Received: 05 Jan 25 | Revised: 24 Feb 25 | Accepted: 16 March 25

DOI: https://doi.org/10.62460/TBPS/2025.076

RESEARCHARTICLE

Tronds in Biotechnology and -
M&nhnui 'ﬁa

Advanced Breeding Techniques in Cotton

Samyka Marium!, Muhammad Usman! and Muhammad Kashif Shahzad Sarwar? *

!Department of Botany, University of
Agriculture, Faisalabad, Pakistan

2Cotton Research Station, Ayub
Agricultural Research Institute,
Faisalabad

Correspondence
*jatdhelvi@gmail.com

Abstract

Cotton is one of the most economical crops which provides the world with good
quality fiber, oil and animal feed. For the production of high quality and yield of
fiber new varieties of cotton are produced. They also possess resistance against
diseases and pests. There are many traditional and modern techniques that are
used for the production of new varieties containing genes for better yield and
resistance. In past many conventional methods were used for the breeding of
cotton, such as back crossing, hybridization, polyploidization, mutational
breeding. But now, there are many modern techniques available for the breeding
of plants, removal, or addition of genes of interest in the genome of a selected
plant species. Many markers are used to identify the location of a specific gene,
which can be further isolated and inserted into some other genome. Genome
editing, zinger finger nucleases, TALENS, and CRISPR Cas. In the future there
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1 |[INTRODUCTION

More than 50 countries grow cotton for the high
quality of fiber from it and variety of other uses such as
oil and cloth industry and is grown at commercial level
for cash, mainly in Pakistan, India, China, USA,
Uzbekistan etc (Khadi et al., 2010). An ideal system to
study the gene pool, evolution of gene, and elongation
of cells is available in cotton (Huang et al., 2021). Cotton
belongs to the genus Gossypium which belongs to the
family Malvaceae. It has the capability to produces most
important textile fiber, fulfilling ~35% of the world's total
annual fiber demands (Huang & Zhu, 2019). Cotton is a
tropically grown as an annual crop for fiber (lint), oil and
meal for animal feed. Its growth habit means a
production season is of longer duration up to 180 days
(Constable & Bange, 2015). A few members of the
Gossypium (cotton) genus are cultivated for the
production of elongated single-celled fibers valued
worldwide at about $20 billion annually at the farm gate,
and which sustain one of the world’s largest industries
(textiles) with an annual worldwide economic impact of
about $500 billion. In a number of ways, cotton
production and the textile industry are closely tied to
petrochemical usage. At a practical level, cotton
genomics offers both bio-based carbon sequestration
alternatives to petrochemical use, and improved
sustainability of crop production (Paterson, 2009).

will be new technologies for the improvement of crops and economical plants

Polyploidy, Fiber quality, Conventional breeding, Genetic improvement.

The cotton genus (Gossypium) contains more than
50 species distributed in arid to semiarid regions of the
tropic and subtropics. Following the genus origin
approximately 10-15 million years ago, a rapid global
radiation leads to eight major genome groups (A
through G and K) of diploids (n = 13) (Hu et al., 2022)
and one allopolyploid group (AD). Hybridization and
polyploidization of two parental diploids, an A genome-
like species with a D genome-like species, has resulted
in seven allotetraploid species. Two allotetraploid
species, Gossypium hirsutum and Gossypium
barbadense, evolved independently; these two
account for over 90% of annual commercial fiber
production (Hu & Wendel, 2019). Gossypium
hirsutum is grown primarily because of its relatively
high productivity and wide adaptability. Approximately
91% or more of the world production is planted to
cultivars of G. hirsutum types, many of which were
derived from American Upland cultivars. Hybridization
among types of Gossypium barbadense and with G.
hirsutum broadened the germplasm base sufficiently
for significant improvement in plant type, production
and maturity, while maintaining fiber quality.
Developmental breeding has been a very productive
endeavor in cotton, and has contributed much to the
evolution of cultivars that possess new or improved
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characteristics of importance to the cotton industry
(Niles & Feaster, 2016).

Biotechnology and plant breeding go hand-in-hand
to develop new varieties of crops, which not only confer
resistance or protection against pests, but also have
nutritional benefits. Genetically modified (GM) crops are
genetically engineered to provide desirous trait,
specifically designed in agricultural beneficial
scenario. GM crops are now an important part of
agriculture productivity with low input and high output at
field level. Highly susceptible to most of the insects, GM
cotton, resistant to pest is the most globally cultivated
crop. Other GM crops like, rice, papaya, sugar beet,
brinjal and maize have been commercially cultivated in
one or the other countries. However, contrary to several
other countries allowing cultivation of GM crops, Bt
cotton remains the only GM crop grown in India and
Pakistan (Deshmukh, 2021).

