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SENSEI

Rationale
&
Objectives

Improving the quality of neuronal imaging 
using new imaging techniques and membrane probes

Quantifying neuronal morphology at tissue and molecular levels through the 
development of smart segmentation-based image processing algorithms
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The Team
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SENSEI

The Team

Membrane Probes 
Labelling Protocols

SmRG
Segmentation algorithm(s)

SOFI
Fixed and live imaging
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SENSEI

Unraveling 
neuronal 
morphogenesis 
from whole brain to 
synaptic molecules 

INSERM-UNIVERSITÉ PARIS-DESCARTES

Institute of Psychiatry and Neuroscience of Paris

5Neuron

Molecular Architecture
of the membrane

SIM

3D STORM
Spine

3D STED

Synapse

conventional super resolution&

to synaptic moleculesneuronal networks

Surgery at the hospital

From Human brain

Thierry Galli & Fabienne Paumet, Pour la Science (2002)

Neuronal morphogenesis during learning and plasticity

Organoïds

From app.emaze.com

Surgery at the hospital

Image from Sasin Tipchai pixabay.com/fr
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Institute for Psychiatry and Neuroscience of Paris

• in vitro (live rodent 
hippocampal neurons)

• in situ (fixed rodent brains & 
human tissue)

SENSEI

New Probes 
Optimizing 
Labelling 
Procedures
on Different 
Imaging Modalities

Membrane labelling with MemBright probes



SENSEI

New Probes 
Optimizing Labelling 
Procedures
on Different Imaging 
Modalities
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• With super resolution microscopy (SIM, STED, STORM, SOFI)

3D STED image

Confocal



SENSEI

Imaging 
Development

In-tissue super resolution imaging with SOFI
Fast in-tissue confocal imaging 
and localization-based 
super-resolution imaging

Courtesy F. Pampaloni, Univ. FrankfurtA. G. Tebo et al, Nature Chem Biol 2020



3D sub-diffraction imaging with SOFI

Expected performance:

¾ Two- to three-fold resolution increase at up 
16 focal planes at once

¾ Second to tens of seconds measurement 
time per full set of 16 planes

Status: proof-of-concept complete, working on 
general analysis framework

Simultaneous 16-plane acquisition



Fast tissue imaging / SMLM using a line-scan confocal

Expected performance:

¾ Over order of magnitude faster than 
classical confocal

¾ Similar resolution in xy
¾ Slightly reduced sectioning in z
¾ Single-molecule sensitive

Current status: optical design complete, prototype 
construction underway



Research 
Center 
ǲEǤ Piaggioǳ

Optimization of Tissue 
Cla�ifica�i�n �����c�l�ǥ

Open Access segmentation 
algorithms and 3D neuron 
reconstructions
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Calapez and Rosa 2010. A statistical pixel 
intensity model for segmentation of confocal 
images. IEEE Transactions on Image Processing

SENSEI

SmRG
Smart Region
Growing 

Model Based Segmentation Approach 
Based on statistical model of signal and noise intensity



Tested against ManSegTool (Manual Segmentation)
and Neuron GPS

Callara et al.,(2020)  A Smart Region-Growing Algorithm for Single-Neuron
Segmentation From Confocal and 2-Photon Datasets. F. in Neuroinformatics

SENSEI

SmRG
Smart Region
Growing 
Testing

Morphology Preserving

Very good performances
with Animal-derived samples

Comparable performance
with soa approaches

Comparison with Vaa3d Tools
(OP from Diadem challenge)
Manual

SmRG



SENSEI

SmRG
Work in 
Progress

Callara et al.,(2020) A Smart Region-Growing Algorithm for Single-Neuron
Segmentation From Confocal and 2-Photon Datasets. F. in Neuroinformatics

Next Improvements

Improving the performance of dendritic tree 
segmentation

Increasing the adaptability to image 
quality/characteristics changes across volume

Integrating SmRG with other tools/strategies for 
separating individual neurons

Applying/adapting to other imaging modalities/
Different neuronal cells/rodent and human

This will lead to a robust tool for

Densely-packed neurons
(e.g. Purkinje cells)

Clarified brain samples



Social 
SENSEI

Twitter account

Website



Social
SENSEI

3D STED image

Confocal



RRI

Responsible
Research and 
Innovation
(RRI)

Open Science

SENSEI is Open : 
Data and algorithm is or will be shared

e.g. SmRG  https://github.com/AlejandroCallara/SmRG

• Publication of picture and 
algorithm on Zenodo.org

Publication of free image analysis solution

https://github.com/AlejandroCallara/SmRG


RRI

Responsible
Research and 
Innovation (RRI)

Communication

SENSEI is communicating with 

Students and general public
(interactive live presentation 
at Bright)

• Brain Awareness week with IPNP 
animations, this Friday 2pm



RRI

Responsible
Research and 
Innovation
(RRI)

Ethics Ȃ 3R

SENSEI adheres to 3Rs principles.
UNIPI staff: membership of Centro 3R
Reduction-Refinement-Replacement

SENSEI collaborates with an Independent Ethics Advisory Board



RRI

Responsible
Research and 
Innovation
(RRI)
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Thank You!!!


