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                               Abstract 

In order to access the field of molecular medicine, the conventional healthcare system is at the doorstep. Now, 
methods that can change DNA coding have been demonstrated by the vast amount of knowledge and continuous 
research. The methods for editing or altering the genome have developed from previous attempts, such as homing 
endonucleases, nuclease technologies, and specific chemical procedures. Mega nuclease, Molecular methods that 
initially surfaced as genome-editing tools include zinc-finger nucleases (ZFNs) and transcription activator-like 
effector nucleases (TALENs). Because of their off-target side effects, these early technologies have lesser specificity.  
Furthermore, the primary challenge from the standpoint of biotechnology was to create straightforward yet efficient 
delivery systems for host cell entrance. Since then, research laboratories have started using short RNAs, such 
microRNA (miRNA) and short interfering RNA (siRNA), to replace cell lines and lab animals. Because of its 
increased viability, effectiveness, and multi-role therapeutic usefulness, the recently discovered CRISPR/Cas9 
technology seems more promising 
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Introduction 
 
Advances in genetic analysis and genetic 
manipulation have made genetics a fascinating 
field at this time. Advances in genome editing and 
high-throughput DNA sequencing have had a 
wide-ranging impact on everything from model 
organism research to evolutionary studies, food 
organism improvement, and medical uses. 
Genetic research has traditionally depended on 

the identification and examination of spontaneous 
mutations. This reliance applied to Mendel, 
Morgan, Avery, and others. In the middle of the 
20th century, Muller [1] and Auerbach[2], 
showed that chemical or radiation treatment could 
increase the rate of mutagenesis. Subsequent 
techniques, like as chemical and radiation 
mutagenesis, created alterations at random 
locations in the genome, additionally, Some 
species may produce transposon insertions, which  
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they depended on. The first targeted genetic 
alterations were produced in mice and yeast 
throughout the 1970s and 1980s [3-6]. The 
homologous recombination technique was 
necessary for this gene targeting; it was extremely 
precise yet ineffective, especially in mouse cells. 
It took careful selection and in-depth 
characterization to recover the desired items. 
Adapting gene targeting to other species was 
challenging due to the scarcity of culturable 
embryonic stem cells and their low frequency in 
mammals other than mice [7].This problem has 
been fixed by modern genome editing 
technologies, which enable targeted genetic 
modifications in nearly every kind of cell and 
organism [8,9].  
 
This review explores the foundational concepts of 
gene editing, examining its various systems and 
the specific mechanisms they employ to target 
and modify genetic sequences. It delves into the 
diverse types of gene editing, highlighting key 
differences and advancements in each approach. 
Furthermore, the discussion extends to real-world 
applications, displaying how gene editing has 
become an integral tool in addressing global 
challenges, such as combating hereditary diseases, 
improving crop resilience, and developing 
innovative biotechnological solutions. By 
understanding the systems, types, and applications 
of gene editing, we can better appreciate its 
profound implications for science and society. 
 
Advances in genetic analysis and genetic 
manipulation have made genetics a fascinating 
field at this time. Advances in genome editing and 
high-throughput DNA sequencing have had a 
wide-ranging impact on everything from model 
organism research to evolutionary studies, food 
organism improvement, and medical uses. 
Genetic research has traditionally depended on 
the identification and examination of spontaneous 
mutations. This reliance applied to Mendel, 
Morgan, Avery, and others. In the middle of the 
20th century, Muller [1] and Auerbach[2], 
showed that chemical or radiation treatment could 
increase the rate of mutagenesis. Subsequent 
techniques, like as chemical and radiation 
mutagenesis, created alterations at random 
locations in the genome, additionally, Some  

 
 
species may produce transposon insertions, which 
they depended on. The first targeted genetic 
alterations were produced in mice and yeast 
throughout the 1970s and 1980s [3-6]. The 
homologous recombination technique was 
necessary for this gene targeting; it was extremely 
precise yet ineffective, especially in mouse cells. 
It took careful selection and in-depth 
characterization to recover the desired items. 
Adapting gene targeting to other species was 
challenging due to the scarcity of culturable 
embryonic stem cells and their low frequency in 
mammals other than mice [7].This problem has 
been fixed by modern genome editing 
technologies, which enable targeted genetic 
modifications in nearly every kind of cell and 
organism [8,9].  
 