Development of cottons that mature early (short-
season cottons) and possess enhanced host plant
resistance received much attention from about 1970
until the mid-1990s, but emphases on these traits have
subsided with the advent of transgenic Bt cottons and
boll weevil eradication. Improvements in host plant
resistance, yield selection, and fiber quality are now
frequently being facilitated by DNA markers, test site
selection via genotype x environment (G x E), and
advances in fiber testing equipment, respectively. Basic
methodology of conventional cotton breeding still
involves crossing diverse parents, making early-
generation  selections, and then evaluating
subsequently developed strains, but now adventitious
presence of transgenes must be carefully avoided.
Increased lint yield is still the major selection criterion
used in conventional breeding programs. Selection and
evaluation of yield components, growth habit, maturity,
and host plant resistance traits are often employed to
enhance yield and/or yield stability. New fiber testing
methods have permitted breeders to place more
attention on improving fiber quality and to make
progress in overcoming the historical negative
relationships between yield and fiber quality. Continued
genetic improvements in conventional cottons will occur
as conventional cotton breeders continue to develop
and employ enhanced methods and approaches
(Bourland & Myers, 2015).

Conventional Breeding

Plant breeding can be defined as a process
wherein, specific heritable changes are induced in
plants through human efforts (Orton, 2020). It is an
ongoing attempt in developing plants of superior
phenotypes which produce more yield, resistance to
diseases and abiotic stressors, synchronous maturity
etc(Bhargava & Srivastava, 2019). Breeding of
yesterday or conventional plant breeding refers to

techniques other than modern biotechnology, in
particular cross-breeding, back-crossing, etc (Negm,
2020).

The essential value of backcrossing is that it,
provides a means of limiting the heterogeneity which we
would result from 'straight' crosses between two types,
making it possible to produce a hybrid similar to
whichever of the two varieties has the more valuable
genetic constitution, yet containing desirable characters
transferred from the other parent. Backcrossing
obviates the necessity for rigid selection generation after
generation by progressively and automatically,
rendering the hybrid more and more homogeneous. In
many ways it is, to the plant breeder, the equivalent of
line breeding to the stock breeder, with the added
advantage that many plants are not harmed even by the
closest inbreeding (Knight, 1945).

The objective of hybridization is to combine
desirable traits from two or more parents into a single
cultivar. This follows after the existing natural variation
is exhausted (Yali & Mitiku, 2022a).The first breeding
successes were achieved by utilizing spontaneous
(naturally occurring) mutations. The most well-known
example is the use of semi-dwarf wheat and rice
mutants during the 'Green Revolution." Induced
mutagenesis is becoming increasingly popular in plant
molecular biology as a method for identifying and
isolating genes, as well as studying their structure and
function. Molecular mutation breeding is ushering in a
new era of crop enhancement mutation breeding (Yali
& Mitiku, 2022b). At present, cotton improvement
efforts rely largely on traditional breeding approaches,
which have led to improved fiber yield and quality
(Guzman et al., 2021). Achieving additional genetic
gains through traditional breeding methods may prove
challenging but early molecular breeding strategies
have shown that genomic selection can improve
efficiency (Islam et al.,, 2020). Currently, with
techniques like genome sequencing and editing, the
plant breeding industry has further been improved and
has seen huge profits (Orton, 2020).

Modern Breeding Techniques

For last 20 years modern technologies are being
amalgamated with conventional breeding practices.
With time the breeding objectives of plants are moving
beyond the limits to improve crop yield only. More
unique traits like weed resistant, improved nutrition and
responsiveness to soil and microbial community are
studied robustly (Fu, 2015). There was a need for
Modern breeding techniques due to the extensive time
taken for Conventional breeding techniques. Sexual
incompatibility and the sexual barriers in the form of pre
and post fertilization were also major concerns
(Bhargava & Srivastava, 2019). In order to achieve
higher genetic gains, genomic selection, enviromics and
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High Throughput Phenotyping (HTP) were utilized. It
was also said that “Modern plant- breeding Triangle”
consists of genomics, phenomics and enviromics
(Crossa et al., 2017).

