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Introduction 

Genome editing over the last few years have indeed revolutionized 
the attempts towards the betterment of human genome with the intent of 
exploring hidden molecular insights. This enhanced the understanding 
of the human genome from the context of their products which fulfills 
a cascade of molecular interactions.1 The onset of genome editing 
technology has gained its importance over the last decade and has 
dominated the field of biotechnology through a cohesive approach 
that enabled genetic manipulation.2,3 Altercations in the double 
stranded DNA has provided a comprehensive understanding on 
genetic recombination in living cells.4

Cas 9
CRISPR/CAS 9 technology is consisting of Cas 9 nucleases and 

single guide RNA.5,6 Cas 9 is RNA dependent DNA endonucleases 
capable of degrading foreign sequences.Demonstrative studies have 
authenticated the significance of Cas 9 in counteracting the foreign 
sequences.7 Streptococcus pyogenes makes use of CRISPR to 
recognize the foreign sequences which in turn triggers the activity 
of Cas 9 gene responsible for the activation of a cascade of reactions 
conferring the defense mechanism which is a part of adaptive system. 
The Cas 9 then starts cleaving the foreign DNA which could be a 
bacteriophage DNA or a plasmid DNA by unwinding the foreign 
DNA with the assistance of guide RNA.8,9

Variants of Cas enzyme
Since Cas 9 is an RNA dependent DNA endonucleases, it’s 

recruitment at the specific site is assisted by the guide RNA which 
supports the employment of Cas 9 at the site of action. Cas 9 action 
also depends on the extent of complementarity between the guide 
RNA and the foreign sequence. Several studies have claimed the 
importance of guide RNA in binding with the foreign DNA followed 
by the recruitment of Cas 9 which starts degrading the foreign. Cas 
9 has the ability of cleaving any sequence that is complementary to 
guide RNA and scientific investigators have claimed the binding of 
guide RNA to foreign DNA causing the onset of degradation.10 The 

Cas 9 protein in Streptococcuspyogenes has been thoroughly studied 
to comprehend the CRISPR system through the different components 
that is responsible for the integrity and configuration of the protein. 
Initial studies have revealed the existence of four components system 
comprising of two small molecules of trans activating CRISPR RNA 
and crRNA which was later re-constructed in to a more ccompact two 
component system by the fusion of the two smaller molecules giving 
rise to a single guide RNA which in collaboration with the Cas 9 protein 
degrades the foreign DNA. This engineering work was performed by 
Jennifer Doudna and Emmanuelle Charpentier for which they were 
awarded the prestigious Nobel Prize in 2020.5 After the discovery 
of CRISPR-CAS 9 technology in Streptococcuspyogenes, several 
studies have reported a similar kind of system in other organisms 
including Saccharomyces cerevisiae, candida, nematodes including 
monkeys and human embryos.11,12,13 In addition to Cas 9, several other 
variants of the Cas family have been studied which includes Cas 12 
a and Cas 13.

Different Cas enzymes have the abilities of generating different 
types of cuts and the role of Cas 9 is making blunt end cuts have 
been validated through several demonstrative studies.14,15 The cas12a 
slightly differs from that of cas9 as the former rely on T rich sequences 
providing alternative targeting sites with the assistance of CRISPR 
RNA (crRNA) in contrast cas 9 activity depends on CRISPR RNA 
and trans-activating crRNA.16,17 The CRISPR/CAS9 is guided by the 
sg RNA which in turn binds to tracer RNA and the entire complex is 
referred as ribo nucleoprotein complex.18,5

Studies have authenticated the prominence of these sequences in 
causing affirmative outcomes in host organism.19,20 These two types of 
classes are further divided in to six systems which are further divided 
into different subtypes. Each of these subtypes is characterized by 
their uniqueness from the view point of their mode of action. The 
classification is based on the Cas protein as several studies have 
authenticated the involvement of different kinds of Cas proteins in 
triggering the cleavage mechanism. Involvement of several subunits 
of Cas protein or a single large protein has been validated through 
demonstrative studies.21,22
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Abstract

