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Abstract 

The growing population meet the challenge for agricultural production. CRISPR/Cas9 technology 

is based on plant research for the development of the new varieties as well as disease resistance 

crops. In addition the deletion of significant characters makes the new alleles from the 

CRISPR/Cas9. Recent and reliable molecular scissor for genetic engineering. The review is 

focused on the various application of the CRISPR/Cas9 technology in plant enhancement of plant 

disease resistance, stress burden in plant, nutritional improvement, and quality of crops from the 

CRISPR/Cas9 system. The clustered regularly interspaced short palindromic repeat (CRISPR)-

associated protein9 (cas9) is adopted from the prokaryotic type II system. CRISPR/Cas9 is 

simplicity and efficiency than ZENs and TALENs for the genome engineering. Due to rapid 

growing of the CRISPR/Cas9 system has been formulate the adaptation of many plant species. The 

current advancement of plants and future schemes of improve of CRISPR technology has been 

presented in contest of multiplex editing, knowledge on induced mutation whether the factor effect 

in CRISPR/Cas9 technology in plant. Remarkable perspective and challenges of CRISPR/Cas9 

technology in significance of plant genetic modification. 

     

Keywords:  CRISPR/Cas9, Disease resistance, Future perspective, Improvement of plants, 
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1. Introduction  

CRISPR/Cas9-based genome editing technology in the few years some problem still remains that 

happens influence of the targeted sites, chromatin structure, applied mechanism of the different  guide RNA 

(gRNA)and path for the delivery in  plants even Clustered Regularly Interspaced Short Palindromic 

Repeats/CRISPR associated proteins (CRISPR/Cas9) rapidly developed [1]. From the single guide RNA 

(sgRNA) as well as multiple guide RNA (mgRNA) the efficiency or the DNA modification for specific 

DNA sequence [2, 3, 4].  CRISPR technology have three types are type I , type II, type III  for all type; type 

II embrace endonuclease,Cas9 which handle  simple and easy  for that cause Type II is  strikingly used for 

the genome editing [2]. The genome adopt with CRISPR/cas9 can contemporary modify the multiple copies 

of the BnaFAD2 gene formulate the novel modification in fatty acids profile in polyploidy [5]. Genetic 

editing efficiency of CRISPR/Cas9 in Arbidopsis and Medicago trucatula [6]. 

Human population is increased rapidly to reach 10 billion by 2050. Water are being reduced the 

available farmland, the global demand for food will increase by 25-70% above current production levels. 

In this case, feeding is going rapidly changeless. For that cause, an urgent need to improve food production 

and accelerate sustainable agricultural development [7]. CRISPR/Cas9 genome editing system can be 

improved to meet the demand of food scarcity. Instant of many crop species long life cycle, and the targeted 

genotype may be required for multiple generation. We have to applied breeding tool to generate the 

homogygous plant with in the generation whether the CRISPR/Cas9 is life changing technology which 

focus in the targeted gene and known as the genome editing that will help the development of the crops to 

meet the future demand [8]. The revolutionary technology is also in plant biology [9]. 

The rapid genome sequencing technology requires the transfer of the potential to create the the 

desirable modification of the functional and regulatory mechanism. Specific genome sequencing facilitate 

the understanding of the biological system. Such technologies depend on sequence-specific nucleases 

(SSNs) and molecular tools used to generate DNA double-strand breaks. For the genetic variation 
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of the plant is the key factors to adopt the different environmental conditions and higher yield. 

Which will be control on the disease mechanism. The CRISPR/Cas based frameworks have opened 

the new time of molecular biology and become the most reliable technology among researchers 

for altering and changing genome in across the board creatures particularly plants [10].  Clustered 

Regularly Interspaced Short Palindromic Repeats – CRISPR associated protein Cas9 genome-

editing technique modify by the researcher for genome sequencing is more valuable [11].  

 From prokaryotic organism (a sort II bacterial resistant framework) that follows up on a 

changeable invulnerable framework, the CRISPR/Cas9 innovation is advanced and in this way 

shields these living beings from attacking DNA infections which is caused by the plasmid. The 

potential pesticide use to connect the broadly to about the life from of the practical use in 

CRISPR/Cas9, site –explicit change accompanied by the guide RNA (around 20 nucleotides). 

