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Introduction
Biotechnology has contributed to the genetic improvement 

of farm animals for decades, through artificial insemination and 
embryo transfers. The advent of modern biotechnology provides 
new avenues for genetic improvement in the production of 
farm animals. During the past decades, however, the term 
biotechnology has come to be associated more with molecular-
based technologies, such as gene cloning and genetic engineering 
[1]. Now a days, biotechnology typically genetic engineering and 
cloning play an important role on both basic and applied research 
becoming an essential tool for the understanding of the biology 
and development of animal biotechnology. Such technology 
presents a wide range of applications, such as the production 
of biopharmaceuticals, studies on gene expression and its 
regulation, the improvement of animal production, production 
of herds resistant to specific diseases and many other biomedical 
and medical purposes [2].

Through the 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. 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 [3]. 

A genetically engineered or transgenic animal is an animal 
that carries a known sequence of recombinant Deoxy ribose 
Nucleic Acid (DNA) in its cells, and which passes that DNA onto 
its offspring [4]. Recombinant DNA refers to DNA fragments 
that have been joined together in a laboratory. The resultant 
recombinant DNA construct is usually designed to express the 
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proteins that are encoded by the genes included in the construct, 
when present in the genome of a transgenic animal. Because 
the genetic code for all organisms is made up of the same four 
nucleotide building blocks, this means that a gene makes the 
same protein whether it is made in an animal, a plant or a microbe. 
Proteins that have been expressed in transgenic animals include 
therapeutic proteins for the treatment of human diseases [5]; 
proteins that enable animals to better resist disease and proteins 
that result in the production of more healthful animal products 
(milk, eggs or meat) for consumers [6].

Cloning refers to producing genetically identical individual 
to donor cells and copying gene, which involves the creation of 
an animal or individual that derives its genes from a single other 
individual; it is also referred as asexual reproduction [7]. Cloned 
offspring in human and farm animals sometimes produced in 
nature when early embryo splits in to two (or sometime, more) 
species of just a few days after fertilization, before the cells have 
become too specialized. However, there are a number of artificial 
methods to produce genetically identical mammals. Of these, the 
nuclear cloning technology is considered to have the greatest 
potential application for animal agriculture and medicine [8].

Scientists have been attempting to clone animals through 
nuclear transfer of somatic cell (SCNT) for several decades. 
SCNT is an efficient way to create herds of genetically modified 
cloned animals, preservation of endangered species, production 
of human therapeutic proteins in genetically modified clone 
animals, use of genetically modified cloned animals as a 
source of organs for human transplantation, gaining a better 
understanding of cellular differentiation and reprogramming 
capabilities that could be the basis for human cellular therapies, 
and better models to study new treatments for human disease. 
However, SCNT cloning thus far has been very inefficient process 
and cloned animals have exhibited serious health problems [9].

The genetic engineering of animals has increased significantly 
in recent years, and the use of this technology brings with it 
ethical issues, some of which relate to animal welfare defined by 
the World Organization for Animal Health [10]. It is important 

to try to reflect societal values within scientific practice and 
emerging technology, especially publicly funded efforts that aim 
to provide societal benefits, but that may be deemed ethically 
contentious [11]. Even though, genetic engineering and cloning 
are interesting sciences with wide range of application, they have 
also some uncertainties and challenges and further investigation 
are needed to develop the technology. Therefore the objectives of 
this seminar paper area follow

•	 To review the application of genetic engineering and 
cloning,

•	 To highlight the concepts, techniques and challenges of 
genetic engineering and cloning.

Literature Review
History of genetic engineering and cloning time line

Genetic modification caused by human activity has 
been occurring since around 12,000 BC, when humans first 
began to domesticate organisms. Genetic engineering is the 
direct manipulation of an organism’s genome using certain 
biotechnology techniques that have only existed since the 1970s. 
Genetic engineering as the direct transfer of DNA from one 
organism to another was first accomplished by Herbert Boyer 
and Stanley Cohen in 1973 [12]. 