Human genome is extremely enigmatic and is known for its intricacy. The high level of its 
complex nature has indeed provoked several investigators to disclose the hidden insights 
which till date have been accomplished on a partial basis. Several facts in relation to the 
human genome has triggered curiosity among scientific demonstrators to further dig in 
to the roots of these fascinating molecular entities and one such fact that serves as the 
main basis for this article is the relation between human immunity and its genome through 
microbial perspective. Prokaryotes are considered as one of the most primitive biological 
facets that have led to the origin of complex life forms and evolution has made these 
unicellular contenders as an integral part of several biological forms including human 
beings. One of the latest and most researched aspects in prokaryotes is certain regions of 
the genome consisting of interspersed short palindromic sequence that confers resistance 
against bacteriophages (bacterial viruses) which is a consequence of viral infection. The 
prime objective of this review is to explore the same from the context of immunity in 
human beings. The current article attempts to emphasize on the use of CRISPR technology 
towards the benefit of human beings and its role as apromising tool to counteract clinical 
manifestation and safeguard the immune system. 
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Gene editing through CRISPR technology
CRISPR-Cas9 technology is one of the technologies that has 

emerged in the recent past and has revolutionized the scientific 
community. This technology has been widely employed for gene 
editing and genome manifestation. The technology involves the 
association of the cluster of short palindromic sequences with specific 
endonuclease causing the degradation of the foreign nucleic acid.23,24 

Scientific investigators have explored this technology to 
comprehend the immune defense in the organism and have used it as 
a means of editing DNA for optimistic outcomes. This technology has 
indeed led to the discovery of a short piece of RNA known as the guide 
sequence which attaches itself to the specific target and assists in the 
cleavage mechanism. The guide sequence also favors the attachment 
of Cas9 enzyme which degrades the foreign nucleic acid. The guide 
RNA initially recognizes the target nucleic acid sequence and further 
provides the room for the attachment of Cas9 enzyme which degrades 
the intended foreign nucleic acid at specific location. Genome editing 
through CRISPR technology has been of great research interest and 
was investigated from the view point of probing possible diagnostic 
measures for several human clinical manifestations. Ongoing 
research in various cells lines including animal models has served as 
a platform for comprehending the significance of CRISPR technology 
to counteract several gene related disorders. The current clinical 
aspects involve lab level attempts and clinical trials with the intent of 
disclosing the affirmative side of CRISPR technology. Scientists are 
working to figure out the possible measures for single gene associated 
disorders like hemophilia, cystic fibrosis and sickle cell anemia 
through genome editing by employing CRISPR technology.6

Prominence of CRISPR technology in disease models

Cystic fibrosis is a genetic consequence that was corrected through 
CRISPR technology. Cystic fibrosis is due to the homozygous 
mutation in the CFTR gene that causes severe pulmonary 
manifestations. CRISPR technology was employed to counteract the 
genetic consequence where the intestinal stem cells of the patient 
were corrected through invitro procedures. CRISPR/Cas9 technology 
has allowed the genome editing of the stem cells and has enhanced 
the differentiation of these cells in to vital organs with functional 
form of the CFTR gene. CRISPR technology has been widely 
employed in case of liver transplant and metabolic diseases associated 
with the liver.25 CRISPR technology has also been employed for 
comprehending metabolic pathways as several studies have validated 
the role of this technology is reprogramming various pathways 
associated with metabolism by amending genes. This technology 
has been used for down regulating genes that have been associated 
with clinical manifestation by suppressing gene expression. The 
promising impact of CRISPR technology has been demonstrated in 
mice certain genes for the regulation of metabolic pathways. Mutation 
of 4 hydroxy phenylpyruvate dioxygenase genes has resulted in the 
increase in tyrosine catabolism which in turn avoids the accumulation 
of tyrosine and toxic metabolites.26