Twofold strand breaks (DSBs), which is caused by the Cas9 nuclease at the point of the targeted 

DNA site. The powerful tool CRISPR/Cas9 which enhancement of agronomic traits in crops [12] 

   Efficient gene editing in plants through either transient experiment or transgenic plants 

which is recently remarkable used CRISPR/Cas9 technology.   In many experimental application 

of gRNAs and Cas9 introduce inside the plant cells by Agrobacterium-mediated T-DNA 

transformation or physical means, such as PEG-mediated transformation of protoplast, and 

microspore or biolistic transformation of callus.  Cas proteins, such as Cas9, are RNA- directed 

endonucleases which are able to recognize and cleave nucleic acids on the basis of sequence 

complementarities [13]. For the specific DNA genomic sequences by engineering separately an 

encoded small guide RNA (sgRNA) with which it forms a complex by the Cas9 whether the short 

RNA sequence is the best for new target site of DNA. 
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        CRISPR/Cas9 technology is simple and flexible tool for RNA guided genome editing (RGE) 

in an organism. In case of Cas9 medicated RGE, RNA molecules directs to desire the targeted 

DNA site for genome modification. In presence of prtospacer adjacent motif (PAM) in target site 

gRNA-DNA pairing the region. PAM is exchange the long 20 chain gRNA spacer sequence.  

Complexes of gRNA/Cas9 need to the PAM site which matched gRNA space which is the result 

of risk of gene editing. Gene editing used for the meristem tip culture and noted the gene editing 

reagent for the delivery to the somatic cells [14]. Improvement of crop cultivar from higher 

productivity standpoint is a major challenge gains the pest and diseases.  The major reason farmers 

are facing loss in agriculture production because lack of disease resistance crops.  Cultivars 

safeguarding food security for the plant breeding for pest, disease resistance and higher yield. The 

various genome editing instrument for the transgenic plants integrated the plant breeding to 

improve the resistance pest and disease. For the transgenic technology which allow the plant 

breeder to introduce the gene for the non-related plants, and other crops [15] 

The variation of gene is initial factor for the resistance breeding, which the concept of the 

resistance breeding creation of the genetic variation with against the resistance pathogen [16].  In 

the incident of the facts, the editing technology has been introduced the varieties or modification 

of the plants and crops. One of the recent breakthrough is CRISPR (Clustered Regular Interspaced 

Palindromic Repeats)/Cas9. (CRISPR- associated protein) bacterial immune system which is 

RNA-guided instrument for and gene regulation and beneficial gene editing [17]. 

 Zinc Finger Nucleases (ZFNs) and Transcription Activator Like Effector Nucleases 

(TALENS) however, they are less suitable as compared to CRISPR/Cas9 because of  large size 

and requirement of a pair of proteins for recognizing anti parallel strands to induce double strands 
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Break [10].  Desirable features like precise specificity, multi gene editing, minimal off-target 

effects, higher efficiency and simplicity in CRISPR/Cas9 [17]. The CRISPR/Cas9 technology in 

bacteria acquire invading or foreign DNA fragments and utilize them to recognize and degrade the 

further invading sequence for RNA or DNA.  Defensive mechanism in plants against disease attack 

by recognizing and degrading the invading pathogenic genes CRISPR/Cas9 can be used. 

CRISR/Cas9 is better for the development of disease resistance cultivar, and it proves the 

revolution in resistance breeding. The aims of review to give the information in current advances 

in CRISPR/Cas9 and its use in resistance breeding. 

Table 1.  CRISPR/ Cas9 system and its Classification  [18,19] 

Class Type 

Sub-

type 

Organism harboring respective 

type  

Signature of Cas 

proteins  Other Core Protein  

Class 

1 I I-A Archaeoglobus fulgidus Cas3, Cas8 

Cas1, Cas2, Cas5, 

Cas6, Cas7 

  I-B Clostridium kluyveri Cas3, Cas8 

Cas1, Cas2, Cas5, 

Cas6, Cas7 

  I-C Bacillus halodurans Cas3, Cas8 

Cas1, Cas2, Cas5, 

Cas7 

  I-D Cyanothece sp. Cas3, Cas10 

Cas1, Cas2, Cas5, 

Cas6, Cas7 

  I-E Escherichia coli Cas3, Cas8 

Cas1, Cas2, Cas5, 

Cas7 

  I-F Yersinia pseudotuberculosis Cas3, Cas8 

Cas1, Cas2, Cas5, 

Cas6, Cas7 

   I-U Geobacter sulfurreducens Cas3, Cas8 

Cas1, Cas2, Cas5, 

Cas6, Cas7 

 III III-A Staphylococcus epidermidis Cas10 

Cas1, Cas2, Cas5, 

Cas6, Cas7 

  III-B Pyrococcus furiosus Cas10 

Cas1, Cas2, Cas5, 

Cas6, Cas7 

  III-C 

Methanothermobacter 

thermaautotrophicus Cas10 Cas5, Cas7 

  III-D Roseiflexus sp. Cas10 Cas5,Cas7 

  IV IV Acidithiobacillus ferrooxidans Casf1 Cas5,Cas7 

Class 

2 II II-A Streptococcus thermophilus Cas9 Cas5, Cas7 

  II-B Legionella pneumophila Cas9 Cas1, Cas2 

  II-C Neisseria lactamica Cas9 Cas1, Cas2 

 V V Francisella cf. novicida Cpf1 Cas1, Cas2 

  VI VI Leptotrichia shahii c2c2 Cas1, Cas2 
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2. Mechanism of CRISPR/Cas9 

The Cas9 protein and guide RNA, form a complex that can recognize target sequences. 

