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ABSTRACT  
The CRISPR-Cas system stands out as a promising genome editing tool due to its cost-effectiveness 
and time efficiency compared to other methods. This system has tremendous potential for treating 
various diseases, including genetic disorders and cancer, and promotes therapeutic research for a 
wide range of genetic diseases. Additionally, the CRISPR-Cas system simplifies the generation of 
animal models, offering a more accessible alternative to traditional methods. The CRISPR-Cas9 
system can be used to cleave target DNA strands that need to be corrected, causing double- 
strand breaks (DSBs). DNA with DSBs can then be recovered by the DNA repair pathway that 
the CRISPR-Cas9 system uses to edit target gene sequences. High cleavage efficiency of the 
CRISPR-Cas9 system is thus imperative for effective gene editing. Herein, we explore several 
factors affecting the cleavage efficiency of the CRISPR-Cas9 system. These factors include the GC 
content of the protospacer-adjacent motif (PAM) proximal and distal regions, single-guide RNA 
(sgRNA) properties, and chromatin state. These considerations contribute to the efficiency of 
genome editing.
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Introduction

Genome editing is a technology used to mutate a target 
gene for curing various diseases via deletion, insertion, 
and substitution of short nucleotides (Doudna 2020). 
Given the rapid developments in genome editing, 
there is growing demand for more efficient and accurate 
genome editing tools (Doudna 2020). The CRISPR-Cas 
system has been in the spotlight in this field because 
of its more efficient approach to genetic disorders and 
gene therapy compared to conventional genome 
editing tools, such as zinc-finger nuclease (ZFN) and 
transcription-activator-like effector nuclease (TALEN) 
(Chen and Gao 2014; Gilles and Averof 2014; Feng 
et al. 2015; Jo et al. 2015; Eid and Mahfouz 2016; Ho 
et al. 2018; Janik et al. 2020; Saifaldeen et al. 2020; 
Seah et al. 2022).

The CRISPR-Cas system is derived from the adaptive 
immune systems of bacteria and archaea to resist invad-
ing nucleic acids (Mali et al. 2013; Ran et al. 2013; Hryhor-
owicz et al. 2017; Janik et al. 2020; Zhang 2021). Upon 
invasion by foreign nucleic acids, bacteria use a Cas 

nuclease to cut the invading DNA into smaller fragments 
called spacers and incorporate these fragments into the 
clustered regularly interspaced short palindromic 
repeats (CRISPR) locus (Zhang et al. 2014). These frag-
ments are then used as the transcription templates to 
produce CRISPR RNA (crRNA) in response to the 
foreign nucleic acids, and the crRNA interact with the 
complementary DNA sequences of the invading 
nucleic acids (Barrangou et al. 2007; Zhang et al. 2014). 
Cas nucleases cleave the DNA sequences interacting 
with the crRNA, causing immune effects through loss 
of function in the genes of the invading nucleic acids.

The CRISPR-Cas system is composed of guide RNA 
that specifically bind to the target DNA and the Cas 
nuclease (Kim et al. 2023) that can cleave the target 
(Figure 1). The guide RNA uses crRNA and trans-activat-
ing crRNA (tracrRNA) (Wang et al. 2016), where the 
crRNA has a spacer part that is complementary to the 
target DNA sequence and has an important role in 
binding to the target DNA (Faure et al. 2019). The 
tracrRNA plays an important role in crRNA processing, 
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Cas nuclease binding, and Cas-nuclease-mediated target 
cleavage (Wang et al. 2016). The repeat region of the 
crRNA hybridizes with the antirepeat region of the 
tracrRNA, which includes various bulges and a main 
bulge separating the upper stem from the lower stem 
adjacent to the distal part of the tracrRNA (Faure et al.  
2019). The distal part of the tracrRNA folds into nexus 
stem loops and various stem loops that form the Rho- 
independent terminator (Faure et al. 2019). This sgRNA 
recognizes the target DNA and recruits the Cas9 
protein to the protospacer-adjacent motif (PAM) 
sequences of the DNA (Brown et al. 2021).