This review explores the foundational concepts of 
gene editing, examining its various systems and 
the specific mechanisms they employ to target 
and modify genetic sequences. It delves into the 
diverse types of gene editing, highlighting key 
differences and advancements in each approach. 
Furthermore, the discussion extends to real-world 
applications, displaying how gene editing has 
become an integral tool in addressing global 
challenges, such as combating hereditary diseases, 
improving crop resilience, and developing 
innovative biotechnological solutions. By 
understanding the systems, types, and applications 
of gene editing, we can better appreciate its 
profound implications for science and society. 
 

An overview of gene editing or the genome:  
 
Gene editing is the process of changing an 
organism's genetic code. The purposefully created 
cutting phenomenon and the spontaneous repair 
process that the cutting starts are the two 
foundations of genome engineering. These are 
cleverly used in gene editing to accomplish a 
certain goal. There are several methods for gene 
editing. However, all of the methods rely on the 
employment of "nucleases," which are enzymes 
that directly interact with a cell's DNA. It is 
possible to repurpose nucleases to target a specific 
location in the genome. Several editing techniques 
are possible when the site-directed nuclease 
identifies, attaches to, and produces a DNA 
strand.  
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The purpose of gene editing: Utilizing a variety 
of tools and methods to comprehend the role of a 
certain gene, gene regulatory region, Single-
nucleotide variations are really responsible for 
almost half of the harmful genetic variants that 
currently exist. In order to enhance clinical 
interpretation and comprehension of the ways in 
which human genetic variations affect health, it is 
evident that techniques and instruments that can 
efficiently rectify or introduce single-nucleotide 
variants must be developed. Apart from these 
essential characteristics, any gene editing method 
needs to offer a variety of methods to modify the 
genome at a specific spot [10]. 
 
Various methods of gene editing: Gene knock-
out and gene knock-in are the two primary gene 
editing techniques that can be used. The nuclease 
breaking the DNA strand is what these techniques 
rely on. The cell uses either non-homologous end 
joining repair (NHEJ) or homology-controlled 
repair (HDR) to try to repair the break after 
learning this information. The subsequent gene 
editing strategy will be determined by the repair 
response to the breakdown. 
 
 Gene knock-out (KO): The simplest gene 
editing technique is to make a gene non-
functional and then observe the effects to learn 
more about how it functions. We call this strategy 
knock-out. The targeted gene may be knocked out 
(KO) as a result of base pair insertions and 
deletions, or indels, caused by the error-prone 
NHEJ. These indels may result in premature stop 
codons and/or frame shift mutations that yield a 
non-functional mRNA.  Alternatively, a two-
guide-RNA approach might focus on a specific 
gene region. 
  
 Gene Knock-In (KI): "knock-in" is the term 
for the second gene editing technique. There are 
several kinds of knock-in strategies with various 
uses:  
 
• A transgene is inserted into a specific locus. 
• Inserting a tag, no matter how big or little, into a 
gene's coding sequence. 
• The process of switching base pairs to create a 
point mutation.   

 
 
These three strategies can be used to accomplish 
various objectives. In the first method, a gene is 
introduced into the targeted cell, and its function 
or impact on the phenotypic is examined. The 
second technique involves either adding a 
sequence that facilitates the identification or gene 
product purification for application in 
biochemical tests, or locating and identifying the 
gene product inside a cell (for instance, by 
introducing a fluorescent tag). In the context of 
genetic illnesses, the latter method is mostly 
employed to simulate and ultimately treat the 
impact of point mutations. The homology-
directed repair (HDR) is the foundation of the 
knock-in [11, 12]. 
 