Marker Assisted Selection

DNA markers have enormous potential to improve
the efficiency and precision of conventional plant
breeding via marker-assisted selection (MAS). The
large number of quantitative trait loci (QTLS) mapping
studies for diverse crops species have provided an
abundance of DNA marker—trait associations (Collard &
Mackill, 2008).

There are five main considerations for the use of
DNA markers in MAS: reliability; quantity and quality of
DNA required; technical procedure for marker assay;
level of polymorphism; and cost (Mackill et al., 1999).
Marker should be tightly linked to the loci. Large and
high quality of DNA is required. Simple and less time-
consuming techniques are used. Marker should be
highly polymorphic and cost effective (Anand et al.,
2023). There are many types of marker such as
molecular such as DNA marker, morphological,
biochemical and cytological markers.(Bhargava &
Srivastava, 2019). The advantages of MAS may have a
deep impact on crop plant breeding in the future and
may change the crop plant breeding paradigm (Koebner
& Summers, 2003).

Molecular markers based on PCR techniques do
not require a probe hybridization step (Yang et al.,
2015). Short sequences of nucleotides that are attached
with the DNA to synthesize the full length of dsDNA are
called primers. Most of the primers are used for the
selection of specific regions of DNA to be amplified by
polymerase chain reaction and sequence analysis
techniques (Freeland, 2017). DNA sequences change
their position in the genome and may insert into the
coding regions of the genome. Such mobile DNA
sequences are called transposable elements (TE)
(Bourgeois & Boissinot, 2019). TEs have been divided
into class | (retrotransposons), commonly called copy
and paste elements, and class Il (transposable DNA), or
also called “cut and paste” transposable elements (B.
Gao et al.,, 2016). Since the revelation of numerous
eukaryotic TEs, for example miniature inverted repeat
transposable elements (MITEs), this arrangement has
been tested, as it is difficult to put the new transposable
elements in the current system (Morgante et al., 2005).

Single Nucleotide Marker

SNPs are the most abundantly available molecular
markers in plants, even in species that are restricted in
their genetic diversity. However, for many crop plants
there are surprisingly low numbers of validated SNP
markers available although they are needed in large

numbers for studies regarding, linkage mapping,
population structure analysis, genetic variation,
association genetics, map-based gene isolation, and
plant breeding (Ganal et al., 2009). In cotton, initial SNP
marker development has been slow and costly, and few
SNP markers were made available (Van Deynze et al.,
2009). there was considerable progress toward the
development of new cotton genomic resources. Two
genome-sequencing projects of the diploid cottons have
been completed; one of the ancestral progenitors of the
A genome (G. arboreum—Az) and the closest relative,
D genome (G. raimondii—Ds), to the tetraploids
reported by two groups (F. Li et al., 2014).

There are many techniques for the identification of
SNPs some are as follow; SNPs identification on the
basis of EST sequence data. SNPs identification on the
basis of array analysis. SNPs identification by using next
generation sequence technologies. SNPs identification
from sequenced genome. Amplicon resequencing.
These markers are also associated with several
desirable traits like yield, fiber quality, boll size and
genes respond to biotic and abiotic stresses in cotton.
Changes in yield related traits are of interest to plant
breeders. Numerous quantitative trait loci with novel
functions have been identified in cotton by using these
markers. This information can be used for crop
improvement through molecular breeding approaches
(Majeed et al., 2019).

Genome Selection

The best individuals are selected on the base of
their breeding value. It is more beneficial than traditional
or conventional methods because it takes less time to
produce new breeds. Genome wide marker is used in it
to locate the gene of interest. It can be used to make
connection between marker and phenotypic characters.
(X. Wang et al., 2018). GS has been widely adopted in
animal breeding programs globally because of its
potential to improve selection accuracy, minimize
phenotyping, reduce cycle time, and increase genetic
gains (Budhlakoti et al., 2022).

In addition, given the promising initial evaluation
outcomes of GS for the improvement of yield, biotic and
abiotic stress tolerance, and quality in cereal crops like
wheat, maize, and rice, prospects of integrating it in
breeding crops are also being explored. In this
approach, the individual effect of each marker is
estimated, and the additive sum of all the marker effects
is used for calculation of the genomic-estimated
breeding values (GEBV) of each individual. In the
current scenario of climate change, GS is a promising
tool for improving the genetic gain of individuals under
the breeding program (Yuan et al., 2019).

