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0 Abstract

Weintroduce Neurolines, anoveltooldesigned forvisualizing heuronalmorphology and connectivity
atthe nanoscale level. Neurolines uses a subway map metaphorto abstract the topology of 3D brain
tissue dataintoamulti-scale, relative distance-preserving 2D visualization. This allows domain scientists
to conduct an interactive analysis of neurons and their connectivity. Nanoscale connectomics
attempts 1o reverse-engineer the wiring diagram of the brain. This task, coupled with the task of
analyzing the detailed connectivity of neurites (axons, dendrites), is crucial o understanding the
borain, itsdevelopmentand pathologies. However, the main challenge with such tfasksis the enormous
scale, complexity and visual clutter of nanoscale connectivity. This makes it difficult for existing

visualization techniques 1o render such data in a meaningful way. Neurolines offers a scalable Standard large scale volume

visualization platform that can interactively render thousands of neurites in an uncluttered fashion, Visualization of segmented neurites.
The neurites are entangled

producing a cluttered visualization.

paired with inferactive features to support the detail analysis of neuronal connectivity.

3 Workflow 0 Visual Encoding

After slicing and imaging the ftissue block, registration, segmentation, We abstract the original 3D structure and topology of neurites segmentedin
and synapse labeling are performed. The segmented neurites are then nanoscale braintissue datainto a 2D subway map visualization that preserves

skeletonized, which forms the basis for subsequent interactive visualization fopology and relafive distances. Left: Volume rendering of a dendrite. Right:
and analysis in Neurolines. Neurolines abstraction of the same dendrite, represented as a subway line 1o

more clearly show branches, clusters of synapses in proximity and individual
synapses as stations along the line.

3 System Overview
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Workspace D C

Allows inspecting all neurites at a medium level of abstraction and
provides detailed statistics of a selected neurite and its synapses
(e.g., percentage of spinal vs. non-spinal synapses).

<

Allows the inspection of neurites at a detailed level of abstraction.
Individual synapses are shown as diamonds (spinal) or circles (non-
spinal); synapses overlapping in screen space become clusters that
can be fanned out. This view also allows pinning of a neurite in the

) A , ) The synapse analysis view shows detailed synapse information and a 2D inset view
workspace 1o keep a specific neurite in focus while exploring others.

that shows ’rhe > Synapse nelghborhood N ’rhe onglnol electron microscopy volume.
"o .| The 2D inset view allows
5. 1 userstotoggle the display of
- >4 scgmentation information,
Ne@®| ond is linked with a 3D
Ak | volume  visudlization  for

| futher exploration.

hitp://people.seas.harvard.edu/~jbeyer/neurolines.ntml
i3 g9 HARVARD CENTER FOR

School of Engineering BRAIN SCIENCE
and Applied Sciences