Techniques for Editing Genes: Techniques for 
Editing Genomes We now know more about the 
molecular and biochemical processes that alter 
DNA and, therefore, downstream routes because 
to the biotechnology industry's recent expansion 
and advancements. Though the field of genome-
editing technologies is developing quickly, some 
biotechnologies have so far showed promise for 
therapeutic usage. Although the new methods 
appear promising, the older ones have also been 
upgraded and enhanced. The following section 
discusses representative genome-editing methods. 
 
(1) The standard method of genome editing. 
In its purest form, the method comprises 
homologous recombination associated with gene 
intervention, which may not be connected to 
developing genome-editing tools. Physiological 
mechanisms involving a double-stranded repair 
system provide the basis for the approach, which 
is not very popular or used in labs today. 
However, new research has indicated that the 
RAD52 protein plays a significant role in 
promoting homologous recombination. As a 
result, this protein has been studied as a potential 
therapeutic target for BRCA 1 and 2 repair 
pathways and other malignancies. [13, 14] 
However, the advent of newer approaches 
prevented the technique from being widely used 
as of yet. 
 
(2) Methods of genome editing that use 
chemicals. Komiyama employed a non-restriction 
enzyme method called the ARCUT is an  
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artificially restricted DNA cutter. The pseudo-
complementary peptide nucleic acid (pcPNA) is 
used in this method to identify the chromosomal 
or telomeric region's cleavage point. The splicing 
function and excision are provided by a chemical 
combination of cerium (CE) and EDTA after 
pcPNA specifies the position. The technique also 
uses a DNA ligase, which may attach any desired 
DNA to the spliced location. This specific method 
has the benefit of being applicable in situations 
when the concentration of salt is high. The 
method appeared to be very promising for the 
clinical market when it was first introduced, but 
later problems, such as longer turnaround times 
and, in particular, the production of site-specific 
pcPNA, became significant obstacles. [15, 16] 
 
(3) Systems of homing endonucleases. 
Practically speaking, "homing" endocucleases 
(HEs) is understood to mean lateral transfer of a 
genomic DNA sequence. The basic idea is that 
two DNA fragment segments are created when 
endocnulceases remove a site from a DNA 
segment. [17] What are these HEs, then? They are 
naturally occurring nucleases that can splice 
somewhat longer DNA sequences. They are 
around the size of 14 bp.[18] Recombinant 
adenoassociated viruses (rAAVs) have recently 
been developed, making them effective carriers of 
genetic tools for genome editing within cells.[19] 
The synthesis of these nucleases and the creation 
of vectors for their entrance into cells are 
engineering challenges related to this 
technique.[20]Off-target consequences, such as 
decreased site specificity, decreased DNA 
integra-tion, and potential host genome 
alterations, were another problem with rAAV, 
despite its improvement with improved 
biotechnology.[21]  
 
(4) Nuclease systems based on proteins. 
Nuclease proteins are used in these systems to 
modify DNA sequences. Below is a description of 
the typical methods. 
 
 Meganucleases: Sometimes present in the 
genome, these enormous base pair structures are 
sometimes known as molecular DNA scissors. 
They have recently been identified as a genetic 
tool for DNA modification due to their capacity to  

 
 
remove sizable segments of DNA sequences. By 
altering the recognition sites to produce nicks, 
which are necessary for a change in DNA 
sequence, this genetic potential has been 
controlled in laboratories. These mega nucleases 
can occasionally be combined by proteins to 
produce large variations such as DmoCre and E-
Drel, which can add nucleotide site-specific 
cleavage.[22].Two fundamental processes 
comprise the technique: first, a cleavage site is 
identified, and then the area is spliced out by 
endonucleases.[23]  Because meganucleases are 
found naturally and offer very selective site 
cleavage, they have the advantage of being less 
hazardous. 
 
Newer methods in the therapeutic 
setting, however, have prevented them 
from thriving further.  
 
