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CORRELATED MULTIMODAL IMAGING IN LIFE SCIENCES

COMULIS, a new network to bridge (pre) clinical imaging and
Correlative Light Electron Microscopy

-- Focus on multidimensional registration software --

Perrine Paul-Gilloteaux, CNRS France Biolmaging Nantes
On behalf of COMULIS members and Andreas Walter, Chair of the
action.
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What is COMULIS?

Correlated Multimodal Imaging : combining 2 or more modalities to gather
Information about the same specimen

(11/2018-11/2022)
Goals:

» fueling urgently needed collaborations in the field of correlated
multimodal imaging

« promoting and disseminating its benefits through showcase pipelines

« paving the way for its technological advancement and implementation
as a versatile tool in biological & preclinical research

www.comulis.eu
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Objectives

« Establishing commonly-accepted protocols & quality standards for
existing CMI approaches;

« Showcasing novel CMI pipelines and bridging the gap between
preclinical & biological imaging;

« Fostering standardized correlation software through networking,
workshops & open databases;

« Raising awareness for CMI, training researchers in multimodal
approaches, and working towards a scientific mindset that is
enthusiastic about interdisciplinary imaging approaches in life sciences.

nce Cryo-Microscopy, UCSF & LENL

©Thomas Beyer: PET/CT cf whole body oncclogy. MedUni Vienna

www.comulis.eu
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Organization (work groups)

WG5: Outreach, Dissemination & Partnerships

Foster the recognition of CMI in life sciences

WG1

Correlative Light To Electron
Microscopy

WG3

Novel Correlated multimodal
imaging Pipelines

ey
Preclinical Hybrid Imaging

Set up standards and best practices, Trigger novel approaches

WG4: Correlation software
Improve & develop correlation and visualization concerted solutions




Networking tools

Correlated Multimedal
Imaging in Life Sciences

 Meetings & Conferences
« Next Events working groups meeting 21-22 January in Porto, Portugal

« Focus session at EMIM 2019 European Society for Molecular Imaging, 23
March, Glascow, UK

« Dissemination Activities
« ASCB-EMBO meeting Focus group , San Diego USA
« Analytix 2019, Singapore

www.comulis.eu
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Networking tools

Correlated Multimedal
cas

Imoging in Life Scien:

« Training
« Training schools in PHI
« Training schools in CLEM
« All with image analysis and software training

www.comulis.eu
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Networking tools

Correlated Multimedal
Imaging in Life Sciences

« Mobility Grants (Short-Term Scientific Missions )

« cover scientist from research labs & core facilities (EU) to visit an host lab
(EU or World Wide) to perform a scientific project on correlative multimodal
imaging

« between 1 week to 6 months.

- Conference grants

« Cover Early Carreer Investigator for a specific list of country to attend any
conference in the field multimodal imaging/ image analysis

www.comulis.eu
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Who is COMULIS?

Correlated Multimedal
Imaging in Life Sciences

« 118 members for now. Scientific Background  Working groups Participants

= Biology s WG1 CLEM
m Chemistry = WG2 PHI
_ = WG3 New CMI
= Computer Sciences
WG4 soft
Engineering / = WG5 outreach
= Medicine
= Physics
m Biophysics

m Other..
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Who is COMULIS?

Correlated Multimodal

Imoging in Life Sciences

Core group:

Andreas Walter (Austria) -
Chair COMULIS

Ludek Sefc (Czech
Republic) - Leader of
‘WG2 (Preclinical Hybrid
Imaging)

Paula Sampaio (Portugal)
- Leader of WG5
(Dissemination, Qutreach
& Partnerships)

Perrine Paul-Gilloteaux
(France) - Vice Chair
COMULIS

Yannick Schwab
(Germany) - Leader of
WG3 (Novel Correlated
Multimodal Imaging
Pipelines)

Julia Fernandez-Rodgriuez

(Sweden) - STSM

Coordinator

Paul Verkade (UK) -
Leader of WG1 (CLEM)

Natasa Sladoje (Serbia) -
Leader of WG4
(Correlation Software)

Martina Marchetti-
Deschmann (Austria) -
Science Communication
Manager

www.comulis.eu
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How to join?