The basic process of any genomic selection
process starts with the creation of training population,
i.e., individuals having both genotypic and phenotypic
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information, and this information is used to build a
model, where the phenotype is used as a response and
genotype as a predictor (Heffner et al., 2011). The
choice of models is an important factor in implementing
GS, and several parametric and non-parametric
genomic prediction models are available for this
purpose. One of the most common and widely used
parametric genomic selection model is the best linear
unbiased prediction (BLUP). It is a mixed model-based
whole-genome regression approach that is used to
estimate the marker effects, and the same has been
successfully applied to predict complex traits (Habier et
al., 2013).

Quantitative trait loci

A QTL is a small section of DNA on a chromosome
thought to influence a specific trait. Scientists search
different areas of the genome for locations (i.e., loci)
they can associate with the trait. The gene included in
each QTL exists in more than one form, or allele, and
can differ between individuals in a population.
(Copeland et al., 1993). Genetic improvement in fiber
quality is one of the main challenges for cotton breeders.
Quantitative trait loci (QTL) mapping provides a
powerful approach to dissect the molecular mechanism
in fiber quality traits (Ma et al., 2020).

Genome Editing

To accomplish goals in a short amount of time,
contemporary plant breeding techniques, in particular
modern genome editing technologies (GETS), can be
used. Numerous crop improvement initiatives have
made use of GETs, such as zinc-finger nucleases,
transcription-activator-like effector nucleases, clustered
regularly interspaced palindromic repeats (CRISPR),
and CRISPR-associated proteins systems
(CRISPR/Cas)-based technologies.

Genome editing (GenEd) has revolutionized the
field of life sciences and is used for genetic engineering
in plants and animals with equal success. Researchers
are using GenEd technology to get precise genetic
modifications (Wen et al., 2018). Utilizing GenEd
technologies, a number of organisms have been
genetically created for selective genetic modification
e.g. Arabidopsis thaliana (Cermak et al., 2011), wheat
(Wang et al., 2014), cotton (Li et al., 2017; Wang et al.,
2018).

Zinc-finger Nucleases (ZFNs)

Zinc-finger nucleases (ZFNs) which are composed
of engineered zinc-finger DNA-binding domains fused
with a nuclease, generally the Fokl nucleases. The zinc-
finger domains are composed of a series of four to six

30 amino acid domains that can bind to trinucleotide
sequences giving the entire DNA-binding domain
specificity to 12-18 nucleotides. Since the Fokl
nuclease functions as a dimer, pairs of zinc-finger
domains are designed to bind upstream and
downstream of the cut site which increases the
specificity of the complete ZFN to 24-36 nucleotides.
The ability of these engineered nucleases to create
targeted double-stranded breaks at designated
locations throughout the genome has enabled precise
deletion, addition, and editing of genes. These
techniques are being used to create new genetic
variation by deleting or editing endogenous gene
sequences and enhancing the efficiency of transgenic
product development through targeted insertion of
transgenes to specific genomic locations and to
sequentially add and/or delete transgenes from existing
transgenic events (Davies et al., 2017).

TALENSs

The use of TALEs and TALENS for precise genome
modifications of plants is now a common practice. So
far, tens of crop plants have been modified using
engineered nucleases like rice, wheat, tomato, potato,
tobacco, maize, barley, cotton, etc. The TALE and
TALEN technology is being used for development of
biotic and abiotic stress-resistant plants as well as yield
and quality improvement (Khan et al., 2017).
Transcription activator-like effector nucleases (TALENS)
in particular, consisting of a free designable DNA
binding domain and a nuclease, have been exploited
today by a huge number of approaches in many different
organisms.

The convenience of designing the DNA binding
domain and straightforward protocols for their
assembly, as well as the broad number of applications
in different scientific fields made it Natures method of
the year 2011. TALENs act as molecular scissors by
introducing double strand breaks (DSBs) to the DNA at
a given location. The DSBs are subsequently repaired
by the cell itself using different repair pathways such as
non-homologous end joining (NHEJ) or homologous
recombination (HR) (Fig. 1). These mechanisms can
lead to deletions, insertions, replacements or larger
chromosomal rearrangements. By offering a template
DNA it is possible to channel the repair in direction of
HR (Sprink et al., 2015).

CRISPR Cas-9

CRISPR/Cas9 system is emerging as effective
strategy for generating site-specific mutations.
Recently, CRISPR/Cas9-mediated genome editing
system have been rapidly optimized and applied in crop
genetic improvement (Table 1) (Li & Zhang, 2019).