There are several variants of the Cas nuclease of the 
CRISPR-Cas system, among which Cas9 is the most 
widely used and studied type (Ma et al. 2014; Manghwar 
et al. 2019; Anzalone et al. 2020). The Cas9 nuclease has a 
catalytic domain that can cleave DNA, including the 
RuvC and HNH domains (Liu et al. 2021); these 
domains hydrolyze the double-stranded DNA and 
produce blunt ends or 1-bp staggered ends (Chang 
et al. 2017). DNA strands cut by the CRISPR-Cas9 
system are repaired through a DNA repair pathway 
(Rath et al. 2015). The DNA repair mechanisms mainly 
result in nonhomologous end joining (NHEJ) or hom-
ology-directed repair (HDR) (Ran et al. 2013; Zhang  
2021). NHEJ causes random insertion or deletion 
(indel) mutations, which cause frameshifts in the genes 
and disrupt gene functions (Wang et al. 2022). HDR 
occurs primarily in the cell-cycle S-G2 phase and is a 
pathway for DNA repair using endogenous or exogen-
ous fragments of the homologous DNA as templates 
(Papadopoulos et al. 2016). NHEJ and HDR occur 

competitively with each other, and HDR occurs more 
infrequently than NHEJ (Karapurkar et al. 2021).

The CRISPR-Cas9 system is a versatile tool for genome 
editing. Unlike ZFN and TALEN, which are time consum-
ing and expensive for engineering, the CRISPR-Cas9 
system entails only changing the spacer part of the 
sgRNA, and this is an attractive advantage compared 
to conventional genome editing tools (Eid and 
Mahfouz 2016). Currently, the CRISPR-Cas9 system has 
greater advantages as a genome editing tool, but it 
also has limitations that must be overcome (Jo et al.  
2015; Anzalone et al. 2020; Janik et al. 2020). The cataly-
tic efficiency, limited PAM availability, low stability or 
durability of the Cas9-nuclease-RNA complex, large del-
etion, chromosome deletion, and high off-target effects 
are the main concerns and factors to consider for 
effective and accurate gene editing when using the 
CRISPR-Cas9 system (Chen and Gao 2014; Gilles and 
Averof 2014; Jo et al. 2015; Eid and Mahfouz 2016; Adi-
kusuma et al. 2018; Anzalone et al. 2020; Janik et al.  
2020; Tsuchida et al. 2023). These factors are obstacles 
to recognizing and cutting the desired DNA and may 
eventually reduce the editing efficiency of the CRISPR- 
Cas9 system. Many researchers have attempted to opti-
mize this tool by engineering Cas9 and sgRNA to over-
come their limitations while increasing the editing 
efficiency (Kleinstiver et al. 2015; Kleinstiver et al. 2016; 
Park et al. 2021; Dong et al. 2022; Riesenberg et al.  
2022). Herein, we address considerations that affect 
the cleavage efficiency for optimizing the CRISPR-Cas9 
system and provide directions for future improvements 
as well as applications to genetic diseases, therapeutics, 

Figure 1. CRISPR-Cas9 system generating DSBs to edit genes. The CRISPR-Cas9 system has sgRNA that recognizes the target and RuvC, 
HNH domains, which are the nuclease domains that cleave the DNA.
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and generation of animal models (Jin et al. 2021; Xie 
et al. 2022).

Cleavage mechanism

The CRISPR-Cas9 nuclease can cut the desired DNA and 
is mediated by the sgRNA. The complex of the Cas9 
nuclease and sgRNA induces structural changes in the 
protein, during which the protein is converted to an 
active state (Feng et al. 2021). The Cas9-sgRNA 
complex has specificity for recognizing the target DNA 
through Cas9 interactions with PAM adjacent to the 
sgRNA target sites and binds to the target DNA 
through Watson–Crick base-pairing interactions 
between the target DNA and sgRNA spacer (Wang 
et al. 2016). The PAM recognition specificity of the 
Cas9 orthologs is determined by the base-dependent 
interactions (Wang et al. 2016). The Cas nuclease has 
different PAM sequences for each variant and can recog-
nize a 5’-NGG-3’ (N = A or T or G or C) PAM sequence in 
the case of Streptococcus pyogenes Cas9 (SpCas9) (Wang 
et al. 2016; Anzalone et al. 2020).

When the Cas9-sgRNA complex finds a sequence 
recognized as PAM, the Cas nuclease separates the 
strands of the DNA double helix for bases upstream of 
the PAM site, and the nontarget strands with sequences 
consistent with PAM are combined with a PAM-interact-
ing (PI) domain (Jinek et al. 2014). Thereafter, a RNA•DNA 
heteroduplex is formed between the sgRNA spacer and 
target DNA, which proceeds from the PAM-proximal to 
PAM-distal regions (Sternberg et al. 2014; Wang et al.  
2016; Jiang and Doudna 2017; Anzalone et al. 2020). 
On the target DNA strand, an R-loop is formed by the 
sgRNA spacer, and the formation of the R-loop 
exposes the editing site, allowing other molecules to 
access this target site (Szczelkun et al. 2014; Jiang et al.  
2016).