Correlated Multimedal
Imaging in Life Sciences

« Any individual - researcher, engineer, or scholar - in universities,
research centers, public and private organizations, and whose
expertise is relevant to the Action, is welcome to join.

« See for the full pathway , do not
hesitate to ask further details!

www.comulis.eu
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Correlation software

Deliverable 1: Create compilations of existing software used in correlative multimodal
imaging.

WWW.BIIILEU
> 1000 software and workflows curated by Finding and Reusing specific content
and for the community of bioimage analysis e o e I e S e,

wisualistion.
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Correlation software

Blll.EU

Tag Registration

Registration softwares

20 brain slie region annottion: Siceliap
ANTS: Advanced Normalzztion Tools

Align shces in smck

BigCatahiewer
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Correlated Multimodal
Imaging in Life Sciences

Tag Registration
Also tagged with the topic
CLEM

listing content

Name#  Category Image requires  Type :::’e;actlon License/Openness has function  has topic
Image Correlative
9 Light and
registration, Elactron
Bigwarp Software ComponentManual Free and open source Deformable .
o Microscopy,
registration,
) Electron
Warping .
microscopy
Affine Correlatr
Manual, Semi- registration, Light and
eC-CLEM  Software Component Free and open source g 9
' automated Deformable Electron
registration Microscopy
Image
registration, Correlative
ec-clem Semi- Rigid Light and
autofinder Software . Componemaulomaled Free and open source registration, Electron
Affine Microscopy
registration
Image
I registration,
performiljlg | | Automated. Aﬁ'u.'le . C.orrelalive
automatic ) registration, Light and
A Software Workflow Semi- Free and open source _.~.
registration aulomated Rigid Electron
for CLEM 1 | registration, Microscopy
Alignment

construction




@icy m Autofinder

Open source tools for:

* user guided registra
2D/3D 3D/2D)

automatic re



a simple user interface

File & RO tools ec-CLEM Plugins
Instabied pla l> ...a set of tools for Correlative Light Electron Micros...

Ec-Clem AUTOFINDER

v

|| Sequence | ROITE  Layer History Output &

@ FullStack.ti

Automatic registration in 2D or 3D based on detecti... v Canvas
@ FullStack.tif (resized) = U XX (1T ® LM-Uriginaivata (Ch1) =0 X |
IviMml A THIE w =« o B dvll2v Background color {7 GPU rendering
Interpolation Linear v

" LM-Orig ;

v MNIAITE ' uly 10 n o [ Blending Composite v:

[

Sample Auto v

© Shading 0.2 04 04
v Histogram and colormap
V| Refresh [¥) Auto bounds log @ Iineari

v Sequence Properties
Name LM-OriginalData (Ch1)
Dimension 1024 x 1024 x 16 x 1
Channel 1 - unsigned byte (8 bits)
Size 16.0 MB
Pixel size 0.22um 0.22um 0.4pm

Time interval 1sec

[ edit 5 Metadata

== Rechercher sur Windows



for registration and error

Predicted Error on monitored target

_ Predict error when no
thoviews ground truth, and
measure it when
available

10 20 25 20
Number of points used for the registration

’> Sterlab-3Tf-J1_QDots100_6 (co)




(A) Preprocessed EM volume. Grid space: 10
microns (B) preprocessed LM volume. Grid
space: 100 microns. (C) Automatically
registered binary LM on EM. (D) Binary LM
on binary EM.

variance
3d em LGS

W Transfo file
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N automatic registration workflow by

Vlareist Spot Detectas Mock.
input Sequenc

©Spot to dotect

Oinput Sequence ROIs

© Compute WAT considering RO

© 5cale 1

Sequence

Mo Sequence

Find small part in bi

B sequence Ho Secuence

5 Physical scaling

Dispey )

© Sequence No Seauence

[p—

iy

O Force 2D Wavelets
binary Spat Sequence &
detection as ROIs G

Press me!




