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DEVELOPMENT OF DATA CORRELATION
SOFTWARE FOR CLXT

Example of 3d correlative cryo-structured illumination fluorescence and
soft x-ray microscopy to ellucidate reovirus intracellular release pathway
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TWO IMAGING SYSTEMS FOR CRYO-FIXED CELL
IMAGING

Correlative cryo-imaging at beamline B24 of the UK
synchrotron, Diamond Light Source.

Step 1: e o N Step 2:

Cells grown on a flat | =——p Conventional
grid and captured in imaging and
vitreous ice at a near sample mapping
native state

Fluorescence imaging:
cryoSIM

Soft X-ray Tomography




Example: 3D Correlative Cryo-Structured lllumination
Fluorescence and Soft X-ray Microscopy Elucidates
Reovirus Intracellular Release Pathway

llias Kounatidis, Megan L. Stanifer, Michael A. Phillips, Perrine Paul-Gilloteaux, Xavier
Heiligenstein, Hongchang Wang, Chidinma A. Okolo, Thomas M. Fish, Matthew C. Spink, David |.
Stuart, llan Davis, Steeve Boulant, Jonathan M. Grimes, lan M. Dobbie, Maria Harkiolaki
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U20S cells stably expressing red
fluorescence (mCherry-Galectin-3) , indicators
of endosomal membrane disruption

infected by a a fluorescent reovirus green
fluorescence (Alexa647-reovirus)

sample vitrification: frozen in liquid nitrogen-

cooled liquid ethane
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CORRELATION RESULTS

Reovirus (RV)-infected U20S cells 1h after infection, a number of small but
distinct vesicles are both Gal3 and RV

.
posttve

Black bars are 1 ym and white bars 10 um.



CORRELATION RESULTS

2h post infection : smaller endosomes have now merged to
give rise to MVBs that have distinct compartments infused
with Gal3 while others have not been similarly compromised

(presumably arising from concatenation of membranes from
MRV-free vesicles).




HOW WAS THE REGISTRATION PERFORMED?

62.5x62.5x125 nm
1024x1024x57
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SAMPLE TO BE TRACKED FROM ONE IMAGING
MODALITY TO ANOTHER

- P é

Sometimes additional modalities
will help




IN ADDITION TO COORDINATES TRANSFER BETWEEN IMAGING MODALITIES,
IMAGE REGISTRATION WILL HELP TO FIND THE RELATIONSHIP BETWEEN

IMAGES /\
‘1
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TRANSFORMATION CAN BE RIGID OR NON
RIGID, BUT THEY CAN ALWAYS BE CASCADED
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May the sample/specimen transfer/preparation have induced deformation? Is

model of the scale relationship known (pixel size)?
transformation Usually start from a linear transformation -> it may be sufficient and is less
prone to errors than non rigid/ non linear.
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Flows, ...
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FULL WORKFLOW

SIM on 8F: 2D RIGID EC-CLEM

——t
62.5x62.5%125 nm Maximum
1024x1024x57 Intensity

Projection

BF on low mag xray: 20 RIGID EC-CLEM

Minimum
Intensity
Projection

125x125x1250m

Low mag xray on tomo xray 20 RIGID EC-CLEM

Minimum
Intensity
Projection

'
w-mag:Xray-Hhigh-mdg

62.5%62.5x 125 nm
1024x1024x57

corrected-Dhigh
orrected-»BF)XT2
mag-Xray

JXT2D{low-mag-Xray-Phigh-mag-tomo)

N Z

10x10x 125 nm
946x946x57




EXAMPLE ON MITOCHONDRIA WITH GREEN
BEADS TO HAVE GROUND TRUTH

Green : 150 nm beads coated with Alexa488; Red mitochondra
with MitoTracker



SIM DATANEED TO BE REALIGNED BY APPLYING A
3D CHROMATIC SHIFT COMPUTED ON ANOTHER
SLIDE WITH BEADS EMITTING IN RED AND GREEN.

