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Extended Data Fig. 6 | Comparing alignment results between CLEM-Reg and 
experts. (a) The GFP-TGN46 channel was overlaid to FIB-SEM (EMPIAR-11537) 
data using mitochondria as off-target landmarks with CLEM-Reg. To quantify 
registration performance, four endosomes were manually segmented 
throughout the EM volume. Corresponding segmentations in FM were obtained 
by segmenting the GFP-TGN46 channel with Otsu’s method. (b) Volume of 
endosomes in EM overlaid by FM signal was computed by intersecting EM and 
FM segmentations. (c) Centroid distances between EM segmentations and 
segmented GFP-TGN46 signal in FM were computed with Euclidean distance. 
Mean size of FM and EM segmentations are shown in magenta and gray 

respectively (n = 4 endosomes). (d) The difference between GFP-TGN46 signal 
overlaid manually and with CLEM-Reg was computed from previously found 
centroid distances. Mean difference in centroid distances is shown with a red 
horizontal line (n = 4 endosomes). The theoretical XY and Z resolution of the 
fluorescence microscope used is shown in magenta. (e) 3D visualizations of 
endosome overlays were generated by obtaining meshes from segmentations of 
EM shown in gray, Lysotracker signal registered using BigWarp (Manual) shown 
in blue and CLEM-Reg shown in red. Visualizations generated with napari and 
matplotlib.
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Extended Data Fig. 7 | Correlating lysosomes and endosomes to the distance 
to mitochondria. We obtained distances of lysosomes or endosomes to 
mitochondria by computing a distance transform on the 3D mitochondria 
segmentation masks. Distances of lysosomes or endosomes were then 
obtained by considering the previously obtained distance transform at the 
centroid of manual lysosome/endosome segmentations. Alignment accuracy 

was then assessed via centroid distances as shown in Figs. 5c and 5h, as well as 
Supplementary Fig. 4C. Spearman’s correlation was then applied with values 
shown on the top right hand side corner for each dataset (n = 5 lysosomes for 
EMPIAR-10819, n = 4 endosomes for EMPIAR-11537 and n = 4 lysosomes for 
EMPIAR-11666).
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Extended Data Fig. 8 | Comparing CLEM-Reg against manual alignment with 
BigWarp on landmarks placed in BigWarp. (a,b,c) Violin plots showing 
Euclidean distances computed between landmarks placed in EM and landmarks 
placed in LM transformed by CLEM-Reg (red) and BigWarp (blue). The difference 
in distance between landmarks transformed by CLEM-Reg and BigWarp are 
shown in orange. Mean distances are shown as horizontal bars. Statistical 
significance was computed with Student’s t-test (EMPIAR-10819: P = 0.16, 
EMPIAR-11537: P = 0.0025 and EMPIAR-11666: P = 4.52 ⋅ 10−19) with n.s 
indicating P > 0.05, ** indicating P < 0.01 and **** indicating P < 0.0001.  
(d) Sensitivity analysis of point placement precision: Landmarks were randomly 

perturbed by addition of Gaussian noise with μ = 0 and σ corresponding to 
random landmark placement errors in pixels. Euclidean distances between 
randomly perturbed landmarks placed in EM and LM transformed by CLEM-Reg 
and BigWarp were then computed as shown in a,b and c (measurements for each 
pixel perturbation were repeated n = 1,000 times). Lines correspond to mean 
P-values and shaded areas to standard deviations. (e,f) Representative crops of 
corresponding landmarks placed in EM (e) and LM (F: Mitotracker channel 
shown) with circles of radius r = 3 (red dotted lines) and r = 5 (red dashed lines) 
shown.
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Extended Data Fig. 9 | Error maps between landmarks placed in EM and LM 
landmarks transformed with CLEM-Reg. (a) Landmarks manually placed in LM 
were transformed with the transformation matrix computed by CLEM-Reg (red) 
and BigWarp (blue). To convert discrete points to a continuous map, a thin-plate 
spline (TPS) deformation model was computed using landmarks placed in EM 
(orange) and LM landmarks transformed with the CLEM-Reg matrix (red) as 

control points. To obtain error maps, the mean squared displacement based 
on the TPS model was computed across the whole image volume and average 
projections are shown for EMPIAR-10819 (b) EMPIAR-11537 (c) and EMPIAR-11666 
(d) with points corresponding to landmarks placed in EM (orange) and in LM 
transformed with CLEM-Reg (red) and BigWarp (blue). Maximum projections of 
cell outlines are shown in white.
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Extended Data Fig. 10 | Comparing alignment results between overlays 
obtained with CLEM-Reg using raw (unprocessed, confocal-like) and 
processed (super-resolved) Airyscan FM data against overlays obtained by 
an expert. (a) Overlays for EMPIAR-11537 (FIB-SEM with Mitotracker, WGA, 
GFP-TGN46 and Hoechst overlaid) (b) Volume of endosomes in EM overlaid 
by FM signal was computed by intersecting EM with FM segmentations from 
raw (blue) and Airyscan (orange) FM overlays obtained with CLEM-Reg and 
Airyscan FM data overlaid by an expert (green). (c) Centroid distances between 
EM segmentations and segmented GFP-TGN46 signal in FM were computed 

with Euclidean distance. Airyscan is shown in orange, raw FM data in blue and 
Airyscan overlaid by an expert in green. Mean size of FM for raw data (indicated 
by R) and Airyscan data (indicated by AS) and EM segmentations are shown in 
magenta for FM and gray for EM (n = 4 endosomes). (d) 3D visualizations of 
endosome overlays were generated by obtaining meshes from segmentations of 
EM shown in gray, GFP-TGN46 signal registered using BigWarp (Manual) shown 
in green, CLEM-Reg on raw data shown in blue and on Airyscan data shown in 
orange. Corresponding centroid distances are shown next to each endosome 
visualization.
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