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Abstract

The advent of CRISPR-Cas9 technology has revolutionized the feld of gene regulation, ofering unprecedented
precision and versatility in genetic manipulation. This powerful tool, derived from bacterial adaptive immunity
systems, enables targeted modifcation of specifc DNA sequences, paving the way for transformative advancements
in both basic and applied sciences. This review explores the current landscape of CRISPR-Cas9 applications in
gene regulation, highlighting its potential to elucidate gene function, model diseases, and develop novel therapeutic
strategies. We discuss the technological advancements that have enhanced the efciency and specifcity of CRISPR-
Cas9, including improvements in delivery mechanisms and genome editing precision. However, the technology is
not without its challenges. Issues such as of-target efects, ethical considerations, and regulatory hurdles present
signifcant barriers to its widespread adoption. We also examine the future directions for CRISPR-Cas9 research,
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advancements and applications. Technologically, recent improvements
have enhanced the precision and e ciency of CRISPR-Cas9. High-

delity Cas9 variants and alternative nucleases like CRISPR/Cas12 and
CRISPR/Cas13 o er reduced o -target e ects and broaden the scope
of gene editing applications. Innovations in delivery systems, such as
lipid nanoparticles and viral vectors, have increased the e ectiveness
of CRISPR-Cas9 in diverse cell types and organisms. In terms of
applications, CRISPR-Cas9 has revolutionized functional genomics by
enabling precise gene knockouts, knock-ins, and regulatory element
studies.  is has facilitated the development of sophisticated model
organisms for studying gene function and disease mechanisms. In
therapeutic contexts, CRISPR-Cas9 has shown promise in treating
genetic disorders, such as sickle cell disease and muscular dystrophy,
through targeted gene correction and therapeutic gene insertion.
Clinical trials are underway, with several demonstrating initial success
in gene editing for therapeutic purposes.
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While the advancements are noteworthy, challenges persist. O -
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