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• This algorithm segments cells much better than the Fiji implementation. 

• Images are able to be segmented within 6-12 seconds on common PC hardware. 

• While the program can identify areas where cells are located, it is still struggles to 

segment large clusters of densely packed cells. 

• The final program can be run on Windows and Linux. 

• More comparison is needed with manual counts to provide a better estimate of 

accuracy. 

• Different segmentation algorithms should be further developed for each stain to better 

handle segmentation of densely packed cells. 

• A machine learning model could be implemented to potentially identify cells better 

while being developed for a more generalized use. 

• A graphical user interface can be implemented when program is in final state to aid 

technicians in quickly and efficiently running the program. 
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Figure 4: The steps to run the program developed and the outputs received from the program. 

 Zebrafish have the remarkable ability to regenerate their retina after injury. The Mitchell 

lab is currently investigating how an inflammatory signaling cascade in microglia 

(mediated by a protein called MYD88) affects the Muller glial regenerative response in 

zebrafish retinas. The lab uses confocal microscopy to capture images of regenerating 

zebrafish retinas stained for markers of proliferation (PCNA), Muller glia (MG), 

microglia, and cell nuclei (DAPI). The resulting images show densely packed 

proliferating MG-derived progenitor cells that are challenging to quantify. Manual 

counts of the cells are tedious, time consuming, and subject to bias, so a semi-automated 

process using ImageJ’s Fiji software had been applied in an attempt to count the 

proliferating cells but was not able to sufficiently segment clusters of cells. Therefore, an 

image segmentation algorithm was developed by the Long computer science lab to better 

distinguish individual proliferating cells by using computer vision techniques and 

overlaying the DAPI stain with he PCNA stain. The computer vision techniques used 

were: unsharp masking, Canny edge detection, Otsu and multi-Otsu thresholding, local 

thresholding, and a morphological opening operation. The algorithm can segment cells in 

an image within 6-12 seconds using common PC hardware and can identify more cells 

than the current Fiji implementation. The algorithm provides a viable alternative to 

manual counting that is fast and efficient. Further work is recommended on manual 

counts, to accurately identify the program accuracy, and potentially developing 

segmentation algorithms for the DAPI and PCNA stains separately. 

• The Mitchell lab at the University of Idaho captures images that can contain hundreds 

of proliferating Muller glia derived progenitor cells.  

• Quantifying the proliferating cells is an important step in understanding how 

microglia signals affect the Muller glia regenerative response.  

• The lab currently uses a semi-automated Python script with ImageJ’s Fiji software to 

segment and count cells, which utilizes contrast enhancement and thresholding 

techniques.  

• The Fiji process could identify where cells were located in the images, but could not 

correctly separate cells that were in large clumps, leading to incorrect counts. 

• Thresholding is an image manipulation technique that separates out the low intensity 

pixels from the high intensity pixels of an image based on a threshold 
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Figure 7: Final result of the program that 

overlaps the PCNA stain with the DAPI 

stain 

Figure 5: Final result of the DAPI cell count-

ing process 

Figure 6: Final result of the PCNA cell 

counting process 

Figure 8: Manual counts performed by 

Mitchell lab. The region of interest is 

outlined in yellow. 

Figure 1: Original image of PCNA marker Figure 2: Fiji segmentation of PCNA marker 

(a) Original PCNA image (b) Unsharp mask, a filter 

to sharpen (or un-blur) an 

image) 

(c) Edge detection filter (d) Otsu thresholding, an 

automatic thresholding 

technique 

(e) Local thresholding 

(f) Morphological  

opening 

(g) Multi-Otsu threshold-

ing, a method to separate 

the pixels into 3 groups 

rather than 2 (Otsu) 

(h) Small artifact removal 

for PCNA 

Figure 3: Example of the numerous image manipulation techniques, using the PCNA stain, that were applied to images of nuclei (DAPI stain) and of proliferating cells (PCNA stain) 

to identify cells 

Each stain (DAPI and PCNA) went through the same image segmentation process. The final PCNA and final DAPI images were overlapped to see 

the corresponding regions, then counted to receive the final result. 
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