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INTRODUCTION 

Recent advancement in crop science has supplanted the 

impediments of conventional and molecular breeding of crop 

improvement. The accelerated genome-editing tools like 

ZFNs, TALENs, Cas-9 based CRISPR have been utilized in 

a wide variety of plant species to characterize gene functions 

and improve agricultural traits (Anzalone, et al., 2019). 

These genome-editing tools have ability to alter the plant 

genome by addition or deletion of base sequences on the 

various genome regions. Using genome-editing tools, several 

crop species have been improved through precise targeted 

mutagenesis and gene targeting. Site-specific nucleases 

(SSNs) are one of basic platform to accelerate the genome-

editing tools by changing the location of genes present in the 

genome.  

 Genome-editing tools have been used by researches 

since last two decades for the alteration of plant genome for 

agronomical traits, nutritional profile, and stress resistance 

(Ainley, et al., 2013). Genome editing approaches are more 

cost efficient, quicker, and precise in achieving desired crop 

improvement as compared to traditional methods and other 

biotechnological approaches. In crop species, several 

metabolic pathways have been altered using these genome-

editing tools. Considering the importance of crop species for 

global food security, genome-editing techniques have been 

widely employed for their improvement to advance novel 

varieties with enhanced produce and superiority. Genome-

editing tools are well suited for those crops, whose genome 

has been completely sequenced. Due to availability of 

complete genomic data of the plant we can successfully 

apply the genome editing tools for alteration of genomes. 

Cereal (rice, wheat, maize, barley, and sorghum), pulses, oil 

yielding crops, vegetables, fruits and cash crops have been 

improved for various purposes using genome-editing tools 

(Armario, et al., 2019).   
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In addition, hybrid seed production has also 

been improved through targeting cytoplasmic 

male sterility in many crops. The crop plants 

improved using genome-editing techniques 

might be established as non-genetically 

modified crops and have no any risk in the 

environment. Zinc Finger Nucleases (ZFNs) is 

the first technique for highly targeted genome 

engineering, the discovery of zinc finger 

nucleases (ZFN) improved the effectiveness of 

gene targeting in several ways. 

Genome editing tools 

Dr. Emmanuelle Carpenter, one of 

scientific founders, co-invented CRISPR/ 

Cas9 gene editing. He has explored the 

targeted nucleases to explore the ability to 

manipulate genomic sequence. Jennifer 

Doudna is the biggest name in the world of 

genome editing. CRISPR-Cas9, a powerful 

technology discovered in 2012 by American 

scientist Jennifer Doudna, French scientist 

Emmanuelle Charpentier (Makarova, et al., 

2015).  

The genome editing tools including 

ZFNs, TALENs and CRISPR would be helpful 

to the researchers for altering the genome for 

crop improvement (Li et al., 2011). 

Introduction of genome editing into modern 

breeding programs should facilitate rapid and 

precise crop improvement. ZFNs are the first 

genome editing tools generated by fusing zinc 

finger DNA-binding domains to the cleaved 

DNA domain (Shukla et al., 2009; Fiaz et al., 

2019). Zinc finger domain is able to target 

desired DNA sequences with in the complex 

genomic region. The DNA binding domains 

associated with zinc finger nuclease associated 

with three and six zinc finger nucleases. This 

is one of the important tools used in the 

genome editing of several crops for alteration 

of various genomic region.  

TALENs are another genome editing 

tools applicable for genome editing of crop 

plants. This genome editing technology is 

known to function in a variety of host systems, 

including bacteria, yeast, plants, insects, 

zebrafish, and mammals. They are almost 

similar to the ZFNs. TALENs are fusions of 

transcription activator-like (TAL) proteins and 

a FokI nuclease (Li, et al., 2012). TAL 

proteins are composed of 33-34 amino acid 

repeating motifs with two variable positions 

that have a strong recognition for specific 

nucleotides (Boch, et al., 2009; Doyle, et al., 

2012).  

Cas-9 based CRISPR technology of 

genome editing is one of the advanced system 

frequently applied in many crop plant for 

alteration of genomic region for the 

development of smart crop cultivars (Shmakov 

et al., 2017). CRISPR-Cas9 uses a specially 

designed RNA molecule to guide an enzyme 

called Cas9 to a specific sequence of DNA 

(Jansen et al., 2002). Cas9 then cuts the 

strands of DNA at that point and removes a 

small piece, causing a gap in the DNA where a 

new piece of DNA can be added for the 

alteration of nucleotide sequences. The system 

consists of two parts i.e. the Cas9 enzyme and 

a guide RNA. Rapidly translating a 

revolutionary technology into transformative 

therapies (Ishino et al., 1987).  

Application of genome editing  

Genome editing is one of the 

wonderful techniques used to make precise 

and targeted changes in the DNA of organism. 

Most of the genome editing tools can be 

applied to develop more resilient crops and for 

the improvement of agronomically important 

traits as well as quality traits.  Potential 

application of genome editing includes more 

accurate and faster diagnosis, more targeted 

alteration of genome by addition or deletion of 

nucleotide sequences, and prevention of 

diseases and disorders.  

Crop being improved more rapidly 

when genome-editing tools come in to 

existence. Genome-editing tools are useful and 

able to provide information on genome size, 

gene number, gene mapping, gene sequencing, 

crop plant evolution, gene cloning, DNA 

marker recognition, marker assisted selection, 

transgenic breeding, linkage map creation and 

QTL mapping. They are also used in gene 
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therapy, cell therapy, and the screening and 

development of new drugs.  

Some genome editing tools like Cas-9 

based CRISP technology able to utilize site-

specific genome editing has great therapeutic 

potential for achieving long-term, stable gene 

expression. Viral diseases in several crops 

have also been targeted using Cas-9 based 

CRISPR technology for the development of 

resistance against viral diseases through 

alteration of nucleotide sequences on the 

various genomic regions.  Some important 

crop cultivars improved for various traits using 

genome-editing tools are given in the table.  

 

CONCLUSION 

Genome editing is the wonderful tools of the 

crop improvement. Crops including cereals, 

fruits, vegetables, pulses and oil yielding crops 

needs to be improve for insect, pests, fungal 

pathogen, bacterial pathogens and other 

quality parameters. These area of crop 

improvement cannot be achieved by molecular 

breeding and transgenic approaches due to 

several limitations. However, Genome editing 

tools play a crucial role in the coming future 

within the committed period for the strategic 

improvement of crop plants to fulfill the 

requirements. 
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