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Abstract: Scientists can use the Clustered regularly interspaced short palindromic repeats
(CRISPR)/CRISPR-associated (Cas) protein 9 system, which is a powerful and flexible tool for
changing the genome, to change only certain parts of the genome. This has helped researchers figure
out how target genes work in biology and disease. CRISPR/Cas9 is made up of a sequence-specific
CRISPR RNA (crRNA) set and a generic Cas9 nuclease. The crRNA set tells Cas9 where to cut DNA
and cause double-strand breaks. In the next step of cellular DNA repair, insertions, deletions, and
swaps are made at specific spots. For CRISPR/Cas9-mediated DNA cleavage to be specific, the target
sequences must match the crRNA, and a protospacer nearby motif must be placed after the target
sequences. In this article, we talk about how CRISPR/Cas9 works at the molecular level, what it can
be used for, what it can't do, and what its future clinical treatment promise might be.
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Introduction

Researchers have made a lot of progress in the area of gene mapping since high-throughput
sequencing methods and statistics have improved. Academics are now very interested in how genes
affect traits at the genetic level. It used to be hard and take a long time to turn off or overexpress a
gene in a living organism to find out what it did. In the last few decades, a new method called
"genome editing" has been widely used and has helped a lot with the study of functional genomics,
the creation of engineered species, and gene therapy. Genome editing is based on nucleases with a
sequence-specific DNA-binding domain and a non-specific DNA-cutting domain. These nucleases
are versatile, adaptable, and made in a way that makes them easy to use. The cell's DNA repair
machinery makes the appropriate changes, such as insertions, deletions, and exchanges, once it finds
the damaged spots. The brief method of insertion and/ or deletion of Non-Homologous End Joining
(NHE]) and Homology Direct Repair (HDR) sequences at targeted dsDNA is give in Figure 1.
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Figure 1. Precisely insertion and/ or deletion of Non-Homologous End Joining (NHE]) and Homology Direct Repair (HDR) sequences at targeted dsDNA.

B
(0]
2
=
=
7
2
Q
s
=
=
IS
(0]
©
é.
%
S
e
Z
©)
—
U
m
m
»
Y
m
=
=
m
O
B
o
2
D
=
[EEN
N
>
o
N
o
N
NN

¢N'8YV6T TO¢0csiuLIdal



https://doi.org/10.20944/preprints202401.1948.v2

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 April 2024 d0i:10.20944/preprints202401.1948.v2

3

Scientists have made a number of fake nuclease systems so they can change DNA. The zinc-
finger nuclease (ZFN) is a type of nuclease that is made in a lab and is used a lot. ZFNs have two
parts in common: the DNA-binding Cys2-His2 domain and the DNA-cutting FoklI restriction
endonuclease domain. Use of transcription activator-like effector nucleases (TALENs), which are
made from a protein made by the plant-pathogenic bacteria Xanthomonas, is another popular way
to change the genome. In the part of TALENSs that bind to DNA, there are 33-35 patterns of amino
acids that are the same. All of these patterns work with different nucleotides. By moving around
recognition patterns made up of a small number of amino acids, TALENs can be made to find a
certain DNA sequence. The clustered regularly interspaced short palindromic repeats
(CRISPR)/CRISPR-associated (Cas) protein 9 system is a new tool that can be used in place of ZFNs
and TALENs. CRISPR/Cas9 uses short RNA to cut particular sequences of DNA. ZFNs and TALENS,
on the other hand, use proteins to do the same thing. CRISPR/Cas9 is easy to use and has made a lot
of progress in the last year because it only needs flexible RNA to make sequence-specificity. This
article gives an overview of CRISPR/Cas9 at the molecular level and talks about its uses, limits, and
possible uses in therapy.

