Machine learning models to predict the precise
progression of Tay-Sachs and Related Disease
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Background

Tay Sachs is a very rare neurodegenerative disorder and the second most common lipid
storage disorder. The testimony of TSD in infants is marked by the gradual loss in vision,
hearing impairment, increased muscle stiffness and cherry red retinal spot. These symptoms
progress to paralysis, dementia, seizures, neuro-regression leading to the demise of the
patient by the age of 3 to 4 years of age. The neurological and visceral accumulation of
glycosphingolipids accounts for the major morbidity and mortality of the patients [1]. Tay
Sachs disorder (TSD) is characterised by the accumulation of the ganglioside in the brain
nerve cells. The abnormal accumulation of the shpingolipids (GalNAc-&1,4-(NeuNAc-&2,3)
-Gal+1,4-Glc_13-1,1{2-N-acyl) sphingosine and GalNAc-/3-1,4-Gal_P1,4- GlcQ- 1,1(2-N-
acyl)sphingosine) in nerve tissue leads to progressive dysfunction of the central nervous
system [2]. When the enzyme 3-N-acetyl hexosaminidase (hexosaminidase A (HEXA)) is
responsible for the breakdown of the fats- are defective, the glycosphingolipids increase
excessively.[3] The HEXA gene, responsible for coding of the hexosaminidase A, is located
on Chromosome 15. Currently, there are no promising cure for TSD as the treatment targets
the symptoms of the disease [4]. The advanced techniques have introduced CRISPR/cas9 as
the suggestive treatment plan.

NGS (next generation sequencing) is one such diagnostic tool- providing rapid and accurate
genomic information of the patient. The speculation of CRISPR/Cas9 requires critical
understanding of the key genes involved, in order to design the treatment plan. The CRISPR
(clustered regularly interspaced repeats) technology allows scientists to make the precise
change in the genetic code. Cas9 endonucleases is the associated protein which is guided
through specifically designed guide-RNA to the target DNA. CRISPR/Cas9 selectively target
genes containing mutations that lead to non-functional products and correct the disease-
causing mutations, in vitro and in vivo [5]. Currently the platforms used for gene editing for
TSD patients include zinc finger nucleases (ZFNs), transcription activator-like effector
nucleases (TALENSs), and endonucleases. But these alternative platforms fail to provide ease
and diversity in the areas where the CRISPR/cas9 excels. Owing to its ability to manipulate
the target genes, however, the efficacy of the single guided RNA can be challenged, resulting
in the unintended cleaving of the non-target sites. Thus, with the framework of the machine
learning, using the algorithm of CRISTA the propensity of the cleaving the target site can be
determined easily. The advanced techniques of machine learning along with NGS, provide
varied scope of precise qualitative and quantitative study of the disorder.



The suggested research work holds promising and revolutionary grounds in designing the
treatment plan for the patient. The precise treatment can be planned on the basis of early
diagnosis of the disease. The development of machine learning techniques in this field can
assure a definite neurotherapeutics as the models can predict the precise progression of
disease. The proposed work not only provides the research in the area of Tay Sachs, but also
pose to cure neurodegenerative disorders such as Alzheimer’s, dementia, Huntington’s, etc
which still remain mystery to the scientists.
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