The Cas9 protein locates and cleaves target DNA, in artificial CRISPR/Cas9 systems. The Cas9 

protein is having six domains (REC I, REC II, Bridge Helix, PAM Interacting, HNH and RuvC). 

The Rec I domain is responsible for binding the guide RNA. The bridge helix which is argininerich 

initiates the cleavage after binding of target DNA. The PAM (Protospacer adjacent motif) domain 

specifies the PAM specificity and initiates binding to target DNA. The HNH and RuvC domains 

are nuclease domains that cut single-stranded DNA. The Cas9 protein initially inactive when not 

attached to gRNAs. For the CRISPR technology, guide RNA is composed of a single strand RNA 

which is a T-shape (1 tetraloop and 2 or 3 stem loops). For the complimentary to the target DNA 

sequence the guide RNA having a 5’. Cas9 protein converts the inactive into its active form by 

inducing a conformational change in the protein which includes steric interactions or weak binding 

between protein side chains and RNA bases in case of artificial guide RNA.  For the PAM sequence, 

the activated Cas9 protein searches for target DNA.  The protein will melt the bases immediately 

upstream of the PAM and pair them with the complementary region on the guide RNA. After that 

the RuvC and HNH nuclease domains cut the target DNA in case of the exact target sequence. 

The former guiding to target recognition on genome to cut double-stranded DNA site-

pointy are two important components that are present in CRISPR/Cas9 system, which are sgRNA 

and DNA endonuclease Cas9.  The Watson-Crick base pairing between the guiding sequence and 

the DNA Cas9/sgRNA complex recognize the complimentary loci in the genome sequencing. The 

target region is induced, due to specific changes are performed by Cas9, forming two nuclease 

domains [20, 21]. After that, the nuclease domains cut both strands of the target DNA, located at 
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almost 3 nucleotides in front of proto-spacer adjacent motif (PAM), resulting with the inducing of 

double strand breaks (DSBs) [22]. 

2.1. CRISPR/Cas9 for gene manipulation and gene editing 

 Interesting topic for research works in molecular biology and plant breeding are gene 

editing and gene manipulation. The expression of specific genes to obtain desirable traits and 

characters in an organism and has high use in breeding of disease resistant and higher yielding 

cultivars from the gene regulation.  The gene editing is used to produce the highly used transgenic 

plants to know and examine the new resistance gene against the pest and disease of the crops. For 

the new transgenic plants all gene editing technology has been used for the plant genetic 

engineering. Various concepts for gene editing and gene manipulation serve as important tools for 

plant breeders and the molecular biologist to essential genes in genomes of important crops [17]. 

The key for gene editing consists of binding domain and effector domain. Binding domain and 

bind of sequence specific DNA while effector domain helps cleavage of DNA at target site and 

regulates transcription [23]. CRISPR locus or array are located on the genome and consists of 

hyper variable spacers acquired from bacteriophage virus or plasmid DNA in CRISPR/Cas9, and 

Cas genes are located upstream of CRISPR loci and encodes for Cas protein for defense of invasive 

genetic materials [24]. 

  Foreign nucleic acid and acquire small fragments of DNA from invading bacteriophages 

and plasmids contain in CRISPR. The host incorporates the acquired fragments into its CRISPR 

locus as spacers between short DNA repeats. A short stretch of conserved nucleotides, Protospacer 

Adjacent Motifs (PAMS) act as recognition motif for the acquisition of DNA fragment into the 

spacer [17]. The expression of Cas proteins then transcribes the spacers acquired CRISPR to form 

pre CRIPSR RNAs (pre-crRNAs) which after cleavage and maturation of pre crRNAs results into 
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CRISPR RNAs (crRNAs). These crRNAs contains spacer sequence from previous foreign nucleic 

acid that helps in the recognition and cleavage of invading genome, which matches with the spacer 

sequence and helps to protect the host cells [23]. The ability of bacteria to acquire invading or 

foreign DNA fragments and utilize them to degrade further invading DNA or RNA sequences 

confers CRISPR/Cas9 system as an acquired and heritable defense system [24]. 

