of mouse brain tissue processed with array tomography
including multi-spectral light microscopy with electron microscopy. Synapses were labeled
manually. ¢, A section of the Allen Reference Atlas registered to an image obtained via
whole-brain CLARITY of a mouse. All cell bodies were detected by machine vision.
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