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Abstract 

Genetic engineering, also called genetic modification, is the direct manipulation of an organism’s genome using biotechnology. Genetic 
engineering alters the genetic makeup of an organism using techniques that remove heritable material, or that introduce DNA prepared outside the 
organism either directly into the host or into a cell that is then fused or hybridized with the host. This involves using recombinant nucleic acid (DNA 
or RNA) techniques to form new combinations of heritable genetic material, followed by the incorporation of that material either indirectly through a 
vector system or directly through micro-injection, macro-injection and micro-encapsulation techniques. Genetic improvement has played important 
roles in improving the desired traits’ efficiency of cattle, sheep, pigs and poultry. It has advanced applications in livestock breeding including increase 
animal production and productivity (meat, milk, wool), improve disease resistance, and biomedical applications (vaccine production). In livestock, 
knowledge of effects of specific genes and gene combinations on important traits could lead to their enhanced control to create new, more useful 
populations. Hence, the objectives of this review were to overview on the genetic engineering and its application in animal breeding, and to highlight 
the general concepts, techniques, types, importance and limitations of genetic engineering application in animal breeding. 

Keywords: DNA; Genetic engineering; Genetic improvement; Animals; Breeding; Production 

Introduction

Genetic engineering is the name of a group of techniques 
used for direct genetic modification of organisms or population of 
organisms using recombination of DNA. These procedures are of 
use to identify, replicate, modify and transfer the genetic material 
of cells, tissues, or complete organisms [1,2]. Genetic engineering 
in animal production has a growing number of practical benefits, 
such as in the production of transgenic animals resist to disease, 
increasing productivity of animals, in the treatment of genetic 
disorders and in the production of vaccines. This technology 
will supply various applications in biomedicine that are rather 
impossible without it [3]. Away from economic constraints, there  

 
are concerns of well-being and ethics as introduction of genes 
from one organism to another may create alteration of the natural 
genetic balance and lead into unwanted consequences. 

Although the existing limitations, the application of this 
radical technology to increase livestock productivity could be not 
satisfying in the Ethiopian context. The technology should also be 
sophisticated in a way to minimize well-being and ethical concerns 
[4]. Different genes are responsible for the various characteristics 
and properties of a living organism. To change part of an organism’s 
genome to create some desired or beneficial trait we use genetic 
engineering [5]. Now it is possible to directly alter a genome and 
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insert or remove a chunk of DNA to create something beneficial the 
rapid developments in the field of genetic engineering have given a 
new movement to biotechnology. This introduces the possibility of 
dress making organisms to optimize the production of established 
or novel metabolites of commercial importance and of transferring 
genetic material from one organism to another [3]. In order to 
achieve potential benefits of genetic engineering the only need is 
to develop perfect tools and techniques. Once it has been perfected, 
all the problems associated with food production can be solved, 
the world environment can be restored, and human health and 
lifestyle will be improved beyond imagination. No doubt that there 
are almost no limits to what can be achieved through responsible 
genetic engineering [6]. For that reason, the general objective of 
this review focuses on the application of genetic engineering to 
animals for genetic improvement of animal breeding, including a 
description of the methods, their potential and current uses, and 
ethical issues. 

Genetic Engineering: Concepts
Genetic engineering is the name of a group of techniques used 

to identify, replicate, modify and transfer the genetic material of 
cells, tissues or complete organisms. This biotechnology of gene 
therapy, scientists are making efforts at curing genetic diseases 
by attempting to replace defective genes with the correct version 
and also used to produce more effective and efficient vaccines, 
therapeutic antibodies, antibiotics and other pharmaceuticals [7]. 

There are more than 370 drug products and vaccines obtained 
through biotechnology currently in clinical trials, targeting more 
than 200 diseases including various cancers, Alzheimer’s disease, 
heart disease, diabetes, multiple sclerosis and arthritis [8]. Animal 
breeding operates through the selection of genetically superior 
animals as parents for subsequent generations. So far artificial 
selection could therefore only be applied to traits which are 
“naturally” exhibiting genetic variation in the selected populations, 
i.e. traits characterized by some degree of “heritability” [9].

