IJARSCT ISSN (Online) 2581-9429

(' International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal
Impact Factor: 7.53 Volume 4, Issue 5, November 2024

A Review on CRISPR-Cas9: A New Frontier in
Gene Editing Technology

Daphal Shubham', Lonkar Sagarz, Bambale Sanket’, Shinde Pratiksha®,
Falke Swapnil’, Mr. Bhalekar S. M.°
Students, Samarth Institute of Pharmacy, Belhe, Maharashtra, India' >
Department of Pharmaceutics, Samarth Institute of Pharmacy, Belhe, Maharashtra, India®

Abstract: Gene editing has evolved significantly over the past few decades, with CRISPR-Cas9 emerging
as one of the most transformative techniques in modern molecular biology. Since its development, CRISPR-
Cas9 has revolutionized genetic research by providing a precise, efficient, and versatile method for
modifying genes. This review explores the principles of CRISPR-Cas9, its development, applications,
advancements, and the ethical considerations surrounding its use. With the potential to cure genetic
diseases, enhance agricultural traits, and advance scientific research, CRISPR-Cas9 continues to shape the
Sfuture of biotechnology and medicine. CRISPR-Cas9, a groundbreaking tool in genetic engineering, has
revolutionized the way scientists manipulate DNA. This technology, derived from a bacterial defense
mechanism, allows for precise, targeted gene editing. It has wide-ranging applications in medicine,
agriculture, and biotechnology, enabling advancements in gene therapy, crop improvement, and functional
genomics. However, ethical concerns and off-target effects remain challenges. This review provides an
overview of CRISPR-Cas9’s history, methodology, modifications, and applications, while highlighting its
potential and limitations
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I. INTRODUCTION
Gene editing technologies have long been sought after to manipulate the genetic material of organisms for research,
medicine, and agriculture. Among these, CRISPR-Cas9 has emerged as the most powerful and widely used technique
due to its simplicity, precision, and adaptability. Unlike older gene-editing methods like ZFNs (Zinc Finger Nucleases)
and TALENs (Transcription Activator-Like Effector Nucleases), CRISPR-Cas9 allows for easier targeting of specific
DNA sequences and the ability to make precise alterations in the genome.
Developed in 2012 by scientists Jennifer Doudna and Emmanuelle Charpentier, CRISPR-Cas9 was originally
discovered as a bacterial immune system. This system was repurposed to enable targeted genetic modifications in
various organisms, including humans, making it one of the most significant breakthroughs in genetic
engineering. CRISPR-Cas9 is a revolutionary technology for genome editing, capable of making highly specific
alterations to an organism’s DNA. First discovered as a bacterial immune system, it has since been adapted for use in
various organisms, including humans. By using a specially designed RNA sequence to guide the Cas9 protein to a
specific target in the genome, CRISPR-Cas9 enables scientists to cut and modify DNA with unprecedented precision.
Its applications in genetics, medicine, agriculture, and biotechnology are transforming the way we understand and
manipulate the genome.
History of CRISPR-Cas9
CRISPR-Cas9 was first identified as part of a bacterial immune system by Francisco Mojica in 1993. The function of
CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) as a defense mechanism against viruses was
confirmed when scientists discovered that it could "remember" viral DNA sequences and use them to fight future
infections. In 2012, Jennifer Doudna and Emmanuelle Charpentier developed the CRISPR-Cas9 gene-editing technique
by re-engineering this system to_target and cut specific DNA sequences in other organisms._including humans. This
breakthrough revolutionized R
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Mechanism of CRISPR-Cas9
CRISPR-Cas9 functions as a molecular tool to cut DNA at specific locations, allowing scientists to add, remove, or
alter genetic material. The mechanism is based on two components: the Cas9 protein and a guide RNA (gRNA). The
guide RNA is designed to match a specific DNA sequence, guiding the Cas9 protein to the target site in the genome.
Once at the target site, Cas9 creates a double-strand break in the DNA. The cell's natural DNA repair mechanisms,
namely non-homologous end joining (NHEJ) or homology-directed repair (HDR), are then triggered to fix the break,
leading to the insertion, deletion, or substitution of genetic material.
Cas9 Protein: Cas9 is an endonuclease that acts as molecular scissors to cleave the DNA at a designated location. Its
specificity is ensured by the guide RNA sequence, which recognizes and binds to complementary DNA sequences.
Guide RNA (gRNA): The gRNA is composed of two parts: a scaffold sequence that binds to the Cas9 protein and a
spacer sequence that is complementary to the target DNA sequence. This dual structure ensures both specificity and
efficiency in DNA targeting.
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Methodology of CRISPR-Cas9
CRISPR-Cas9 works through a simple mechanism involving two main components:
e Guide RNA (gRNA): A short RNA sequence designed to complement a specific target DNA sequence in the
genome.
e (Cas9 Protein: An endonuclease enzyme that acts as molecular scissors to cut the DNA at the location
specified by the guide RNA.
The process involves:
1. Designing a gRNA to match a target sequence in the genome.
2. Cas9 binds to the gRNA and is directed to the target site.
3. Cas9 makes a double-strand break in the DNA at the target site.
4. The cell's DNA repair mechanisms (NHEJ or HDR) take over, either disrupting the gene or enabling precise
edits.

