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DNA Repair Foci
Ionizing Radiation-Induced Foci (IRIF)

DNA double-strand breaks (DSB): The most 
deadly DNA damage induced by ionizing 

radiations

DSB quantification : a tool to analyze the 
damaging effect of radiation exposure

Immunofluorescent staining method: Revealing 
the specific protein biomarkers involved in the 
process of DNA DSB repair where the proteins 

accumulate at the sites of DNA DSBs to form foci

γ-H2AX and 53BP1: the most reliable biomarkers 
of DSBs

Human blood lymphocytes 24h after 4Gy X-irradiation ex vivo
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Overview of the Foci Detector Algorithm
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First Stage: Cell Detection
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Separating the color channels



Find and Mark the Cells by Contours

Pretrained 
Neural Network Model

https://github.com/FZJ-INM1-BDA/celldetection

E. Upschulte et al. , Medical Image Analysis 77, 102371 (2022) 
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https://github.com/FZJ-INM1-BDA/celldetection
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Creating DataFrame for
Bounding Box Coordinates

Deleting Small 
and Boundary Objects
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SAM (Segment Anything 
Model) - Ultralytics"Celldetection" contours

Image



Second Stage: Foci Detection in each cell
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1) Annotating the Image Data as two classes; Foci and Cell

• Data Annotation on CVAT in Yolo format

CVAT is installed on the ML/DL/HPC ecosystem of the HybriLIT Heterogeneous Computing Platform.
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2) Cropping the annotated images to separate cells

3) Reducing the classes to only one class: Foci
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Yolov5 Network Architecture

Input: Preprocessed Images

1) Backbone: feature extraction

2) Neck: feature fusion

3) Head: final processing to generate a model 

Output: detected results (class, score, location, size)

4) Using the annotated data 

(individual cell images with labeled Foci) 

as the Train/Test/Validation set for the 

Convolutional Neural Network based on 

Yolov5 algorithm
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The Detected Red 
and Green Foci

5) Applying the Trained NN on the given images
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http://github.com/varnivey/darfi

Comparison with DARFI

Comparison with Biologists' Counting

Red Foci Green Foci
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Difficulties with DARFI 

Main Cell image with Red Foci

Our Algorithm Foci Marking

DARFI Foci Marking
DARFI _ Input Parameters 1

DARFI _ Input Parameters 2



Summary and Outlook
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✓ A deep learning algorithm is developed to automatically detect and analyze the radiation-

induced foci.

✓ The deep learning approach consisted of two stages; a computer vision algorithm and a 

neural network were used to extract the cells from each image, then a deep learning model 

based on a Yolo algorithm was used to count the number of foci.

✓ The required data for training the Yolo model was annotated on the CVAT platform.

▪ Adding more annotated data to the training set in order to improve the results.

▪ Meanwhile we are developing a web service to automatically analyze the RIF formation.

▪ The webservice will be designed to work with minimum number of input parameters.

▪ It will allow the user to process the group of fluorescent images and obtain analytical 

information including the average number of RIF per cell and RIF area.



• Thanks for your 
attention
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