CRISPR-Cas Genome Editing Technology

CRISPR/Cas is a learned defence system in bacteria and archaea that protects them from viruses
and phages. It uses CRISPR RNA (crRNA) to find foreign DNA and Cas nucleases to cut it out.
Almost 40% of bacterial genomes have CRISPR/Cas, and almost 90% of archaeal genomes do as well.
The CRISPR locus has sequences that don't repeat, called spacers, that split the conserved repetitions
(CRs). This event is shown in Figure 1. Cas nuclease is an enzyme in the CRISPR/Cas system. It cuts
up foreign DNA into pieces that can then be put into the CRISPR locus of the host. Cas uses these
gaps as templates for transcription to make crRNA, which tells it to cut the DNA of the invading
virus at the right places (Figures 2 and 3). For ctRNA production, gap closing, and DNA invasion,
more than 40 different families of Cas proteins are needed. Most people divide CRISPR/Cas systems
into Type I, Type 1I, and Type IIl based on how the Cas proteins are coded and how they look. For
the type II CRISPR/Cas system, all you need is Cas9, which is a single Cas protein. Cas9 has both an
HNH nuclease domain and a nuclease domain like the one in RuvC. The CRISPR/Cas9 method has
been shown to be an easy way to change genomes that works well.

In order to change the genome with CRISPR/Cas9, a double-strand break (DSB) must be made
and then fixed by the cell. Cas9 is guided to its target site by a tracrRNA:crRNA complex, which is
made when mature crRNA joins with transactivating crRNA (tracrRNA) in the native CRISPR/Cas9
system. tractrRNA helps crRNA grow up because it is similar to crRNA in some ways. At the target
site, there must be a short protospacer neighbouring motif (PAM) and a DNA sequence protospacer
that matches the crRNA for sequence-specific cleavage to happen with CRISPR/Cas9. Cas9 binds to
the target site, and then its HNH nuclease domain and RuvC-like nuclease domain cut the single-
stranded DNA that fits the crRNA and the opposite strand, making a DSB. Researchers made a
sensitive guide RNA (gRNA) that can be used to change the genome. This hybrid RNA had both
crRNA and tracrRNA. There are many different kinds of CRISPR/Cas9, and each of them can find
target sites with 2-4 nt PAM sequences and 20 or 24 nt gRNA sequences that match designed gRNA.
Since most DNA patterns are between 22 and 29 bases long, CRISPR/Cas9 should only be able to
target these. CRISPR/Cas9 is very forgiving of base pair mismatches between the guide RNA (gRNA)
and its matching target sequence. However, the number, location, and spread of these mismatches
may affect how well it works. It was shown that Streptococcus pyogenes' CRISPR/Cas9 could skip
up to six base pair errors at target sites, for example.
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Figure 3. The precise cut and paste of DNA and insertion into genome at desired site.

DNA double-strand breaks (DSBs) caused by CRISPR/Cas9 drive cells to start DNA repair
pathways like the wrong nonhomologous end-joining (NHE]) and the right homology-directed
repair (HDR). Non-homologous end-joining (NHE]) is a fast way to fix DSBs, but it can cause changes
like insertions and deletions that aren't what you want. With these changes, it is possible to turn off
certain genes or parts of the genome. Gratz et al. used CRISPR/Cas9 to break DNA in the yellow part
of the Drosophila genome. They then used NHEJ-mediated DNA repair to make frame-shifting
indels. The HDR-mediated mechanism is more complicated than the easier NHEJ-mediated
mechanism. It is activated when DNA is damaged. A identical source DNA sequence is used as a
repair template for HDR-mediated error-free DNA repair. Gratz et al. replaced the yellow locus in
the Drosophila genome with a 50 nt attP recombination site. They did this by injecting Cas9 with two
gRNAs that target the 5" and 3’ parts of the yellow locus and a single-strand oligodeoxynucleotide
template.

CRISPR/Cas9 is better than ZFNs and TALENSs in a number of ways. Creating, choosing, and
testing proteins is a time-consuming and labor-intensive process that is necessary for ZFNs and
TALENS because they use protein-guided DNA breaks. But CRISPR/Cas9 can change many parts of
the genome at once by mixing Cas9 with multiple gRNAs that each have a different target site. These
gRNAs are useful because they are easy to change and don't cost much to make. If we can quickly
make transgenic mice with several changed genes, we might learn more about how genes work and
how they talk to each other.

Applications

Genome Editing

Researchers can use CRISPR/Cas9 to make exact changes to certain parts of the genome. This
helps them figure out what role target genes play in biology and disease. By delivering plasmids with
Cas9 and crRNA together, CRISPR/Cas9 has been used to make exact changes to the human genome.
By putting together several different gRNA and Cas9 in a CRISPR array, CRISPR/Cas9 can cause
several mutations in the DNA of mammals at the same time. CRISPR/Cas9 is useful for changing
human genomes, but it also works in zebrafish, mice, flies, worms Bombyx mori, and bacteria. For
example, Bassett et al. showed a modified RNA injection-based CRISPR/Cas9 system that was very
successful at causing targeted mutations in the Drosophila genome. By introducing Cas9 mRNA and
gRNA directly into the embryo of flies, they were able to cause mutations at the target sites in as
many as 88% of the flies. In 33% of the population, the changes that were made were passed on in a
stable way through the germline.