Matsuda et al., Accurate and fiducial-marker-free
correction for three dimensional chromatic shift in
biological fluorescence microscopy. Sci. Rep. 2018

https://github.com/macronucleus/chromagnon



2D ALIGNMENT OF BRIGHT FIELD AND SIM
PROJECTION

» SIM nb pixels is twice the BF
one

« some small drift in
subsequent acquisition on
the same microscope.

» We need the transformation
matrix at the same format




REGISTER USING IMAGE FEATURES

Example of image features :
Fiducial markers e.g. gold
nanoparticles.

High contrast cell features e.g.
nuclei or lipid droplets.
Sample damage e.qg. cracks in
ice or foreign objects.

Holes in the EM grid support.

Paul-Gilloteaux P.et al
eC-CLEM: flexible multidimensional
125x125 nm registration software for correlative

62.5x62.5nm > )
1024x1024 512x512 microscopies.Nat. Methods. 2017

Error range: 107-378 nm 125nmx125 nm
512x512 https://github.com/anrcrocoval/ec-

clem




REGISTER BRIGHT FIELD PROJECTION TO 2D
MOSAICK LOW MAGNIFICATION X-RAY

Note that because the
sample are captured in
vitreous ice, we
constrain ALL
transformations to be
RIGID (no scaling as
e G pixel size is known in the
microscope metadata).
Only flip allowed (in case

Error range: 173-828 nm (linear

scale) of upside down sample).




REGISTER RIGIDLY XRAY MOSAICH TO 2D
PROJECTION OF X-RAY TOMOGRAPH

Minimum Intensity
Projection

16nmx16nm 10nmx10nm

6622x6622 946x946 Jum
10nmx10nm

Error range: 73-133 nm
Note that we are 2D registering projections, so the discrepancy
observed is more about model error (using a 2D registration for p»r

\-\\'é_?D'Ta ation ship)




THREE INDEPENDANT TRANSFORMATIONS IN 2D

SIM on BF: 20 RIGID ECCLEM.




COMBINING THE TRANSFORMATION (CASCADING
TRANSFORMATION TO OBTAIN ONE 2D TRANSFORM FROM SIM
TO X-RAY TOMOGRAPH

This 2d transform is applied
to the chromatic-shift
corrected SIM 3D volume

CASCADED TRANSFO




3D RIGID REGISTRATION OF THE RELOCATED 3D SIM TO 3D
TOMOGRAPH
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FULL WORKFLOW

SIM on 8F: 2D RIGID EC-CLEM

——t
62.5x62.5%125 nm Maximum
1024x1024x57 Intensity

Projection
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FULL WORKFLOW




ESTIMATING THE ACCURACY OF RIGID
REGISTRATION

89 to 150 nm
of registration

error due to
the
localisation
error

Scale bar:
300 nm of error White bar 100

due to
~ - nm
| ]
‘ |
. ] | ‘

localisation
rror
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Name Perimeter (um)
ROl PREDICTED_ERROR_FIDUCIAL_8
ROl PREDICTED_ER _FIDUCIAL _
FIDUCIAL_1 0
FIDUCIAL_2 0
FIDUCIAL_3 0
FIDUCIAL_4 0
FIDUCIAL_S 0
FIDUCIAL_6 0
FIDUCIAL_7 0
8 0
FIDUCIAL_9 0
NOT_FIDUCIAL_1 0
NOT_FIDUCIAL_2 0
NOT_FIDUCIAL_3 0
NOT_FIDUCIAL_4 0
“~ MEASURED_ERROR_FIDUCIAL_1 0.038618
"\ MEASURED_ERROR_FIDUCIAL_2 0.25281
"\ MEASURED_ERROR_FIDUCIAL_3
. MEASURED_ERROR_FIDUCIAL 4
"~ MEASURED_ERROR_FIDUCIAL_5
. MEASURED_ERROR_FIDUCIAL_6
"\ MEASURED_ERROR_FIDUCIAL_7 0.25436







Matching structures= beads visible in both
modalities

Transformation = Rigid because sample were
cryogenized and exactly the same sample
with no further sample prep between the two
steps
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GENERIC APPROACH

Otsu ¢
threshold A
7=y
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GENERIC APPROACH
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