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Figure 2. (A) SMLM imaging reconstruction of NUP133 labeled HeLa cells; (B) a magnified view 

of the area highlighted by the orange box in panel A; (C) A histogram showing the probability 

distribution of localization precision from ~70,000 single molecules detected in panel A and a 

fitted curve using a gaussian distribution (red curve); (D) A histogram showing the probability 

distribution of the number of SMLs in Alexa Fluor 647-labeled secondary antibody fitted onto an 

exponential distribution (red curve). 
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Figure 3. Flowchart of our Monte-Carlo simulation. GetNupParameters, GenerateCentroids, 

GenerateLabelSites, GenerateFluorophoreSite, and GenerateLocalizations are functions used in 

the simulation and can be found at https://github.com/FOIL-NU/MC-NPC. 
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Figure 4. (A) An illustration of the initial centroid and label site generation process. Black crosses: 

centroids generated; yellow and green circles: label sites of outer ring NUPs and inner ring NUPs, 

respectively; (B) A illustrated cross-section of a single NPC site with dotted hemispherical regions 

depicting possible locations of antibodies due to the degree of freedom with labeling. Fluorophores 

are randomly assigned along the length of the secondary antibody (pink dots); (C) A detailed 

illustration of a single NPC site. Scatterplots of the coordinates simulating a single NPC for an 

outer NUP (left) and inner ring (right). Colored crosses: SMLs; black dots: primary antibody; green 

circles and gray crosses indicate the center location of the NPC as references; (D) Simulated 

SMLM images of FG repeats; (E) Simulated SMLM images of NUP93; (F) Simulated SMLM 

images of NUP210; (G) Simulated SMLM images of NUP133 with 3 NPCs/μm2; (H) Simulated 

SMLM images of NUP133 using the identical experimental uncertainties in Figure 2. 
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Figure 5. (A) A simulated SMLM image of NUP133 with 9 NPCs/μm2 with background levels of 

100 SMLs per μm2; (B) Adjusted Rand Index (green bars) and the number of clusters (red bars) 

values using different clustering algorithms. The dashed line indicates the ground-truth number of 

clusters; (C) A heatmap showing the Adjusted Rand Index for clustering performance 

characterization as a function of increased background number of SML and minimal size of the 

cluster in the HDBSCAN parameter; (D) The counting (black line) and sizing (red line) errors of 

HDBSCAN clustering at a background number of 40 SMLs, with a minimum cluster size of 15 

using the image shown in panel A; (E) A violin plot illustrating the histogram radius distribution 

of the NUP133-ring of the experimental data (cyan) and the simulated data (magenta) of each 

NUP133 cluster after HDBSCAN clustering and using the ground-truth (green). 
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Table 1. Summary of NUP parameters used in the simulation. 
 

NPC protein Location Radius relative to NPC centroid 
(nm) 

NUP93 Inner Ring 40.0 

NUP133 Outer Ring 53.5 

NUP210/GP210 Transmembrane NUP 80.0 

FG repeats Central Channel 10.0 

 
 
Table 2. Summary of simulation constants unless otherwise noted. 
 

Parameter Value 

Localization uncertainty 10 nm 

Primary antibody length 15 nm 

Secondary antibody length 15 nm 

Chemical tag length 5 nm 

Probability of labeling onto a NUP133 protein 0.3 per site 

Average number of SMLs per secondary antibody 10 

Nuclear membrane size  10 × 10 μm2 

Minimum spacing between adjacent NPCs 250 nm 

Background noise 0, 40, and 100 photons per μm2 

Density of NPCs 1, 3, 5, 7, and 9 NPCs per μm2 
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