CRISPR/Cas9 can be used to change the genomes of plants to give them desired traits or make
them resistant to diseases. Jiang et al. put the green glow protein gene into the Arabidopsis and
tobacco genomes and the bacterial blight resistance gene into the rice genome to prove that
CRISPR/Cas9 can be used in plants. Miao et al. (56) showed that CRISPR/Cas9 works and can be used
to change the rice genome. In the future, CRISPR/Cas9 could be used as a new way to improve food
quality by changing the genomes of crops.

Transcription Regulation

Gene function and transcriptional network studies can learn a lot from knowing how gene
transcription is controlled in living cells. By removing functional regions that are linked to
transcription, CRISPR/Cas9 can be used to control the transcription of certain genes. Changes to the
DNA make this process last forever and make it impossible to stop. CRISPR inference, or CRISPRj, is
an updated version of the CRISPR/Cas9 system for RNA-guided control of transcription. Qi et al.
made dCas9, which can't cut DNA because it doesn't have the power to act as a catalyst. To stop
transcriptional elongation, RNA polymerase, and transcription factor binding, dCas9 was co-
expressed with gRNA to make a recognition complex. Qi et al. found that when two different gRNAs
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were used to target the RFP and GFP genes, CRISPRi could stop the production of both RFP and GFP
without any crosstalk in Escherichia coli. But CRISPRi was not very effective at stopping gene
production in mammalian cells. By adding repressing or activating effector domains to dCas9, Gilbert
et al. were able to use it with gRNA to control the transcription of target genes in an exact and stable
way. In their study, Chen et al. showed how well CRISPRi works to control the activation of many
genes, either on their own or together. CRISPRI is a unique and very specific way to change gene
expression without making any lasting changes to the target DNA sequence.

Gene Therapy

Genome editing could cure diseases for good by getting rid of or changing bad genes or by
adding new safe genes. Urnov et al. were able to fix a gene defect that caused disease in human cells
by using HDR made by ZFNs. After that, ZFNs were used to fix gene defects that caused sickle-cell
disease and haemophilia B ZFNs have been used to make immunotherapies work better and to make
human cells more resistant to virus attack by turning off genes that make viruses dangerous or
adding genes that make them less dangerous. CRISPR/Cas9 is a new way to edit the genome that is
very effective and can be used in studies on gene therapy. It is the latest generation of designed
nucleases. Ebina et al. used CRISPR/Cas9 to damage the long-terminal repeat promoter of the HIV-1
genome. This made HIV-1 less likely to be expressed in human cells that were infected with HIV.
CRISPR/Cas9 can also get rid of viral proviral genes that have become part of the DNA of host cells.

Scientists use nucleases that they have made to change the genome of induced pluripotent stem
(iPS) cells. iPS cells are very useful for disease modelling and gene therapy because they can keep
dividing and changing into different types of cells forever. Horri et al. used CRISPR/Cas9 to make an
iPS cell model for a disease called immunodeficiency, centromeric region instability, and facial
abnormalities (ICF), which is caused by a mutation in the DNMT3B gene. In this study, plasmids that
coded for Cas9 and gRNA were put into modified iPS cells to stop DNMT3B from working. Ding et
al. tested how well CRISPR/Cas9 and TALENs worked to change the DNA of iPS cells by using the
same hPSC lines and delivery method. Researchers found that CRISPR/Cas9 worked better than
TALENSs. But there is still a long way to go before CRISPR/Cas9 can be used in gene therapy.
CRISPR/Cas9 must be very precise to avoid making harmful changes in places it isn't supposed to.
Target site selection, gRNA design, and looking for off-target sites across the whole genome all take
a lot of work.

Challenges

There are still a lot of big problems to solve before CRISPR/Cas9 can fully live up to its promise
in genome editing. These problems include off-target errors, PAM dependence, making gRNAs, and
figuring out how to deliver them.

