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Introduction 

CRISPR-Cas9 is an incredibly powerful tool for editing the 

genetic code of different organisms. Initially identified in 

microorganisms such as bacteria as a constituent of a highly 

adaptable immune system CRISPR-Cas9 and its modified 

versions have since been widely used to manipulate 

genomes and regulate gene expression (1). CRISPR-Cas9 has 

significantly improved the accuracy and effectiveness of 

illness detection, particularly in  cancer diagnostics (2). 

Consequently, this approach enables us to identify the 

precise process of carcinogenesis, allowing us to quickly 

identify targets for drug development and perhaps build cell

-based therapies. The subject of genome editing has rapidly 

advanced, resulting in development of accessible, versatile 

and cost-effective methodologies for scientific research. The 

CRISPR framework has become a widely used technology 

for genetic manipulation both in laboratory settings (in 

vitro) and in living organisms (in vivo) (3-7).  

 The Cas9 protein, derived from Streptococcus 

pyogenes (Sp. Cas9), is a central component of the CRISPR 

genome editing tool, sometimes referred to as CRISPR-Cas9. 

Cas9 is an RNA-guided nuclease that uses a single guide RNA 

(sgRNA) to direct complex to a particular region of the 

genome. Previous studies have significantly advanced our 

understanding of  of the CRISPR-Cas9 system (8-10). The 

PAM-interacting domain of the Cas9 protein recognizes a 
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Abstract  

The CRISPR-Cas9 system has become as a groundbreaking tool for modifying genomes, completely changing the field of genetic research 

and biotechnology. This review article outlines the historical background, constituents and operation of the CRISPR-Cas9 system, 
emphasizing its exceptional accuracy and adaptability in selectively modifying DNA sequences. Initially discovered as an adaptive 

immune system in prokaryotes, CRISPR-Cas9 has since been adapted for use in various species, enabling targeted gene editing through 

gene disruption, insertion and correction. The review examines the technical components of the CRISPR-Cas9 system, including the 

design of guide RNA, delivery methods and the potential for off-target effects. It also explores recent advancements aimed at enhancing 
the accuracy and efficiency of this technology. Furthermore, the article discusses the broad applications of CRISPR-Cas9 in fields such as 

cancer research, gene therapy and agricultural biotechnology, underscoring its potential to provide innovative solutions for genetic 

disorders and to improve crop resilience. In addition, the review discusses the ethical and regulatory considerations associated with 

genome editing, emphasizing the significance of responsible and judicious use of this powerful technology.  By analysing current research 
and exploring future directions, this study aims to provide a comprehensive overview of the CRISPR-Cas9 system and its profound impact 

on science and medicine.  
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protospacer that is present close to PAM sequences, which 

is essential for the functionality of the Cas-sgRNA complex 

(11, 12). When Cas9 persuades successfully, it induces a 

double-strand break (DSB) by cleaving the non-

complementary DNA strand. Contrary to the earlier belief that 

Cas9 creates a blunt-end cut, recent studies have 

demonstrated that it preferentially leaves a single-nucleotide 

overhang, four nucleotides upstream of the PAM sequence (13, 

14). The DSB introduced by Cas9 is repaired by endogenous 

cellular mechanisms, including homology-directed repair 

(HDR) and non-homologous end joining (NHEJ) (Fig. 1). 

Through HDR, researchers can insert any desired sequence 

into the host genome by introducing an exogenous DNA 

template flanked by homologous arms (15-17).  

 The challenge of engineering custom DNA-binding 

proteins has been significantly overcome over the past 

decade, largely due to the development of CRISPR-Cas9 

technology. Unlike traditional methods that rely on protein-

DNA interactions, CRISPR-Cas9 achieves target specificity 

through nucleic acid base pairing. A study describes the 

CRISPR-Cas tool as a prokaryotic adaptive immunity 

approach that breaks down invasive nucleic acids (18). 

