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MULTIMODAL IMAGING FOR AN HOLISTIC VIEW

Andreas Walter, Perrine Paul-Gilloteaux, Birgit Plochberger, Ludek Sefc, Paul Verkade, et al.. 

Correlated Multimodal Imaging in Life Sciences: Expanding the Biomedical Horizon. Frontiers in 

Physics, Frontiers, 2020, 8, ⟨10.3389/fphy.2020.00047⟩

https://dx.doi.org/10.3389/fphy.2020.00047


Stay Updated:

www.comulis.eu

Register to the mailing list!!!

http://www.comulis.eu/


Correlative Light To Electron 
Microscopy

Preclinical Hybrid Imaging
Novel Correlated multimodal 

imaging Pipelines

Correlation software

Outreach, Dissemination & Partnerships

Foster the recognition of CMI in life sciences

Set up standards and best practices, Trigger novel approaches

Improve & develop correlation and visualization concerted solutions

Oct 2018-

Oct 2022



Core team: 

Matthijn Vos/ Anna Sartori/ Andreas Walter/Erin Tranfield/Paul Verkade/Luc Tallini

Oct 2022-

Oct 2023



COMULISGLOBE (CZI GRANT 23-25)

• Management and communication:

• Fundation of the COMULISGlobe Society (likely Portugal Based)

• Industry board setting

• Conferences

• Joint User meeting with EUroBioimaging + with ESUO (Synchrotron EU) and 

LEAPS ()

March 2023-

March 2025



COMULISGLOBE (CZI GRANT 23-25)

• Scientific actions:

• Showcase projects (publications of on-going + definition of 3 new)

• Image registration challenge and hackatons.

• Repositories/Ressources set up

• Training/ Mobility/Access

• 2 training schools (global)

• Mobility fellowship with Eurobioimaging and synchrotrons.

Total budget: 350keuros (Including one project officer + 0.5 Technical officer)

March 2023-

March 2025

Stay Updated:

www.comulis.eu

Register to the mailing list!!!

http://www.comulis.eu/




Online Tutorials on Icy Bio 

Image Analysis website (look 

for ec-clem and ec-clem

autofinder)

Ec-clem
Ec-clem

AutoFinder

http://icy.bioimageanalysis.org/

NEW VERSION !! (beta but usable)

-MUCH MORE FASTER 

- LESS GREEDY in memory

- New tools for error estimation (colocalization like)

- New Tools to ease your correlative WF constructions

- New Tool for visualization

Ec-clemv2

EC-CLEM: a plugin of ICY



AVAILABLE VIDEO TUTORIALS

http://icy.bioimageanalysis.org/plug

in/ec-clem/

anrcrocoval/ec-clem (github.com)

http://icy.bioimageanalysis.org/plugin/ec-clem/
https://github.com/anrcrocoval/ec-clem


SAMPLE TO BE TRACKED FROM ONE IMAGING

MODALITY TO ANOTHER

Sometimes additional modalities will help

Ecclem Cascaded

transform/ Invert Transform



IN ADDITION TO COORDINATES TRANSFER BETWEEN IMAGING MODALITIES, 

IMAGE REGISTRATION WILL HELP TO FIND THE RELATIONSHIP BETWEEN

IMAGES

Ecclem Cascaded

transform/ Invert Transform



TRANSFORMATION CAN BE RIGID OR NON 

RIGID, BUT THEY CAN ALWAYS BE CASCADED

T a->b T c->b T c->d

T a->d=T a->b o T b->c o T c->d

Ecclem Cascaded

transform/ Invert Transform



EXAMPLE OF USE OF CASCADED TRANSFORM





HOW TO EXPLOIT THE TRANSFORMATION COMPUTED FOR QUANTIFICATION?

COMPUTE THE TRANSFORMATION 

LINKING source and target

Overlay: one image got interpolated (new 

pixels) or reduced in quality to create a new 

merged dataset.

Ecclem Apply transform



Transform ONLY 

the DISPLAY 

(coordinate

system of arrival

= screen)

HOW TO EXPLOIT THE TRANSFORMATION COMPUTED FOR QUANTIFICATION?

