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Abstract: Because it can make exact double-strand breaks in DNA, CRISPR-Cas9 can help almost every species 

and type of cell. It is a powerful way to change the DNA code. CRISPR-Cas9 can be used for a lot more than 

just changing genes. We are close to being able to do high-throughput gene screening, epigenome editing, in-

vivo cell tagging, and RNA change. With the help of CRISPR-Cas9, the function of genes can be studied better, 

and more realistic disease models can be made. The revolutionary new discipline of gene editing has the 

potential to profoundly impact healthcare and the life sciences. By simplifying the process of creating double-

strand breaks in the DNA of almost any species or kind of cell, CRISPR-Cas9 has revolutionized gene editing. 

Numerous applications have been found for the CRISPR-Cas9 system. High-throughput gene screening, RNA 

modification, live-cell chromosome marking, and epigenome editing are all examples. CRISPR-Cas9 facilitates 

gene research, leading to the development of CRISPR-based disease models. CRISPR-Cas9-based methods of 

altering the genome will aid researchers in learning more about sickness and discovering better ways to cure 

it, despite the fact that there are still many questions and large difficulties to answer. 

Keywords: CRISPR-Cas system; biomedicine; genome engineering; gene editing; human disease; 

cancer; animal models concerns; benefits; applications; function  

 

Introduction  

The new area of gene engineering could be very helpful to the fields of biology and health. If we 

could make disease models in cells or in animals, gene therapy for genetic diseases might make a lot 

of progress.[1,2] Capecchi's early work in this field made it possible for a method that had previously 

only been used to change a small number of species because it was hard to do so on a large scale. 

Genome engineering with homologous recombination took a long time to get better because the 

targeted and selection steps were hard to figure out. Then, using homologous recombination with 

phages, recombineering was made possible. This made it easier to make target vectors and change 

large parts of DNA patterns using genetic engineering. The fact that managed double-strand breaks 

(DSBs) make it easier to change certain parts of the genome has made genome editing more precise. 

Double-strand breaks (DSBs) happen more often when homologous recombination is planned than 

when it happens by chance. [3] In the mid-1990s, this was shown by two different groups using the 

very rare cutting Saccharomyces cerevisiae restriction endonuclease I-SceI. Two studies done in the 

late 1990s showed that a unique zinc finger (ZF) domain was joined to a general cleavage domain 

(FokI). This shows how ZF proteins can be used as building blocks to change recognition sequence 

regions for a 9-bp or 18-bp target sequence. These two discoveries make it possible to change how 

current nucleases work by adding ZF domains to their structures. The FokI cleavage domain is joined 

to a modified ZF DNA-binding domain to make ZFNs. 15 years after the first ZFNs were made, it 

was found out that Xanthomonas bacteria make and release transcription activator-like effector 

(TALE) binding proteins. ZFNs are useful because they are made up of groups of 3–6 ZF modules 

that are joined together to make a 9–18 bp DNA-binding region that is unique to each ZF monomer. 

TALE sequences that work as DNA-binding motifs, on the other hand, are usually 34 amino acids 

long. Each time through, the goal is on finding and connecting a single base. Diresidue is a very rare 
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repeat variable because it has two different amino acids. Because the DNA recognition code was 

found in, it is easier to create and build TALE DNA-binding domains than ZF ones. [4,5] 

After that, changes to the DNA happened quickly. After CRISPR-Cas9 was discovered in 2012, 

it became much easier to change certain parts of the genome. The bacteria's DNA has been changed 

in a way that makes its natural defenses useless. Since it was found that bacteria use repeating 

patterns to protect themselves from viruses and other DNA, they have been used a lot in this field of 

basic study. [6,10] 

CRISPR was made possible by two separate science projects. In the first study, it was found that 

ribonucleoprotein Cas9 helped break up DNA when it was mixed with crRNA (CRISPR targeting 

