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Abstract

The world's population demand and animal output are significantly out of balance. Although traditional breeding techniques 
have been successful in selecting animal populations for a variety of traits with economic significance, the reliability of 
breeding value has always been in doubt. According to simulation and experiment data, genomic selection for young animals 
without own performance can predict breeding values with good accuracy. Genetic markers that cover the entire genome are 
employed in genomic selection, a sort of marker-assisted selection, to ensure that all loci for quantitative traits are in linkage 
disequilibrium with at least one marker. Early animal selection enables the development of innovative breeding techniques 
that increase genetic advancement while decreasing costs. The future of animal breeding companies lies in genomic selection, 
which increases genetic gain by reducing genetic interval and enhancing reliability. To regulate long-term genetic gain and 
increase the precision of genomic estimated value, more study is needed. An overview of the developments in genomic 
selection and its use in animal breeding was the goal of this paper.
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Introduction

With a growing global population, there is a greater 
need for food production. Food production needs to double 
in the upcoming years in order to meet the demands of the 

world’s population, according to the Food and Agriculture 
Organization of the United Nations (FAO) [1,2]. By enhancing 
genetic diversity, animal health, and animal husbandry 
practice, the predicted productivity gap could be closed. 
Intentional human selection is based on animal performance 
records and is related to animal breeding; selection is 
typically based on more than one trait [3]. Breeders have 
successfully produced improved animals using traditional 
animal breeding techniques (TAB) in the lack of molecular 
understanding [4]. Since ancient times, domestic species 
have used artificial selection based on the phenotypes of their 
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own animals. The use of data on the phenotypes of relatives 
to forecast the “breeding values” of candidates for selection 
was made possible throughout the 20th century by selection 
index theory, followed by Best Linear Unbiased Prediction 
(BLUP a more complex approach relying on mixed linear 
models). This resulted in the effective selection of phenotypic 
variables with moderate to high heritability that is simple 
to measure [5]. However, efficient phenotyping required 
expensive phenotyping investments for traits that were hard 
to measure or had poor heritability. Numerous Quantitative 
Trait Loci (i.e., sections of the genome that account for a 
portion of the genetic variance of a trait) have been identified 
using genetic markers over the past 25 years. Quantitative 
genetics-based animal breeding has significantly enhanced 
animal productivity.

However, due to technological limitations, the use of 
genetic markers in breeding programmes has been very 
restricted [6]. Genomic selection, also known as dense panels 
of single nucleotide polymorphism (SNP) markers, has 
recently opened up new possibilities for choosing the animals 
that are most suitable for breeding. Utilizing the quantitative 
trait locus (QTL) associated with a specific phenotypic trait 
and using it for selection purposes is the fundamental idea 
behind this methodology. The extensive knowledge of dense 
genetic markers has improved the accuracy with which 
breeding values for young candidates may be estimated. 
In order to create prediction equations of an individual’s 
genetic merit, the principle of genomic selection calls for 
utilizing both genotypic and phenotypic data from the 
reference population [7]. Greater reference male or female 
populations are anticipated to increase the reliability of 
genomic selection [8]. On the other hand, progeny tested 
bulls frequently create the training set of genomic selection 
due to the trustworthy phenotypic information obtained 
from a large group of daughters. It has been suggested that an 
effective way to increase the precision of genomic selection 
is to use a combined reference population by gathering data 
from many populations [9].

The technical and financial effectiveness of animal 
breeding programs has greatly risen thanks to genomic 
selection [10], whose advantages were initially noted for 
dairy cattle. These anticipated benefits are often brought 
about by a shorter generation interval, increased EBV 
accuracy, and lower progeny testing expenditures [11]. 
These theoretical discoveries led to the fast implementation 
of genomic selection in dairy cattle breeding programs. The 
initial goal of this research was to describe the evolution of 
animal breeding practices from conventional approaches 
to genomic selection. The second goal was to provide an 
overview of how genomic selection has been used in various 
farm animals, such as ruminants, swine, and chickens.