Microorganisms such as bacteria and archaea exhibit a 

diverse array of CRISPR-Cas systems, each with distinct 

components and mechanisms of action. Class 2 CRISPR-Cas 

systems employ single-effector proteins, whereas Class 1 

systems consist of multiprotein effector complexes. To date, 

at least six types and 29 subtypes of CRISPR-Cas systems 

have been identified and this number continues to grow 

rapidly (19-21).  

 Targeting specificity in CRISPR-Cas systems is 

conferred by CRISPR RNA (crRNA) or, in experimental 

CRISPR-Cas9 systems, by guide RNA (gRNA) (Fig. 1). The Cas 

enzyme cleaves the target nucleic acid when the spacer 

region of the crRNA hybridizes with a complementary target 

sequence located adjacent to a protospacer adjacent motif 

(PAM),  or a protospacer flanking sequence (PFS) in type VI 

systems. This enables site-specific cleavage by designing 

crRNAs with appropriate spacer sequences that align with 

target loci containing a PAM or a PFS. The identification and 

development of type II CRISPR-Cas9 structures, together 

with their advantageous utilization, have facilitated rapid 

acceptance and progress in a wide variety of applications, 

spanning from basic technical knowledge to translational 

research and medicine (22-24). These early successes have 

fueled ongoing efforts to discover novel CRISPR-Cas 

systems and to expand the scope of genome engineering.  

 This article highlights recent advancements in CRISPR

-Cas tools for gene editing and epigenetic modification. It 

discusses a broad range of emerging features  within the 

CRISPR-Cas platform and explores its therapeutic potential, 

which in currently under investigation in various scientific 

studies.  Furthermore, it provides an in-depth analysis of 

studies that have used the CRISPR tool for genome editing in 

order to get a better understanding of its mechanism in both 

in vitro and in vivo systems. Additionally, the article examines 

innovations aimed at optimizing the CRISPR system for use 

as a cutting- edge therapeutic approach.  

History and Discovery of CRISPR-Cas9 

The DNA sequences of Escherichia coli bacteria were the first 
to be found containing clustered regularly interspaced short 

palindromic repeats, or CRISPR. It was first described by 

Ishino and associates from Osaka University in Japan in 

1987 (25). During that period, the process of sequencing 

these DNA fragments was laborious and time-consuming,  

taking several months. The researchers who identified these 

sequences had limited knowledge about their origin or 

functional significance within the bacterial cell. During the 

early stages of CRISPR research, the biological function of 

the system remained unclear. Nonetheless, scientists had 

already begun to propose potential applications of CRISPR 

loci in medical research, particularly in bacterial genotyping. 

This approach was initially applied to  Mycobacterium 

tuberculosis in 1993 and later to Streptococcus pyogenes in 

1999 (26). The high variability of CRISPR loci among strains of 

the same harmful bacterial species, facilitating the 

discernment of bacterial strains in clinical settings (27). 

Fig. 1. Synthesis of toxic bioactive compounds by plants to mitigate environmental stresses. 
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 A major breakthrough in understanding the 

biological function of CRISPR loci came in 1995, when 

Francisco Mojica from the University of Alicante (Spain) 

discovered similar structures in the archaeal genome of 

Haloferax mediterranei (28). The presence of such elements 

in two evolutionarily distant domains-bacteria and archaea-

highlighted their likely functional importance and 

prompted further investigation. A study observed that the 

DNA repeats found in archaeal genomes resembled those 

previously identified in bacteria. In a pivotal 2005 

publication proposed that these distinctive loci form part of 

a prokaryotic immune system and contain fragments of 

foreign DNA (29). That same year, two other independent 

research groups arrived at similar conclusions, marking the 

beginning of a vigorous phase of exploration into these 

extraordinary natural systems (30,31).  

 Consistent with the prokaryotic immune system 

hypothesis, viral DNA segments, known as "spacers," 

typically range from 17 to 84 bases in length. These spacers 

are separated by short palindromic repeats, which are 23 to 

50 bases long (32). Furthermore, these spacers are organized 

into clusters located in intergenic regions of the genome (33). 

