Q\!h‘;‘sdjﬂﬂ&h”ygjﬂ éﬁﬂ‘w@‘;‘&‘
Grand) alail) aladiody | jLEis) ASY) 4AI0) il gl

AN & ) alla

iy

Juald a2 9 S plial

Laliiaal)

LAl sl elale (R Cum A lal) &) 0 ale 8 dlgall abl aal e gus e g SI it 2y
o gus s 5 )S1 Jalad 8 Daald 4085 8 (59 10) Jaaill Ailall g Lol iyl sl (il (e
g5l e Ot gle g dlin e guge s S (e aia YE ) skl 5 el Ciiay Cua
(e Adla) A a5 L) DA (e e gus ga 5 SI 20 (8 Gl hasal 1l s g JSI Gl ol
S & ishaal DAY gy ml oY) aal e agmgas S GRS gl Clagusas KU aa]
Qllaty Cus diee (5ol (55l Jaaill agusa s S A0 A et a5 Cua o oguisay S

0 e LSl s ladl i Adle 3 54



SV AEal Gl gl o Capaill Graall alail) aladialy ol oLl Liad sl 1 8
ol skl ) seall (e de sana o e gugas KU e (B el ) 80l e Aadll T L
VEY e B ginall s Soall due cllall daalay ol o siiall agle 8 sl aall S e e Alilie
Bt oo V) Assall el e A Ay skl Hsall e Hlaill 1 & L5k 55
sl dallrall ary de sie YOLO V2 4430l dpuaxll 4S040l Gk (o o sm 905 S
48 Jaglag o AE AV e adaldi Aagiig 7)) 00 &0 ja0 480 Als pall sda s Dila g ga g S
20l VGG 19 480k Jasiay Liad an Cayuaill 5 <l uall ) a0l o8 40l dls el 4,44 YY
zeall 25 Al fully connected ciliids/Aids dila) cudi J5Y) geiall (B 0ailite (pagia
s jall oda s global average pooling 4sda: fully connected <isda Jlagiul o3 SUl
GLiES) 48y e Aa jall s cilias g il gl GLES) a5 pal) dls jall /90,0 ¢ 48 dags

90.47,1Y
el e Gy de sane Ciialy Ll da il Cayuaill 43 jha daia (o @I o 3 5l

JRE,VY R sy <Y e 5 i) g gl lal)



Automated System for Chromosome Karyotyping to Recognize the Most
Common Numerical Abnormalities using Deep Learning

Mona Salem Zainallah Al-Kharraz

Supervised By
Dr. Lamiaa Elrefaei & Dr. Mai Fadel

ABSTRACT

Chromosome analysis is an essential task in a cytogenetics lab, where cytogeneticists can
diagnose whether there are abnormalities or not. Karyotyping is a standard technique in
chromosome analysis that classifies metaphase image to 24 chromosome classes. The main
two categories of chromosome abnormalities are structural abnormalities that are changing in
the structure of chromosomes and numerical abnormalities which include different types like
monosomy (missing one chromosome) or trisomy (extra copy of the chromosome). Manual
karyotyping is complex and requires high domain expertise, as it takes an amount of time.
With these motivations, in this research, we automate karyotyping by borrowing the latest
ideas from deep learning and recognize the most common numerical abnormalities
(monosomy and trisomy) on a dataset contains 147 non-overlapped metaphase images
collected from Center of Excellence in Genomic Medicine Research at King Abdulaziz
University. The metaphase images go through three stages in our study. The first one is
individual chromosomes detection using YOLOv2 Convolutional Neural Network followed
by some chromosome post-processing. This step achieved 0.84 mean loU, 0.9923 AP, and
100% individual chromosomes detection accuracy. The second stage is feature extraction and
classification where we fine-tune VGG19 network using two different approaches, one by
adding extra fully connected layer(s) and another by replacing fully connected layers with the
global average pooling layer. The best accuracy obtained is 95.04%. The final step is
detecting abnormality and this step obtained 96.67% average abnormality detection accuracy.
To further validate the proposed classification method, we examined the Biomedical Imaging
Laboratory dataset which is publicly available online and achieved 94.11% accuracy.