Traditional Animal Breeding

Breeding entails choosing domestic animals with the 
intention of enhancing quantitative or qualitative qualities 
in the offspring. Animals have been improved via a variety 
of breeding techniques, but the basic goal has always been 
to increase the production of superior animals with desired 
features [12]. Small holder farmers in low- to middle-
income countries (LMICS) typically cannot participate 
in traditional genetic improvement programs, which are 
based on measuring large numbers of pedigree-recorded 
animals in clearly defined cohort groups for the full range 
of economically significant productive and adaptive traits 
[13,14]. By characterizing native and hybrid animals for use 
in conservation, crossbreeding, and within-breed selection 
programs to improve economically significant traits, the 
use of genomic data in conjunction with information and 
communication technologies now offers significant new 
opportunities to increase the rates of genetic gain. As 
causal mutations are discovered, additional technologies, 
such as genome editing, in combination with cutting-edge 
reproductive techniques that enable quick multiplication 
and less reliance on cold chains for the delivery of improved 
genetics, could potentially transform livestock breeding even 
further [14].

Challenges

Due to numerous significant obstacles, there has only 
been a limited amount of utilization of genetic technology 
in grazing livestock in low-middle income countries. The 
issues are examined in the sections that follow, along with 
options to eliminate them for the ruminant livestock species 
that are most common in those areas beef and dairy cattle, 
sheep, and goats. Despite the fact that the paper’s main 
focus is on the use of genomic selection. The BLUP technique 
enhances the genetic response to selection by increasing 
the EBV’s dependability. This is true because the technique 
can take into account all systematic effects (such as batch, 
sex, production environment, and age variation) that are 
frequently linked to features in farm animals that are 
significant from an economic standpoint. Additionally, BLUP 
analysis uses all pedigree information through a numerator 
relationship matrix to account for increases in additive 
genetic variance brought on by inbreeding or assortative 
mating, which strengthens the reliability of EBV [15].

Despite the fact that animal selection using EBV 
inferred from phenotype has been quite successful, there 
are still a few drawbacks. These largely concern the ability 
to frequently and promptly capture phenotypic data of 
chosen candidates and/or their near relatives, which aids in 
accelerating selection processes at a young age to shorten 
generational gaps. Costly phenotypic recording for features 
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that are hard to measure or have low heritability is also 
crucial in this case. Another drawback of TAB is that the 
feature of interest, which can only be detected late in life and 
on one sex, necessitates animal sacrifice (for meat quality) 
or exposure to circumstances that would make it difficult 
to sell or export the animals’ germplasm (for example, 
disease resistance). Additionally, these breeding procedures 
continue to be relatively slow because it takes a long time 
to gather enough daughter phenotype data to accurately 
calculate genetic assessments [2].

Opportunities

For vast or pastoral production systems in tropical and 
subtropical climes, including those in Africa and Asia, there 
are the highest potential gains in cattle output. These systems 
make use of land resources that have limited other potential 
applications, such as urbanization. Additionally, they take 
advantage of ruminants’ advantages over monogastric 
livestock species, which include their ability to graze on 
pastures of inferior quality. As has happened recently in 
the intensive livestock industries, the pastoral livestock 
industries are likewise much less likely than the intensive 
livestock industries to encounter unequal demands on their 
production techniques from urban populations. By 2050, 
livestock farmers in the tropics and subtropics will need to 
adopt new, cost-effective, and transformative technologies 
for use with animals that are already well acclimated to 
their production conditions in order to double yields from 
the same resource base. The same way they have in the 
past, traditional technologies that produce incremental 
adjustments will help to increase production [14,16]. For 
instance, one study showed that US dairy farmers now 
need 21% fewer cows, 23% less feed, 65% less water, and 
90% less land to produce 1 billion kg of milk than they did 
in 1944, with a 57% reduction in methane emissions and 
concurrently significant waste reductions. This is possible 

thanks to the use of long-established technologies, such as 
animal breeding and animal nutrition.

Marker-assisted Selection

Marker-Assisted Selection (MAS) refers to the use of 
genetic information in addition to phenotypic information 
to improve dependability (MAS). As early as 1900, the idea 
of MAS for the selection of superior animals was initially 
proposed [17]. In MAS, marker genes are used to denote 
the presence of desirable genes. Trait-controlling genes are 
dispersed across the genome, but relatively few genes have 
big effects, and many more genes have steadily smaller effects 
[18]. A Marker assisted selection relies on determining 
the relationship between a genetic marker and associated 
Quantitative Trait Loci (QTL) [19], where the relationship 
between the markers is dependent on the distance between 
the marker and the target traits [20]. The selection response 
benefits from the combination of conventional breeding 
approaches and molecular genetic techniques. With the use 
of MAS, it is now possible to identify the trait of interest that, 
regardless of environmental circumstance, will be passed 
on to the future. This approach aids in identifying traits like 
disease resistance that have a low phenotypic expression. 
Because an individual’s phenotype may be anticipated at a 
very early stage, selection is possible for recessive genes and 
mutants in addition to MAS selection.