(5) ZFNs: Using a combinatorial technique, 
Zinc-finger-binding domain proteins and 
restriction endonucleases combine to form ZFNs, 
which consist of entirely constructed structures. 
When a binding protein domain gets to the target 
splicing site, it identifies itself. Fok1 are unique 
restriction endonucleases.After that, I sliced the 
binding protein domain at a certain codon. 
Attachment to the DNA chain is limited by the 
presence of three codons on either side. Its 
simplicity and specificity have made the approach 
quite popular in recent years, and it is currently 
being used in clinical settings for a number of 
disorders. [24, 25] 
 
(6) TALENs: In 2011, It was found that 
transcription activator-like effector nucleases, or 
TALENs, exist. Only one nucleotide level of 
recognition was possible with transcription 
activator-like effector nucleases (TALENs), but 
ZFNs made precise genome editing possible. 
Similar to ZFNs, TALENs include a nuclease 
linked to a sequence of DNA-binding domains; 
however, their capacity to recognize individual 
nucleotides allows for more accurate targeting 
and specificity. The need to create and validate a 
new zinc-finger nuclease or TALEN protein for 
every new target editing site is one of the main 
drawbacks of platforms like ZFNs and TALENs. 
[12, 26] 
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(7)  DNA systems from RNA: The main 
components of these systems are the many 
CRISPR techniques. Some prokaryotic cells, such 
as Archea, and most likely some bacteria have 
absorbed the idea of CRISPR, which is a 
rudimentary notion that comes from an old 
immune system. [27] SPR, commonly referred to 
as spacers, is one of the two components of 
CRISPR.  

 

 CRISPR-Cas9 (2011):In genome 
engineering, the creation of CRISPR technology  
was a significant advance. [28]. Two essential 
elements of the method are the Cas9 endonuclease 
and a guide RNA; the Cas9 endonuclease initiates 
the repair mechanism and cuts target sites, while 
the guide RNA finds them. CRISPR is a more 
attractive alternative because of its lower cost and 
quicker turnaround time, even though both 
TALENs and CRISPR can edit single-nucleotide 
genes.The Cas9 protein uses gRNA to create 
double-stranded DNA (dsDNA) nicks at the 
targeted places.when it is directed to target a 
potential antigenic threat, such a bacteriophage, 
via CRISPR RNA (crRNA; also known as guide 
RNA [gRNA]). Site-specific cleavage results in 
the elimination of the antigen [29]. Moreover, 
CRISPR serves as a spacer to preserve the 
memory of the antigen [30]. Numerous studies 
and biotechnologies based on crRNA processing 
and subsequent action have identified three 
distinct CRISPR-Cas kinds. These consist of the 
following: 
 
 Cassystem/CRISPR type 1. This version pre-
processed the crRNA using Cas5 or Cas6; Cas3, 
Cascade, and crRNA are required for the cleavage 
function and interference.  
 
 System of CRISPR/Cas type 2.RNase III, 
transacting RNA (tracrRNA), and an unidentified 
protein component are involved in DNA trimming 
at the 50 end, even though Cas9 normally targets 
DNA under the guidance of crRNA. [31].  
 
 CRISPR/Cas type 3 system. Similar to the 
type 1 mechanism, this category uses Cas6 to  

 

 
 
 
process the 30 end cutting of crRNA. It is unique 
in that it can target RNA [31]. In addition to the 
previously mentioned conventional CRISPR/Cas 
classification, the data analysis identified a 
number of other biotechnologies now in use. 
These include hybrid crRNA-tracrRNA 
alterations [34], Intein-induced split Cas9 [33], 
and the CRISPR system that is activated by light 
[32], techniques for gene silencing. These 
methods can change the DNA sequence even if 
they might not be regarded as genome editing. • 
These technologies include RNA interference 
(RNAi), CRISPR interference (CRISPRi), and 
morpholino oligonucleotide techniques [35–37]. 
 