After formation of the R-loop, DNA–protein inter-
actions are utilized to bring the nuclease domain close 
to the target DNA site in a form essential for DNA clea-
vage, and these structural changes allow the nuclease 
domain to be activated in the Cas9 nuclease (Anders 
et al. 2014; Jinek et al. 2014; Jiang et al. 2016). When 
the nuclease is activated, the RuvC and HNH nuclease 
domains hydrolyze the phosphodiester bonds of the 
DNA next to the 3–4 nucleotide base upstream of the 
PAM (Jiang et al. 2015). The nucleic sequences 
damaged by the nuclease for DNA cleavage are restored 
through the DNA repair mechanism (Moon et al. 2023). 
In the NHEJ pathway, the damaged DNA is immediately 
linked through a random indel (Molla et al. 2022); as a 
result, a different type of amino acid is produced than 
that existing one, changing or knocking out the gene 

function (Molla et al. 2022). When HDR occurs, the 
base is replicated using the donor DNA as a template 
(Xue and Greene 2021). In mammalian cells, the 
efficiency of HDR is highest when the template insertion 
site and double-strand break (DSB) are within 10 nucleo-
tides of each other, with the efficiency of HDR decreas-
ing as this distance increases (Elliott et al. 1998). 
Therefore, it is important to design the donor in con-
sideration of these properties. HDR is capable of 
precise gene editing and is used to knock in the 
desired genes (Banan 2020; Xue and Greene 2021); 
these gene knock ins can be used to edit human DNA 
where mutations have occurred.

Factors affecting cleavage efficiency

The CRISPR-Cas9 system is easy to use as a genome 
editing tool, but has the limitations described previously. 
These limitations that affect editing efficiency are 
obstacles to research and development efforts con-
cerned with genome editing, so these factors must be 
addressed for more effective gene therapy. In this 
work, we present the factors affecting cleavage 
efficiency among others related to the genome editing 
efficiency in SpCas9. Increasing the cleavage efficiency 
of the CRISPR-Cas9 system is a major concern when 
using this editing tool, and this efficiency is determined 
by a combination of factors.

GC contents of PAM proximal and distal regions

The GC contents of the PAM-proximal and PAM-distal 
regions is an indispensable factor correlated with clea-
vage efficiency. Here, the GC contents are the percen-
tages of G and C in DNA or RNA molecules. The 
binding between G and C has three hydrogen bonds 
and is stronger (Yakovchuk et al. 2006) than that 
between A and T, which has two hydrogen bonds. 
Therefore, the GC bonds are more stable and have 
heat resistance than the AT bonds. The frequency of 
GC is preferable for RNA/DNA hybridization and is also 
important for initiation of the R-loop (Liu et al. 2016).

In the CRISPR-Cas9 system, the GC contents of the 
PAM-proximal and PAM-distal regions affect the clea-
vage efficiency (Figure 2(a)). If these GC contents are 
exceedingly high or low, the Cas nuclease shows low 
cleavage effects, and most studies show higher efficien-
cies when the GC content is 40–60% (Liu et al. 2016; 
Malik et al. 2021). In addition, the presence of more 
than 56% GC content in the PAM-proximal seed region 
(1-12nt) further reduces the cleavage efficiency com-
pared to the PAM-distal region (13-20nt) (Malik et al.  
2021). Another study has shown that 51–100% GC 
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content present in the PAM-distal region has 1.8-fold 
higher editing efficiency of sgRNA than 26–50% GC 
content (Labuhn et al. 2018). These studies suggest 
that the presence of 40–60% GC content allows higher 
cleavage efficiency in the CRISPR-Cas9 system. In 
addition, it is recommended that the GC content not 
exceed 56% in the PAM-proximal region and be more 
than 50% in the PAM-distal region. These results are 
important considerations for achieving higher SpCas9 
cleavage efficiency.