Human directed genetic manipulation was occurring much 
earlier, beginning with the domestication of plants and animals 
through artificial selection. The dog is believed to be the first 
animal domesticated, possibly arising from a common ancestor 
of the wolf. The first genetically modified animal was a mouse 
created in 1973 by Rudolf Jahnish [12]. Cloning research has 
been underway since the 1890s.The first animal cloning research 
was an attempt to produce identical organisms by splitting 
animal embryos at early stages of development. Work continued 
in the field of animal cloning and in 1952 the nuclear transfer 
procedure was invented. Work with nuclear transfer resulted in 
the successful cloning of many species from embryonic nuclei. In 
the 1980’s, nuclear transfer was used to clone cattle and sheep 
using cells taken directly from early embryos [13]. 

Table1: Cloning time line.

Cloned year Name of cloned animal References

1996 Sheep (Dolly) Wilmut et al. [14]

1998 Cow (Noto and Kaga) Wani et al. [67]

1999 Goat (Mira) Chesné et al. [61]

2000 Pig (Millie, Alexis, Christa, Dotcom and Carrel) Polejaeva et al. [43]

2002 Cat Lee et al. [62]

2003 Horse (Prometea) Zhou et al. [15]

2004 Buffalo Wakayama et al. [66]

2005 Dog (Snuppy) Li et al. [63]

2006 Ferret (Libby and Lilly) Golovan et al. [64]

2009 Camel (Injaz) Zhang et al. [68]
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In 1995, living lambs, named Megan and Morag, were created 
for the first time from cultured cells. However, prior to 1997 the 
word clone conjured up images of creatures from Jurassic Park or 
other works of science fiction in the minds of most people. In July 
of 1996, Scottish scientists created the first animal cloned from 
an adult cell. On July 5, 1996, Dolly the sheep was born at the 
Rollin Institute in Edinburgh Scotland. The announcement of her 
birth in early 1997 shocked the scientific community and stirred 
debate over the possibility of cloning humans [14]. A process 
known as cell nuclear replacement created Dolly by transferring 
a mammary cell of a six-year-old white Welsh Mountain sheep 
into the egg cell of a Scottish blackface ewe. Since Dolly’s birth, 
several other species have successfully been cloned including: 
mice, cattle, sheep, pigs, goats, rabbits and a cat [15] (Table 1).

Genetic engineering (transgenic animal) model
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. Most techniques 
are related to the direct manipulation of DNA oriented to the 
expression of particular genes [16].

In a broader sense, genetic engineering involves the 
incorporation of DNA markers for selection (marker-assisted 
selection, MAS), to increase the efficiency of the so called 
traditional methods of breeding based on phenotypic information 
[17]. Transgenic animals can be created to gain knowledge of 
gene function and further decipher the genetic code, study gene 
control in complex organisms, build genetic disease models, 
improve animal production traits, and produce new animal 
products [18].

Technique of genetic engineering
Exogenous pronuclear DNA microinjection 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. 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. 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 [19].

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 
characteristic of pluripotency. Pluripotency is the ability of these 

cells to differentiate to any of the cell types and tissues found in 
the adult organism. 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 knock-outs) [20].

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 success 
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 [18].

Retrovirus mediated gene transfer
Transgenesis may also be accomplished by employing virus-

derived vectors, namely vectors based on the retrovirus-class of 
lenti viruses [21]. 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. Transgenesis rates reaching 
up to 100% of injected embryos have been described [22].

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 lentiviral 
vectors [22].