 Restriction Enzymes (1970s–): The earliest 
examples of contemporary genome editing are 
restriction enzymes. It became feasible to identify 
and cut at particular nucleotide sequence patterns 
for the first time, as well as to introduce fresh 
DNA material at a precise site. However, some 
cutting restrictions persisted because of the 
requirement to work at a specific location. [11]  
 
 Editing Base (2017): In contrast to earlier 
methods, base editing in genomics and 
transcriptomics directly alters target nucleobases 
rather than cleaving nucleic acid backbones. [38] 
A catalytically dead Cas9 (dCas9) coupled to 
bacterial enzymes called DNA deaminases may 
be directed by researchers to do single nucleotide 
changes using a single guide RNA (sgRNA). [39] 
 
 Prime Editing (2019):Prime editing provides 
more versatility than base editing as it can 
accurately do minor insertions, deletions, and 
base swaps with less negative effects. The Cas9 
nickase, which splits DNA strands one at a time, 
and the reverse transcriptase enzyme are the 
foundations of the primary editing method. [40] 
 
CRISPR-cas9 Genome Editing: The 
Revolution:  
 
The system that revolutionized genome editing, 
CRISPR-Cas9, deserves its own chapter if we are 
to provide a succinct account of gene editing 
strategies. 
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Origin of CRISPR: CRISPR systems were once 
thought to provide bacteria with a defense 
mechanism against bacteriophages. CRISPR 
systems are now used for gene editing in 
contemporary biology by causing RNA cleavage 
or Double-stranded DNA fragments in live cells 
and animals break at user-specified loci. [28, 41, 
42] The 2020 Nobel Prize in Chemistry 
acknowledged that this discovery had transformed 
the life sciences. [28] Understanding the 
fundamentals of the CRISPR-Cas9 system is 
crucial before delving deeper into the factors that 
contributed to its success.How is CRISPR 
functioned? Two components make up the so-
called CRISPR-complex, a ribonucleoprotein 
complex that is essential to the CRISPR-Cas9 
system: 
 
• The endonuclease enzymatic activity is carried 
by the Cas (CRISPR associated) protein, usually 
Cas9. 
 
• The guide RNA (gRNA), which uses sequence 
homology with the genomic DNA to direct the 
complex to the genomic location of interest. An 
RNA-DNA duplex is created upon binding. 
Remember that DNA damage can be repaired by 
other repair processes, such as microhomology 
mediated end joining (MMEJ). 
 
The impact of CRISPR gene editing on 
research 
 

CRISPR makes genome editing easier, more 
flexible, and direct than earlier gene editing 
techniques. Inserting a gene at a particular locus is 
a very helpful technique, especially for studying 
gene function and deconstructing disease causes. 
From pharmaceutical and basic research to cell 
and gene therapy and agricultural applications, it 
should come as no surprise that this extensively 
applicable and adaptable technique has been 
widely adopted. Effectiveness of editing and 
usability the CRISPR-Cas9 gene editing 
technology has definitely outperformed its 
predecessors. For instance, CRISPR is advised for 
applications requiring numerous simultaneous 
modifications inside the same cell line or 
organism due to its extremely high sensitivity and 
efficiency. 

 
 
However, not all of the current issues with 
genome engineering can be resolved with 
CRISPR. To establish the best balance between 
time, money, and safety, each researcher must 
choose the appropriate genome editing technique 
and auxiliary resources. Additionally, there are 
still several obstacles facing CRISPR-Cas9 
technology. The success of a gene editing 
experiment is significantly impacted by other 
factors, such as the effectiveness of the chosen 
cell transfection technique, even with its high 
specificity. Reducing off-target editing is another 
persistent issue with the method that is important, 
especially for clinical use. [43] 
 
 Applications: Research fundamentals 
tools: Genetically cloning living things using 
restriction enzymes, the target genes in the 
particular genome are cut for traditional genetic 
cloning of microorganisms, plants, and animals. 
Usually, cloning and screening for the desired 
ones takes a lot of time and effort. Without being 
constrained by the availability of restriction sites, 
current gene editing tools can produce the 
necessary clones with speed and accuracy [44].  
 
Establishing animal models: The most popular 
techniques for creating experimental or induced 
animal models are genetic cloning, gene knock-in, 
and gene knockout. TALENs, CRISPRs/Cas9, 
and ZFNs are effective methods. With previously 
unheard-of speed and accuracy, these cutting-
edge gene editing techniques have created 
specialized animal models of a number of 
disorders for which there were no animal models 
accessible. [45-47]. 
 
