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Abstract

In spite of a decade of research in the area of targeted genome editing, which has
revolutionized the field of science, technology and medicine, there are still many
aspects that limit the widespread use of genome editing tools for targeted cleavage of
the region of interest in genomic DNA. Various issues associated with these tools
include the lack of specificity and precision, low efficiency in mammalian cells,
delivery into the cells and immunogenicity. In this thesis, | have studied the problem
of specificity and precision of one of the most recent genome editing tool-
CRISPR/Cas9 system.

The ability to direct the CRISPR/Cas9 nuclease to a unique target site within a
genome holds great promise in the field of targeted genome engineering. However,
CRISPR RNA is reported to bind to other genomic locations that differ from the
intended target site by a few nucleotides, demonstrating significant off-target activity.
Previous studies have sought to predict CRISPR target sites and their corresponding
possible off-targets within a genome that are mainly based on sequence similarity
between CRISPR RNA and the genomic DNA. Moreover, the intricacies of RNA-
DNA interaction recently reported in literature, namely the mismatch, single guide
RNA and DNA bulge tolerance pattern are not yet explored for screening the off-
targets. This thesis is an attempt to understand the working of CRISPR/Cas9 system,
mainly focusing on the factors governing its on-target and off-target activity. A
webserver called CRISPcut has been developed for prediction of optimal sgRNAs for
targeting the human genome in different cell types. The predictions made by this
webserver were further improved using a machine learning-based model that gives the
probability of a human genomic region (similar to the target site) to be an off-target
location for cleavage. Finally, the applicability of CRISPR/Cas9 system to target
cancer-specific cell vulnerabilities for designing new therapeutic interventions was

investigated.
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