Image / Sequence [ ﬁetﬁb?@i‘ Interest Image)

“ O Rectangle + Point 2D * Point 3D £ to 3D stack
Area O Ellipse ~ Lline 2D  Lline 3D to Mask
G Polygon VN Polyline2D | ¥ Polyline3D | 4 to Shape
2D ROI 3D ROI Conversion
=0 X
n s Q0

N

@ Ec-Clem AUTOFINDER

Version 1.0.0.2

ROIObjective 40.00xtif
3f4 KO AF6...(series 1)

Select Source Image with Rois on it

Select Target Image with Rois on it
¥ Metadata to check

Pixel size x,y of source in nanometers
Slice spacing of source in nanometers
Pixel size x,y of target in nanometers

Slice spacing of target in nanometers

Transform Mode: Already in the same orientation
Also show the transformed target on source v
Export results for further analysis in ec-clem ||

Max error allowed for testing in microns

Detection & Tracking
it Separate
¥, ROI Cutter

Separation

‘

228 °

1000
420

999,94

egisterfromLinesVersioncourte

Processing Tools Test Plugins
Union D Fill interior @ Load ROI(s)
Intersection O Fill exterior [ Save ROI(s)

Other operation v | 0

- 3f4 KO AF647 x..nd2 series 1) -
[dv][2v][0] [T

:2@[

e

®

e © o ©

B Excel export

Boolean Op Fill operation File

!| Sequence | ROI TG | layer .
v canvas

=
n g o0

gfam and col

V| Refresh (¥) Auto bounds

AF647 X...nd2 (s
(] [(E]

oncourte



Fiducial Localization Error




N Error due to Fiducial localization error

Fiducial registration error
Vs Target registration error
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‘ on Icy Bio Image Analysis website
m and ec-clem autofinder)

eC-CLEM: flexible multidimensional
registration software

for correlative

microscopies

102 | VOL.14 NO.2 | FEBRUARY 2017 | NATURE METHODS

CORRELATIVE LIGHT
AaND Ececmeon Microscoey 111

http://icy.bioimageanalysis.org/



HIRING in Nantes, Pays de la Loire, France!!
Statistics
Computer Vision
Perrine. paul gllloteaux@unlv-nantes fr
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rotation
translation
isotropic scaling
(+ flip)
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+ anisotropic
scaling

non-linear
transformations

V/

== TRE ground truth

=== TRE predicted in EC-CLEM

TRE with non rigid registration
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Nt from fiducial
tion error

1 A 1 d?
i=1
f : mean of squared distance
from fiducials to each main axis

d : distance from target to each
main axis

FLE: Fiducial Localization Error
TRE: Target Registration Error
N: Number of fiducials

e

JM Fitzpatrick IEEE TMI 2001, 2008, 2011



Analysis of fiducial configuratiog

——center of mass=[255 255], high dispersion
—<—center of mass=[255 255], high dispersion
——center of mass=[400 400], low dispersion
—+—center of mass=[200 200], low dispersion

\ gL s Hsiod
. \

eC-CLEM > advanced usage > Study Errors

FRE RMS was 100nm
o
o

TRE RMS at [200,200] in nm

—-—‘?:De‘r?;’ér of mass=[255 255], high dispersion
—=—center of mass=[255 255], high dispersion
——center of mass=[400 400], low dispersion
—+—center of mass=[200 200], low dispersion

.
N
=3
=)

TRE RMS at [200,200] in nm
FRE RMS was 100nm
=
o

a1
=]

10 11
Number of Fiducials Used



What can simulation bring to your experimente
Optimizing fiducial choicel

* Nearly ideal case: widely distributed fiducials s
» Simulate (Plugin StudyLandmarksConf againstN) different N "
and different FLE, 100 random configurations.

FLE 60nm

FLE 160nm

£ = = o o o

200185 174 164 156 148 144 137

12 14 16 18 20 22 24

The better the accuracy of But... A big number of fiducial can
localization, the better the compensate for a bad localisation
accuracy of the registration accuracy

TRY IT! EC-CLEM/ADVANCED/STUDY
ERRORS



Fiducial Localization Error




N Error due to Fiducial localization error

Fiducial registration error
Vs Target registration error




