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Abstract— CRISPR is a specialized region of DNA with two
distinct characteristics: the presence of nucleotide repeats and
spacers. Repeated sequences of nucleotides are distributed
throughout a CRISPR region. Spacers are bits of DNA that
are interspaced among these repeated sequences. It allows
researchers to easily alter DNA sequences and modify gene
functions. It has many potential applications including
correcting genetic defects, treating and preventing the spread
of diseases, and improving crops. However, its promises also
raise some ethical concerns.
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I. INTRODUCTION

CRISPR, short for clustered regularly interspaced short
palindromic repeats, is a family of DNA sequences found in
the genomes of prokaryotic substances like bacteria and
archaea. This sequence iS based on DNA fragments of
bacteriophages that had previously infected prokaryotes.
They are used to find and destroy DNA from the same
bacteriophages during subsequent infections. This sequence,
therefore, plays a key role in prokaryote antibodies and
provides the type of defense that is available. Cas9, also
known as CRISPR-9 protein, iS an enzyme that uses the
CRSIPR sequence as a guide to identify and synthesize
certain DNA strands associated with CRISPR sequence. Cas9
enzymes and CRISPR sequence form the basis of the
technology known as CRISPR-Cas9, that can been used to
classify genes within living organisms. This planning process
has a wide range of applications that include basic biological
research, development of biotechnological products and
disease treatment.
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Fig. 1: How CRISPR Works

Il. GENE EDITING BEFORE CRISPR

In 1972, after a few years of trial and error, the researchers
eventually landed on a recipe for cutting and pasting DNA.
For the first time, it was possible to mix and match genes to
create hybrid sequences, called recombinant DNA. The
technology had its drawbacks. After all, genes don’t work in
isolation. They lie amid various DNA segments called
regulatory DNA, which tell the cell how to read the code. In
the early 2000s, scientists went searching for tools they could
better control. By cobbling together parts of natural proteins,
they found they could synthesize artificial proteins able to
target mutations at desired locations in a genome. One of the
more capable creations, called a zinc-finger nuclease (ZFN),
has already made its way into clinical trials. These artificial
enzymes consist of a sub-unit that recognizes the desired DNA
sequence, and a DNA-cutting part of a restriction enzyme.
Several zinc ions are bound to the amino acid chain in the
DNA-binding domain. This forms loops as a result (‘zinc
fingers”) which can bind to DNA.. The discovery of restriction
enzymes in the early 1970s heralded a new age in molecular
biology. These enzymes recognize characteristic DNA
sequences and cut them.
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Fig. 2: Timeline Of Gene Editing Before CRISPR

I1l. MECHANISM OF CRISPR

The mechanism of the CRISPR-based prokaryotic adaptive
immune system and its repurposing into a potent gene editing
tool has revolutionized the field of molecular biology and
generated excitement for new and improved gene therapies.
Additionally, the simplicity and flexibility of the CRISPR-
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Cas9 site specific nucleus system have led to its widespread
use in many biological research areas including the
development of model cell lines, discovering mechanisms of
disease, identifying disease targets, development of transgene
animals and plants, and transcriptional modulation. At the
core, gene gain/loss of function therapy comprises the
generation of double-stranded breaks(DSB’s) in defined
regions of the genome, correction of the defective endogenous
genes or introduction of exogenous genes, and DSB repair.
DSB’s in eukaryotes are repaired by one of the two
endogenous repair mechanisms: non-homologous end-joining
(NHEJ) or homology-directed repair (HDR). [1]

Natural CRISPR Pathway

Fig. 3: Natural CRISPR Pathway

IV. How CRISPR TAKES PLACE

The Cas9 enzyme cuts the DNA at a specific sequence,
determined by an accompanying bit of RNA called the guide
RNA. Then, the cell’s own DNA repair machinery typically
takes over in one of two different modes. In the first mode, it
simply glues the two pieces back together, but imperfectly, so
the leftover scar interrupts and disables the targeted gene. In
the second kind of repair, the cell can copy a nearby piece of
DNA to fill in the missing sequence. By providing their own
DNA template, scientists can induce the cell to fill in any
desired sequence from a small mutation to a whole new gene.

(2]
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Fig. 4: Guide RNA

There are two chief ingredients in the CRISPR-Cas9 system:
a Cas9 enzyme that snips through DNA like a pair of
molecular scissors, and a small RNA molecule that directs the
scissors to a specific sequence of DNA to make the cut. The
cell’s native DNA repair machinery generally mends the cut,
but often makes mistakes. [3] The adaptation module of
CRISPR-Cas9 that is responsible for the formation of
immune memory apparently evolved from Casposon, a self-
synthesizing transposon that employs the Cas9 protein as the
integrase and might have brought additional Cas genes to the
emerging immunity loci. [4]

The CRISPR-Cas9 technology can be harnessed as a
strategy to combat viral infections in humans. CRISPR-Cas9
can be targeted to the viral genome directly or can interfere
with the expression of the host factors essential for viral
infection. Multiplexed CRISPR-Cas9 systems potently inhibit
the formation of escape mutants. RNA-guided or RNA-
targeted Cas endonucleases can be rewired to target human
RNA virus. CRISPR-Cas9 can correct genetic defects in vivo
via the use of efficient adeno-associated vectors (AAV). AAV
also holds the promise as a delivery strategy of anti-viral
CRISPR-Cas9 to virus infected cells in vivo. [5]
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Fig. 5: Process Of CRISPR-Cas9