RNA). Doudna and Charpentier showed that the CRISPR-Cas9 Cas9 endonuclease, crRNA, and 

tracrRNA could be combined to make a single guide RNA (sgRNA). This process is called "trans-

activating crRNA." This made it much easier to change the DNA of living things. In 2013, several 

study groups showed that CRISPR-Cas9 can be used to change animal genes. We suggest reading 

three in-depth pieces about CRISPR-Cas9 and how it can be used to change the genome. [13,15] 

The CRISPR-Cas9 system does not change proteins like ZFNs, meganucleases, and TALE 

nucleases (TALENs) do in order to find the sgRNA and target DNA. To move CRISPR-Cas9 to a 

different gene, all you have to do is make a new 20-nt RNA fragment. Because of this, it doesn't take 

much work to use the instrument. Using ZFN and TALEN-based methods to make and clone whole 

protein domains takes a lot of time. Miniaturized components for multiplex uses have made it 

possible to change many loci at once, as well as to delete and move genes. CRISPR-Cas9 can also be 

used in high-throughput ways. [14,16] 
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Figure 1. CRISPR, one of the biggest science stories of the decade, explained. 

 

Figure 2. Classification of CRISPR-Cas technology. 

Comparison, Gene function and Benefits  

Eliminating a gene's expression is the best way to figure out what it does. There is more than 

one right way to do something. RNA interference (RNAi) has been shown to be the best approach 

over the last 15 years. RNAs with two strands make it easy, cheap, quick, and scalable to turn off 

genes. Inhibition is rarely used in clinical settings because it is temporary, results vary between 

studies and labs, and it could have effects that were not intended. Instead of just "knocking down" 

gene expression, ZFNs and TALENs may be able to totally quiet genes to mimic the loss of all function 

caused by a DNA mistake. Customized nucleases were helpful, but not the best way to change the 

genome in an exact way. [7,9] These methods weren't perfect because protein engineering is hard and 

the success of targeting depended on choosing the right marks. Because it can be used in many 

different ways and is easy to use, CRISPR-Cas9 is the best tool for understanding how genes work. 

Also, as new ways to use CRISPR are found, the value of the technology goes up. [8,11] 

Nucleases are tools that scientists use in genome engineering to change DNA in many different 

ways. Tools like ZFNs, TALENs, and the CRISPR-Cas9 system make genetic editing more exact by 

making specific double-strand breaks (DSBs) in the genome. (First Time Around) "Homology-

directed repair" (HDR) and "non-homologous end joining" (NHEJ) are the two most common ways 

to fix double-strand breaks. The double-strand break (DSB) is fixed by putting the broken ends of 

donated DNA templates back together. Using HDR, it is possible to change the DNA of an organism 

by adding new genes or errors. Even with its flaws, the NHEJ road has a bigger number of members. 

The process uses frameshift mutations, which can happen during healing and could be used to turn 

off genes. By changing how we look at things, we might be able to study genes in the context of the 

whole chromosome and learn more about how they work. This gets rid of the way position can mess 

up DNA studies. [12,17] 

This is how experts usually use CRISPR-Cas9. CRISPR-Cas9 makes DNA double-strand breaks 

(DSBs), which can be fixed in two ways - with the poor NHEJ repair method and with the better HDR 

repair method. Because of these holes, some parts of the DNA could be changed. B. Cas9 can be made 

inactive by putting it together with inactive effectors or domains. So, fluorescent colors can be used 

to name DNA, control transcription, and change the epigenome. We can move on to other projects 

now that we know how things work. Pooled screening is easier when whole-genome guide RNA 

libraries are used. The process of fixing broken DNA is called many different things, such as the 

joining of different ends, homology-directed repair, insertions and deletions, and double-strand 

breaks. 
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CRISPR-Cas: More Than Genome editing Tool 