Types of nucleotides according to sgRNA spacer 
sequence position

The type of nucleotide according to the sgRNA spacer 
sequence position affects the cleavage efficiency, and 
this factor must be adequately considered to avoid low 
gene-editing efficiency. sgRNA activates the endonu-
clease activity of the Cas nuclease and can be pro-
grammed to guide Cas nucleases to the desired 
targets (Liu et al. 2016). For such programming, the 
sgRNA has a part called the spacer, which allows target-
ing and binding to specific sequences of genes close to 
the PAM (Briner et al. 2014). To perform this role, the 
spacer comprises a base sequence complementary to 
the target DNA sequence, and the spacer length of 

SpCas9 is optimized to 20nt (Zhang et al. 2016). Nucleo-
tides positioned at 8-12nt in the PAM-proximal region 
form the seed sequence for determining target specifi-
city of the SpCas9 nuclease (Wu et al. 2014).

Liu et al. performed on-target efficiency tests accord-
ing to the nucleotide type of the PAM-proximal region. If 
T or G is positioned in the 2-3nt PAM-proximal region, it 
tends to have a negative effect on cleavage (Liu et al.  
2016). In addition, if the nucleotide at position 6 is A, it 
negatively affects cleavage efficiency. However, if the 
nucleotide at position 6 is T, it has a positive effect on 
cleavage efficiency. The PAM-distal region of sgRNA is 
believed to be relatively less important but has been 
found to influence cleavage efficiency. The nucleotide 
positioned at 20 in the spacer plays a role in inducing 
denaturation of the DNA double strand initiating R- 
loop formation; if A is at this position, then the cleavage 
efficiency is decreased by almost 50%. However, when 
nucleotide C is in this position, the cleavage efficiency 
is improved. Figure 2(b) summarizes the key nucleotide 
positions in the spacer and their recommended bases.

Scaffold of sgRNA

The scaffold forms sgRNA with spacers and interacts 
with the SpCas9 nuclease. The scaffold consists of five 

Figure 2. The CRISPR-Cas9 system identifies the target by recognizing the PAM site present in the DNA. The 1st to 12th nucleotides of 
the sgRNA spacer belong to the PAM-proximal region, and the 13th to 20th nucleotides belong to the PAM-distal region (A). Depend-
ing on the type and location of the nucleotide present in the spacer of the sgRNA, the cleavage efficiency is affected (B).
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parts: lower stem, upper stem, bulk, nexus, and hairpin 
(Figure 3(a)). Scaffolds can also be engineered to 
increase the efficiency of the CRISPR-Cas system. The 
bulk and nexus parts are essential for sgRNA activity, 
so the lower stem, upper stem, and hairpin parts can 
be engineered (Dong et al. 2022).

The continuity of thymidine in a scaffold affects the 
cleavage efficiency. The scaffold of sgRNA with 
thymine trinucleotide (TTT) or poly T sequences 
reduces the activity of sgRNA and cleavage efficiency. 
This is assumed to be because RNA pol III transcription 
termination occurs when there are three or more T 
sequences, and the poly T termination signal does not 
cause termination by itself but may cause backtracking 
and catalytic inactivation of RNA pol III (Nielsen et al.  
2013; Xu et al. 2015; Zarate et al. 2022). Additionally, 
RNA aptamers with hairpin structures can be added to 
engineer the upper stem or hairpin of the scaffold to 
increase sgRNA activity (Dong et al. 2022). In this case, 
divalent modification of the aptamer in the scaffold 
increases sgRNA activity but trivalent modification 
would reduce such activity (Dong et al. 2022). Therefore, 
excessive hairpin formation may adversely affect the 
cleavage efficiency of CRISPR-Cas9 (Dong et al. 2022).

Stabilization of the hairpin structure in the sgRNA 
affects the ability to cleave SpCas9. In a previous study, 
the 34th U of tracrRNA was changed to A or the U-T 
bond to the stem loop was replaced with G-C to achieve 
a more stable structure, increasing the activity of SpCas9 
by 40% (Scott et al. 2019). There is also another study 

on elongating the first hairpin 3’ of the nexus part to 
form a locked tracrRNA (t-lock) with an super stable 
loop, allowing a folding nucleation site of sgRNA and 
increasing the cleavage efficiency by preventing sgRNA 
misfolding; the efficiency was reported to have increased 
7.4-fold (Riesenberg et al. 2022). This engineering is also 
closely related to the secondary structure of the sgRNA.

