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GENOME EDITING IN PLANTS CRISPR/CAS-9 
 

Abstract 
 
 The prokaryotes' genome is 
shielded against infectious viruses and 
plasmids by the RNA represent as CRISPR 
and Cas proteins. This is a tool for site-
specific alteration, genome engineering, 
crop improvement, and molecular therapy 
because of its low cost, versatility, less 
time consuming, and efficiently modify 
endogenous genes in a wide variety of cell 
types and in organisms that are being 
manipulated genetically. Therefore, 
CRISPR-Cas 9 offers a quick and effective 
way to introduce specific mutations into a 
target DNA strand with high accuracy and 
efficacy. RNA-guided nuclease Cas 9 
induce double-strand break (DSB) and the 
breaks are corrected by cellular DNA 
repair mechanisms and mediate genome 
modifications. It results in gene 
modifications by both Homology directed 
repair (HDR) and Non-Homologous end-
joining repair (NHEJ) mechanisms. 
CRISPR-Cas 9 was recently established in 
plants by stable transformation. This 
chapter discusses the use of Cas9 as a plant 
genome editing tool to advance crop 
research, plant breeding to satisfy future 
agricultural demand growth. 
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I. INTRODUCTION 
 

Clustered regularly interspaced short palindromic repeats, or “CRISPR” for short, are 
DNA sequences found in prokaryotes that offer acquired resistance against attacks from 
viruses or plasmids as well as genetic alteration that may be present in the environment. Its 
derived from the Streptococcus pyrogens (Jinek et al., 2012, Weeks et al., 2015) and it 
contains of 3 genes – 1 encoding Cas 9 nuclease and 2 non-coding RNA genes (tracr-RNA 
and pre-crRNA) (Statello et al., 2021). RNA- guided endonuclease multiple gene mutations 
and then germ-line communication has been accomplished (Statello et al., 2021, Li D et al., 
2013, Li W et al., 2013, Wang H et al., 2014) and modified endogenous genes of interest in 
several organisms (Jinek et al., 2012, Cong W.C et al., 2022, Li et al., 2013, Montecillo et al., 
2020, Wang et al., 2014, Statello et al., 2021).   

 
Its covers of three phases – Adaptation (Garneau et al., 2010, LA Maraffini 2010), 

Immunization (Howarth P et al., 2010, Bhaya et al., 2011) and Spacer acquisition (Karginov 
FV et al., 2010, Vander Oost et al 2009). In this defense process, foreign nucleotide 
fragments are recognized as non-self and are combined into the host genome flanked by short 
nucleotide repeats. These repeats in conjunction through Cas proteins identify the foreign 
DNA and finish them. The pre-crRNA comprises spacers interspaced via identical shortest 
which are managed to form crRNA in assortment by tracr-RNA. The two RNA nucleotide 
can be substituted by one RNA nucleotide using a single g-RNA which has a designed 
hairpin that impersonators cr-RNA-tracr-RNA complex. Both the PAM nucleotides and 
gRNA-DNA base pairing immediately downstream of the target area determine the binding 
selectivity of Cas 9 with the target DNA (Statello et al., 2021, Statello et al., 2021). 

 
Earlier introducing a heterologous DNA into plants was usually done by 

Agrobacterium-mediated transformation and biolistic methods invented in the 1980s. 
Nowadays, many approaches are used for gene editing and targeting that are more precise. 
ZFNs (Zinc Engineered Nucleases), TALENs (Transcription activator-like effector 
nucleases), HR (Homologous Recombination) and EMN (Engineered mega nucleases) are 
mostly used for editing. ZFNs and TALENs, both are created on DNA protein interactions 
and CRISPR which is an RNA-guided DNA endonuclease (Brooks, Nov 2014, Wada et al 
2020). ZFNs and TALENs have successfully revolutionized the concept of Plant Breeding 
and allow rapid progress for the improvement of crops.  

 
CRISPR-Cas 9 has wide applications for bacterial, animal systems, and most 

importantly plant systems due to its easy construction design and assembly. CRISPR/CAS 9 
efficacy has been reported in the Arabidopsis (Gao et al., 2016) and Nicotiana benthamiana 
(Belhaj K et al., 2013), Sorghum, wheat, and rice. 

 
The tomato is very efficient for CRISPR/Cas 9 gene editing due to its efficient 

transformation availability (Montecillo et al.,2020), and diploid genome. 
 
The problem faced with the techniques ZFNs and TALENs is that their role as dimers 

and protein factor are compulsory. Designing ZFNs is difficult due to the intricated nature of 
the interaction between Zinc fingers and DNA (González et al., 2021).  
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90% of Archaeal and 48% of bacterial genomes have the CRISPR-Cas (Rousseau et 
al., 2009). Cas 9 is a versatile nature that binds and cleaves DNA targets (Jinek et al., 2014, 
Nishimasu et al., 2014, Sternberg SH et al., 2014, Anders C et al., 2014). First Cas proteins 
and a second CRISPR locus that holds genetic memory. The second component is primarily 
the sg-RNA of CRISPR/Cas 9 which is an artificial RNA chimera twisted via fusing cr-RNA 
with tracr-RNA (Voytas DF 2013). 
 