Figures 1B and 1C show that CRISPR-Cas9 technology can be used for things other than its 

original purpose, which was to help change genomes by making specific double-strand breaks. At 

first, its goal was not to change the genetic code but to control how genes worked. Scientists have 

learned a lot about genetics, how people grow and develop, and where many diseases come from 

because of CRISPR. Cas9 is sent to the promoters of specific target genes by sgRNAs that are joined 

to a CRISPR inhibitor (CRISPRi) or activator (CRISPRa) region, such as KRAB or VP64. Depending 

on the domain it binds to, this either stops the gene from being made or turns it on. CRISPRi's strong 

and constant ability to stop gene expression in human and yeast cells led to less target RNA being 

made. Recent changes to this method [18–21] have made it much easier to turn off genes in bacteria, 

plants, and human induced pluripotent stem cells (iPSCs). In line with these methods, it has been 

shown that CRISPRa can easily turn on the production of native genes, even at low amounts. The 

VP64 activator domain was joined to both ends of dCas9. In addition to the three or four sgRNAs 

grouped at the promoter, ten copies of the minimum VP16 transcriptional activation domain were 

joined to dCas9. By sending sgRNAs to cells, CRISPRa makes it possible for many local genes to be 

turned on at the same time. [12,15,22] 

All of the DNA in a live thing's cells is pretty much the same. From the basic cells of a live thing, 

almost any kind of cell can grow. This amazing feat is possible because there is a lot of chromatin and 

gene expression is tightly controlled. The epigenome keeps track of how chromosomes and histones 

have been changed. One example is methylation of DNA, but post-translational changes to histones 

and non-coding RNAs are also good ones. "Genome rewriting" is a way to make changes to the 

genome without changing the DNA code. This is done by changing the way chromatin is marked 

and switching gene expression. The regions of enzymes that methylate or demethylate DNA or 

change the shape of histones have been joined to dCas9 so that exact changes to the epigenome can 

be made. Gene translation can be controlled for a long time with the help of cutting-edge methods 

like changing the epigenome. From basic study to molecular medicine, there are many ways to use 

it. [11,23] 

CRISPR has also been used to mark chromosomal loci in live cells. Several important things that 

happen inside the nucleus can be seen and understood better this way. Scientists have joined together 

silent dCas9 and glowing proteins to find a gene in a living thing. By putting together different 

bacterial orthologs of the inactive Cas9 endonuclease (dCas9), CRISPR can be made in different 

colors. It was found that Cas9 protein could change ssRNA in the lab. The Cas9 strongly binds to 

ssRNA targets that have the same sequence as sgRNAs when the protospacer nearby motif is given 

as a single DNA oligonucleotide. CRISPR-Cas9 has been used in many ways with great success. High-

throughput synthesis makes it easy to make sgRNA libraries. This method makes it easier to test gene 

function in vitro and in vivo, which speeds up the process of finding genes that cause disease. [15,24] 

CRISPR: Gene Delivery Associated Concerns 

Even though CRISPR-Cas9 has many benefits, such as being easy to get and use, some big 

problems still need to be settled. To make changes to the genome, it is important to get the flexible 

nuclease to the right place. Whether or not a virus can spread the CRISPR system will depend on how 

the experiment is set up. Because of how they are built, DNA, mRNA, and ribonucleoproteins (RNPs) 

are all examples of carriers. Viral vectors are a good way to move CRISPR parts because they can be 

redirected through almost any tissue or cell type. Additionally, they can be given either locally or 

throughout the body. So, they are a useful resource that can be used in many different ways. Some 

vectors that can be used to move enzymes and nucleases are adenoviruses, baculoviruses, and both 

integrative and non-integrative lentiviruses. AAVs that are safe for people are now a fact. They are 

the most wanted gene delivery vectors right now because they allow stable transgenic expression 

without having to put the genome together. Cas9 and DNA templates can be used to fix certain kinds 

of cells. Their main flaw is that they only have 4.7 kb of storage space, which is not enough to store 

even the most basic design and management information. In the big picture, this is a small thing to 

give up. So, Cas9 and the guide sequences for vectors can't move within them. The need for a 
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secondary carrier has gone away since smaller Cas9 orthologs, like those from Staphylococcus 

aureus, have been made. Because of their small size, these orthologs are the "editor's pick" for making 

changes to the genomes of live things. [5,22] 

 

Figure 2. The three stages of the CRISPR Cas bacterial adaptive immune system- acquisition, crRNA 

biogenesis and interference of viral DNA. 