The majority of desirable qualities are controlled by a 
large number of loci, making the MAS approach ineffective 
in animal breeding programs even though it boosts animal 
production by boosting reliability. As a result, there may 
not be much genetic gain because only some of the genetic 
diversity can be captured by a small number of loci [21]. 
Additionally, the use of MAS is hampered by the computations’ 
complexity, which entails estimating breeding values and 
using information from molecular markers [22] (Figure 1).

Figure 1: MAS and Genomic selection.
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Development of Genomic Selection

For qualities with a straightforward genetic determinism, 
the MAS technique is successful, but it produces disappointing 
results in many more complex situations. The restricted 
genetic diversity and the weak correlation between markers 
and quantitative trait loci (QTL) at the population level were 
the two main factors contributing to this low productivity [5]. 
Due to the benefits of MAS in commercial breeding operations 
being obviously less than envisaged, another restriction of 
MAS is the expensive genotyping of selecting candidates. 
The entire genomes of numerous animals, including chicken, 
horse, sheep, cow, dog, cat, and rabbit, have been sequenced 
to date [23].

Principle of Genomic Selection

The main principle of genomic selection is the assessment 
of breeding value using marker data without knowledge of 
gene location. The gathering of phenotypic and genotypic 
data from the reference population is the initial step in the 
genomic selection process. All animals in the reference 
population are genotyped for SNPs across the complete 
genome to obtain genotypic information [5]. Having access 
to a sizable population of animals, such as a reference or 
training population, with correct phenotypes for the trait 
is therefore necessary for the initial phase in the genomic 
selection process (s). A whole-genome SNP array should also 
be used to genotype this population. The collected data will 
next be used to build a statistical model that estimates how 
each SNP affects the trait(s) of interest. A predictive equation 
to determine a genomic estimated breeding value is the end 

outcome (GEBV). Following a validation step, the prediction 
equation can be used to calculate the genomic breeding value 
of new animals based on their genotypes from the SNP array 
and in the lack of any reliable phenotypes for these animals. 
The population size and heritability of the characteristic 
under consideration affect the GEBV’s accuracy. González-
Recio, et al. [24] cited a 4-fold improvement in GEBV accuracy 
over the parent average for feed conversion efficiency in the 
case of the chicken.

Three variables trait heritability (h2), the number 
of animals in the reference population (N), and the q 
parameter affect the GEBV’s accuracy [25]. When compared 
to conventional breeding techniques, genomic selection 
accelerates the pace of genetic gain, which boosts productivity 
(Table 1, Figure 2).

Species Genome Size (Gb) Year
Chicken (Gallus gallus) 1.05 2004
Dog (Canis familiaris) 2.4 2003

Cattle (Bos Taurus) 2.91 2009
Horse (Equus caballus) 2.47 2009

Pig (Sus scrofa) 2.2 2009
Sheep (Ovis aries) 2.78 2008

Camel (Camelus dromedaries) 2.2 2011

Table 1: Summary of first sequenced genomes for animal 
species.

 Figure 2: Principle of Genomic selection.
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Advantages of Genomic Selection

•	 Lowering generation interval
•	 Can be expanded to include any qualities identified in a 

reference population.
•	 Improved selection precision
•	 Intensifying the selecting process.
•	 Genomic selection Explains a substantially higher share 

of the genetic variance than MAS

Genomic Selection in Dairy Cattle

To identify the markers and enhance the qualities 
connected to milk production, cow health, udder health, and 
cow conformation, dairy cattle have undergone genomic 
selection. In regard to genomic selection in dairy cows, 
Australia is the industry leader, with the United States, 
Canada, and China all working on related issues. In dairy 
cattle, genomic prediction is more accurate than 0.8 for 
production traits and 0.7 for features including fertility, 
longevity, somatic cell count, and others [26]. Most dairy 
cattle are developed using a straightforward within-breed 
selection concept. On rare occasions, crossbred calves are 
born, and if no replacement heifers are required, they can be 
used to produce beef. Because bulls’ semen is transmitted by 
AI, they contribute far more to the domestic and international 
breeding pool than sires do. Despite the fact that breeding 
programs have been successful in enhancing qualities like 
milk output, there may be some restrictions with classical 
selection. Dairy cattle made a good model for the application 
of GS due to their increased health and fertility issues, 
relative importance of dairy cattle production globally, long 
generation interval due to the long reproductive cycle, and 
indirect measurement of the main traits of interest via the 
daughters of a bull [27].