 Specific sequence of bacterial DNA can be edited and invading foreign DNA with the use 

of sgRNA such as phages can be cleaved by RNA guided nuclease in a sequence specific manner 

[25].  For sgRNA wich binds the DNA and pre- design sequence in RNA guided Cas9 enzyme to 

cut the DNA strand at specific loci for cutting of DNA proceeds with removal and addition of 

required sequences into the target DNA [23]. The instrument can be through delivery of sgRNA 

and Cas9 into target cells for gene transformation for create the resistance specific disease plants. 

 For delivery of sgRNA and Cas9 into plants cells like electroporation, via plasmids, 

agrobacterium mediated transformation, shotgun methods, particle bombardment and 

polyethylene glycol mediated transformation can be used [26]. However, easy and commonly used 

in many experiments is Agrobacterium medicated gene transformation [27, 28, 29]. Efficacy of 

CRISPR/Cas9 against tomato yellow leaf curl virus (TYLCV) in Nicotiana benthamiana plants 

and found exhibited profound evidence of interference against viral DNA by use of guide RNA 

mediated through Agrobacterium tumefaciens engineered tobacco rattle virus (TRV) with sgRNA 

specific for TYLCV into Agrobacterium tumefaciens and infiltrated it into plant [27] . 

CRISPR/Cas9 instrument integrated with Agrobacterium mediated gene transformation 

was applied in Nicotiana benthamiana and Arabidopsis thaliana against beet severe curly top virus 

similar finding was observed [29].  Interference of Cas9/sgRNA by binding to viral genetic 

element prevents replication of viral gene by blocking access of viral gene to replication protein 
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or by cutting double stranded DNA of virus to cease its replication or by causing error prone 

mutation of viral genome and the sgRNA also control viral DNA whose matches sequence  [27].  

Specific DNA target and by using variable crRNAs it is possible to design multi target sgRNAs 

which requlates the crRNA sequence [17]. 

2.2. Gene altering from CRISPR/Cas9 

 The potential for considerable improvement over other quality altering advances which 

offers the most dependable and flexible stage to design plant genome from the CRISPR/Cas9. 

Fabulous application in animal science which is turned to change in plant science for the 

multipurpose [30]. 

 Initially, CRISPR/Cas instrument was regulated by the bacterial type-II CRISPR/Cas 

adaptive immune system that is the hosts to cleave invading phage or plasmid DNA [31]. For the 

capacity of CRISPR/Cas9 framework a protospacer-containing CRISPR RNA (crRNA), a trans-

actuating crRNA (tracrRNA) and a Cas9 endonuclease. Specially,   

Cas9 nuclease is pointed by the crRNA and tracrRNA duplex to divide the trespassing 

DNA conveying the similar protospacer partitions is accompanied by a protospacer adjoining 

theme (PAM). The PAM is completely main role as it conveys the foundation of the crRNA 

tracrRNA/Cas9 unidentified and definite furthermore progressive base blending between the 

crRNA and the protospacer [32]. 

2.3. Off-targeting and specificity of CRISPR/Cas9  

Target mechanism is considerable and implication of genome editing which is valuable for 

the specific target site. In case of plant, target site is more specific and less effect in most of the 

species.  In most species unlinked mutation has been occurred performing backcross to 

untransformed plants.  The complement of the guide sequence of the sgRNA and the DNA targetis 
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specified by the CRISPR/Cas9. Bioinformatics tools can be applied for minimize the off-targeting 

and increase the specificity of sgRNA [10].  

 

3. CRISPR/Cas9 as gene editing instrument in plants  

Deletion and insertion which is single point of several groups in particular gene in sgRNA 

for the repair gRNA directed to Cas9 nucleases which also be applied for the induced large 

genomic rearrangement or deletion such as inversion or translocation. 

NHEJ (Non Homologous End Joining) gene knock out in organisms including plants is the 

main application of CRISPR/Cas9.   

Cas9 and sgRNA instrument for the various combinations to find the transit expression in  

Arabidopsis, tobacco, rice and sorghum using Agrobacterium or PEG mediated 

transformation [26]. For finding the function of the enzyme genes and expression of miRNASs 

NHEJ-mediated CRISPR/Cas9 is a suitable technology. Highly desirable repair(HDR) pathway 

for the double standard break (DSB) focus on gene knock in replacement of gene in plant genome 

is successfully conduct in tobacco [36].  