At first, it was hypothesized that this system would function 

via the process of RNA interference. However, several 

publications provided experimental evidence that the 

immune system of prokaryotes specifically targets foreign 

DNA, rather than mRNA (34). This discovery suggests that this 

system could be a valuable tool for genomic editing in 

laboratory settings. Subsequent research has shown that 

certain CRISPR systems are capable of functioning directly 

with RNA molecules (35, 36). Consequently, these systems 

can be employed to selectively disable specific transcripts 

within cells (37, 38). 

Components of CRISPR/Cas9 

Based on how Cas-proteins are arranged and function, the 

CRISPR/Cas system is categorized. Two primary classes may 

be used to classify it: Class I, which includes types I, III and IV 

and Class II, which includes types II, V and VI. In class II 

systems, a single Cas-protein is used, but in class I systems, 

Cas-protein complexes with several subunits occur. Among 

these, the type II CRISPR/Cas-9 has been extensively studied 

and used in genetic engineering because of its relatively 

simple structure (39).  

 The CRISPR/Cas9 system consists of two essential 

components: the Cas-9 protein and guide RNA (gRNA). 

Sourced from Streptococcus pyogenes (SpCas-9), the Cas-9 

protein was the first Cas protein utilized in genome editing 

and is often referred to as a multi-domain DNA endonuclease, 

or “genetic scissors”. Cas9 introduces double-stranded break 

at the target DNA site, which consists of 1368 amino acids in 

total.  

 Structurally, the Cas9 protein comprises two major 

lobes: the recognition (REC) lobe and the nuclease (NUC) 

lobe. The REC lobe contains the REC1 and REC2 domains 

responsible for binding to the guide RNA. The NUC lobe 

includes the HNH, RuvC and PAM-interacting domains. The 

HNH and RuvC domains cleave the complementary and non

-complementary strands of the DNA, respectively, while the 

PAM-interacting domain provides PAM sequence specificity 

and initiates the binding process with the target DNA (40). 

 Guide RNA is composed of two molecules: CRISPR 

RNA (crRNA) and trans-activating CRISPR RNA (tracrRNA). The 

crRNA is a short nucleic acid molecule, typically 18-20 base 

pairs in length and identifies the target DNA through 

complementary base pairing. In contrast, the tracrRNA is a 

longer molecule with several loops, serving as a structural 

scaffold required to activate the Cas9 nuclease. In 

prokaryotes, this guide RNA system enables precise targeting 

of viral DNA. For genome editing purposes, the crRNA and 

tracrRNA can be fused into a single guide RNA (sgRNA), a 

synthetic RNA molecule capable of targeting virtually any 

desired gene sequence with high specificity. 

Proteins involved in CRISPR-Cas systems 

It is sufficient to include spacers into the CRISPR cassettes 

using the proteins Cas1 and Cas2, which are found in most 

known CRISPR-Cas systems. These two proteins form a 

complex that is required for this modification process; Cas1's 

endonuclease activity is required for spacer integration, 

whereas Cas2 seems to have a non-enzymatic function (41). 

Encoding the highly conserved "data processing" module of 

CRISPR-Cas, the Cas1-Cas2 complex seems to operate 

somewhat independently of the other elements. 

 Subsequently, pre-crRNA is processed into guide 
crRNAs either by a specific RNA endonuclease complex or 

through an alternative mechanism involving bacterial RNase 

III in conjunction with an accessory RNA molecule (42). The 

resulting crRNA is then associated with one or more Cas 

proteins, depending on the system type-type II for the type II 

system and types I and III for their respective systems. These 

Cas proteins form an effector complex that accurately targets 

the corresponding DNA or RNA. This mechanism has been 

supported by the previous findings (43, 44). The effector 

complex in type I systems is known as Cascade (CRISPR-

associated complex for antiviral defense) (45). 

Genome editing 

Specific DNA or RNA sequences may be attached to by proteins 

called CRISPR-Cas complexes, which are programmable. 