Genomic Selection in Beef Cattle

The beef cattle sector can benefit more from genomic 
selection than the dairy cattle industry since beef cattle have 
longer generation intervals. Genomic selection is currently 
widely used in various breeds of beef. For instance, more 
than 52,000 Angus animals have been genotyped for GEBV 
evaluation in the United States [28]. However compared to 
dairy cattle, the accuracy of genetic forecasts in beef cattle 
has been lower. Because dairy cattle reference populations 
are of higher quality, the accuracy is lower. Less breed-
specific animals from the reference population of beef cattle 
have undergone progeny testing. Also, compared to dairy 
cattle, the target population and validation animals may not 
be as closely connected to the reference population in beef 
cattle. The accuracy is quite poor if the target breed is not 
represented in the reference population. Genomic selection 
hasn’t been used as frequently in beef cattle breeding as it 

has in dairy cattle breeding, though. This is due in part to the 
lesser accuracy as well as the diminished economic benefits 
[29].

Genomic Selection in Small Ruminants

Small ruminants do not undergo extensive genomic 
selection, and they have lower genetic gains than dairy 
cattle. A very limited number of studies on genomic selection 
in small ruminants have been published. Recent research 
has examined the viability of genomic selection in small 
ruminants in meat sheep in Australia and New Zealand, dairy 
sheep in France, and dairy goats in France and the UK [30]. A 
reference population must be established, and animals that 
are genetically related to the larger population must undergo 
extensive phenotyping in order to connect genotypic data 
with phenotype. This is one of the most crucial conditions 
for genomic selection. In the French and UK dairy goat 
populations, the improvement in GEBV accuracy was 0.06 
for milk yield and 0.14 for fat and protein content. The 
increase in accuracy was closely connected with the size of 
the reference population and the genomic heritability of the 
trait, indicating that accuracy and anticipated genetic gain 
may rise as reference populations grow [31] (Figure 3).

Figure 3: Genomic selection in sheep.

Genomic Selection in Pig

Pig’s genome became publicly released in 2009. In pigs, 
genomic selection can decrease generation intervals by up 
to 25%, increasing genetic gain and improving EBV accuracy 
by up to 50%, especially for traits that cannot be enhanced 
using conventional breeding techniques. Pigs with genomic 
selection had larger litters but have higher pre-weaning 
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mortality rates [7].

Genomic Selection in Poultry

The first livestock species to be sequenced and millions 
of SNPs to be discovered was the chicken. Despite the fact that 
chickens have more than double the genetic gain compared 
to cattle and pigs due to the greater number of offspring 
they generate [32]. Yet, the genetic benefit can be further 
enhanced by reducing the generation gap with the use of 
genomic selection. Because the majority of features may 
be observed in both sexes at a young age, the application of 
genomic selection in broilers is less extensive than in layers. 
Furthermore, the increase in accuracy for broiler chicken 
features like fertility and egg production can be anywhere 
between 20 and 45, while it can be over 50% for traits that 
are highly heritable.

Conclusion

There is a need for a more effective and quick approach 
for the genetic modification of livestock, for the enhanced 
production, in order to fulfill the increasing demands of the 
growing population. A Nobel method in that field is genomic 
selection. It has an advantage over traditional breeding 
techniques since it may be used from an early age, shortening 
the generation gap and enhancing genetic gain. The full 
genetic data of livestock species may now be accessible 
extremely readily and inexpensively for breeding purposes 
because to advances in science and technology. Even if the 
application of genomic selection is less developed in other 
species than it is in dairy cattle, with the advancement 
of research, genomic selection will become an effective 
technique for the creation of elite animals in all livestock 
species. It is undoubtedly advantageous to conduct more 
research on how genomic selection operates in breeding 
programs, both for the benefit of the general population and 
for private breeding businesses.
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