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Double-strand breaks (DSBs) are the most lethal DNA damages induced by
ionizing radiations. Here, we present a DSB quantification method based on the
analysis of DNA repair foci (pATM and yH2AX) in somatic mammalian cells
as the most reliable biomarkers of DSBs. Human dermal fibroblasts and human
mesenchymal stem cells were irradiated with 1, 2, and 5 Gy of X rays and
their fluorescent immunocytochemistry microscopy images were captured at 24 h
after the irradiation. The captured images were annotated in CVAT platform and
the exported data were obtained in Yolo (You-Look-Only-Once) format. 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 thus providing our features
(cell images) and corresponding labels, then these data were split as the required
train/test/validation set for the deep learning model based on a Yolo algorithm to
count the number of the two mentioned foci per cell. The results of our model were
compared with the biologists counting by DARFI software. The developed algorithm
and training models were based on the ML/DL/HPC ecosystem of the HybriLIT
Heterogeneous Computing Platform.

JlByHuTeBble paspbiBel ([IP), Bbl3BaHHBIE NEACTBHEM HOHHM3HPYIOLIErO H3Jyde-
HHUS, ABJAAIOTCS HanboJlee OMACHBIMH /IS XKM3HECTTOCOOHOCTH KJIETOK MOBPEXKIEHUSAMH
JHK. B nannoii pa6ote mpexncraBieH MeTon KoJaudectBeHHOW oueHkdn [P JTHK,
ocHOBaHHBIH Ha aHanuse (okycoB pemnapauuud THK (pATM u yH2AX) B comatu-
YeCKHX KJIeTKaX MJEKONMHTAIIMX KaK HauboJsee HanexkHbX 6uomapkepoB [P JTHK.
JlepmasibHble (hHOPOOIACTbl UesOoBeKa M Me3eHXHMaJsbHble CTBOJIOBblE KJETKH 4eJo-
Beka 00JIydyajd peHTTeHOBCKHUM H3jyueHHeM B no3ax 1, 2 u 5Tp u uepes 244
nocje 00JydeHUs TOJydadd HX (DJayopecleHTHble MMMYHOLHUTOXHMHUYECKHE MHKPO-
¢dororpaduu. [NonyyeHHsle n3o6paxeHus OblIM aHHOTHPoBaHbl Ha muatdopme CVAT
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1 skcrnoptupoBanuch B ¢opmate Yolo (You-Look-Only-Once). Hdas aBTroMaTH3auuu
nojicyeTa KoJnyecTBa GOKycoB Oblsl pa3padoTaH aJropuTM Ha 6a3e Moaesel Ir1y60KOro
o0y4eHHsl, KOTOPBIE COCTOMUT W3 ABYX 3TanoB. [lepBblil 3Tan — 3TO OeTeKUHS KJIETOK
Ha H300paxKeHHH, JJIS Yero MCIOJb30BAJNHCh METOIbl KOMIIBIOTEPHOIO 3pEHUS U Ipe-
noGydyeHHasi HeHpOHHasi ceTb. BTopoil atam — neTekuusi (pOKycoB Ha HM300paKeHHUU
KaXX10H KJIETKH, NPefBaPUTEIbHO BbIPE3aHHOH U3 HaUaJbHOTO H300paKeHHUs, UTO OCY-
LLIECTBJIANOCH C UCIOJIb30BaHHEM 00yuyeHHOH HelipoceTeBoi Moznesn Yolo. Pesynbpratsl
pa3paboTaHHOro aJropuTMa CPaBHUBAJKCH C MOACUETaMH OHOJIOTOB U C pe3ysbTaTaMHy,
TIOJIyUeHHBIMH ¢ TOMolublo nporpaMmHoro nakera DARFI. AHHoTHpoBaHHe NaHHBIX,
o6y4eHHe Mojesell U pa3paboTKa aJirOpPUTMOB NPOBOLU/INCH HA pecypcax KOCHCTEMBI
ML/DL/HPC rereporentoit nnarpopmsl HybrilIT.
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