CreRNAs or gRNAs with spacers that match the target 

sequence are created in order to accomplish this binding. 

These proteins are appropriate for directed genome editing 

because they work as nucleases in addition to binding certain 

nucleic acid sequences. 

 Several CRISPR-Cas systems with unique 

characteristics such as PAM specificity, protein length and 

nuclease activity have been created for the purpose of genome 

editing. Furthermore, there has been significant progress in the 

formulation of techniques to identify both desired and 

undesired interactions, with a particular focus on enhancing 

the precision of the CRISPR-Cas based technologies. 

CRISPR-Cas genes contribute for genome editing 

The three CRISPR-Cas kinds can be clearly identified by the 

presence of three unique signature genes: Cas3 in type I 

systems, Cas9 in type II and Cas10 in type III (19). All three 

CRISPR-Cas types-with a few notable exceptions-have full 

sets of the parts required for the defence mechanism's key 
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phases. Fundamental concepts of the complexes' structure 

and operation have recently been found by in-depth 

investigation and study of the effector structures in several 

CRISPR-Cas system iterations. For type I and type III systems 

have contributed to a more comprehensive understanding 

of CRISPR-Cas system classification.  

Cas3 

Cas3 is a well-known type I system of the class 1 

categorization in CRISPR-Cas frameworks. It consists of a 

complex called 'Course' and the endonuclease Cas3, which 

targets DNA (Fig. 2). Prior to recruiting Cas3 for a specific DNA 

grouping, the Cascade complex must first attach to DNA by 

recognizing PAM and spacer sequences (46-50). The course 

provides more website flexibility due to its unrestricted 

acceptance of PAM sequences (43). The presence of Cas3 

leads to the creation of a single stranded break, followed by 

degradation of the target DNA via 3' to 5' exonuclease activity 

(8, 51, 52). Both the nickase activity and the helicase function 

of Cas3 are essential for the degradation of distant DNA in 

prokaryotes (49).  

 The Cas3 enzyme, known for its extraordinary cutting 

ability, is being used as an antibacterial tool. It does this by 

integrating with either local or foreign type I systems within 

bacterial genomes, leading to the destruction of the 

genomes and subsequent death of the cells (53). An inquiry 

into the reutilization of the nickase, helicase and 

exonuclease functions of Cas3 has the potential to stimulate 

novel uses in mammalian cells. 

Cas9 

Cas9 belongs to the class 2 type II CRISPR systems and is the 

most often used enzyme for genome editing. Specifically, 

Streptococcus pyogenes Cas9 (SpCas9) was the first to be 

extracted from prokaryotic cells and then modified for 

manipulating the genome in mammalian cells (54-56). It 

continues to be the most often used Cas9 enzyme.  Upon 

recognition of the DNA target, SpCas9 often generates a 

blunt double-strand break (DSB)13 (Fig. 3). The process of 

DNA targeting by SpCas9 relies on a spacer that is 20 

nucleotides long and a PAM sequence that is 5ʹ-NGG (where 

N may represent any nucleotide) supported by studies (54, 

57). Cas9 enzymes are directed by two RNA molecules: the 

CRISPR RNA (crRNA), which directs DNA targeting and the 

trans-activating crRNA (tracrRNA), which forms a complex 

with the crRNA and Cas9 to facilitate cleavage (41, 57).  

 The requirement for the 5′-NGG PAM limits SpCas9’s 

targetable sites in the human genome to approximately one 

in every eight base pairs (24). To broaden the range of 

accessible target sites, rational engineering approaches 

have been employed to modify PAM recognition specificity 

(59, 60) (Table 1). One such engineered variant, xCas9, can 

recognize expanded PAM sequences, including 5′-NG, 5′-

GAA and 5′-GAT (58). 

 Another important objective in developing Cas9 

variants is to enhance target specificity. Multiple studies have 

demonstrated that engineered Cas9 proteins exhibit reduced 

off-target cleavage when delivered either as plasmid DNA or as 

ribonucleoprotein complexes (61-65). Recent advancements 

have further improved the precision of CRISPR-Cas systems by 

incorporating RNA clamps within the spacer region of guide 

RNAs. This modification maintains robust on-target activity 

while minimizing off-target interactions between crRNA or 

gRNA strands and non-target DNA (65, 66). 