 

4. Application of CRISPR/Cas9 technology 

4.1. Validity of CRISPR/Cas9 in resistance breeding in plants 

The urgent need of efficient crop improvement schemes with advanced and reliable gene 

editing tools is CRISPR/Cas9 [33].  DNA with removal of target sequence and addition of gene of 

interest by creating the mutation from the CRISPR/Cas9 technology.  Benefits of CRISPR/Cas are  

multi gene editing, mutagenesis in  inaccessible gene and gene deletion of large generated gene 

which ultimately used to  progressive  for plant breeding [34].The modification I of plant genome 
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be inherited stable, and Cas9/sgRNA and the successive formation of the crops variation in further 

generation [35]. The pre calculated sequences in RNA guides Cas9 enzyme for the DNA strands 

at exact locations guide RNA can be bind in DNA sequence.   

Induces mutations and the cut DNA is repaired from the DNA recombination. Instant, 

unwanted mutation is not necessary for the 20 base pair in sgRNA sequence need to be 

complimentary base pair whether the results will be falls. In falls mutation and DNA essential 

sequence information will be lost. Most of the researcher are working to make use accuracy of 

CRIPSR/Cas9 as Cas9 enzyme can be regulated to target different sites by changing the sequence 

in sgRNA for the DNA [23]. 

 

4.2. CRISPR/Cas9 for antiviral resistance in plants 

Protection from infections in a few harvest plants CRISPR/Cas arrangement of genome 

altering has now been utilized proficiently a technology [25]. The records have been reported 

which CRISPR/Cas widely utility for the preservation of gemiviruses [29]. For the preserve and 

protection of the plant against the gemiviruses species represents the BCTV (Beet wavy top 

infection), TYLCV (Tomato yellow leaf twist infection), and MeMV (Merremia mosaic infection). 

For the specific acquisition, expression, and impedance CRISPR/Cas9 technology first implication 

for the particular site of DNA of attacking pathogens. 

The specific pioneer side of the CRISPR locus which duplication and joining the repair the 

DNA is a principle methods. In instant short part of DNA fused by means of CRISPR in bacterial 

genome and makes another spacer arrangement. Long pre-CRISPR RNA (pre-crRNA) then 

actively proceeds in crRNAs with the help of specific Cas protein as well as trans activating crRNA 

(tracRNA). For the final situation as interference, foreign gene element is targeted and cleaved 
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into small fragments for a specific sequence. The complimentary target region of DNA of viruses 

and plasmids, and induction of resistance plants from the crRNA directs the Cas9 protein [17]. 

 

4.3. CRISPR/Cas9 for contraction in plants opposed to bacterial and fungal components 

Most severe diseases affecting plants, leading to significant reduction in yield and crop 

quality cause economic loss in worldwide from the fungal pathogen [37]. In application of 

CRISPR/cas9 to manage the plant virus also help to the versatile path for the fungal as well as 

bacterial pathogens. Burkholderia glumae, Burkholderia gladioli, and Burkholderia plantarii are 

the rice pathogenic bacteria which causes the seedling blight, sheath rot grain rot so on can reduce 

the rice production for minimize the biological control tool [21]. 

B. plantarii ATCC 43733T has related features B. glumae and B. gladioli, but this B. 

plantarii strain CRISPR/CRISPR-associated protein (Cas) systems, signifying that B. glumae has 

evolved rapidly or has undergone rapid genome rearrangements or deletions in response to the host 

plants Burkholderia species has distingused charecters comparision to the other Burkholderia 

species of humans animals and plants [38].  Efficiently disrupt target genes in the smut causing 

maize pathogen Ustilago maydis type II bacterial CRISPR/Cas9 system has been used  

Successfully to target the mildew-resistance locus O (MLO) in wheat, generating plants resistant 

to powdery mildew disease from the CRSPR/Cas9 [39]. The ethylene pathway in rice was 

successfully modified by targeting a mutation in OsERF922 using CRISPR/Cas9 technology to 

increase resistance to rice blast pathogen caused by Magnaporthe oryzae [23]. 

      For mlo-type resistance against powdery mildew and other pathogen CRISPR/cas system 

can be applied and hold the potential type. Richter et al. [40]  Pectobacterium atrosepticum, a 

plant pathogen that causes soft-rot and blackleg disease in potato has been formation of protein -
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protein interaction complex formation in the subtype I-F CRISPR/ Cas system including Cas1, 

Cas3, and the four subtype specific proteins Csy1, Csy2, Csy3 and Cas6. Research on of citrus 

gene function and for targeted genetic modification [41].  

 

Table2. CRISPR/Cas9 Application in some valuable plants 

 
Name of  Plants   Gene of Plants  Purpose for editing  Benefit for editing  References 

Oryza sativa L. OsSWEET11, 

OsSWEET14 

(rice bacterial blight 

Susceptibility) 

For the  resist against 

Bacterial 

blight of rice against 

Xanthomonas oryzae. 