Modifications and Advances
Since its discovery, several modifications have been made to improve the precision, efficiency, and versatility of
CRISPR-Cas9:
e Base Editing: A more precise form of editing that allows the conversion of one DNA base into another
without causing double-strand breaks.
e Prime Editing: A newer, more accurate technique that minimizes errors and reduces off-target effects,
offering a safer and more efficient gene-editing method.
e CRISPR/Casl2 and Casl3: Other Cas proteins like Casl2 (also known as Cpfl) and Casl3 (for RNA
editing) provide additional editing capabilities, expanding the range of applications.
e CRISPR/Cas9 for Epigenetic Modifications: This modification allows the regulation of gene expression
without altering the underlying DNA sequence, offering potential for therapeutic applications in diseases like
cancer.

Applications of CRISPR-Cas9
CRISPR-Cas9 has numerous applications across various fields:
e Gene Therapy: CRISPR holds the potential for treating genetic disorders such as sickle cell anemia, cystic
fibrosis, and muscular dystrophy.
e  Agricultural Biotechnology: Gene editing in crops and livestock to improve resistance to diseases, pests, and
environmental stress, along with enhancing nutritional content.
e Functional Genomics: CRISPR is used to knock out genes in model organisms, enabling researchers to study
their functions in disease development.
e Disease Models: CRISPR helps generate accurate models of diseases like cancer, Alzheimer's, and
Parkinson's, contributing to drug discovery and therapy development.

Ethical Considerations
Despite its immense potential, CRISPR-Cas9 raises ethical questions, especially regarding human germline editing.
Modifying the human genome, particularly embryos, presents concerns over unintended consequences, eugenics, and
social inequalities. Regulatory frameworks are still being developed worldwide to address these issues, ensuring the
technology is used responsibly.While CRISPR-Cas9 holds immense promise, it also raises important ethical issues.
Some of the key concerns include:

e Germline Editing: Editing human embryos or germline cells raises concerns about the potential for "designer

babies" and the social implications of creating genetically modified humans.
e Off-target Effects: Despite its precision, CRISPR-Cas9 can sometimes lead to unintended genetic

modifications, potentially causing harmful effects.
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e Equity and Access: The cost and accessibility of CRISPR technology may exacerbate existing inequalities in
healthcare, particularly in low-income regions.

II. CONCLUSION
CRISPR-Cas9 has revolutionized gene editing, providing unparalleled precision and versatility for genetic research,
medicine, and agriculture. While it offers enormous potential to cure genetic diseases and improve crops, its ethical
implications and off-target effects remain critical challenges. Ongoing research and advancements, including newer
technologies like base and prime editing, are likely to further enhance its safety and efficacy. As CRISPR continues to
evolve, it promises to remain at the forefront of biotechnology and medical science.
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