Establishment of testing reagents and 
instruments: More adaptable to the diversity of 
food pathogens than traditional methods, bacterial 
genotypes can optimize CRISPRs/Cas9. Many 
bacterial species' CRISPR locus has high 
variation, which makes it an ideal starting point 
for genotyping [48]. The DNA endonuclease 
focused CRISPR transreporter (CRISPR/Cas12a 
(Cpf1) DETECTR) system may be used to detect 
microbial infections, cancers, and gene changes 
through specimen analysis and screen for 
microbial antibiotic resistance [49]. 
 



Int. J. Curr. Res. Med. Sci. (2025). 11(1): 8-21 
 
 
 
 
 

 

14 

 

 
 
Drug discovery: Drug development relies heavily 
on target site screening and identification, hence 
high-quality and appropriate platforms are 
required. Target site screening and functional 
gene editing are both possible with gene editing 
methods. CRISPRs/Cas9, for example, were used 
to target the exons encoding functional protein 
domains. Following the evaluation of 192 
chromatin regulatory domains in murine AML 
cells, 19 novel dependencies and six known 
therapeutic targets were found [50]. 
 
Products from agriculture: Utilizing gene 
editing technologies, agricultural goods may be 
produced to meet human needs. For instance, 
aqua products (catfish) with high levels of 
myostatin (MSTN) gene expression [54], Both 
crops with high yields and resistance to pests, 
diseases, herbicides, and harsh environments were 
produced [51,52], as were domesticated animals 
with double muscle phenotypes, such as buffalo 
and pigs. [53].  
 
Food: Gene editing technology can extend the 
shelf life of food or increase its productivity. For 
instance, Streptococcus thermophilus, a 
thermophilic bacterium, was edited using 
CRISPRs/Cas9 to become a bacteriophage-
insensitive mutant, increasing the production of 
products (such as cheese and yogurt) by 
preventing phage infection [55]. Using 
CRISPRs/Cas9, Browning resistance was added 
to the Agaricus bisporus white button mushroom. 
Targeting and knocking off the genes encoding 
the browning-causing enzyme polyphenol oxidase 
produced the desired result [56].  
 
Industrial products: Marine algae, such as 
diatoms, have shown advantageous in commercial 
applications, including the use of CRISPRs/Cas9 
to bioremediate polluted water, produce fuels, 
medications, health foods, biomolecules, and 
materials linked to nanotechnology in a carbon-
neutral manner [57]. The technological limitations 
of this information storage method can be 
minimized by the use of CRISPRs/Cas9. 
Numerous actual data may be captured and 
permanently stored in the genomes of live cells 
using CRISPRs/Cas9[58]. 
 

 
 
Protection of the environment: In addition to 
controlling almost 40% of global primary output, 
marine microalgae absorb more carbon dioxide 
than woods. In terms of ecology, diatoms are the 
most significant unicellular eukaryotic 
microalgae. Diatoms' genomes might be altered 
with CRISPRs/Cas9 to further mitigate global 
warming [59]. 
 
Reviving extinct animals: Elephants today are 
different from woolly mammoths because they 
have adapted to the cold temperature. The gene 
for the mammoth TRPV3 gene may have been 
modified from Asian elephant genes [60]. 
Encoded by this gene, the temperature-sensitive 
transient receptor potential (thermoTRP) channel 
affects both hair formation and heat sensitivity. 
The edited embryo may be successfully inserted 
into the uterus of a living elephant, which would 
allow CRISPR/Cas9 to be used to revive the 
mammoth. 
 
Medicine screening in human therapeutics: 
Parkinson's disease (PD) is treated using both 
non-pharmacological and pharmaceutical 
approaches. Therefore, choosing the best course 
of action to treat PD quickly, safely, and 
effectively is essential. The NanoLuc luciferase 
tag was added to the 3′ end of CRISPRs/Cas9 to 
create a novel method for identifying endogenous 
transcription of alpha-synuclein (α-SYN). With 
this approach, potential effective PD treatment 
plans may be tested quickly [61]. 
 