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. Identification of single genes in the major 
histocompatibility complex (MHC), which influence the immune 
response, was instrumental in the recognition of the genetic 
basis of disease resistance/susceptibility [23]. The application of 
transgenic technology to specific aspects of the immune system 
should provide opportunities to genetically engineer livestock 
that are healthier and have superior disease resistance. One 
specific example where transgenesis has been applied to disease 
resistance in livestock is the attempt to produce cattle resistant 
to mastitis. Lysostaphin is an antimicrobial peptide that protects 
mammary glands against Staphylococcus aurous infection by 
killing the bacteria in a dose-dependent manner. Transgenic dairy 
cows that secrete lysostaphin into their milk have been produced 
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to address the mastitis issue. The application of nuclear transfer 
technology, or cloning, will enable the augmentation of beneficial 
alleles and/or the removal (via gene knock-out) of undesirable 
alleles associated with disease resistance or susceptibility. By 
knocking-out the intestinal receptor for the K88 antigen lead to 
the absence of this antigen has been shown to confer resistance 
to infection of K88-positive E. coli [24].

Enhance growth and meat trait

Altering the fat or cholesterol composition of the carcass is 
valuable benefit that can be delivered via genetic engineering. 
By changing the metabolism or uptake of cholesterol and/
or fatty acids, the content of fat and cholesterol of meats, eggs 
and cheeses could be lowered. There is also the possibility of 
introducing beneficial fats such as the omega-3 fatty lipoprotein 
receptor gene and hormones like leptin are also potential targets 
that would decrease fat and cholesterol in animal products [6].

The use of genetic engineering to improve feed efficiency 
and/or appetite could profoundly impact livestock production 
and deliver significant benefits to producers, processors, and 
consumers. Increased uptake of nutrients in the digestive tract, 
by alteration of the enzyme profiles in the gut, could increase 
feed efficiency. The ability to introduce enzymes such as Phytase 
or xylanase into the gut of species where they are not normally 
present, such as swine or poultry, is particularly attractive [25]. 

The introduction of phytase would increase the bioavailability 
of phosphorus from phytic acid in corn and soy products. Golovan 
and his colleagues reported that the production of transgenic 
pigs expressing salivary phytase as early as seven days of age. The 
salivary phytase provided essentially complete digestion of the 
dietary phytate phosphorus in addition to reducing phosphorus 
output in waste by up to 75%. Furthermore, transgenic pigs 
required almost no inorganic phosphorus supplementation to 
the diet to achieve normal growth. The use of phytase transgenic 
pigs in commercial pork production could result in significantly 
decreased environmental phosphorus pollution from livestock 
operations [25].

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. 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. 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 [26].

Desired milk yield and composition

Advances in recombinant DNA technology have provided 
the opportunity either to improve the composition of milk or 
to produce entirely novel proteins in milk. These changes may 
add value to, as well as increase, the potential uses of milk. 

The improvement of livestock growth or survivability through 
the modification of milk composition requires production of 
genetically engineered animals that:

1)	 Produce a greater quantity of milk, 

2)	 Produce milk of higher nutrient protein content. The 
major nutrients in milk are protein, fat and lactose. 

Elevation of these components can improve growth and 
health of the developing offspring that consumer the enhanced 
milk [27].

Changing milk composition may improve animal growth 
is the addition or supplementation of beneficial naturally 
occurring hormones, growth factors or bioactive factors to 
the milk through the use of genetic engineering. It has been 
suggested that bioactive substances in milk possess important 
functions in the neonate with regard to regulation of growth, 
development and maturation of the gut, immune system and 
endocrine organs [28]. Transgenic alteration of milk composition 
has the potential to enhance the production of certain proteins 
and/or growth factors that are deficient in milk. The increased 
expression of a number of these proteins in milk may improve 
growth, development, health and survivability of the developing 
offspring. Some of these factors are insulin-like growth factor 
1 (IGF-1), epidermal growth factor (EGF), transforming growth 
factor (TGF) and lactoferrin [29].

The properties’ of milk that bear consideration for 
modification are those that affect human and animal health. 
It has been shown that specific antibodies can be produced 
in genetically engineered animals. It is possible to produce 
antibodies in the mammary gland that are capable of preventing 
mastitis in cattle, sheep and goats and mastitis metritis agalactia 
(MMA) in pigs, and/or antibodies that aid in the prevention of 
domestic animal or human diseases. Other role is to increase 
proteins that have physiological roles within the mammary 
gland itself such as lactalbumin, lysozyme, lysostaphin or other 
antimicrobial peptides.