PEG stimulated 

Cas9/sgRNA uptake 

of gene in rice 

protoplast  

[26] 

Oryza sativa L. TMS5 To develop commercial 

'transgene clean'TMGES 

rice lines.  

Offspring’s were 

observed to be 

healthier and 

provided a more 

benefit  yield 

compared with the 

control. 

[42] 

Oryza sativa L. OsERF922 

(ethyleneresponsive 

factor transcription 

factor) 

To fight against Rice 

blast 

disease caused by 

Magnaporthe oryzae 

42% T0 mutant lines; 

6 T2 homozygous 

mutants showed high 

blast resistance and 

had the same 

agronomic traits 

[39] 

(Oryza sativa L. ALS To introduce various 

distinct point mutations 

in 

the rice ALS gene. To 

increase resistance 

against herbicide. 

Knock-in and 

resistant against 

sulfonylurea 

herbicides 

[43]  

Triticum 

aestivum L. 

TaMLO homologs To increase resistance 

against powdery mildew 

in 

wheat. 

Knockout and 

resistance to powdery 

mildew 

[39] 

Triticum 

aestivum L. 

TaGW2 For efficient and specific 

genome editing 

TaGW2 gene plays a 

vital role in 

grain weight control. 

[44] 

Gossypium 

hirsutum L. 

 

GhCLA1 

(Chloroplasts 

alterados 1) 

 

For targeted mutagenesis 

of the cotton 

genome 

Mutations were 

detected in cotton 

protoplast. 

 

[45] 

G. hirsutum L. An endogenous gene 

GhCLA1 

and DsRed2 

(Discosoma red 

fluorescent protein2) 

For targeted mutagenesis 

of the cotton 

genome 

Disappeared red 

fluorescence and 

showed the albino 

phenotype 

[46] 

G. hirsutum L. GhMYB 25-

like 

For efficient and specific 

genome editing 

GhMYB25-like is 

involved in the 

[47] 
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establish of cotton 

fiber. 

Zea mays L. ZmAgo18a and 

ZmAgo18b 

unless (a1 and a4) 

(Argonaute 

18) and reductase or 

anthocyanins (a1 and 

a4) 

For mutagenesis 

frequency and heritability 

Involved in the 

biosynthesis of 24- nt 

phase RNA in anthers 

[48] 

Glycine max 

L.Merr. 

GmPPD1 and 

GmPPD2 

Inheritable site-directed 

mutagenesis 

Trifoliate leaves were 

observed 

thicker with deeper 

green color, 

longer petioles, and 

more giant pods 

[49] 

Glycine max 

L.Merr.) 

GmFT2a To induce targeted 

mutagenesis of GmFT2a 

Showed late 

flowering under both 

short-day and long-

day conditio 

[50] 

Sorghum bicolor 

L. Moench) 

Whole k1C gene 

family 

For create kafirin variants 

for the improvement of 

protein quality 

digestibility  

Vitreousness and a-

kafirin levels 

were reduced, 

whereas an increase 

in the grain protein 

digestibility and 

lysine content was 

observed akafirin 

were observed. 

[51] 

Hordeum vulgare 

L. 

HvPM19 For induce targeted 

mutagenesis of barley 

genes. 

Dwarf phenotype [52] 

Brassica 

oleracea 

BolC.GA4.a For  induce targeted 

mutagenesis of B. 

oleracea genes. 

Dwarf phenotype [52] 

Brassica napus L. RGAs, FULs, DAs, 

and A2.DA2 

For  induce targeted 

genome modifications at 

multiple loci 

Dwarf phenotype [53] 

 B. napus L. Rapeseed SPL3 

homologous 

gene copies 

For  rapidly generate and 

identify mutagenesis of 

multiple gene homologs 

Simultaneously. 

Showed 

developmental delay 

phenotype 

[54] 

Manihot 

esculenta 

MePDS (phytoene 

desaturase) 

gene 

 

Mutagenesis in cassava to 

produce target site 

Dwarf phenotype [55] 

Watermelon ClPDS (phytoene 

desaturase 

For knockout mutations 

in Watermelon. 

Apparent or mosaic 

albino 

phenotype 

[56] 

Salvia 

miltiorrhiza 

Diterpene synthase 

gene 

(SmCPS1) 

For precisely knockout 

the SmCPS1 in S. 

miltiorrhiza 

The roots of 

homozygous mutants 

were white in 

appearance, whereas 

wild-type plants had 

red-colored 

roots. 