Preparation of immunotherapy or cell 
therapy:Induced pluripotent stem (iPS) cells and 
chimeric antigen receptor T (CART) cells can be 
produced by gene editing techniques. 
CRISPRs/Cas9 have been utilized to edit iPS cells 
to avoid immunological rejection in individuals 
who are fully immune competent [62]. By 
producing therapeutic T cells, CRISPRs/Cas9 
may improve the safety and effectiveness of 
CART cells, as the CD19 CAR was effectively 
employed in therapy [63]. 
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Possible use in the treatment of Disease 
 

Latent virus infection: Because of their high 
rates of mutation and latent infections, viruses can 
create diseases that are challenging to treatLatent 
virus removal from the human host is almost 
impossible. The human cytomegalovirus 
(HCMV), Human TALENs, human 
immunodeficiency virus (HIV), Epstein-Barr 
virus (EBV), hepatitis B virus (HBV), herpes 
simplex virus 1 (HSV-1), CRISPRs/Cas9, and 
other viruses have been shown to provide 
effective strategies for reducing their latent and 
productive infections both in vivo and ex vivo 
[64–69]. 
 
Genetic disorders: Gene therapy can be used to 
treat sickle cell anemia, β-thalassemia, muscular 
dystrophy, α1-antitrypsin deficiency, Leber 
congenital amaurosis, and cystic fibrosis [70]. In 
vivo and ex vivo research have demonstrated the 
potential of gene editing techniques (like 
CRISPRs/Cas9), and some are now undergoing 
clinical trials. Gene therapy may improve as a 
result of this. 
 
Neurodegenerative diseases: The Perturbing 
Regulatory Interactions by Synthetic Modulators 
(PRISM) study, which employed a yeast model of 
Parkinson's disease, suggested that sgRNAs may 
modify transcriptional networks and shield cells 
from α-Syn toxicity [71]. Alzheimer's disease 
(AD) is caused by a mutation in the amyloid 
precursor protein (APP) gene, which is referred to 
as APPswe in Swedish. Both in vivo and ex vivo, 
CRISPRs/Cas9 can decrease pathogenic amyloid-
β (Aβ) by specifically destroying the mutant 
APPSW allele. [72]. 
 
Cancer: An attempt was made to suppress 
hepatocellular carcinoma (HCC) using 
CRISPRs/Cas9. By specifically targeting the 
seed-matching region of SIRT6's 3′UTR, miR-
125b can inhibit the production of the gene. HCC 
cells had reduced vitality and invasiveness 
following SIRT6 expression knockout using 
CRISPRs/Cas9, which had a comparable effect to 
miR-125b overexpression [73]. An attempt was 
also made to prevent breast cancer using 
CRISPRs/Cas9. Cyclin-dependent kinases 

 
 
 (CDKs) are well-known targets for anti-cancer 
medications, and patients benefit clinically from a 
new class of CDK inhibitors. Deactivated 
CRISPRs/Cas9 (dCRISPR) was used to 
genetically modify breast cancer cells in order to 
enhance the endogenous CDK18 promoter's 
expression and show greater sensitivity [74] 
 