It is important to consider the use of transgenics to increase 
specific components, which are already present in milk for 
manufacturing purposes. An example might be to increase one of 
the casein components in milk. This could increase the value of 
milk in manufacturing processes such as production of cheese or 
yogurt. One might also alter the physical properties of a protein 
such as casein [30]. 

Human cell-based therapies
Direct applications of Nuclear Transfer (NT) technology in 

human therapies, principally therapeutic cloning as opposed 
to human reproductive cloning [31]. Patients with diseases or 
disorders in tissues like insulin-dependent diabetes, muscular 
dystrophy, spinal cord injury, certain cancers and various 
neurological disorders, including Parkinson’s disease could 
potentially generate their own immunologically compatible 
cells for transplantation, which would offer lifelong treatment 
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without tissue rejection [32]. Initially, this approach could 
employ human NT and embryonic stem cells but, the use of this 
technique in human is controversial. In the longer term, however, 
fundamental understanding of reprogramming will enable one 
cell type to be directly trans-differentiated into another cell type 
specifically required for cell-based therapy [33].

One major application of animal transgenesis is the 
production of pharmaceutical products, also known as animal 
pharming. Since many human proteins cannot be produced in 
microorganisms and production in cell culture is often labor-
intensive with low yields, the production of biopharmaceuticals 
in transgenic animal bioreactors is an attractive alternative [34]. 
Many human proteins cannot be produced in micro-organisms, 
since they lack post-translational modification mechanisms that 
are essential for the correct function of many human proteins. 
Pharmaceutical proteins or other compounds can be produced 
in a variety of body fluids, including milk, urine, blood, saliva, 
chicken egg white and seminal fluid, depending on the use of 
tissue-specific promoters [35].

Protein based drug
Protein-based drugs differ from protein products synthesized 

in the blood in that they are produced in-vivo by other organs. 
This technology is even being applied to the development of 
complex proteins such as monoclonal antibodies as well as 
many other important human replacement proteins and protein 
drugs such as polyclonal antibodies and plasminogen activator 
[3]. Researchers recently created a line of transgenic swine 
that produce recombinant human erythropoietin a naturally 
occurring human hormone that boosts the body’s production 
of red blood cells. The transgenic swine produced the hormone 
in their milk through a potentially more efficient and lower 
cost process than traditional methods patients with diseased 
kidneys no longer able to produce the protein, as well as cancer 
patients being treated with chemotherapy who develop anemia 
as a consequence of bone marrow depletion from their cancer 
drug regimens. Erythropoetin-based drugs are some of the 
most widely used protein-based drugs, and are expensive to 
manufacture [36].

Xenotransplantation
Xenotransplantation is the transplantation of organs or cells 

from one species to another. Human to human transplantation 
are sometimes difficult due to scarcity of donor organ. Pig is 
considered the preferred candidate for xenotransplantation 
because of physiological compatibility and breeding 
characteristics. Large numbers of pathogen free pigs can be 
raised to provide organs for transplantation in to humans 
[37]. However, one of the problems associated with using pig 
organs for xenotransplantation is that the immune system of 
the human recipient attacks the transplanted organ, causing 
transplant rejection. Pigs naturally produce a sugar, called α1, 
3-galactosyltransferase (αGalT) on the surface of their cells, 
which the human immune system recognizes as foreign [38]. The 

human immune system then forms antibodies to attack the cells 
which produce that sugar, resulting in tissue rejection. Through 
the use of genetic engineering and cloning, scientists have created 
pigs which are deficient for αGalT and do not produce it on the 
surface of their cells. Transfer of these genetically engineered 
tissues and organs into baboon recipients has increased the 
length of time before the organs are rejected by the recipient’s 
immune system.