Non-viral delivery methods work better than viral vectors and can be used again and again in 

cell growth. Because these systems only work for a short time, they are better than long-lasting 

systems like lentiviruses, which have clear problems. Non-viral transfer methods include the use of 

lipid-based agents for transfection, electroporation, and nucleofection. Electroporation has become 

the method of choice because it can be used on so many different kinds of cells and even in clinical 

settings to change the genome outside of the body. Even though this way of changing cells doesn't 

always work, it has a lot of possible uses. It is very important to keep this in mind when coming up 

with ways to spread genetic material. On top of that, it doesn't do anything. Hydrodynamic injection 

has recently been put forward as a way to change the DNA in the mouse liver without using viruses. 

Studies show that it could mess up the way the heart normally works and do a lot of damage to the 

liver. This makes it risky to use on big animals or store in the liver. [10,15] 
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CRISPR Specificity and Off-Target Effects  

Since the CRISPR-Cas9 system was created, there has been a lot of talk about how often 

unexpected effects happen. But later study showed that off-target effects might rely on the situation 

and might not happen in all cells. There aren't many off-target changes in human embryonic stem 

cells with good double-strand break (DSB) repair pathways. When compared to human cell types 

with DSBs, these results are new. Even though the findings are different, we will talk about different 

ways to reduce off-target affects. The guide sequence can be changed in many ways, such as by 

making a "truncated guide RNA" by shrinking the sgRNA, adding a nucleotide to the 5' end, or 

improving the structure of the sgRNA. When any of these methods are used, off-target mutations are 

less likely to happen and target selection is improved. [1–3] 

Nickases are different kinds of Cas9 that need a second enzyme to cut DNA. Both the D10A 

mutation and the H840A mutation change how the protein works. This method cut off-target 

behavior by a lot without hurting its efficiency. Keeping the CRISPR system from getting busy the 

dose of a drug is more important to how well it works than the drug itself. People have given similar 

reasons why high amounts of CRISPR/Cas9 could have unintended effects. One way to figure out 

how much of each CRISPR component is needed for an experiment is to use an appropriate 

optimization method. Step four is the time of stabilization. By adding dCas9 to the FokI nuclease 

region, the DNA can be cut with more accuracy. These blends are more accurate than paired nickases, 

but they can also have effects that were not planned. Using shorter guides and dCa9-FokI, it is also 

possible to change the DNA of human cell lines in a controlled way. Setting the amount of time 

between when Cas9 and its guide sequences are released and when they reach the target cell. You 

could use methods like inducible vectors, split Cas9, or cell cycle alignment to go around the problem. 

But Cas9 RNP may have mostly replaced plasmid DNA or virus drives, which may be the most 

important change. This improvement helps both human and animal cells, even those that were 

already resistant. Cas9 RNP works well because the complexes are already put together. It also breaks 

down quickly, so it rarely causes unwanted side effects. Human fetal stem cell transplants have 

shown promise. [2–5,7] 

Conclusions 

Even though CRISPR technology has come a long way in a short amount of time, many technical 

problems still need to be solved. The first step is to speed up how quickly CRISPR parts are sent to 

the target cell. This means that we need to not only improve how we offer services now, but also look 

into other options. Second, to be as successful as possible, you need to be precise. To avoid off-target 

effects, it's important to find new ways to treat localized illnesses. Before CRISPR can be used 

regularly in science and medicine, a lot more research needs to be done on it. Genome editing 

technologies based on CRISPR-Cas9, on the other hand, may soon shed light on how diseases work 

and how well possible treatments might work. 
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