 The discovery of Cas9 orthologues that recognize 

different PAM sequences has expanded the range of targetable 

genomic sites. For instance, Streptococcus thermophilus Cas9 

recognizes the PAM 5′-NNAGAAW, where W denotes either 

adenine or thymine (8, 67), while Neisseria meningitidis Cas9 

recognizes 5′-NNNNGATT (67). These orthologues have been 

employed for DNA targeting in both microbial and human cell 

systems. Additionally, the Cas9 enzyme from Staphylococcus 

aureus (SaCas9) recognizes the PAM 5′-NNGRRT (where R 

represents adenine or guanine) (68). Despite its smaller size-

comprising 1,053 amino acids compared to SpCas9's 1,368-

SaCas9 exhibits comparable genome editing efficiency. Its 

compact size makes it particularly suitable for delivery via 

size-constrained vectors such as adeno-associated viruses 

(AAV) (69). 

 A more compact Cas9 orthologue was recently 

Fig. 2. Mechanism of CRISPR /Cas 9 system of DNA molecule.  
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identified in Campylobacter jejuni, consisting of only 984 

amino acids. This variant recognizes the PAM 5′-NNNVRYM 

(where V = A, C, or G; R = A or G; Y = C or T) and has been 

successfully employed for in vivo genome editing (70, 71). 

Further efforts to explore and distinguish Cas9 orthologues 

led to the identification of CasX, a protein composed of 980 

amino acids. However, detailed functional characterization 

of CasX remains limited (72). 

Cas 12a 

Cas12a, also known as Cpf1, is a class II RNA-guided 

endonuclease that has been modified for precise genetic 

modifications in human cells (73). Cas12a, functioning within 

the type V CRISPER framework, Cas12a introduces precise 

incision at specific DNA target sites, resulting in a 5ʹ 

overhang. Unlike Cas9, Cas12a does not require a 

transactivating crRNA, as seen in Fig. 2. Cas12a produces 

clean DNA ends, making it advantageous for applications 

that demand precise DNA sequence alignment, in contrast to 

the blunt or imprecise ends often associated with Cas9.  

 Moreover, Cas12a possesses the unique ability to 
process its own crRNA arrays, enabling the autonomous 

generation of individual crRNAs from a single transcript. 

This feature facilitates multiplexed genome editing using a 

single customized crRNA array, thereby simplifying the 

delivery of multiple guide RNAs (34). PAM, a specific DNA 

sequence essential for target recognition, is located at the 5′ 

end of the target site for Cas12a. The Cas12a enzymes 

derived from Acidaminococcus spp. (AsCas12a) and 

Lachnospiraceae spp. (LbCas12a) were the first identified 

variants shown to function efficiently in human cells. 

 To further advance genome editing capabilities, an 

enhanced variant of AsCas12a, termed enAsCas12a, has 

been developed (72). Recent innovations have led to the 

creation of additional AsCas12a variants with expanded 

PAM recognition capabilities. These variants are capable of 

identifying PAM sequences such as 5′-VTTV, 5′-TTTT, 5′-

TTCN and 5′-TATV (35), as well as 5′-TYCV and 5′-TATV (36). 

The distinct structural and functional features of Cas12a, 

along with its unique cleavage mechanism, enhance its 

efficiency as a genome editing tool and significantly 

broaden the potential applications of CRISPR technology. 

