
Using a Vaa3D multi-signal 
plug-in to quantify neuronal 

cytoskeleton



SWC format to describe neuronal morphology

Nanda et al., 2019, Sci Data. 

• Morphology data part contains 7 column data positions, each line corresponding to 
a single neural compartment, with each column separated by blank space.
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Extension of SWC: Multi-signal neural reconstruction (ESWC)

Nanda et al. 2018, Sci. Data



Vaa3D Multi_channel_SWC plugin Demo
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Point A, Arbor Length 141 μm

Point B, Arbor Length 265 μm
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Arbor Length: Total Length (μm), Downstream of a point



Cell Type MT 
quantity

F-act 
quantity

MT + F-act
quantity

Path 
distance 

from soma

Branch 
order

Diameter

Class I 0.67 0.55 0.62 -0.47 -0.33 0.64

Class IV 0.79 0.43 0.63 -0.45 -0.42 0.49

Class IV 
Form3OE

0.88 0.76 0.82 -0.47 -0.39 0.61

Pearson correlation coefficients of arbor length against morphological and
cytoskeletal parameters at the resolution of single (2 μm long) compartments.
Microtubule quantity is the best predictor of arbor length for all the cell types.

Microtubule is the strongest discriminant of arbor length

Nanda et al. 2020, iScience



Bifurcation points are richer in F-actin

CBA

Cumulative frequency of bifurcating (green), elongating (black) and terminating (red)
compartments as a function of change in local F-actin concentration relative to the
parent compartment.

The bifurcating compartments are enriched in F-actin
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Nanda et al. 2020, iScience



TerminateElongate

Initialize with soma and stems 
MT & F-act quantities

Begin tree generation with the stems as open 
nodes

P(E|B|T)=f(MT, F-
act)

If E: Elongate
Elseif B: Bifurcate

Else Terminate
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compartment

Sample a pair of MT 
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Elongation Grid
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MT
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Close the 
open 
node

Add two daughter 
compartments

Sample two pairs of MT and 
F-act  from the Bifurcation 

Grid
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the list of open 
nodes. 
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Tree generation process:

Nanda et al. 2020, iScience



Model prediction: Dendrograms of real (top, blue) and simulated (bottom, red) Class I, Class IV and mutant Class IV Form3OE neurons. 

Class IV Form3OEClass I Class IV WT



Model prediction: Emergent distributions of Dendritic length, Microtubule and F-actin by path distance and Strahler order, Observed 
distributions are overlaid in the background (in lighter shades of blue, red and green). 

Nanda et al. 2020, iScience
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