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Key Questions in Neuroscience

• How neurons connect and work together? 

(connectivity/connectome/networks, information processing, 
dynamics, behaviors, …)

• Where neurons come from and how they change over time? 

(lineage, neuron growth/pruning/aging/plasticity,…)

• What properties neurons have? 

(morphology, physiology, gene expression, locations, …)

pic courtesy of cosmosmagazine.com



Key Questions in Neuroscience

(Spruston, 2008)

Dendritic morphology



.swc files



Key Questions in Neuroscience

(Spruston, 2008)

Dendritic morphology

• Quantify/characterize neuron morphologies



A toolkit to edit swc files

• Pre-process, e.g., sort, pruning, resampling, connector…

• Confidence score of each tracing point

• Distance between neurons

• Extract fragments from a reconstruction

• Affine transform to a reference swc

• ……

• global_neuron_feature



L-Measure Features

• Number of Nodes

• Soma Surface

• Number of Stems

• Number of Bifurcations

• Number of Branches

• Number of Tips

• Overall Width

• Overall Height

• Overall Depth

• Average Diameter

• Total Length

• Total Surface

• Total Volume

• Max Euclidean Distance

• Max Path Distance

• Max Branch Order

• Average Contraction

• Average Fragmentation

• Average Parent-daughter Ratio

• Average Bifurcation Angle Local

• Average Bifurcation Angle Remote

• Hausdorff Dimension

http://cng.gmu.edu:8080/Lm/help/index.htm



Global Features via GUI
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Global Features via GUI



Run Functions Via Command Line



Global Features Via Command Line

v3d software plugin name function name path of swc files where to save

v3d   –x global_neuron_feature –f compute_feature_in_folder –i path_of_swc_folder –o csv_to_save

v3d   /x global_neuron_feature /f compute_feature_in_folder /i path_of_swc_folder /o csv_to_saveW

L/M



.swc files



Pre-process .swc Files

• not saved in the order of root-branches

• more than one roots

• not well-connected tree (i.e., there are gaps)

• small branches

• sort → prune



Sort swc via GUI



Sort swc via GUI



Sort swc via GUI

Specify the index of the node to be used as new root.



Sort swc via GUI

The distance to be allowed for two newly connected nodes.



Sort swc via GUI



Example Result



prun .swc files



prun .swc files



prun .swc files

Length threshold: segments shorter than this threshold will be removed.



prun .swc files

Specify the neuron type to be pruned.



prun .swc files



Results

raw pruned



Global Features



Global Features

Pre-processed .swc raw .swc



Key Questions in Neuroscience

(Spruston, 2008)

Dendritic morphology

• Quantify/characterize neuron morphologies



Single Neurons

CP
     

VPM



Morphological Features

     

VPM CP



Local Arborization Patterns of Cortical L2/3/4 IT Neurons

(Peng et al, 2020)

MOs L2/3

SSp L4



Automatic Quality Control



Summary

• To calculate morphological features of a reconstruction

• To sort and prune .swc files as preprocessing steps

• Brief showcase where we can make use of the morphological features



A toolkit to edit swc files

• Pre-process, e.g., sort, pruning, resampling, connector…

• Confidence score of each tracing point

• Distance between neurons

• Extract fragments from a reconstruction

• Affine transform to a reference swc

• ……