Mechanism of CRISPR Genome Editing 

Gene editing is made possible by CRISPR technologies that 

cause double strand breaks (DSBs) at certain regions of the 

genome, which are subsequently repaired by intrinsic cellular 

mechanisms. Researchers rapidly adopted the RNA-guided, 

DNA-targeting CRISPR/Cas system due to  its user-friendliness 

and lower cost compared to earlier genome editing 

techniques such zinc-finger nucleases (ZFNs) and 

transcription activator-like effector nucleases (TALENs). The 

CRISPR/Cas system originates from the bacterial immune 

defense mechanism that protects the host against invading 

nucleic acids such as phages and viruses  (74). According to 

the taxonomy, there are three kinds of CRISPR/Cas methods, 

each consisting of multiple subgroups. Among these, the type 

II system is the predominant method used for gene editing 

and includes three essential components: transactivating 

crRNA (tracrRNA), CRISPR RNA (crRNA) and the endonuclease 

(Cas9) (9). The combination of tracrRNA and crRNA form a 

duplex structure known as guide RNA (gRNA). This gRNA may 

be substituted with a chimeric single guide RNA (sgRNA) (9). 

This sgRNA has a 20 base-pair (bp) sequence complementary 

to the target DNA site and = must be followed by a PAM 

sequences, which stands for "protospacer-adjacent motif". 

The presence of PAM sequences is necessary for compatibility 

with the Cas9 Protein (76). 

 Within a cell, the sgRNA and Cas9 nuclease together 

form a ribonucleoprotein (RNP) complex. The sgRNA directs 

this complex to a specific DNA sequence through Watson-Crick 

base pairing, where Cas9 induces a double-strand break. The 

DNA is cleaved three nucleotides upstream of the PAM, 

resulting in blunt ends. This cleavage is mediated by the RuvC 

and HNH nuclease domains at the Cas9 active site, which act 

on the negative (-) and positive (+) strands, respectively (57, 

58).  

 Two cellular processes that repair double-strand 

breaks (DSBs): homology-directed repair (HDR) and non-

homologous end joining (NHEJ). The choice of repair 

mechanism depends on the overall cellular context and the 

availability of a homologous repair template (77-79). HDR 

enables precise genome editing by using a donor DNA 

template to accurately repair the break site. In contrast, 

NHEJ, which often results in insertions or deletions (indels) 

at the cleavage site, is an error-prone mechanism that can 

be exploited to generate targeted gene knockouts (KOs) via 

frameshift mutations (Fig. 3)  

 The CRISPR/Cas9 system allows for simultaneous 

editing at multiple genomic sites by targeting different loci 

with sgRNAs. Utilizing two sgRNAs can induce small deletions 

within the same cell, occasionally leading to complex genomic 

rearrangements. In certain suppressive conditions, such 

deletions may even impact entire chromosomes. Modifications 

to the CRISPR/Cas9 system, including the incorporation of 

various interacting molecules, have enhanced its specificity 

and broadened its applicability in genome editing. However, 

numerous studies have reported off-target effects associated 

with CRISPR technology, underscoring the need for improved 

DNA targeting specificity. Various strategies have been 

developed to minimize unintended modifications and there 

remains a critical need to further refine CRISPR/Cas9 for more 

accurate and efficient gene editing applications.  

Applications of CRISPR-Cas system 

CRISPR-Cas sytem in drug discovery 

The process of drug research and discovery is intricate, 

including the identification and subsequent commercialization 

of novel medicines. This field of study is fundamentally based 

on biological hypotheses, aiming to explore the effects of a 

single treatment on the progression or modification of a 

specific disease. The primary objective is to pinpoint the exact 

gene responsible for the disease in order to develop a 

targeted therapy through genome engineering. However, this 

process is often time-consuming.  

 Our research is primarily focused on engineering the 

CRISPR/Cas system. This technology contributes significantly 

to drug development by targeting specific molecular pathways 

involved in disease activation or inhibition, thereby aiding in 



KRISHNA ET AL  6     

https://plantsciencetoday.online 

disease prevention. Under selective pharmacological 

conditions, cells capable of surviving are identified by the 

presence of genes under positive selection.  

  For example, cells may first undergo treatment with 

CRISPR sequences and thereafter be subjected to an anti-

cancer therapy. Only those cells that develop drug resistance 

are collected for further analysis of their guide RNA (gRNA) 

sequences. These gRNAs are then used to identify potential 

genes associated with drug resistance.  

