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Supplementary Figure S1. Segmentation of a single prophase chromosome. (A) Slice no. 23 after SBFSEM of a whole 
chromosome. (B) Slice no. 39, and (C) Slice no. 72 which is further down the series of the same chromosome shown in (A). (D) 3D 
modelled and segmented image showing X-shaped human chromosome after reconstruction of 387 × 25-nm sections. Scale bar - 
0.5 µM 



 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S2. Twenty-four color karyotyping of GM18507 cell line (passage 4) (A–E) mFISH spread 1-5, 1) DAPI spread 
of prepared chromosomes 2) mFISH image of the same spread as shown in 1. 3) Karyotyping of the chromosomes in 2) based on color 
displaying 46 chromosomes. (F) Summary table showing length measurements of chromosomes from each spread. Calculations for Total 
averaged length and whole chromosome length % are given in Supplementary calculations S3. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S3. Three levels of chromosome segmentation. (A–C) 2D segmentation of chromosome 
8b following three different contrast thresholds. (D–F) 3D view of chromosome 8b after segmentation; (A) and 
(D) Narrow segmentation, (B) and (E) Medium segmentation and (C) and (F) Wide segmentation. Scale bar – 
0.5 µm. 



 

 

 

 

Supplementary Figure S4. Validation of segmented chromosomes. Comparison of published and our measured narrow segmentation (ns) and medium 
segmentation (ms) chromosome (A) volume and (B) DNA content for both homologs (set A and set B). Comparison of published and our measured 
narrow segmentation (ns), medium segmentation (ms) and wide segmentation (ws) C) volume and D) DNA content for chromosomes 1b, 8b, 16a and 
18b. Volume and DNA content data for each chromosome is given in Supplementary Table S1, S2 and S3  



 

 

 

 



 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S5. Diameter of chromosomes. Images (from Avizo) for diameter measurements of narrow, medium and 
wide segmented chromosome. A(i) 1b p arm and A(ii) 1b q arm. B(i) 8b p arm and B(ii) 8b q arm. C(i) 16a p arm and C(ii)16a q arm. 
D(i) 18b p arm and D(ii) 18b q arm. Image 1 and 5; orthoslice showing 2D segmented chromosome, 2 and 6; narrow segmentation 
3D view, 3 and 7; medium segmentation 3D view; 4 and 8 wide segmentation 3D view. Scale bar - 2 µm (E) Summary table containing 
diameter measurements of chromosomes. 
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Supplementary Figure S6. Morphology of individual chromosomes. Example of 3 different chromosomes (A) chromosome 19 
(B) chromosome 16 (C) chromosome X showing segmentation (narrow and medium) and morphology at different rotation 
angles.  
 



   

 

 

 

 

 

Supplementary Figure S7. Radial organization of all 46 prophase chromosomes in a 3D nuclei. (A) Scatter diagram 
showing correlation between chromosome volume and radius to the center of the nucleus (B) scatter diagram showing 
correlation between chromosome gene density and radius to the center of the nucleus. Plots are divided into 5 equal 
regions Periphery, Periphery-intermediate, intermediate, intermediate center and center to determine their position 
within the nucleus. 
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Supplementary Figure S8. Spatial neighborhood. Map of the spatial neighbors for all human prophase chromosomes detected by 3D analysis using 
Avizo. Filled color boxes indicate the closest neighbors of each of the human chromosomes in 3D.  

 
 
      