Hence it is very obvious that the loss of this receptor prevents the 
viral infection. CRISPR technology is widely employed to edit the 
chemokine receptor through gene editing mechanism leading to an 
altered receptor that doesn’t allow the binding of the virus on to the 
receptor and averts the infection.27,28 Studies have also authenticated 
the prominence of CRISPR technology as an appropriate remedy 
for hepatitis B virus. The covalently closed circular DNA poses 
a problem for treating hepatitis B. Eradication of hepatitis B was 
possible through gene editing by CRISPR technology which alters the 

covalently closed circular DNA. This has in turn reduced the intensity 
of the clinical condition by the removal of hepatocytic viral load.29

Discussion 
Determination of a gene function is very vital as it plays a crucial 

role on the characterization of the gene of interest. Homologous 
recombination or blocking of the RNA through RNA interference 
has been commonly employed in order to disclose the significance 
of the gene. This approach has been demonstrated at the invitro 
level involving cultured cells and invivo employing living models 
for characterizing the gene. Recent advances have allowed the 
manipulation of a gene at a specific locus in a cell that can be used 
for affirmative outcomes. Gene editing in a broad range of species 
has enhanced the understanding of molecules at the genetic and 
molecular echelon and served as a means of exploiting the specific 
loci on the genes with the intent of deriving diagnostic assistance.30 
Genome editing has been made possible with the help of specific 
nucleases capable of inducing cuts in single or double stranded 
nucleic acids. The process is very complicated which follows a series 
of cellular mechanisms after the activity of nucleases. Several repair 
systems have been affiliated with the cascade of cellular reactions 
that ensures the authenticity of the host genome. CRISPR technology 
is one of the recently emerging techniques that are employed for 
editing genes for deriving positive results. As a matter of fact, this 
technology is often employed to counteract consequences causing 
clinical manifestation due to gene alterations. CRISPR technology 
makes use of several other biological entities including specific 
proteins and RNA sequences that will assist the direction of the 
complex towards the target nucleic acid sequence for degradation.31 
CRISPR technology makes use of Cas 9 enzyme which is assisted 
by guide sequence towards the target sequence for initiating double 
strand breakage. Several studies have validated the prominence 
of this technology in eubacteria and archaeabacteria as a means of 
defense mechanism against the external nucleic acid sequences as a 
consequence of biological threat from the outside. Various variants 
of the endonucleases associated with CRISPR sequences have been 
studied with the ability of selective action against external RNA or 
DNA sequences contributing towards acquired immunity in the 
host.32 This system accounts to about 50% and 87% respectively 
in eubacteria and archaea and is responsible for fortifying the host 
from the context of adapting to high temperatures, rearrangement 
of chromosomes, replication and DNA repair mechanism.33,34 A 
series of repeated fragment of with interspaced variable segments in 
Escherichiacoli has led to the discovery of CRISPR technology in 
1987 which served as one of the recent achievements in biological 
sciences as the Nobel Prize for this technology was awarded in 2020. 
Repeats of 29 nucleotides in length were found in Escherichiacoli that 
were separated by interspaced sequences of 32 nucleotides in length.35 
Mojica have validated the association of CRISPR system with Cas 
genes and discovered the repeats of short palindromic sequences of 24 
to 40 nucleotides in prokaryotes. The Cas genes were located adjacent 
to the CRISPR site which further authenticates the affiliation of these 
genes with CRISPR segments.36, 37

Conclusion 
Genetic engineering and molecular gene technology have redefined 

the chemistry of bio-molecules which allowed manipulations of bio 
molecules. Though genetic recombination is usually regarded as a 
process taking place at its own pace, the significance of gene editing 
technologies as prominent tool in genes and genomes cannot be denied. 
The prevalence of CRISPR technology widens the understanding of 
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how genes play a vital role in offering resistance against a foreign 
sequence by employing a cascade of bio molecules and the intricacies 
involved in this technology further questions the authenticity of this 
mechanism in multi cellular organisms. However, the employment 
of this technology at acceptable echelon still remains tentative and 
demands further research for the complete dissection of the hidden 
insights in accordance with this technology.
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