 Negative selection, on the other hand, involves the 

identification of slow-growing or dead cells under certain 

circumstance. This approach is beneficial for identifying 

certain genes that are crucial for survival and have the 

potential to be viable candidates for targeted 

pharmaceuticals.  

CRISPR/Cas9 system in drug resistance 

Finding genes linked to drug resistance is a crucial 
component of drug development and a major use of CRISPR/

Cas9 technology. Mutagenesis, which occurs during cell 

division, is used to evaluate the effectiveness of anticancer 

treatments in order to find drug-resistant agents.  The study 

illustrates that only cells with a mutation affecting drug 

application activity may survive. CRISPR/Cas9 technology 

enables the precise identification of gene deletions that lead 

to drug resistance. CRISPR/Cas9 technology enables the 

precise identification of gene deletions that lead to drug 

resistance. When a population of cells is exposed to a library 

of CRISPR/Cas9 guide RNAs (gRNAs) targeting various genes 

for knockout, those cells that acquire resistance to a specific 

drug can be isolated and studied. 

 The emergence of drug-resistant in these cells indicates 

that specific gene  disruptions contribute to reduced drug 

sensitivity. The drug-resistance–associated genes identified 

through this approach can subsequently be targeted using 

alternative therapeutic strategies to circumvent resistance. For 

instances, disruption of the HPRT1 gene via CRISPR/Cas9 

editing  can render cells resistant to 6-thioguannie,  which is 

commonly used in standard anti-cancer treatment. Similarly, 

modification of the XPO1 gene using the CRISPR/Cas9 system 

can induce  resistance to Selinexor (80). 

Future aspects of CRISPR-Cas sytem 

CRISPR-Cas is a cutting-edge technology that is increasingly 

being used for the purpose of editing genomes, as well as for 

therapeutic applications. It has shown promising results in 

clinical settings. This method is efficient and ensures secure 

delivery to the intended location. The taxonomy of CRISPR-

Cas systems provides a fundamental framework for genome 

editing and evolutionary research. Nonetheless, a novel form 

of the CRISPR-Cas system continues to undergo   refinement 

and enhancement via the development of multiple 

variations. Further, optimization remains essential to 

advance  the efficacy  and reliability of this gene editing 

method.  

 Ongoing advancements in this technology are expected 

to expand its therapeutic applications across several domains. 

The use of CRISPR/Cas9 screens will facilitate in identifying 

new therapeutic targets, thereby requiring extensive in-depth 

investigation to get a comprehensive understanding of the 

underlying biological processes. Furthermore, it is crucial to 

enhance the in vivo use of CRISPR/Cas9 by advancing viral and 

non-viral delivery methods. This will pave the way for the 

future therapeutic usage of CRISPR, improving its effectiveness 

and potential in medical applications. 

 

Conclusion  

The CRISPR/Cas9 technology, which was discovered in 2012 

and inspired by the natural defense mechanisms of bacteria 

against viruses, is a ground breaking tool for accurately 

modifying genomes. The Cas9 protein, guided by a specific 

RNA sequence, enables targeted cleavage of DNA at 

designated sites, facilitating accurate genetic modifications. 

The applications of this technology are extensive, 

encompassing fields such as cancer research, where it aids in 

the development of targeted therapies and gene therapy, 

which focuses on correcting genetic mutations. Beyond 

medicine, CRISPR/Cas9 holds significant potential in 

agriculture, environmental conservation and synthetic biology. 

However, the rapid advancement of this technology 

necessitates careful consideration of ethical and safety 

concerns. Its responsible implementation requires 

collaboration among scientists, regulatory bodies and 

bioethicists to ensure safe and ethical usage while minimizing 

associated risks. This collaborative approach seeks to 

 

Fig. 3. Genome editing or frameshift mutations of targeted gene knockouts.  
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maximize the benefits of CRISPR/Cas9 in both scientific and 

clinical domains.  
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