Table 1: The traits improved in different crops as a result of genome editing techniques
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Traits

Organism References

1st experimental information of CRISPR Cas mechanism action

Disease resistance
Height/ flower timing
Grain size salt tolerance
Flowering timing

Analysis of a novel ethylene responsive transcription factor gene GhERF4

Vacuolar-invertase genes were identified and sequenced

Silencing GhNDR1 and GhMKK2 compromises cotton resistance to Verticillium wilt  Cotton

Increased lateral root formation, editing of arginase genes
Suppression of Cotton Leaf Curl Virus

Bacteria Streptococcus (Barrangou et al.,

thermophilus 2007)
Apple (Pompili et al., 2020)
Maize (Q. Lietal., 2020)

Rice (Usman et al., 2021)

Soybean (Cai et al., 2020)
Cotton (Jin & Liu, 2008)
Cotton (Taliercio et al., 2010)

(Gao et al., 2011)
(Wang et al., 2017)
(Binyameen et al.,
2021)

Cotton
Cotton

Target locus

DNA-binding domain

Fokl catalytic domain

Fokl catalytic domain

DNA-binding domain

chimeric TALEN protein pair

Recognition code

NN=G HD=C

Fig. 1: A scheme for introducing a double-strand break using chimeric TALEN proteins (Nemudryi et al., 2014).

Cas9 has proved to be versatile technique that has
very recently been deployed successfully to control
different Gemini viruses. The CRISPR/Cas9 system has
been proved to be a comprehensive technique to control
different Gemini viruses, however, like previously used
techniques, only a single virus is targeted and it has not
been deployed to control begomovirus complexes
associated with DNA-satellites (Igbal et al., 2016).

In bacteria and archaea, the CRISPR/Cas9 system
serves as the RNA-based adaptive immune
system. Streptococcus pyogenes is the source of the
type Il CRISPR system, which includes CRISPR-
associated nuclease 9 (Cas9) (Zuo et al., 2022).

In cotton, the CRISPR/Cas system can help to
enhance biotic and abiotic stress resistance, modify
gene expression, and gene stacking of important traits
with minimum chances of segregation. The transgene
clean approach further enhances CRISPR acceptability,
and plants can further utilized for selfing or backcrossing
to improve traits under investigation (Fiaz et al., 2021).

CRISPR-based genome editing has revolutionized

the practice of plant breeding by providing a more
precise, cost-efficient, and rapid tool for creating
desirable traits in plants. This technology has enabled
the transfer of beneficial traits from one species to
another, while minimizing or eliminating undesirable
traits (Nerkar et al., 2022). This system has also been
used to develop new varieties of crops that are more
resistant to diseases and (Zaidi et al., 2020)
environmental stress, (Kouhen et al., 2023) and that has
improved nutritional profiles (Kumar et al., 2022).
CRISPR/Cas systems can be designed by inserting
the DNA target protospacer sequence into the crRNAs
or sgRNAs. The editing potential of these tools has
increased as a result of the discovery of several PAM
(protospacer adjacent motif) specific Cas orthologs &
polymorphisms (Anzalone et al., 2020). With this
technique, foreign nucleic acids are specifically
interfered with based on the sequence of short guide
RNAs. Target locus needs  alteration  of
genome via CRISPR/Cas9. DSBs, which happen when
two repair processes alter the same gene, are brought
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on by the site-specific nucleases. Genes are deleted or
fused using NHEJ, or non-homologous ending
combining, is carried out without donor DNA. By using
homologous portions as its foundation, homology-
directed repair (HDR) adjusts gene sequences in
response to even the smallest changes in either DNA
strand.

The targeting sequence (crRNA), which is situated
20 nucleotides before the PAM sequence, will be
divided into roughly three bases by the Cas9 nuclease.
The target region’s gRNA can only attach to the
genomic DNA if it has a particular protospacer
neighboring motif (PAM). Later, the Cas9 nuclease
separates the DNA into two strands (denoted by the
scissors). A customized sgRNA with a Cas9 nuclease-
recruiting domain and an aiming sequence (crRNA
sequence) is required by the CRISPR/Cas9 system (tra
crRNA) (Saini et al, 2023). The mechanism of
CRISPR/Cas-9 genome editing can be generally
divided into three steps: recognition, cleavage, and
repair (Shao et al., 2016). The designed sgRNA directs
Cas-9 and recognizes the target sequence in the gene
of interest through its 5'crRNA complementary base pair
component. The Cas-9 protein remains inactive in the
absence of sgRNA. The Cas-9 nuclease makes double-
stranded breaks (DSBs) at a site 3 base pair upstream
to PAM (Ceasar et al., 2016).