The rate of genetic progress or of response to selection is 
a function of the accuracy of selection, i.e. the precision in the 
identification of genetically superior animals; the generation 
interval, the shorter the generation interval, the faster the 
genetic progress; the selection intensity, i.e. the more the future 
parental individuals deviate from the average breeding value of 
their contemporaries, the higher the genetic improvement they 
will cause. Biotechnology is being applied to enhance genetic 
progress through these four factors: increase genetic variation 
(or the molecular substrate of breeding programmes), increase 
the accuracy of selection, and reduce the generation interval and 
to increase the selection intensity. Three major topics can be 
distinguished in the area of biotechnology applied to the genetic 
improvement of livestock: reproductive technologies, livestock 
genomics and marker assisted selection (MAS), and livestock 
transgenics [3].

Types of Genetic Engineering Applications in 
Animal Breeding

Genetic engineering applications in animal breeding includes 
a description of the methods, their potential and current uses 
and ethical issues. Genetic engineering is the name of a group of 
techniques used to identify, replicate, modify and transfer the 
genetic material of cells, tissues or complete organisms [10]. The 
important applications of genetic engineering in animal breeding 
are as follows: 

Marker-assisted Selection (MAS) 

The objective of this technology is to increase disease resistance, 
productivity and product quality in economically important 
animals by adding information of DNA markers to phenotypes and 
genealogies for selection decisions [10].

Transgenesis 

the direct transfer of specific genes/alleles between individuals, 
species, or even Kingdoms, in order to change their phenotypic 
expression in the recipients. Compared to the ‘traditional’ 
improvement techniques based on phenotypic information only, 
these gene-by gene techniques allow theoretically a more complete 
management of animal genomes for animal breeding [10].

The MAS method is fruitful for traits with a simple genetic 
determinism but delivers unsatisfactory outcomes in many more 
complex conditions. The two key causes for this low productivity 
were the limited part of the genetic variance and also the low 
association between markers and QTL at population level. Another 
limitation of MAS is the expensive cast of genotyping of selection 
candidates, due to the benefits of MAS in commercial breeding 
programs [11].

Genomic Selection in Ruminants 
The objective of dense arrays for detection of SNPs has different 

implications according to the species of interest. In dairy cattle, it 
has been used to discover markers that will improve the reliability 
of traits associated with milk production, cow health, and cow 
conformation. Australia is the leading country in identifying 
genomic regions associated with milk production [12] and several 
studies have also been completed in the United States, Canada and 
some other countries [5,13]. Application of genomic estimation has 
caused significant changes in dairy cattle breeding; the reliability of 
genomic prediction in dairy cattle exceeds 0.8 for production traits 
and 0.7 for fertility and other traits [13,14].

The genotyping of young bull increased the genetic gain and 
also significantly lowered the cost compared to the genotyping 
of heifer calves. The lower cost of genomic selection compared 
to traditional methods has made an incredible impact on the 
development of dairy industry genomic selection could principally 
benefit more the beef cattle industry paralleled to dairy because 
beef cattle have long generation interval. Snags of saving phenotype 
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data of satisfactory value and size hamper tradition methods for 
conventional evaluation; consequently, genomic selection has the 
efficiency to significantly improve the genetic gain by increasing 
selection reliability at an early age [15].

Techniques of Genetic Engineering

Exogenous pronuclear DNA Micro-injection in zygotes 

Micro-injection is the first successful approach for the creation 
of transgenic animals based on the injection of a foreign DNA 
construct into a fertilized oocyte [5]. The construct integrates 
randomly into the host oocyte genome, subsequently the zygote 
continues embryonic development and the embryo is transferred 
to a foster mother and eventually develops to a transgenic animal 
[16]. However, this method has strong limitations: on average, 
less than 1% of embryos injected and 10% of animals born are 
transgenic, genes can only be added, not replaced or deleted, and 
multiple copies of the transgene are inserted at random, hindering 
the correct regulation of gene expression and possibly interfering 
with endogenous gene function. This requires large amounts of 
oocytes to be injected, as the overall efficiency of the process is very 
low [17].

