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ABSTRACT 
 

Gene editing is a novel genetic engineering technique that allows for exact modification of an organism's genome's particular gene 

sequence. Zinc-finger nucleases (ZFNs), endonucleases (TALENs), and CRISPR/Cas9 systems have been used to alter indigenous genes 

in organisms over the last ten years due to the quick advancements in gene editing technologies. Nowadays, a variety of animals including 

rats, cattle, steers, goats, ewes, bucks, and primates, have been subjected to gene editing technologies. Traditional breeding often finds it 

challenging to develop agricultural animals to be disease-resistant, but gene editing tools have made this process simpler. In this paper, 

we provide a general idea of the evolution and use of genome editing technologies in animal confrontation breeding. Additionally, we go 

over the potential and viewpoints of gene editing expertise in disease resistance breeds. 
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Introduction 

The raising of livestock is vital to modern society. Products from livestock, 

including meat, eggs, milk, and fur, are essential to human existence. High-

quality protein and a significant amount of energy are provided by the foods 
from these animals [1]. Thus, the security of public health and worldwide 

food safety are intimately linked to an effective, safe, and healthy cattle 

agricultural sector. We already know that infectious livestock diseases have 
a significant impact on human health safety, livestock productivity, animal 

health welfare, and the social economy due to the global outbreaks of avian 

flu, African swine fever, and other animal diseases. For a very extended 
time, immunization and antibiotic eating were the main stratagems used to 

control disease in cow production.  

Though, long-standing use of antibiotics exacerbates illnesses and fosters 
confrontation with harmful bacteria [2], and there are no operational 

vaccinations for several infectious disorders [3]. Since disease resistance is 

the desired trait for cattle genetic improvement, many researchers have 
resorted to altering instinctive genomes to increase disease confrontation 

when more conventional approaches don't work. 

Enhancing livestock disease resistance and immune capability by 
contemporary genetic and molecular biology approaches could boost 

livestock production efficiency and promote the industry's healthy growth. 

Long cycles, poor efficiency, and difficulty making predictions are some of 
the drawbacks of traditional breeding techniques [4]. First, obtaining a 

superior trait requires a large population; in the meantime, assortative 

mating and ongoing selection are required to stabilize this feature. Many of 
the finest agricultural animals of today—like Holstein cows and Landrace 

pigs—have undergone decades of breeding. Furthermore, once some 

significant economic qualities have reached a particular level, it is difficult 
to make quick improvements [5]. Admittedly, outdated breeding has 

reached restricted access, particularly in a population that is expanding 

quickly and has few resources. 
Zinc Finger Nuclease 

Zinc finger nucleases include restriction endonuclease FokI and tandem 
zinc finger-binding motifs [6]. Certain DNA sequences are recognized and 

bound by zinc finger proteins (ZFPs), and Fokl carries out the cutting action. 

In 1983, zinc finger protein was initially identified in Xenopus laevis oocyte 
transcription factor IIIA [7]. The Cys2-His2 zinc finger domain is one of 

the most prevalent DNA-binding keynote types in eukaryotes, consisting of 

around 30 amino acids with a conserved ββα structure [8,9].  
Typically, further than three zinc finger dominions are required to recognize 

a particular DNA sequence because a single ZFP unit can only detect three 

DNA nucleotides.  
Zinc finger proteins' modular structure is necessary for designing DNA-

binding proteins [10]. The distinctive surface structure of ZFPs' DNA 

binding domain counterparts the DNA double helix. Contact with certain 
DNA bases is made possible by this specific finger-shaped spatial 

arrangement that outspreads hooked on the DNA double helix's wide groove 
[11].  

The subsequent circumstances must be encountered for zinc finger and 

DNA to bind: The large groove contains the zinc finger protein's α helix, 
the protein's positive charge is located close to the phosphoric acid 

minimum, and the combined arrangement between the zinc fingers is rather 

stable. Then, the FokI disrupts the downstream nucleotide chain. 
Transcription Activator-like Effector Nucleases 

ZFNs and TALENs share a analogous assembly. They also have a cleavage 

domain and a DNA-binding domain [12]. Furthermore, in order to produce 
DSBs, two TALENs are needed [13]. Transcription activator-like effector 

(TALE), the DNA-binding domain of TALENs, was initially identified in 

Xanthomas effector proteins [14]. The DNA-binding dominion is composed 
of 30 tandem recurrences of 33–35 amino acids, each of which can detect 

different base pairs [15]. Any DNA sequence could be the target of TALE. 

By joining a non-natural TALE by means of the single-strand DNA-
cleaving dominion of FokI, researchers developed TALEN, a powerful 

weapon that combines the capabilities of TALE and FokI. 

TALE might target any sequence of DNA. To create TALEN, a potent 
weapon that combines the capabilities of TALE and FokI, researchers 

connected a non-natural TALE with the single-strand DNA-cleaving 

dominion of FokI. 

 
Fig. 1: Shows the production of high-quality genetic calf by gene editing. 

