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Single molecule localization microscopy (SMLM) is based on the repeated activation (blinking) 

of small numbers of discrete fluorophores whose precise localization is determined using a 

Gaussian fit of the point-spread function (PSF). However, repeated blinks derived from the 

same molecule form non-biological nano-clusters or networks (NBNs). Distinguishing NBNs 

from biological networks (BNs) that reflect the distribution of component molecules of the 

biological structure is a major challenge for SMLM.  

 

Importantly, in contrast to BNs, NBNs are related to the physical properties of the fluorophores 

and the labeling process and therefore similar and homogeneous. Further, while the number of 

molecules or proteins in a BN is constant, additional blinks acquired during the imaging process 

are centered and spread around a molecule from a NBN with a particular spatial scale due to 

the microscope drift, localization error, etc. As more blinks are collected, the scale plateaus and 

we perform multi-scale, dynamic network analysis to estimate this scale. We then spatially and 

iteratively merge blinks within that detected scale to effectively eliminate repeated blinks, 

thereby differentiating between BNs and NBNs. 

 

We validated our approach, first, on synthetic data. We position a set of in-silico molecules on a 

3D grid and generate repeated blinks with known Gaussian distribution parameters around each 

synthetic molecule. The distance between the molecules is modified to mimic the different levels 

of overlap between neighboring molecules in real biological settings. Using our network analysis 

method, we retrieved the underlying NBN scale (standard deviation of the Gaussian) of the 

repeated blinks even with moderate levels of overlap between blinks of different molecules. 

Applying the NBN scale in the iterative merging module accurately estimated the location of the 

synthetic molecules on the grid. We then validated our approach using a real dataset of 

caveolin-1 antibody labeling of HeLa cells imaged using a home-built dSTORM microscope with 

real time drift-correction (Tafteh et al., Opt Exp 24:22959, 2016). After scale-detection and 

merging, the estimated number of caveolin-1 molecules per caveolae was on average 142, very 

similar to the reported 145 (Pelkmans et al., Nature, 436:78,  2005). 

 

Finding NBNs and their features is important for many applications in SMLM. We foresee our 

method being useful for molecular counting, providing non-biased bio-signatures for subcellular 

structures, defining imaging parameters (e.g. stopping criteria based on the saturation of the 

collected blinks), etc. 
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Introduction 
ABSTRACT
❏SMLM imaging provides us with blinks from fluorophores associated 

with molecules. Blink localization uncertainty is affected by 
localization precision, drift and the size of the antibody. 

❏Molecular reconstruction is one of the main challenges that still 
exists in SMLM data quantification problems.

❏Reconstruction performance quantification of molecular localization 
requires ground truth (GT) of known molecular locations.

❏We used simulated SMLM data together with SMLM analysis of 
caveolin-1 to design a robust SMLM analysis method for molecular 
counting and localization.

BACKGROUND
❏SMLM images encompass a large number of blinks (100s of 

thousands). Biologists are interested in studying the distribution of 
the molecules in micro/nano-scale biological structures.

❏Many methods have been applied to correct SMLM imaging artifacts 
and to address the counting problem in the SMLM.

❏Previous methods lack quantitative measures to assess the quality 
of molecular reconstruction.
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A. Distinguishing NBNs vs BNs

Conclusion6
❏We designed a general method to reconstruct molecules from 

SMLM data for the analysis of biological structures. 
❏We validated our approach using simulated data as ground truth.
❏The proposed method can be applied to any SMLM data and for any 

biological structure (tiny structures with various densities; molecules 
with various separation distances). 

❏Our robust approach was able to reconstruct molecules from dense 
structures with small error margins.
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Objectives2
❏To design a method for molecular reconstruction taking into 

consideration the big data and variable molecular density of some 
biological structures. 

❏To extract the low-level clustering info (nano-clusters) that can be 
used to get rid of the non-biological networks (NBNs). Removing 
NBNs is necessary to analyze the biological networks (BNs) and 
interpret the results of our method applied to SMLM data in a 
biological context.

❏To quantify the accuracy of molecular reconstruction methods 
(from SMLM) by introducing two error measures.

contact:  ikhater@sfu.ca

Method Results5

❏Synthetic data: 3D grids with simulated molecules (GT) and 
blinks. Blinks with varying Gaussian spread and separation 
distances between the simulated molecules are generated.

❏Simulated SMLM data: Simulated biological structures with 
various densities and with known molecular localization (GT) are 
generated using SuReSim software (Venkataramani et al., 2016).

❏Real data: HeLa cells imaged with a home-built dSTORM.
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Algorithm:
i. Perform multi-scale (varying proximity thresholds) network 

analysis of the acquired SMLM data (Khater et al., 2016).
ii. Find the network degree distribution for every proximity threshold.
iii. For each proximity threshold, find the #nodes with degree greater 

than the average network degree. Then, plot ‘the #nodes with 
degree > average degree’ (N) vs. ‘the proximity threshold’ (Tp). 
The plotted curve N(Tp) represents the change of blinks’ density 
as the network evolves with increasing scale.

iv. Use the derivative dN/dTp to find the value of Tp that marks the 
beginning of the plateau in the curve N(Tp). The plateau 
represents a saturation phenomena where the blinks of every 
molecule get clustered forming a NBN nano-cluster.  All blinks of 
a nano-cluster have almost the same degree.

B. Iteratively merge all the blinks within the detected NBN 
scale to reconstruct the molecules.

C. Evaluation Methodology

𝑐𝑜𝑢𝑛𝑡𝑖𝑛𝑔 𝑒𝑟𝑟𝑜𝑟 (%) = 1
𝐺 × 𝑅 − 𝐺 × 100%

𝑙𝑜𝑐𝑎𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑒𝑟𝑟𝑜𝑟 𝑛𝑚 = 1
𝐺 ×

𝑖=1
𝐷𝑖

𝐺 is the number of ground truth (GT) synthetic or simulated 
molecules. 𝑅 is the number of reconstructed molecules. 𝐷𝑖 is the 
distance between the (x y z) location of GT molecule i and the 
location of the nearest reconstructed molecule.
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We are proposing a method that can be used to 
detect the scale of the NBNs. We used N as a 
function of scale (Tp) , once we reach a threshold 
larger than the NBNs then the N(Tp) does not 
change. So the merging threshold should be set 
where the curve stabilizes at values associated with 
larger thresholds.
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