Injection of genetically modified embryonic stem (ES) 
cells into blastocysts

Embryonic stem cells are derived from embryos at a very early 
stage (the blastula) and possess the important characteristics of 
pluripotency. Pluripotency is the ability of these cells to differentiate 
to any of the cell types and tissues found in the adult organism [9]. 
Embryonic stem cells can be grown in culture for many passages 
and can be subjected to transformation with transgene constructs, 
resulting in modifications of their genome. The constructs used 
not only permit the selection of successfully transformed cells, but 
also allow gene targeting to be accomplished. Thus, genes can be 
specifically introduced, replaced or deleted (so-called knock-ins 
and knockouts) [18]. Injection of genetically modified embryonic 
stem (ES) cells into blastocysts, mainly through the feature of gene 
targeting, allows a broad variety of genetic modifications to be 
introduced. For many years, several laboratories worldwide have 
tried to produce ES cells from farm animals, and although some 
succe has been claimed, no robust and reproducible method has 
been published. Indeed, even in mice the production of ES cells is a 
costly and labor-intensive technology [19].

Retrovirus mediated gene transfer

Transgenes is may also be accomplished by employing virus 
derived vectors; namely, vectors based on the retrovirus-class of 
lenti viruses [20]. Genes that are essential for viral replication are 
deleted from the viral genome, maintaining only the capacity for 
integration of the viral genome into the host genome. The parts 
of the viral genes can replaced by the transgene of interest, then 
viruses carrying the modified gene are produced in-vitro and 
subsequently injected into the perivitelline space of the zygote, 
resulting in infection of the zygote and integration of the viral 

genome into the host genome [5]. Transgenesis rates reaching up to 
100% of injected embryos have been described. Major drawbacks 
of this method are a limited transgene size and random transgene 
integration. Random and possibly multiple transgene integration 
may lead to position effects, disturbance of the host genome and 
dose effects, as is the case with pronuclear injection. Solving these 
problems holds great promise for the further development and 
application of lenti viral vectors [21]. 

Uses of Animal Genetic Engineering

Increase animal disease resistance

Genetic engineering of agricultural animals has the potential 
to improve disease resistance by introducing specific genes into 
livestock [22]. Identification of single genes in the major histo 
compatibility complex (MHC), which influence the immune 
response, was instrumental in the recognition of the genetic basis 
of disease resistance/susceptibility [17].

Animal biotechnology offers a number of approaches to fight 
diseases in animals. Firstly, through genetic selection, livestock 
producers can select for certain traits that are associated with 
disease resistance and populations of animals that are less 
vulnerable to diseases could be developed. Secondly, through 
genetic engineering, breeders can integrate disease resistance 
genes from new sources, allowing for improved animal health 
[23]. Disease resistance benefits not only livestock producers 
and their animals, but consumers also benefit as a result of safer 
animal products in the market, and a reduction in the incidence 
of human-transmissible diseases such as avian influenza [24]. 
Increased disease resistance can be achieved by introducing 
resistance-conferring gene constructs into animals or by depleting 
a susceptibility gene or locus from the animal. Hence, gain of 
function (additive) as well as loss of function (deletive, knock-out) 
gene transfer experiments can be used. Gene transfer experiments 
are often hampered by the lack of identified major genes or loci 
responsible for resistance traits [23,25].

Increase meat and milk production

The application of genetic engineering to increase milk and meat 
is a “value-added” opportunity in animal agriculture as it increases 
the concentration of existing proteins or producing entirely new 
proteins [16,23]. Genetic engineering is important to increase milk 
and meat production of animals for the ever increasing human 
population in global. The production of human lysozyme in milk of 
transgenic mice also increased the an- timicrobial properties of the 
milk, which in cows could reduce infections in the mammary gland 
and perhaps eliminate undesirable pathogens in the gut of humans 
who consume the milk. Cattle are known as the best animals for 
producing large amounts of milk and/or meat and are regarded as a 
valuable protein resource [26]. Evidences showed that the presence 
of 10 to 20% altered casein in milk produced by a transgenic cow 
could increase proteolysis and thereby promote the faster ripening 
of cheese. Results of experiments with transgenic mice illustrated 
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the positive effects of adding genes such as the casein gene or 
human lysozyme gene [23] to the milk protein system [23,27]. The 
effects of genes encoding growth hormone- releasing factor (GRF) 
or insulin-like growth factor I (IGF- I) were reported in growth 
studies in mice and sheep [23]. In pigs, there are evidences of 
transgene effects that reduced body fat and increased muscle fiber 
diameter by increasing IGF-I levels and growth hormone with no 
serious pathological side effects [23,28].