Techniques of cloning
Cloning is a powerful technique by producing genetically 

identical individuals and potentially it could be used for 
multiplication of elite animals and minimizes the genetic 
variation in experimental animals. It can be used for the 
conservation as well as propagation of endangered species. It 
may be used also as a tool for the production of stem cells for 
therapeutic purposes, as therapeutic cloning. Cloning using 
somatic cells offers opportunities to select and multiply animals 
of specific merits. Cloned offspring in humans and animals are 
sometimes produced in nature when the early embryo splits in 
two (or sometimes, more) pieces just a few days after fertilization, 
before the cells have become too specialized. However, there 
are also a number of artificial methods to produce genetically 
identical mammals. Of these, the nuclear cloning methodology is 
considered to have the greatest potential application for animal 
agriculture and medicine [8].

Somatic Cell Nuclear Transfer (SCNT)
The transfer of a cell nucleus from a body cell into an egg 

from which the chromosomes have been removed or inactivated; 
is method used for cloning of organisms. Once the genome 
transferred with the egg cell then one cell embryo is created and 
the process of cloning is completed and further development of 
the clone can occur [39] (Figure 1).

Embryo splitting (embryo twining)
Embryo splitting may be considered the first true cloning 

procedure involving human intervention, and was first described 
by Willesden and Polge in 1981, when monozygotic twin calves 
were produced. Embryo splitting or the mechanical separation 
of cells can be used in very early embryos. Two-cell embryos 
derived from either in vitro fertilization or embryo rescue 
following in vivo fertilization are held in place with micropipettes 
under a microscope.

The zonapellucida (the clear layer of protein surrounding the 
oocyte and fertilized ovum) of these embryos is opened, and the 
two-celled embryo is then split into individual cells with a finely 
drawn needle or pipette. One of the cells is left in the original 
zonapellucida and the other is either placed into an empty 
zonapellucida or allowed to develop without a zonapellucida. 
These so-called demi-embryos can be cultured in vitro for a few 
days, inspected for appropriate growth and then transferred 
directly to synchronized recipient dams or frozen for future use 
(Figure 2).
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Figure 1: Cloning of sheep (Dolly).

Figure 2: Cloning by embryo splitting.

Application of cloning
Rapid multiplication of desired livestock: Cloning could 

enable the rapid dissemination of superior genotypes from 
nucleus breeding flocks and herds, directly to commercial 
farmers. Genotypes could be provided that are ideally suited 
for specific product characteristics, disease resistance, or 
environmental conditions. Cloning could be extremely useful 
in multiplying outstanding F1 crossbred animals, or composite 
breeds, to maximize the benefits of both heterosis and potential 
uniformity within the colonal family [8]. These genetic gains 

could be achieved through the controlled release of selected 
lines of elite live animals or cloned embryos. More appropriately, 
given that cloning is not particularly efficient at present: a 
niche opportunity exists in the production of small numbers of 
cloned animals with superior genetics for breeding. These could 
be clones of performance tested animals, especially sires. This 
would be particularly relevant in the sheep and beef industries, 
where cloned sires could be used in widespread natural mating 
to provide an effective means of disseminating their superior 
genetics. This could be used as a substitute for artificial 
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insemination, which in these more extensive industries is often 
expensive and inconvenient [40].

Animal conservation: Cloning can be used along with other 
forms of assisted reproduction to help preserve indigenous 
breeds of livestock, which have production traits and adaptability 
to local environments that should not be lost from the global gene 
pool. In some situations, inter-species NT and embryo transfer 
may be used to aid the conservation of some exotic species. At 
the very least, it is appropriate to consider the cryopreservation 
of somatic cells from these endangered animals as insurance 
against further Research model losses in diversity. Cryobanking 
of somatic cells from rare and endangered birds and animals 
against further losses of diversity or possible extinction of 
Wildlife to preserve endangered indigenous breeds of livestock 
adapted to particular environments [41].