Ecclem CorrelativeView



Region of interest transformed

HOW TO EXPLOIT THE TRANSFORMATION COMPUTED FOR QUANTIFICATION?

Ecclem Apply transform to 

ROI



WE HAVE DEVELOPED A METHOD TO SPATIALLY ASSESS THE 

QUALITY OF REGISTRATION WITH NO GROUND TRUTH
(NO OTHER INPUT THAT POINTS (OR SURFACE) USED FOR REGISTRATION: LOCALISATION 

NOISE AND ERROR REGISTRATION ARE ESTIMATED).

• One thing to know: Matching is NEVER PERFECT

• Because your sample may deform/ evolve between two modalities

• Because multimodality is usually also multiscale (very different resolution, one pixel can

match hundred of pixels in the second modality)

• Because none modality allows to perfectly locate one structure of interest (imaging

resolution). Even when the sample did not deform at all , this will create an error you

can not avoid, only reduce.

G. Potier, F. Lavancier, S. Kunne and P. Paul-Gilloteaux, "A Registration Error Estimation 

Framework for Correlative Imaging," 2021 IEEE International Conference on Image 

Processing (ICIP), 2021, pp. 131-135, doi: 10.1109/ICIP42928.2021.9506474.



Beads are used 

here to check 

how good we

are to estimate

the error



LEAVE-ONE OUT approach: Correlated fluorescence 

and 3D electron microscopy with high sensitivity and 

spatial precision  Kulkuski, Schorb et al. JCB 2011

fiducials

Not 

fiducials



New in 

ecclem:

95% 

accuracy

prediction

Predicted

Average

accuracy

at each

point 



EXAMPLE FOR CRYO-SIM AND SOFT X-RAY CORRELATION

WORKFLOW

Kounatidis I, Stanifer ML, Phillips MA, Paul-

Gilloteaux P, et al. 3D Correlative Cryo-

Structured Illumination Fluorescence and Soft 

X-ray Microscopy Elucidates Reovirus

Intracellular Release Pathway. Cell. 2020

Test on mitochondria stained cells : here we could

conclude that there were no deformation

in the correlative imaging process: all 

discrepancy was in the expected range of rigid transformation



CRYO FIB-SEM/ FM EXAMPLE WITH LIPID DROPLETS AS FIDUCIALS

Scher, N., Rechav, K., Paul-

Gilloteaux, P., and Avinoam, O. 

(2021). In situ fiducial markers for 

3D correlative cryo-fluorescence 

and FIB-SEM imaging. 

iScience 24, 

102714. https://doi.org/10.1016/j.i

sci.2021.102714

https://doi.org/10.1016/j.isci.2021.102714


3D AUTOFINDER AND MANUAL REGISTRATION

Data in D: Scher



Test affine transform:

Deformation in one axis.



MORE MULTIMODAL (WHY MULTIMODAL?)

• Integrate different source of 

information about the sample

• Validate and understand a new 

modality or a new 

biomarker/probe/ contrast

enhancement preparation.



OTHER USAGES OF REGISTRATION IN MULTIMODAL 

MICROSCOPIES: SMART MICRODISSECTION FOR SPATIAL OMICS

10x, 20x or 40x (1 micrometer of 

cutting accuracy at 20x)

Slide Scanner for fast full FOV
Phenocycler/Codex for fluorescence 

hyperplexing Microdissector (MMI cellcut)



A home made interface (collaboration with MMI) allow to import

these area of interest as s=« shape to be cut at the right position, at once.



OTHER USAGES OF REGISTRATION IN MULTIMODAL 

MICROSCOPIES: SMART MICRODISSECTION FOR SPATIAL OMICS

(not the same sample yet, here tonsil vs kidney used in faisability test)



CONCLUSION

• Registration allow to link multimodal data through a 

transformation

• This transformation allows to link areas, but also ROIs



CONCLUSION
• Registration uncertainty can be estimated (accurate for rigid and affine registration for now-> non rigid

local affine ok as well)

• This has multiple purposes:

• Target area accuracy (Adding error margin for

Example)

• Multimodal colocalisation

• And likely and supported by the litterature but not yet in our field for better accuracy with
less data of deep learning models (for example in loss function similarly to bayesian
approaches)
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