Improve wool production

The control of the quality, color, yield and ease of harvest of hair, 
wool and fiber for fabric and yarn production has been an area of 
focus for genetic engineering in livestock [29]. The manipulation 
of the quality, length, fineness and crimp of the wool and hair fiber 
from sheep and goats has been examined using transgenic methods 
[16]. The objectives aimed to improve sheep for wool production 
and to modify the properties of the fiber. Because cystein seems 
to be the limiting amino acid for wool synthesis, the approach is 
to increase its production through transfer of cystein biosynthesis 
from bacterial genes to sheep genome [23]. Transgenic methods 
also allow improvements to fiber elasticity, surface and strength. 
Decreasing the surface interactions between fibers could decrease 
shrinkage of garments made from such fibers [30].

Vaccine production 

Vaccination generally involves injecting weak live, killed, 
or inactivated forms of viruses or their toxins into the animal 
being immunized [31]. Most conventional vaccines are killed 
microorganisms, inactivated bacterial toxins or live attenuated 
organisms. However, because the immune system acts only on a 
few protective immunogens, most molecular components of killed 
vaccines are redundant and or can cause adverse effects. To reduce 
these effects, nowadays, new technologies offer alternatives to 
classical vaccines [32]. Most vaccines are now genetically modified. 
Genetically, engineered viruses are being developed that can still 
confer immunity, but lack the infectious sequences [31].

Limitations of Genetic Engineering

Religious, cultural and ethical Issues 

The current and potential impact of rapid developments in 
biotechnology to effect new innovations in medicine and drug 
development, as well as such diverse areas as crime detection, 
agriculture, pollution control and industrial processes, brings into 
question how these techniques can be used constructively without 
damaging the cornerstones of religious ethics like respect for 
human life [33]. Revolutionary innovations in genetic engineering, 
the decoding of the human genome now make it possible for 
vegetables in our food chain to bear animal transgenes [34].

Economic constraints

The requirement of adequate infrastructure is a critical factor 
for the establishment of biotechnology companies. While research 

and development budgets for biotechnology research are only 
beginning to pick up in developing countries, start-up funding for 
biotechnology companies is still very rare to come by financing 
early stages of business development could be achieved through 
seed funding, easier access to loans and venture funds [35].

Antibiotic resistance 

The major concern with the use of antibiotic resistance marker 
genes is that they will diminish the efficacy of antibiotics in humans 
and animals [36]. The large presence of antibiotic resistance genes 
in the environment and soil, as well in the food eaten by animals 
and humans, could pass the trait of antibiotic resistance rapidly and 
widely. This can occur through a transfer of antibiotic resistance 
marker genes to bacteria in the guts of animals or humans, or to 
bacteria in the environment. Many bacteria have the ability to pick 
up genes from their surroundings and to pass these genes on to 
other species of bacteria including antibiotic resistance marker 
genes. Such genes might eventually find their way into disease-
causing bacteria, resulting in antibiotic resistance and therefore 
making treatment more difficult [7].

Conclusion
Genetic engineering in animal production has a growing 

number of practical benefits, such as in the production of 
transgenic animals resist to disease, increasing productivity of 
animals, in the treatment of genetic disorders and in the production 
of vaccines. This technology will provide various applications in 
biomedicine that are rather unthinkable without it. Apart from 
economic constraints, there are concerns of well-being and ethics 
as introduction of genes from one organism to another which 
may create alteration of the natural genetic balance and leads into 
undesirable consequences. 
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