Research model

Sets of cloned animals could be effectively used to reduce 
genetic variability and reduce the numbers of animals needed 
for some experimental studies. This could be conducted on a 
larger scale than is currently possible with naturally occurring 
genetically identical twins [42]. Lambs cloned from sheep 
selected either for resistance or susceptibility to nematode 
worms will be useful in studies aimed at discovering novel genes 
and regulatory pathways in immunology [43].

Problems and prospects of animal cloning
Placental abnormalities: A failure of the placenta to 

develop and function correctly is a common feature amongst 
clones. The majority of early pregnancy failures, before 
placentome formation, are attributed to an inadequate transition 
from yolk sac to allantoic-derived nutrition, with poor allantoic 
vascularisation in sheep [44]. Furthermore, there is reported 
evidence of immunological rejection contributing to early 
embryonic loss. Typically in cattle, 50% to 70% of pregnancies 
at day 50 are lost throughout the remainder of gestation and 
up to term. This is in stark contrast to only 0% to 5% loss with 
artificial insemination or natural mating over the same period. In 
extreme cases, placentomes are entirely absent at day 50. Shortly 
thereafter, these pregnancies fail. More commonly, cloned 
placentae only have half the normal number of placentomes, 
display compensatory overgrowth and are oedematous. Of 
particular concern are the losses in the second half of gestation; 
especially the occurrence of hydroallantois, i.e. the excess 
accumulation of fluid within the allantoises [45].

Post-natal viability: The viability of cloned offspring at 
delivery and up to weaning is reduced compared to normal, 
and this is despite greater than usual veterinary care. Data from 
our group shows that around 80% of cloned calves delivered at 
term are alive after 24hours [46]. Two-thirds of the mortality 
within this period is due to a spinal fracture syndrome through 
the cranial epiphyseal plate of the first lumbar vertebrae or to 
deaths that occurred either in utero or from dystocia. Surviving 
newborn clones have altered neonatal metabolism and 

physiology, possibly due to placental abnormalities, and it takes 
time for these processes to adjust to normal [47].

At Agriculture Research, typically an additional 15% of 
calves initially born alive die before weaning. In our experience, 
the most common mortality factors during this period are 
gastroenteritis and umbilical infections. Other abnormalities 
noted include defects in the cardiovascular, musculoskeletal and 
neurological systems, as well as susceptibility to lung infections 
and digestive disorders. Hydronephrosis is particularly common 
in sheep, with correspondingly elevated serum urea levels in 
some surviving clones.

Parturition difficulties: Intervention is often deemed 
necessary to deliver cloned offspring, as intervention gestation 
length in NT pregnancies is typically prolonged and the birth 
weight of cloned calves may be 25% heavier than normal. 
Newborn cloned calves display adrenal glands, so this extended 
gestation may be due to failure of the placentae to respond to 
foetal cortisol near term or to a lack of adreno corticotropic 
hormone release from the foetus. Oversized cloned offspring 
add to the birth complications. They are larger than artificially 
inseminated or naturally-mated controls. It has been reported 
that somatic cloned calves are heavier than embryonic clones. 
At Agriculture Research, the occurrence of prolonged gestation 
and the risk of dystocia initially prompted the delivery of clones 
by elective caesarean-section, following a brief exposure to 
exogenous corticosteroids.

Public opinion and food safety to genetically engineered 
and cloned animal: Public opinion against cloning is apparent 
throughout the world. According to The Euro Barometer poll 
conducted in 2008, 84% of European Union citizens feel that the 
long-term effects of animal cloning on nature were unknown. 
The same poll also revealed that 61% European Union citizens 
of citizens believe the cloning of animals to be morally wrong 
(The Gallup Organization, 2008). A2005 Pew Initiative on Food 
and Biotechnology poll found that two-thirds of United States 
consumers indicated that they are uncomfortable with animal 
cloning in general. An earlier Gallup poll reportedly found that 
two-thirds considered animal cloning morally wrong [48]. 