Secondary structure of sgRNA

The secondary structure of the sgRNA significantly 
impacts the cleavage efficiency of the CRISPR system 
and is determined by the scaffold design as well as 
spacer sequence. The secondary structure of RNA can 
be predicted by calculating various interactions. 
Because RNA has a single chain, it folds on itself and 
has the property of binding complementary base pairs 
with each other.

When sequences are folded in the seed region, their 
target cleavage efficiencies are reduced (Liu et al.  
2016). Among them, misfolding of sgRNA with extremely 
low cleavage efficiencies are as follows. (1) The sgRNA 
spacer is complementary to the 3’-end of tracrRNA. (2) 
The sgRNA spacer forms its own hairpin structure. (3) 
The sgRNA spacer is complementary to the 3’-end of 
crRNA (Riesenberg et al. 2022) (Figure 3(b)). Thus, 
sgRNA can be inactivated by the hairpin structure in 
the sgRNA spacer or interactions between the spacer 
and sgRNA backbone. In the sgRNA structure, misfolded 
sgRNA competes with active sgRNA to bind with the Cas 

Figure 3. Structure and components of the sgRNA (A). Secondary structures of the sgRNA that affect cleavage efficiency (B).
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nuclease, which is another factor that reduces cleavage 
efficiency.

As described above, the reduction in cleavage 
efficiency due to undesired interactions between the 
secondary structures of the sgRNA can be prevented 
by replacing the nucleotide sequence. When engineer-
ing the secondary structure of sgRNA to increase clea-
vage efficiency, a highly stable hairpin can be created 
in the secondary structure using genome-editing opti-
mizes locked design (GOLD), such as t-lock, described 
in the scaffold of the sgRNA part or chemical modifi-
cations can be introduced with phosphorothioate 
bonds for the terminal nucleotides in the sgRNA. The 
chemical modifications using phosphorothioate bonds 
and 2’OMe modifications (t-2′OMe*) allow the nexus 
portion of tracrRNA to be preserved, optimizing the 
structure of tracrRNA for high cleavage efficiency (Rie-
senberg et al. 2022).

Thus, formation of highly stable hairpins provides 
efficient nucleation sites for RNA folding, which can 
prevent misfolding of sgRNA regardless of the spacer 
sequence. In addition, chemical modification of tracrRNA 
can increase the cleavage efficiency of the CRISPR-Cas9 
system. These tracrRNA structural modifications can 
induce a secondary structure of sgRNA with higher clea-
vage efficiency for better editing efficiency of the 
CRISPR-Cas9 system.

Chromatin state

The chromatin state is a factor that affects the binding of 
the SpCas9 nuclease. Chromatin is present in eukaryotes 
and is a complex composed of DNA and histone pro-
teins. Additionally, chromatin regulates gene expression 
and DNA replication. Histone proteins pack large 
amounts of DNA into dense forms that can fit inside a 
cell nucleus and keep them in the long form to 
prevent the strands from getting tangled. The lightly 
condensed part of the chromatin is called euchromatin, 
and the highly condensed part is called heterochroma-
tin. Owing to these characteristics, euchromatin is an 
unpackaged, accessible, and transcriptionally facilitated 
chromatin segment but heterochromatin has packaged 
nucleosomes and inhibited transcription.

Among these two chromatin states, heterochromatin 
lowers the editing efficiency of the CRISPR-Cas9 system. 
The heterochromatin state is a nucleosome form 
enclosed in other proteins, which prevents the Cas nucle-
ase from accessing and binding to the target DNA. The 
decrease in editing efficiency by the nucleosome is 
noticeable in vitro. In fact, the decreased editing 
efficiency by the nucleosome is lesser in vivo because 
cell nucleosomes are dynamic structures (Verkuijl and 

Rots 2019). Nucleosomal DNA shows ‘nucleosome 
breathing,’ in which temporary unwrapping occurs in 
vivo. At this time, both ends of the DNA that are 
wrapped by nucleosomes are exposed, and the SpCas9 
nuclease can interact with the target. This nucleosome 
breathing is assumed to occur frequently. In actual exper-
iments, there is almost no editing efficiency in the unex-
posed center of the DNA, but cleavages occur at the 
edges of the DNA or in areas with low nucleosome occu-
pancy. In fact, there is research showing increased 
editing efficiency when using SpCas9 nuclease and chro-
matin-modulating peptides (CMPs), which can open the 
chromatin structure in consideration of these in vivo 
characteristics (Park et al. 2021). Thus, the editing 
efficiency of CRISPR-Cas9 varies depending on the chro-
matin state and occurrence position. In the euchromatin 
state, the cleavage effect is higher than that in the het-
erochromatin state. These results show that binding of 
the Cas nuclease is affected by the nucleosomes. 
Additionally, it suggests that there is a need to consider 
the chromatin state in vivo.

