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Automated identification of abnormal metaphase chromosome cells for the
recognition of most common trisomies

ABSTRACT

Karyotyping of human chromosomes has become an important clinical procedure in the
screening and diagnosis of cancers and genetic disorders. Karyotyping is a standard technique
utilized to classify metaphase chromosomes into 24 types. It is the essential part of the
chromosome trisomy abnormality (an extra copy of a chromosome) recognition. It is also
considered as important pattern recognition problem for decades. A trisomy is an abnormality
type where there are three copies of a particular chromosome, instead of two in normal cases.
The most common chromosomes trisomy types in humans that survive to birth are (trisomy 13
(Patau syndrome), trisomy 18 (Edwards syndrome), trisomy 21 (Down syndrome), and trisomy
of sex chromosomes (XXX (Triple X syndrome), XXY (Klinefelter syndrome), XYY). To
improve the speed and accuracy of the classification process, we propose an automated system to
recognize the most common trisomy. To build such system, there are four steps. The first step is
the chromosome’s image enhancement in order to prepare the image before performing detection
of metaphase spreads and classification of banded chromosome patterns. Difference of Gaussian
(DoG) is used followed by inverse gradient of each pixel of the input image. The second step is
chromosome segmentation in order to differentiate the chromosome from “non- chromosome” or

background by applying OTSU's thresholding then applying series of morphological operations.



Third is feature extraction. The best chromosome’s features (chromosome length, relative length,
chromosome area, relative area, centromere index, and density profile) is extracted to classify the
chromosomes using assembled local images database which Consisting of 157 image that
involving 7266 chromosomes. Forth is, Chromosome classification, the proposed system is
classifying the chromosomes according to the mentioned features by implementing and training
multi-layer neural network classifier with autoencoder to classify chromosomes into targeted
chromosomes classes. The classification accuracy for the training was 100% and the best testing

scenario result is between (88.9% - 100%).