Cloning has given rise to a massive ethical debate, including 
reports by bioethics committees and many books and articles. 
There are few enthusiastic advocates of cloning, but a number 
of bioethicists have tried to show that popular responses and 
even the more sophisticated philosophical arguments against 
cloning are naïve, and cannot be sustained. These commentators 
have argued that people’s opposition to cloning is a Yuk reaction, 
which cannot stand up to reasoned argument. In a similar, 
defensive way, liberals have argued that while cloning may not 
be very desirable, it should not stop other people from doing it, 
because that would interfere with freedom [49]. 

The composition of food products derived from clones 
have found that they have the same composition as milk or 
meat from conventionally-produced animals [50]. Milk and 
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meat from clones produced by embryo splitting and nuclear 
transfer of embryonic cells have been entering the human 
food supply for over 20 years with no evidence of problems. 
However, in 2001, the Center for Veterinary Medicine at the 
Food and Drug Administration (FDA) determined that it should 
undertake a comprehensive risk assessment to identify hazards 
and characterize food consumption risks that may result from 
Somatic cell nuclear transfer (SCNT) animal clones and therefore 
asked companies not to introduce these cloned animals, their 
progeny, or their food products (milk or meat) into the human 
or animal food supply. As there is no fundamental reason to 
suspect that clones will produce novel toxins or allergens, the 
main underlying food safety concern was whether the Somatic 
cell nuclear transfer (SCNT) cloning process results in subtle 
changes in the composition of animal food products [43]. 

Although the amount of data describing the health of the 
progeny of clones is more limited than the amount describing 
the health of animal clones themselves, there is an underlying 
biological assumption behind the predicted health and resultant 
food safety of the sexually-produced progeny of clones. The 
genetic remodeling process that occurs during gametogenesis 
(i.e. the production of eggs and sperm), is thought to naturally 
reset any epigenetic anomalies that might result from the 
cloning process. Sexual reproduction effectively corrects any 
programming errors that may have been introduced into the 
cloned parent’s DNA, thereby resulting in the production of 
normal gametes and offspring. This assumption is supported by 
a study in mice where it has been observed that abnormalities 
present in cloned mice are not passed on to their sexually-
derived progeny. In addition, observations on the relatively small 
number of progeny of bovine and swine clones that have been 
born support the premise of normal development [51].

Ethical issue of genetic engineering and cloning in 
respect to animal welfare

Some scientific, governmental and religious organizations 
oppose reproductive cloning since serious ethical concerns have 
been raised by the future possibility of harvesting organs from 
clones [51]. The majority of religious organizations distinguish 
between reproductive and therapeutic cloning. Since cloning 
is an unnatural born of an individual, no one has the right to 
undertake it except God. Many embryos develop abnormally 
and die in utero, while others may be infertile or born with 
developmental defects, some of which are attributable to these 
so-called insertional problems [52]. Still other health issues may 
not become apparent until later in life. Transgenic animals often 
exhibit variable or uncontrolled expression of the inserted gene, 
resulting in illness and death [53]. In one study, ten transgenic 
piglets were followed from birth through puberty. Half of the 
animals died or had to be euthanized due to severe health 
problems during the investigation, indicating a high mortality 
rate among genetically engineered piglets. In addition, three of 
the surviving piglets showed decreased cardiac output [54].

The genetic modification of sheep containing an extra copy 
of a growth hormone gene resulted in animals who reportedly 
grew faster, leaner, and larger than those conventionally bred; 
produced more wool; or produced milk for prolonged periods. 
Developing more economically profitable sheep reportedly 
resulted in negative welfare side effects from the excess 
growth hormone, including increased incidences of diabetes 
and susceptibility to parasites [55]. Cloning research also 
reveals abnormalities and high failure rates, problems widely 
acknowledged by scientists in the field and potentially indicative 
of poor animal welfare [56]. Seemingly healthy bioengineered 
animals are at risk for a variety of defects. All cloned babies 
have some sort of error. The list of problems from which clones 
have suffered is extensive, including diabetes, enlarged tongues, 
malformed faces, intestinal blockages, shortened tendons, 
deformed feet, weakened immune systems, respiratory distress, 
circulatory problems, and dysfunctional hearts, brains, livers, 
and kidneys.