V. Usesor CRISPR

CRISPR is already widely used for scientific research, and in
the not too distant future, many plants and animals in our
farms, gardens or homes may have been altered by CRISPR.
In fact, some of the people are already eating CRISPRed food.
CRISPR technology also has the potential to transform
medicine, enabling US to not only treat but also prevent many
diseases. We may even decide to use it to change the genomes
of our children. An attempt to do this had been made in China
and was termed as unethical and premature, but some believe
that it may benefit the children in the future. The key to
CRISPR is the many flavors of “Cas” proteins found in the
bacteria, where they help defend against viruses. The Cas9
protein is the most widely used by scientists. This protein can
be easily programmed to find and bind to almost any desired

All rights reserved by www.ijsrd.com 250



CRISPR
(IJSRD/Vol. 9/1ssue 07/2021/050)

target sequence, simply by giving it a piece of RNA to guide
it in its search. [6]
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Fig. 6: Uses Of CRISPR-Cas9

VI. EFFECTS OF CRISPR

A. Effects of CRISPR in Animals

CRISPR-Cas9 has revolutionized the generation of
transgenic animals. This system has demonstrated an
unprecedented efficiency, multiplexability, and ease of use,
thereby reducing the time and cost required for genome
editing and enabling the production of animals with more
extensive genetic modifications. It has also been shown to be
applicable to a wide variety of animals, from early-branching
metazoans to primates. Genome-wide screens in model
organisms have been performed, accurate models of human
diseases have been constructed, and potential therapies have
been tested and validated in animal models.
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Fig. 7: Effects Of CRISPR On Livestock Animals

B. Effects of CRISPR in Plants

Several achievements in genetic modification of animals have
been translated into products for the agricultural and
pharmaceutical industries. Based on the remarkable progress
to date, one may anticipate that in the future. Conventional
plant breeding is unlikely to meet increasing food demands
and other environmental challenges. By contrast, CRISPR
technology is erasing barriers to genome editing and could
revolutionize plant breeding. [8]

' Non-transformed
Transformed by
TO  crisPRiCosthrough « |+ celis/T1 plants
Agrobacterium N d"f”.m,“’ wa_qh
tumefaciensinfiltration ' sntiblotic selection
‘ 3 mutations detected at T1
VT GOATGAGCTICTAGCIGTTCTTCGTY
CRISPR/Cas system §;GGATGAGCTTCTAGCTGT-——GGTT
v oxpressed and target GOATGAGCTTCTAGCTGTCCTTCGTT
gene modified in TO GOATGAGCTICTAGC - - TCTTGGTT
T1 of T1 generaion Mutations No mutation
I m atTi o1 TO or ooty
‘ ‘ stagom 71
— i
y Homozygote Bhaliele Hotgrozygote Chimera wT
Line 55-3 Lne 55-21.  Line 46-26, Line 46-39. Une 48-4. 00
T2 homozygous ddand d8 PeteroZyQous munple mtaton
for 03 mutsbion  mutsticns for dt mutaton mutasons Setected
Case Cas Case Case Case
) AS3dplarts 64343 dter 124141 2¢h
homazygous 144345 12d1WT 1échi IIWTWT
T3 for a3 mutation 94545 (2WTedchi) 1OWTWT 23Cas+ 13
JaCa+2Cas. A Cas- 22Cas+ 11 Al Cas+ Cas-
Cas-
—

Fig. 8: Effcects of CRISPR on Plants

C. Effects of CRISPR in Humans

CRISPR-Cas9 technology will enable additional far-
reaching advances, including understanding the bases of
diseases with complex genetic origins, engineering animals
to produce organs for human transplantation, and genetically
transforming entire populations of organisms to prevent the
spread of disease.[7] CRISPR has many functions; one of
these is that it can be used to treat disease. Yet the far-
reaching, more fraught promise of this technology—one
about which scientists Seem at once excited and cautious—
lies in its ability to eliminate from the gene pool what medical
science identifies as faulty or abnormal genes that cause
difference in individual people.
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Fig. 9: Effects Of CRISPR On Humans
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VII. CONCLUSION

With this we can conclude that CRISPR-Cas9 is no longer just
a gene-editing tool; the application areas of catalytically
impaired inactive Cas9, including gene regulation, epigenetic
editing, chromatin engineering and imaging are now
exceeding the gene-editing functionality of Cas9. The
CRISPR gene editing technology, as we know it today, is
composed of an endonuclease protein whose DNA targeting
specificity and cutting activity can be programmed by a short
guide RNA. Notably, CRISPR had been simply known as a
peculiar prokaryotic DNA repeat element for several decades
before it was recognized as the bacterial immune system and
was subsequently harnessed as a powerful reprogrammable
gene targeting tool. [9] The rapidly evolving landscape of
CRISPR-Cas9 applications, from gene editing to
transcriptional — regulation, imaging and diagnostics.
Continuing functional dissection and an expanding landscape
of application position CRISPR-Cas tools at the cutting edge
of nucleic acid manipulation that rewriting biology. [10]
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