Developments in Genome Engineering: With 
many additional methods for editing the genome, 
biotechnology is flourishing. When combined 
with double-stranded transcription factor decoy 
(TFD), oligodeoxyribonucleotide (ODN) can be 
used as a therapeutic target for a variety of 
disorders that impact the transcription factor, 
resulting in the required transcriptional change 
and the ensuing downstream protein activity [75]. 
Papaioannouetal have created a footprint-free 
genome-editing method that fixes minuscule point 
mutations by accurately cutting genomes with 
single-stranded ODNs. With the help of a 
particular transposon, the drug (doxycycline)-
induced Cs9 transgene enters the cell and enables 
highly targeted and effective Cas9-mediated 
genome editing. This method is known as 
footprint-free genome editing since it does not 
require the traditional donor template. [76].The 
method is thought to be a safer variant and 
appears to have few off-target consequences. 
With minor adjustments to current methods, 
further new genome editing modalities are also 
emerging in the literature. In order to enhance 
gene editing, MartínezGálvezetal [77] used 
argonautes and single-stranded DNA (ssDNA). 
Some scientists have used certain enzymes, like 
as integrases, which might eliminate the need for 
nucleases in the future. [78] The complete 
genome engineering by synthesis method, which 
would really recreate the genome from start 
according to the provided specified DNA code, is 
the most fascinating part of the genome-editing 
procedure and might be revolutionary. The future 
of synthetic genomics is probably going to look 
something like this. [79] Although research in this 
area is still in its early stages, it is anticipated that 
this technology will ultimately outperform the 
concept of genome editing. 
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Methods of genome editing and bioethical 
issues: While genome editing techniques might 
transform human illness and agricultural 
development through biotechnology, they may 
also be abused and misused in a variety of ways, 
including manipulating germ line genetics, if they 
fall into the wrong hands. Numerous specialists 
have voiced legitimate bioethical concerns. Even 
while time will ultimately determine whether 
these technologies are beneficial or detrimental, 
they have the potential to have the most 
devastating effects on humanity, and our future 
generations may suffer in ways we are not yet 
aware of. [80, 81] The primary concerns, aside 
from illegal germ line mutation, are the possibility 
of creating clones, designer babies, and maybe 
super humans, continuing clinical disagreements 
on informed consent; the ethics of eugenics, 
which aids the fittest in surviving; and religious 
debates [82, 83]. Additionally, the already 
published material rules out genome editing as a 
possible future weapon of war [84]. 
 
Although many countries have recognized the 
right to the greatest possible care and the pursuit 
of a healthy child, the impending biotechnological 
revolution appears to be unavoidable and 
inevitable. Due to the pressing need, 
Technologies linked to genome editing must be 
translated in a controlled and regulated way for 
use in molecular medicine, non-clinical 
agriculture, and the food industry. Public 
consensus, expert discussions, biotechnologists' 
engagement, bioethical experts' viewpoints, 
legislative regulatory frameworks, final rules and 
oversight, or the ultimately permitted limited use 
are all necessary for this. 
 
Discussion 
 
Research progresses: It is reasonable to assume 
that genome editing will remain a popular 
technique in both commercial and medical 
applications as well as research. Whether 
CRISPR-Cas is the final word in programmable 
nucleases or if something better is on the horizon 
is one topic that comes up. It is hard to envision a 
protein-based system that is essentially less 
complicated than recognition by base pairing and 
cleavage by a single protein with little foresight  

 
 
into the future. It's possible that the protein may 
be smaller and have other advantageous qualities, 
but it would just be variations on the same theme 
rather than something really new. Perhaps a 
completely chemically based reagent that 
combines DNA cleavage and identification might 
be created using tiny synthetic molecules. 
Decades of research have been conducted on this 
topic, using triplex-forming oligonucleotides, 
peptide nucleic acids, and polyimines, but no 
platform with sufficient cleavage efficiency and 
recognition range has been developed. Since 
CRISPR-mediated base editing was only 
introduced, it is probable that any new techniques 
will come from studies of natural processes rather 
than from an attempt to enhance CRISPR editing. 
This platform uses the Cas9 nickase, which is 
associated with a base-modifying activity and 
only cuts one strand of the target DNA. Certain 
coding alterations occur in the extremely small 
region where C is converted to U within a few 
base pairs of the RNA-guided binding site. This 
method will be used in the future for modeling 
and correcting human disease alleles as well as 
fusions to alternative activities [85]. 
 
Conclusion 
 
Numerous facets of genome-editing technologies 
were covered in this study, such as categorization, 
some fundamental explanations of processes, 
technique comparisons, and more recent 
developments. It appears that TALENS and ZFNs 
are likely to be replaced by CRISPR/Cas 
technology. Nevertheless, the CRIPSR/Cas 
techniques are also being modified, and more 
recent developments have improved their 
functional capacities while lowering off-target 
impacts. Additionally, the development of 
improved gene modification tools is progressing 
and may eventually displace CRISPR/Cas and 
lead to synthetic genomics. Of all these 
groundbreaking advancements, bioethical issues 
require careful consideration. 
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