Off-Target Mutations

Off-target mutations are a big worry about changing the genome with CRISPR/Cas9. When it
comes to human cells, CRISPR/Cas9 is more likely to cause off-target changes than ZFNs or TALENS.
There may be multiple DNA sequences in a big genome that are the same as or very similar to the
DNA sequences that are being looked for. When CRISPR/Cas9 cuts complementary or very similar
DNA sequences instead of the target DNA sequence, this can lead to off-target changes. A mutation
that wasn't meant to happen could cause a cell to die or change. In order to make CRISPR/Cas9 less
harmful to cells, researchers are putting more effort into getting rid of its off-target changes. To make
sure CRISPR/Cas9 is precise, it is best to choose target sites with fewer off-target sites and mismatches
between the gRNA and its matching sequence. CasOT, which was made by Xiao et al.,, is a flexible
search engine that can find possible off-target sites in whole genomes. The amount of CRISPR/Cas9
used can also affect off-target changes, so it's important to keep an eye on that. It looked like
methylation of target DNA sequences didn't change the selectivity of CRISPR/Cas9. Once Cas9 is
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changed into nickase, the on-target cleavage of CRISPR/Cas9 still works well, and changes that
happen off-target happen less often.

PAM Dependence

In theory, CRISPR/Cas9 could be used on any DNA pattern with the right programmable gRNA.
But for CRISPR/Cas9 to be specific, the gRNA and target sequences must also match, and a PAM
sequence of 2-5 nucleotides must be right after the target sequence. For example, Streptococcus
pyogenes has a PAM sequence called NGG, Streptococcus thermophiles has PAM sequences called
NGGNG and NNAGAAW, and Neisseria meningitidis has a PAM sequence called NNNNGATT.
Hsu et al. recently wrote about a NAG PAM that only guided DNA cleavage about 20% as well as
NGG PAM. But the number of genetic targets is limited by the way CRISPR/Cas9 cuts DNA, which
depends on PAM. In NGG PAM and NAG PAM, for example, there is a target site every 8 nt, but in
NGGNG PAM and NNAGAAW PAM, the numbers are 32 and 256, respectively. On the other hand,
PAM dependency makes CRISPR/Cas9 more specialised. With a longer PAM, CRISPR/Cas9 should
cause fewer off-target changes than with a shorter PAM.

gRNA Production

The creation of gRNA is another important task for editing the genome with CRISPR/Cas9. At
the moment, it is hard to use RNA polymerase II to make gRNA because the mRNA that is copied by
RNA polymerase II goes through a lot of processing and changes after it is copied. Right now, RNA
polymerase III uses the U3 and U6 snRNA regulators to make gRNA in living cells. On the other
hand, the U3 and U6 snRNA genes are housekeeping genes that are expressed everywhere. This
means that they can't be used to make gRNA that is special to certain tissues or cells. The lack of
widely available RNA polymerase III limits how useful U3- and U6-based gRNA synthesis can be.
Gao et al. made an artificial gene called RGR. The mRNA they made had the right gRNA and
ribozyme sequences at both ends of the gRNA. In vitro and yeast self-cleavage were used to make
mature gRNAs, and they caused sequence-specific cleavage.

Delivery Methods

There are also questions about the best way to put CRISPR/Cas9 into organisms that haven't
been solved. For example, DNA and RNA injections can be used to give CRISPR/Cas9 by injecting
plasmids that make Cas9 and gRNA (30) or by injecting CRISPR components as RNA. Methods of
delivery can be more or less effective based on the cells and tissues that are being targeted.
CRISPR/Cas9 delivery methods that are new and strong need more time for study and development.

Conclusion

Genome editing was first used on the fruit fly Drosophila melanogaster. Since then, it has been
used on many different kinds of species. The best tool for changing the genome would have a simple,
fast, and cheap set of nucleases that could target any part of the genome without making any changes
that weren't meant to happen. After some problems are fixed, CRISPR/Cas9 could become a reliable
and easy-to-use tool for changing the genome. The versatility and ease of use of CRISPR/Cas9 make
it possible to study how genes work in biology and fix genetic problems. The specificity, off-target
effects, and delivery methods of CRISPR/Cas9, as well as other parts of the system, need more study.
The results of recent deep genome sequencing, for example, will help choose the right target sites and
make gRNA that is very particular.
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