Others

Position of the target DNA site: The cleavage efficiency 
varies depending on the DNA sequence location to be 
corrected in the gene. If the target DNA sequence is 
located at the transcription start site of the promoter, 
the efficiency is higher than that of a sequence located 
in the intergenic region (Liu et al. 2016). This is caused 
by differences in the chromatin accessibility of the 
genomes (Liu et al. 2016).

Transcriptional state of the gene: The transcriptional 
state of a gene is correlated with the cleavage efficiency 
of the CRISPR-Cas system. Studies have shown that the 
Cas9:sgRNA complex, which forms a base pair with the 
DNA strand that acts as a template for RNA polymerase, 
increases the incidence of mutagenesis (Clarke et al.  
2018). This indicates that RNA polymerase, the main tran-
scription enzyme, replaces Cas nuclease and cuts the 
other DNA molecules (Clarke et al. 2018).

Cas nuclease domain: The Cas nuclease domain is 
related to the cleavage efficiency, and the cleavage 
efficiency of the CRISPR-Cas9 system can be increased 
by replacing the amino acids to cause mutations (Klein-
stiver et al. 2015). However, it is important to optimize 
the combination because engineering all multiple 
domains can reduce the efficiency.

Conclusion

CRISPR-Cas9 is a widely used tool in gene editing, but 
there are still many issues that must be solved regarding 
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cleavage efficiency. Therefore, it is important to under-
stand and engineer the CRISPR-Cas9 system accordingly. 
Furthermore, precise gene editing technologies like base 
editor and prime editor, which are based on the CRISPR- 
Cas9 system, are being utilized in biological and medical 
research. Therefore, it is essential to understand the 
factors affecting the cleavage efficiency of the CRISPR- 
Cas9 system as the ability to cut the target DNA is 
directly linked to the efficacy of this tool.

GC contents in the PAM-proximal and PAM-distal 
regions is another factor affecting the cleavage 
efficiency of SpCas9. The cleavage efficiency decreases 
for GC content lower than 56% in the PAM-proximal 
region and increases when 51–100% GC content is 
present in the PAM-distal region.

The sgRNA is composed of a spacer and a scaffold, and 
several factors affect the cleavage efficiency of SpCas9. 
The type of nucleotide according to the sgRNA spacer 
sequence position affects the cleavage efficiency. If 
nucleotides T, G, and A are present at positions 2, 3, 
and 6, which are PAM-proximal regions, the cleavage 
efficiency is lower. In addition, when nucleotide A is in 
position 20, which is the PAM-distal region, the cleavage 
efficiency decreases. If the scaffold has a thymine trinu-
cleotide or poly T sequence, the activity of sgRNA is 
reduced to negatively affect the cleavage efficiency. In 
addition, if the spacer sequence forms a hairpin structure 
with itself or interacts with the sgRNA backbone in the 
secondary structure of the sgRNA, it negatively affects 
the cleavage efficiency. Therefore, many things should 
be considered when designing sgRNA, and it is important 
to modify areas that can be improved.

If the location of the target DNA sequence is in the 
heterochromatin state, it negatively affects the cleavage 
efficiency. This effect by the nucleosome occurs more 
strongly in vitro than in vivo. When the target DNA is 
present at the transcription start site, it shows positive 
cleavage efficiency more than at the intergenic region; 
further, the transcription state of the gene affects the 
cleavage efficiency. Therefore, the CRISPR-Cas system 
can be affected by the location and condition of the 
target gene, so these factors should be considered.

Currently, the CRISPR-Cas system is developing 
rapidly, but it still faces obstacles such as catalytic 
efficiency, sequence specificity, delivery efficiency, PAM 
availability, stability, durability of the RNA-Cas9 nuclease 
complex, and off-target effects. After carefully consider-
ing all relevant factors as discussed above, we would like 
to utilize the optimized CRISPR-Cas9 system to obtain 
clear research results. Therefore, when conducting 
experiments, it is necessary to have a clear understand-
ing of the physiological rationale for the target location 
of the gene and design of the sgRNA. This will 

significantly aid in researching unknown pathogenesis, 
discovering gene roles, and developing disease 
therapies.
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