Future perspectives of transgenesis
The techniques for obtaining transgenic animals in species 

of agricultural interest are still inefficient. Some approaches that 
may overcome this problem are based on cloning techniques. 
Using these techniques it is feasible to reduce to less than 50% 
the number of embryo receptor females, which is one of the most 
important economic limiting factor in domestic species. It would 
also facilitate the further proliferation of transgenic animals. 
Recent results relate these techniques with still low success rates 
[57], high rates of perinatal mortality and variable transgenic 
expression that requires to be evaluated before generalizing 
their application. Considerable effort and time is required to 
propagate the transgenic animal genetics into commercial 
dairy herds. Rapid dissemination of the genetics of the parental 
animals by nuclear transfer could result in the generation of mini 
herds in two to three years. However, the existing inefficiencies 
in nuclear transfer make this a difficult undertaking. It is 
noteworthy that the genetic merit of the ‘cloned’ animals can 
be fixed, while continuous genetic improvements is introduced 
in commercial herds by using artificial insemination breeding 
programs [58].

In an alternative scenario of herd expansion, semen 
homozygous for the transgene may be available in four to five 
years. Extensive breeding programs will be critical in studying 
the interaction and co-adaptation of the transgene(s), with 
the background polygenes controlling milk production and 
composition. Controlling inbreeding and confirming the absence 
of deleterious traits so that the immediate genetic variability 
introduced by transgenesis is transformed into the greatest 
possible genetic progress is equally critical. 

Cloning in Africa
The first healthy cloned calf in South Africa in 2003 was 

successful called Futhi [59]. It is African’s first cloned (nuclear 
transferred) healthy calf, produced with handmade cloning. 
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In situations regarding our country, there is no any reliable 
research conducted on genetic engineering and cloning. It is also 
difficult to perform or apply the technology not only because of 
technological insufficiency and financial limitation but also lack 
of skill and knowledge [60-62].

Conclusion and Recommendations
Genetic engineering is the processes of producing genetically 

modified animals by using different techniques such as exogenous 
pronuclear DNA microinjection in zygotes, injection of genetically 
modified embryonic stem cells into blastocysts and retrovirus 
mediated gene transfer. It has advanced application in various 
sectors including increased animal production and productivity, 
increase animal disease resistance and biomedical application. 
Cloning is the process of producing genetically identical 
individual to the donor cells by using different techniques such 
as somatic cell nuclear transfer and embryo splitting [63-65]. It 
has various applications such as rapid multiplication of desired 
livestock, animal conservation and research model [66,67]. Even 
if, transgenic and cloned animals have wide range application 
and the science is very interesting and valuable, many challenges 
from the food safety, animal welfare, public and social acceptance 
points of view, socio-cultural and religious obstacles and 
technical inefficiency are headache for the technology [68]. 

In most of developing country including Ethiopia have no 
attempt of animal genetic engineering and cloning which could 
be attributed to lack of knowledge and skill, technological 
insufficiency as well as financial limitation. Therefore; based 
on the above conclusion the following recommendations are 
forwarded:

a.	 Further study and research are needed to be conducted 
to improve the techniques and increase the successes rate of 
genetic engineering and cloning. 

b.	 Much work is to be done on creating public awareness 
on genetic engineering and animal cloning to avert the socio-
cultural and religious problems facing this technological 
advancement.

c.	 Veterinarian should acquire basic knowledge about the 
application and techniques of animal genetic engineering and 
cloning and this should be part of the academic curriculum. 

d.	 Concerned organizations/institution in developing 
country including Ethiopia should be involved in technology 
transfer researches and make use of the advantages of animal 
genetic engineering and cloning. 
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