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Neuron types 
by Santiago Ramón y Cajal (1887)

Different Types of Neurons. A. Purkinje cell B. Granule cell C. Motor neuron D. 
Tripolar neuron E. Pyramidal Cell F. Chandelier cell G. Spindle neuron H. Stellate 
cell (Credit: Ferris Jabr; based on reconstructions and drawings by Cajal)
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Spruston, 2008
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Matsuda et al, 2009
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Zeng and Sanes, 2017
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Why?

• Understand the brain. Dimensionality reduction

• Communication among scientists

• Improve reproducibility

• Study diseases

• Understand evolution. Comparison among species

• Understand development

• Identify new cell types

Neuron Classification
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Zeng and Sanes, 2017



Markram et al 2015



Challenges
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• Definition a ‘cell type’ is still elusive

• Find the correct granularity

• Morphologies change during development

• Some features are continuous

• Morphologies change over time due to activity, hormones, …

• The three classification methods not always vary together



Summary 1
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• Research is revealing a wonderful complexity of morphologies

• Morphological diversity correlates with a functional diversity

• We have to bridle this diversity but challenges still exist:

– Unknown number of morphologies.

– Define a cell type. Classification.

– Faithful reconstruction of the morphology.
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How to reconstruct a morphology
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Labeling of cells

Histology

3D reconstruction



Staining techniques
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• In-vitro staining
• In-vivo staining



Staining techniques
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• Staining with heavy metals (Golgi). Light microscopy (LM)

• Fluorescence proteins (GFP, RFP, YFP) introduced transgenically in 
selected cells. Fluorescence microscopy

• Immunostaining. Antibody labelled with fluorescent or chromogenic tags. 

Light, fluorescent, or electron microscopy (EM) depending on the label.

• Direct injection of fluorescent dyes or biotin variants (biocytin or neurobiotin) 

in-vivo or in-vitro (during electrophysiology experiments).



18

Vints et al., 2019
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Feng et al., 2000



Immuno-staining

20Carter and Shieh, 2015



Avidin-Biotin Complex (ABC)
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• Fluorophore conjugated to biotin

• The complex can amplify the 
signal



Prepare the tissue for microscope
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• Sectioning

Pinskiy et al., 2015



Prepare the tissue for microscope

23

• Sectioning

• CLARITY

Chung et al., 2013



Microscopy
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• Light microscopy

• Fluorescence microscopy

• Electron microscopy (EM)



Neurolucida tracing
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Reconstruction result
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• We assume that the morphology can be 

faithfully described as a series of 
truncated cones or frusta

• To increase the precision of our 
approximation, we can increase the 

number of segments



Beware of Systematic Artifacts!
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Slicing leads to incomplete 
morphologies

Fixation and Staining leads to 
wiggly branches

Axons stained? Axons reconstructed?
Axons complete?



Reconstruction Artifacts
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!
!

Z-jumps
Sharp Angle/
Reverse Order

!

Dangling Branches

!

Colinear Children

Single Segment Branches

These artifacts may not matter when publishing a morphology in a paper...
For electrical modeling they matter a lot!

Root branch

Next branch
Single 

Segment 
Section



How to deal with artifacts?
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• Manual curation

• Automatic correction



Most Common Morphology Formats
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Sample StructureType X Y Z radius parent
------------------------------------------------------
1 1 40.03 19.34 -8.95 8.592 -1
2 1 40.03 27.93 -8.95 8.592 1
3 1 40.03 10.75 -8.95 8.592 1
4 2 99.36 -13.16 -63.91 0.14 1
5 2 104.33 -12.54 -64 0.14 4
6 2 111.2 -15.13 -59.85 0.14 5
7 2 114.84 -15.43 -62.52 0.14 6
8 2 115.89 -14.52 -62.52 0.14 7
9 2 118.18 -15.47 -62.52 0.14 8
10 2 123.96 -18.42 -62.95 0.14 9
11 2 134.11 -20.21 -62.28 0.14 10
12 2 138.22 -23.27 -62.28 0.14 11
13 2 142.22 -24.66 -62.28 0.14 12
14 2 154.66 -27.42 -62.28 0.14 13
15 2 160.08 -31.22 -58.66 0.14 14
16 2 168.86 -33.39 -58.66 0.14 15
17 4 33.54 16.22 -7.52 1.665 1
18 4 32.45 15.86 -7.52 1.665 17

SWC (e.g. NeuroMorpho)Neurolucida ASCII

For a good description: http://www.neuroconstruct.org/docs/import.html

<?xml version = "1.0" encoding = "UTF-8"?> 
<morphml xmlns = "http://morphml.org/morphml/schema" xmlns:meta = 
"http://morphml.org/metadata/schema" xmlns: xsi = 
"http://www.w3.org/2001/XMLSchema-instance" xsi: Schema Location = 
"http://morphml.org/morphml/schema 
http://morphml.org:8080/NeuroMLValidator/NeuroMLFiles/ 
Schemata/v1.5/Level1/MorphML_v1.5.xsd" lengthUnits = "micron"> 
<cells>
<cell name = "SampleCell"> 
<meta:notes>A Simple cell</meta:notes> <segments> 
<segment id = "0" name = "SomaSegment" cable = "0"> 
<proximal x="0.0"y="0.0"z="0.0" diameter = "16.0"/>
<distal x = "0.0" y = "0.0" z = "0.0" diameter = "16.0"/> 
</segment>
<segment id = "1" name = "DendSegment0" parent = "0" cable = "1"> 
<proximal x = "8.0" y = "0.0" z = "0.0" diameter = "5.0"/>
<distal x = "28.0" y = "2.0" z = "0.0" diameter = "6.0"/> 
</segment>

MorphML



Challenge: find the correct granularity
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• Incorporate the salient features given our scope

• Do no incorporate noise (staining artefacts)



34Gulyas et al 1999



Summary 2
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• Reconstruction is still a quite manual process.

• There is no perfect method. Each method has pros and cons.

• Data format is still an open problem.
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Neuromorpho.org
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178 CA1 interneurons
46 classified
42 with an axon
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• On average human cells are 2 times bigger than mouse cells

• Human brain is 2800 times bigger. There is a biophysical limit for the size of 
a neuron.

• Human cells are not just a larger version of the mouse cells

• There is no linear scaling for all the characteristics

• The morphologies appear larger and more complex

• This may correspond to more complex information processing. Multiple 

semi-independent dendritic subunits

Key points
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• Fluorescence labelling

• > 100 labelled neurons / brain

• Brain optically cleared

• Re-assemble of 40,000 stack 

images
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• Semi-automatic reconstruction

• Automatic segmentation

• Segments were broken at each 
branchpoints and close cross points 

• Manual linking and proofreading

• Multiple annotators

• +5-fold increase in speed compare to 

pure manual reconstruction without 
loose in precision
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• Register the morphologies in Allen 

Mouse Common Coordinate 
Framework

• Collect and organize data 
highlights patters

• New projecting classes



Summary 3
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• More systematic analysis of the morphologies

• High throughput technologies are emerging

• Databases allow users to access better data and

• organized in a better way

– Metadata

– Quality, completeness

– Registered in atlas



What you have learnt
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• Cell type.

• Cell classification.

• Reconstruction process.

• Reconstruction artefacts.

• File formats.

• Morphometrics.

• Familiarize with database of morphological reconstructions (e.g., 
neuromorpho.org)