1. Cas9

Cnas9 nucleaso

SN

G

Single guide RNA

The most commonly used nuclease in the genome-
editing tool, Cas-9 protein recognizes the PAM
sequence at 5'-NGG-3' (N can be any nucleotide base).
Once Cas-9 has found a target site with the appropriate
PAM, it triggers local DNA melting followed by the
formation of RNA-DNA hybrid (Fig. 2). Then, the Cas-9
protein is activated for DNA cleavage. HNH domain
cleaves the complementary strand, while the RuvC
domain cleaves the non-complementary strand of target
DNA to produce predominantly blunt-ended DSBs.
Finally, the DSB is repaired by the host cellular
machinery (Jiang & Doudna, 2017; Mei et al., 2016).

CRISPR Cas in crop Quality Improvement

Crop quality has played a pivotal role in determining
the market value of crops. In general, crop quality is
determined by external and internal traits. The external
quality attributes include physical and aesthetic
characteristics, such as size, color, texture, and
fragrance. In contrast, the internal quality factors include
nutrients (like protein, starch, lipids etc.) and bioactive
compounds (such as carotenoids, lycopene, Y-
aminobutyric acid, flavonoid and so on). CRISPR/Cas9-
mediated crop quality improvement focused on the
physical appearance, edible quality, fruit texture and
nutritional value. (Q. Liu et al., 2021).

1

- /\)\,s\‘a-
s )=

Specificity determinant

¥

B
a3 PANM s
PRSI B 2 S0 B B B B B B b B b e G B i | l_f;.
G-NGC -3 e
[ Target sequence ]

2. Target DNA
identification
and cleavage

| 1.Non- Homology end joining NHEJ

strand break A
repair 5 T IR N T T
Deletions

3 I I LI §

Inscrtions and Substitution

NI
LY

—

2. Homology-directed repair (HDR) J

- Y 111 o -
|l)olorDNA I" o

S IIIITIITITITIIE $
DNA rocomtiraston
> I IIEEIIEEAREEE  REERIITITIIIDL §
Target DNA
. 3T [ L1 § modification
by inserting
SIM I TIIITIIIII I M IIIIIIL § Donor DNA

Fig. 2: Overview of CRISPR/Cas9 technology for plant genome editing (Saini et al., 2023).

Through using CRISPR/Cas9 system, a single

dominant Waxy gene controlling amylose content was
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knocked out in two rice varieties, and the resulting
mutants showed low amylose levels and elevated
glutinosity. This research provides a simple and
successful method for transforming a low-quality rice
variety into a higher-quality one. Furthermore,
the GBSS gene, which encodes a granule-bound starch
synthase, was damaged in tetraploid potato using
CRISPR/Cas9 (Lei et al., 2021).

(Gate et al.,, 2024) concluded that Germplasm
enhancement, a lack of cotton seed production, and
abiotic and biotic stresses are major production and
cotton breeding constraints. Breeders are currently
experimenting with these factors. Cotton breeding in
Ethiopia has achieved varietal development. Among
those released varieties, the major ones include disease
resistance, high yield, pest resistance, high fiber quality,
comfort to mechanical harvesting by increasing cotton
height, early maturity and adaptability to harsh
environments.

Components of CRISPR Cas

Based on the structure and functions of Cas-
proteins, CRISPR/Cas system can be divided into Class
I (type I, lll, and 1V) and Class Il (type Il, V, and VI). The
class | systems consist of multi-subunit Cas-protein
complexes, while the class Il systems utilize a single
Cas-protein. Since the structure of type Il CRISPR/Cas-
9 is relatively simple, it has been well studied and
extensively used in genetic engineering (Z. Liu et al.,
2020).

Guide RNA (gRNA) and CRISPR-associated (Cas-
9) proteins are the two essential components in
CRISPR/Cas-9 system. The Cas-9 protein, the first Cas
protein used in genome editing was extracted
from Streptococcus pyogenes (SpCas-9). It is a large
(1368 amino acids) multi-domain DNA endonuclease
responsible for cleaving the target DNA to form a
double-stranded break and is called a genetic scissor.
Guide RNA is made up of two parts, CRISPR RNA
(crRNA) and trans-activating CRISPR RNA (tra crRNA).
The crRNA is an 18—20 base pair in length that specifies
the target DNA by pairing with the target sequence,
whereas tra crRNA is a long stretch of loops that serve
as a binding scaffold for Cas-9 nuclease (Mei et al.,
2016).
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