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Figure 7. Summary of the sensitivity analysis. The intervals indicated in grey for each parameter and 
each of the images tested correspond to the parameter values for which the reconstruction satisfies high 
quality criteria defined by RMSE ≤ 1.5 and coverage ≥ 85%. Black marks indicate the reference value 
obtained by manual adjustment for each image (cf. Supplemental note 2). (A) Parameters of the surface 
selection step. (B) Parameters of the surface assembly step. 
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FIGURE 1 
Flowchart of Zellige’s algorithmic steps. Surface pixel selection (step 1), surface assembly in 
the form of a height map (step 2), and subsequent projection localized to the height map, are 
schematically depicted in the case of a 3D image containing 4 surfaces of interest. 
 
FIGURE 2 
Multiple surface extraction on a synthetic 3D image. (A) The image contains 3 phantom 
surfaces (S1, S2, S3) of different shapes (sinusoidal, flat, and paraboloidal, respectively), and 
different textures (surface S1 has constant intensity, while surfaces S2 and S3 are supported 
by Voronoi meshes of different cell-sizes). (B) 3D representations of the height maps extracted 
by Zellige (in green) and of the ground truth (GT, in blue) height maps of surfaces S1, S2, and 
S3. (C) Error maps displaying the distance along the z-axis between the reconstructed and GT 
height maps for surfaces S1, S2, and S3. (E) Projections of the 3D image localized to the 
different surfaces S1-S3 (maximum intensity projections over a subvolume of a width �z=1 
pixel above or below the corresponding height-maps). Upper and lower panels show the 
projections based on the GT and the reconstructed height-maps, respectively. 
 
FIGURE 3 
(A,B) Volume rendering (A) and orthogonal sections (B) of a 3D image of fly embryo taken 
around 24h after puparium formation, covering a portion of the abdomen (showing histoblast 
cells and larval cells), and a portion of the developing wing. Scale bar 50 µm. Four surfaces of 
interest may be identified in the dataset (of dimensions 1200 × 1200 × 51 pixels): surfaces S1 
and S2 are relatively close to one another and located within overlapping z-ranges (8 ≤ z ≤ 50 
and 20 ≤ z ≤ 50, respectively). Surfaces S3 and S4 (located in the z-ranges 42 ≤ z ≤ 50 and 
9 ≤ z ≤ 50, respectively) are relatively far from each other and can nearly be separated by a 
plane. 
(C) 3D representations of the height maps extracted by Zellige (in green) and of the ground 
truth height maps (GT, in blue) of surfaces S1-S4. The reconstructed height-maps of all 
surfaces S1-S4 cover >93% of the area of the corresponding GT (cf. Figure S2 and Table S1). To 
reduce the staircase artifacts (more or less visible depending on the surface) due to the 
digitization of the GT and reconstructed height-maps, all height-maps were smoothed with a 
2D gaussian filter with a standard radius of 5 pixels (cf. Supplemental note 1). 
(D) Error maps (color-coded distance along the z-axis between the reconstructed and the GT 
height-maps) plotted for each of the reconstructed surfaces. The large majority of pixels on 
the reconstructed height-maps (98%, 96%, 91%, and 99% for surfaces S1 to S4, respectively) 
display errors of <2 pixels. The height-maps of surfaces S1, S2, S4 show subpixel accuracy on 
average (RMSE < 1), while that of surface S3 is slightly less accurate (RMSE = 1.25). 
(E) Projections of the 3D image localized to the different surfaces S1-S4 (in this and all 
subsequent figures, these are maximum intensity projections over a subvolume of width �z=
�1 pixel above or below the corresponding height-maps). Upper and lower panels show the 
projections based on the GT and the reconstructed height-maps, respectively. 
 
 
 
FIGURE 4 
(A) Volume rendering of a 3D confocal swept-field image of the mouse cochlear embryo on 
embryonic day E14.5. The dataset (of dimensions 1024 × 1024 × 45 pixels) shows a portion of 
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the sensory epithelium (at the topmost sections of the stack) and the underlying non-cellular 
layer of mesenchyme on which the organ develops. Both structures are stained with phalloidin 
to reveal F-actin. Scale bar 40 µm. The surface of interest is the epithelium surface, harboring 
the sensory and supporting cells under differentiation. The mesenchyme layer is not (strictly 
speaking) assimilable to a surface, but it produces a strong background signal nearby the 
surface of interest, hampering its extraction. 
(B) 3D representations of the height map extracted by Zellige (in green) and the GT height map 
(in blue), of the epithelium surface. 
(C) Color-coded error map of the reconstructed height-map, which shows subpixel accuracy 
(errors <1) over a large majority (83%) of pixels, as well as on average (RMSE ~ 1.1). 
(D) Projections localized to the GT height-map of the epithelium surface (left most panel), and 
to the height-maps extracted with the four different algorithms: FastSME, LocalZProjector, 
PreMosa, and Zellige. Only Zellige correctly extracts the surface of the epithelium in this 
example. 
 
 
 
FIGURE 5 
(A) Volume rendering and individual sections of a confocal 3D image of a primary culture of 
bronchial epithelial cells 4 days after it was infected by the SARS-CoV-2 virus. The dataset (of 
dimensions 1024 × 1024 × 15 pixels) covers a portion of the epithelium immunostained for 
the tight junction protein ZO-1. Notice the roughness of the epithelium surface and the 
presence of anomalous bulges (arrows) resulting from the SARS-CoV-2 infection. Scale bar 
10 µm. 
(B) 3D representations of the height map extracted by Zellige (in green) and the GT height map 
(in blue), of the epithelium surface. 
(C) Color-coded error map of the reconstructed height-map. Despite its roughness, the surface 
of interest is reconstructed with subpixel accuracy over the majority (71%) of pixels, as well as 
on average (RMSE ~ 0.81). 
(D) Projections localized to the GT height-map of the epithelium surface (leftmost panel), and 
the height-maps extracted with the four different algorithms: FastSME, LocalZProjector, 
PreMosa, and Zellige. Scale bar 30 µm 
 
 
FIGURE 6 
(A-B) Volume rendering (A) and orthogonal sections (B) of a confocal 3D image of a (half of) 
inner ear organoid, which has been fixed and stained with phalloidin to reveal F-actin. The 
dataset (of dimensions 520 × 465 × 35 pixels) includes two dome-shaped epithelial surfaces of 
interest, forming the apical (inward) and basal (outward) sides of the organoid.  
(C) 3D representations of the height map extracted by Zellige (in green) and the GT height map 
(in blue), of the epithelium surface. 
(D) Color-coded error maps of the reconstructed height-maps for the apical (left) and basal 
(right) epithelial surfaces of the organoid. The surfaces of interest are reconstructed with an 
error of < 2 pixels over a large majority (96% and 93% for the apical and basal surfaces, 
respectively) of pixels, as well as on average (RMSE ~ 0.8 and 1.1 for the apical and the basal 
surfaces, respectively). 
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(E) Projections localized to the GT height-maps of the epithelium surface (panels on the left), 
and the height-maps extracted by Zellige (panels on the right). Scale bar 100 µm. 
 
 
FIGURE 7 
Summary of the sensitivity analysis. The intervals indicated in grey for each parameter and 
each of the images tested correspond to the parameter values for which the reconstruction 
satisfies high quality criteria defined by RMSE ≤ 1.5 and coverage ≥ 85%. Black marks indicate 
the reference value obtained by manual adjustment for each image (cf. Supplemental note 2). 
(A) Parameters of the surface selection step. (B) Parameters of the surface assembly step.  
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