Clustered Regularly Interspaced Short Palindromic Repeats/CRISPR-

Associated Protein 

CRISPR-Cas9 might be a more potent tool for animal genetic improvement 

when compared to the gene editing technique previously discussed. 

Through DNA or RNA interference, clustered regularly interspaced short 
palindromic repeats (CRISPRs) in bacteria and archaea serve as an acquired 
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immune system resistance against invasive DNA contaminants [16]. This 
peculiar structure, which consists of a sequence of repeating pieces 

separated by a distinct interval sequence, was discovered in the genetic 

material of E. coli by Japanese researchers in 1987 [17]. Up until 2007, 
research on Staphylococcus thermophiles showed that the CRISPR and 

CA’s proteins coordinate this immune system.  

A specifically altered type II CRISPR system is most frequently used in 
CRISPR/Cas9 gene editing technology. Trans-activating crRNA 

(tracrRNA), crRNA, and the nuclease Cas9 make up this system. The 

nuclease Cas9 initiates DSB at the target region of the crRNA-paired DNA 
sequence under the guidance of the crRNA/tracrRNA composite. Any 20-

nucleotide placed exactly 5′ of an NGG protospacer head-to-head keynote 

(PAM) sequence can be targeted by the CRISPR/Cas9 system. TALENs 
and CRISPR/Cas technologies are more user-friendly, less expensive, and 

more operative than ZFNs [18]. Nevertheless, attention is drawn to the 

possible dangers of off-target and genetic variation. 
Endonucleases directed by RNA 

It is the newest tool in the genome editing arsenal. Compared to its 

predecessors, the CRISPR/Cas system's RGENs allow for more effective 

genome editing. In bacteria and archaea, the CRISPR/Cas system is an 

adaptive immune response that works by using the Cas9 protein and guide 

RNAs, whose sequences are largely derived from the invasive genetic 
elements, to recognize and cleave foreign DNA from phages and plasmids 

[19]. RGENs that allow for targeted genome editing were created by taking 

use of this technology. 
The CRISPR/Cas9 system has shown itself to be an interesting and 

noteworthy technological advancement for biomedical applications and 

research due to its quick speed of advancements, novel uses, and adoption 
for use in a variety of organisms. 

Present-day difficulties in the Breeding of livestock  

Numerous current breeds are going extinct, and breed diversity is declining. 
More than 1000 livestock and poultry varieties have gone extinct worldwide 

in the 20th century, and the number is still rising, according to a United 

Nations Food and Agriculture Organization review of 6500 types in more 
than 170 nations. Data is available for 4183 of the 6379 domesticated animal 

breeds that are currently included in the global farmed animal genetic 

resource database. Of these 4183 breeds, 1335 are classified as "high risk," 
while 740 are extinct. Therefore, if nothing is done in the following 20 

years, a total of * 2000 livestock and poultry breeds will be destroyed [21]. 

The main cause is that indigenous breeds that lack competitive advantages 
in terms of production performance and financial gains are either eliminated 

or modified. In China now, nearly 95% of pigs, 60% of cattle, 80% of sheep 

and goats, and 95% of poultry are good breeds or enhanced breeds [22]. 
However, there are now insufficient safeguards in place to properly preserve 

fine regional breeds, which has led to the rapid extinction of many local 

breeds. Out of over 1000 cow breeds, 450 local breeds have disappeared 
worldwide in the last century because of the widespread introduction of 

breeds to hybridize with the native breeds [23]. 

The sustainable growth of agriculture is threatened by the depletion of 
genetic resources, which also restricts the breeding of innovative, high-

quality breeds. The ongoing development of agriculture and animal 
husbandry depends on the availability of local livestock and poultry 

resources [24]. 

Future of genome editing in Animals 

Genome editing technology has inevitably impacted on the agricultural 

industry's use of transgenic animals. Gene targeting, including gene 

knockout (KO) and knock-in, has historically been extremely challenging, 
if not impossible, in cattle breeds due in large part to the lack of germline 

transmittable embryonic stem cells.[25]  

The need for accurate genome editing at numerous loci is a crucial factor to 
consider when using genetic manipulation to improve animal production 

and/or quality. Numerous genes that operate throughout the body affect an 

animal's growth and development, and various production qualities are 
frequently regulated by one or more genes.  

The production performance may also be significantly impacted by different 
mutation types or places within the same gene.[26] Therefore, precise 

genome editing at numerous genomic locations is necessary for the major 

increase of multiple livestock production traits. Enhancing the effectiveness 
of multiplexed genome editing will boost cattle breeding's efficiency and 

elevate it to a new level. 

Conclusion 

In conclusion, the breeding of disease-resistant animals has significantly 

improved thanks to gene editing technology, and this breeding method will 

support the long-term growth of the livestock sector. The superiority and 
safety of gene editing technology will be further guaranteed as it develops. 

Without a doubt, gene editing technology will result in more remarkable 

cattle breeding outcomes and better, healthier goods for all of humanity. 
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