II. APPLICATION IN CROP IMPROVEMENT    

 
1. Rice: Rice is cropping species to go through gene editing employing TALENs (Shen et 

al., 2013a) and Cas 9/sg RNA (Feng et al., 2013, Jiang et al 2013, Shan et al 2013b, 
Weeks et al., 2015). The capability to find bi-allelic alterations in a simple generation 
(Feng et al 2013, Xu et al., 2014, Zhou et al.m 2014) and chance to remove huge number 
of nucleotide in chromosomes (Zhou et al., 2014, Weeks et al., 2015) and gene 
replacement accessibility over Homologous recombination (Feng et al., 2013, Weeks et 
al., 2015).  

  
2. Maize: Multiple genes in maize have been precisely edited using maize TALENs and 

CRISPR/Cas9 systems (Li et al., 2014; Weeks et al., 2014).  It has been established that 
Cas9/sg-RNA can effective gene knockouts and and replacements. 

 
3. Soya Beans: This system has also been used for Soyabean (Jacobs et al., 2015). Either 

using Agrobacterium rhizogenes-derived hairy root and somatic embryo cultures, GFP 
and nine endogenous loci were edited (Weeks et al., 2015). 

 
4. Wheat: One of the first plants to be altered with CRISPR/Cas9 was wheat (Shan et al., 

2013). Subsequential demonstrated knockouts of Inositol oxygenase and phytoene 
desaturase genes (Upadhyay et al., 2015). It exposed the simultaneous expression of two 
multiplexed sgRNAs genes targeting two closely spaced target in wheat genome caused 
nucleotide segment between the both sites to be proficiently deleted (Weeks et al., 2015). 
 

5. Tomato: Due to the availability of an effective transformation methodology, tomato is 
frequently used to investigate gene editing in a dicot (Van Eck et al., 2006). In their 
findings, (Brooks et al., 2014) showed how the CRISPR/Cas9 produced several target 
mutations in tomatoes that were stable transgenics by using two sgRNAs that permitted 
homozygous deletions of a suitable size in the first progeny. Cermak et al., 2015 
investigated that the geminivirus vectors is competent apparatus for gene targeting in 
tomato. 

 

III.  RECENT RESEARCH STUDIES ABOUT CRISPR/CAS 9 SYSTEM 
 

A study shows that transgenic upregulated Cas 9 expression are virus and symptom-
free. so this investigation suggested that it has been great potential to enhance plant 
immunity, as it might be used for several targets at viral genomes (Jix et al., 2015). 
Delivering sg-RNA and Cas 9 protein into the target cells is necessary for CRISPR/Cas 9-
based genome editing (Kumar & Jain, 2014). plant-codon optimized version of the cas9 
approach is using by many scientists and experts in genetic engineering (Jiang et al., 2013b, 
Li et al., 2013, Miao et al., 2013, Shan et al., 2013b, Kumar & Jain 2014). Many experiments 
and investigations using human codon-optimized version in CRISPR/Cas9 systems in plants 
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(Feng et al., 2013, Mao et al., 2013, Nekrasov 2013, Upadhyay et al., 2013, Xie & Yang 
2013). A few promoters are reported such as EFIA, CMV, VBO, and LTR to derive Cas 9 
expression in plants (Kumar & Jain 2014). 35s promoter of cauliflower mosaic viruses 
(CMV) has been mostly reported (Belhaj 2013, Kumar & Jain 2014).  
 

IV. CHALLENGES 
 

 The NHEJ repair mechanism is not accurate and produces indels at the cut site, 
resulting in endogenous gene disruption/ mutagenesis (Lloyd et al., 2005, Zhang et al., 2010, 
Battles et al., 2014, Belhaj et al., 2015). Battles et al., 2014 suggested an efficient and facile 
vector using Gemini-virus (a large family of plant viruses circular, ss-DNA which infects 
both monocots and dicots) that replicates to overcome the lack of NHEJ mechanism. An off-
target mutation is one of the biggest drawbacks of CRISPR/Cas technology which is yet to 
overcome. CRISPR-Cas technology recognizes targets using Watson-Crick DNA. With the 
help of nucleotide data analysis, off-target sites can be predicted more precisely (Cho et al., 
2014, Bortesi & Fischer 2015, Basak & Nithin 2015). Strategies considered for minimizing 
off-target mutations are- Source-(Basak & Nithin 2015) such as,  
 

• Accurate and precise target selection. 
• Elongation of gRNAs and Cas9 mutations. 
• Additionally, on-target mutations often precede off-target mutations which result in 

the loss of novel mutations after regeneration.  
 

V. CONCLUSION  
 

Genome editing of model organisms is vitally important to study gene function, which 
is detrimental to human health and agricultural production of more sustainable food yields. It 
is important for the development of a fundamental understanding of crop sciences as well as 
for producing agricultural and innovative qualities for farmers and consumers. This technique 
is an intriguing approach to genome editing in plant biology because of its robustness and 
understandability. To date, the chief application of the CRISPR/Cas 9 is to knockout. 
Additional modifications of the CRISPR/Cas 9 will help the application in agriculture. 
However, its application in gene editing is still surging in plants. New enhanced strategies 
will further improve CRISPR/Cas-9 to develop ncRNA which is a vital regulator of 
biological mechanisms which include developmental processes and diseases. Successful 
applications of the CRISPR/Cas-9 in editing nc-RNA in plants will support to the elucidation 
and decode action thus opening a boulevard in plant biology. 
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