[57] 
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Lotus japonicus SYMRK (symbiosis 

receptorlike 

kinase), LjLb1, 

LjLb2, and 

LjLb3 

For effectively target 

single 

and multiple  genes SNF  

The triple mutant 

produced white 

nodules, whereas 

control plants 

formed pink nodules 

[23] 

Vitis vinifera L. MLO-7 (Mildew 

Locus O) 

For tolerance 

against powdery mildew 

MLO genes are 

conserved, and 

their loss of function 

results in 

resistance against 

powdery mildew 

[58] 

Malus pumila DIPM-1, DIPM-2, 

and DIPM-4 

For resistance to 

fire blight disease 

Physical interaction 

with the 

disease-specific gene 

of Erwinia 

amylovora, 

[59] 

Citrus sinensis 

Osbeck 

Gene CsLOB1 

(LATERAL 

ORGAN 

BOUNDARIES1) 

promoter 

For tolerance against 

citrus canker as with in 

wild type 

Mutant plants 

showed tolerance 

against citrus canker 

[60] 

Citrus paradise 

Macf. 

CsLOB1 (C. sinensis 

Lateral 

Organ Boundaries) 

gene 

For generating canker 

resistant 

grapefruit 

Exhibited canker 

symptoms same 

as wild type 

[61] 

Musa acuminata PDS (phytoene 

desatur 

Basic purpose  Slower germination 

growth on the 

selection medium. 

[62] 

Nicotiana 

benthamiana 

BeYDV (short 

intergenic 

region, transacting 

replication 

initiation protein) 

For fight against Leaf 

thickening, chlorosis, 

curling caused by Bean 

yellow dwarf virus 

(BeYDV) 

87% reduction in 

targeted viral load. 

The study proved that 

IR targeting 

via sgRNA confer 

better resistance 

[63] 

N. benthamiana TYLCV-IR 

(intergenic regions), 

RCA regions 

For the defense of  Leaf 

curl disease 

Mutants showed 

delayed and 

reduced viral DNA 

accumulation 

[27,64]  

N. benthamiana NtPDS and NtPDR6 For  examination of 

transient genome editing 

activity and target 

mutagenesis  

The psd mutant 

showed etiolated 

leaves, and the pdr6 

mutant 

displayed more 

branches 

[65] 

N. tabacum L. XylT (b(1,2)- 

xylosyltransferase) 

fucosyltransferase 

For the remove plant 

type glycans by 

inactivation of 

those two enzymes 

Devoid and strong 

reduction of 

a(1,3)- fucose and 

b(1,2)- xylose 

[66] 

N. benthamiana 

L. and 

Arabidopsis 

EDS1 and PAD4 For induction of 

inheritable 

chromosomal deletions 

EDS1-family genes 

are essential 

regulators of plant 

innate immunity. 

[67] 

Solanum 

lycopersicum L. 

SlPDS (phytoene 

desaturase) 

For targeted mutagenesis 

in tomato plants 

The mutants of 

SlPDS showed an 

[68] 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 10 March 2021                   doi:10.20944/preprints202103.0277.v1

https://doi.org/10.20944/preprints202103.0277.v1


17 
 

and 

SlPIF4(phytochrome 

interacting factor) 

albino phenotype. 

S.. lycopersicum 

L. 

SlIAA9 (auxin-

induced 9) 

For parthenocarpic 

tomato plants 

Morphological 

changes in seedless 

fruit and leaf shape 

[69] 

Solanum 

tuberosum 

GBSS (granule- 

bound starch 

synthase) 

For the starch quality 

alter 

Reduction of 

amylose content in 

starch 

[70] 

Cucumis sativus 

L. 

eIF4E (eukaryotic 

translation 

initiation factor4E) 

gene 

For enhance tolerance 

against the virus in 

Cucumber sativus L. 

Enhanced tolerance 

against the 

infection of Papaya 

ringspot mosaic 

virus-

W(PRSV-W) 

[71] 

Lactuca sativa LsBIN2 (A. thaliana)  For DNA-free genome 

editing 

Calli contained 

monoallelic and 

biallelic mutations 

[72] 

 

 

5. Supremacy of CRISPR/Cas9 technology 

The simplicity, highly reliable and validity for CRISPR/cas9 as new gene editing tool is 

improved the gene editing methods as genomic scale the advantage of the CRISPR/Cas9 

engineered has been noted in different accepts [57,58]. Versatile and comparatively precise 

approach innovation of misused for the specific guide RNA to make the new generation yield 

plants using the tricky infection and host interpretation factors. In other, CRISPR/Cas9 is wide 

noted frameworks among the accessible gene. With the incredible contribute the sustainable 

farming without biotic and abiotic effect by modify the specific DNA sequence. The valuable and 

remarkable advantage is to minimize the target activity and double nicking strategy which the 

target site of the genome. CRISPR/Cas9 has success rate according the species nature for 

nutritional value, stress control and improvement of crop is increased [33]. Multiple gene 

disruption is defined from the CRISPR/Cas9 technology which allow the researcher for editing the 

target site of DNA to edit the multiple genes in one line of plant [11]. Which is beneficial for the 

time and economy. The new instrument CRISPR/Cas9 has widely used in the world due to the 

easy handling as well as minimize cost for the genome engineering. This is revolution of the 
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biological sciences whether used in human, animals and plants. In plant mostly used for disease 

resistance verity and as well as crop improvement. Older technology ZFNs and TALENs, are slow 

and less reliable then CRISPR/ Cas9 as well as expensive for finding the target DNA engineered 

[44].  

6.  Future of CRISPR/Cas9 in plants 

    The CRISPR/Cas9 is mostly used friendly and easily with the designer nuclease system. 

Currently precision for the genome engineered system, medicinal plants have changed the DNA 

sequences for the instant the DNA sequences changed from the CRISPR/Cas9 technology helps to 

reduce the toxic components present in plants. The system of CRISPR/ Cas9 is challenges and 

highly applicable for the different purposes in the plants.  The molecular scissor CRISPR/Cas9 for 

the revolution in biological science, and the world has been changed for the easiest DNA 

engineered. The most significance changes are to permit absolutely and surprising heredity 

changes from the gRNAs with Cas9 [59]. Instead of the CRISPR/Cas9 instrument is magnificent 

apparatus for the genome engineering. It is necessary to investigate the off-target changes 

effectiveness with in the coordinate target site. In future phyto-pathogenic infection would be 

harmful then would be improvement of exact cut sequence site of DNA.  

The coming research will go the ideal and advanced and hope the quality of success in 

soon. The quality of the gene editing has been completely changed from the CRISPR/Cas9. 

Analyzing and investigation of primary research which will be minimized from the abiotic and 

biotic stress burden. More research remains to improve the plants. The CRISPR/Cas9 is being a 

lightening eyes for the designer plants will be interest for the wild type plants and preserve the 

extended plants through the microspore. CRISPR/Cas9 is highly used for the genome biology. The 
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CRISPR/Cas9 will boost the future desired mutation of the plants for modify the eukaryotic and 

prokaryotic genome.  

7. Conclusion 

Amazing instrument CRISPR/Cas9 in plants due to its significant, off-target impact, easy 

to handle, proficiency for the mutagenesis in comparison of ZFNs and TALENs. This system is 

revalidation and achieved benefit progress to increase the efficiency of the target site. It gives the 

new approach for the high yield with improved verities. This technology being advanced, and the 

gene is real changes. The alternation incorporation substitution, cancellations, reversal, knockouts, 

and translocations. Newly emerged technology evaded need to rely on the target specific gene. 

The plant from the CRISPR/Cas9 has no exogenous DNA and can be accepted from the changed 

sequence. Furthermore DNA laves and epigenetic editing with the CRISPR/Cas9 [73, 74]. 

Genetic engineering, abiotic stress resistance, phytoremediation contributes the incredibly 

without the doughty CRISPR/Cas9 system can promote the genome adjustment in yield of crops. 

Particularly increased and decrease the impact of the previous sequence of DNA should be 

involved in gRNA/Cas9 complex. This will modify the novel allele’s improvement of the plants 

as a tricky infections utilization of the host part. Another remarkable property of the CRISPR/Cas9 

technology to produce the new opposition alleles from the genome altering process for the boosting 

yield controlling through the abiotic and biotic stress in environment. 

DNA focused close to the PAM site due to gRNA and Cas9 by communicate and built the 

sequence of DNA.   Double stranded break (DSB) can fixed by the non-homologous end joining 

(NHEJ) or homology coordinated fix (HCF). Fix of NHEJ move to change quality of Knockout 

that given DNA end homology. The point can be embedded at the focused y to adjust a quality by 
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including changes in nucleotides or by quality inclusion [3]. Individual trRNA and crRNA is less 

effective than that of combined sgRNA and Cas9 complex. Homology directed repair from the 

exact substitution mutation [32]. 

Although the CRISPR/Cas9 can be applied for genome editing in plant. For the reliable 

plant genetic editing need to certain changes for minimizing the target rate, elucidate the 

mechanism and for how will be optimize the editing percentage. Further research need to improve 

the CRISPR/Cas9 for basic and applied requirement in future.  
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