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Abstract: Cloning is an old paradigm with new ethical issues that society is confronting today and will do so tomorrow. In this
publication, cloning has been reviewed from the perspective of its broad implications on research, agriculture, pets, sports
animals and humans. Reflection of legal status shows a picture of cloning applications that is not only inevitable but expected to
change human species forever. Weighing advantages vs disadvantages of either the reproductive cloning or therapeutic one sums
up into unnatural acts, changing the diversity of society and risks of exploitation. Modern biotechnology can only clone the
genomes, not the individuals. Cultural inheritance comes from the development and adaptation of individuality generation after
generation. The biological inheritance may be copied but the cultural inheritance cannot be duplicated. Human cloning infringes
upon the principles of individual freedom, identity, and autonomy. Here, the current impacts of cloning are elaborated in
comparison to the past and predicting what could happen tomorrow. In any scenario, public discussion and involvement of
society must be preceded by making or amending laws and regulations. Risk assessment, enforcing justice and altered
explanation of ‘words’ and ‘definitions might be the next stance for bioethicists and lawyers shortly. However, scientists and the
regulatory authorities are of the view that the way IVF and animal cloning have been gradually accepted, the fourteen days
blastocyst cultivation has been justified, one day the human cloning will also get the approval of a common man. As science will
advance, the ethicist and theologists would come up with a favorable argument too, maybe three decades from now. In the present
publication, the issue of cloning in general with a focus on human cloning, in particular, is discussed understandably by everyone
interested in cloning and its impacts on society.
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only to understand genetic controls but also to manipulate
them. Cultural inheritance must be preserved by looking after
genetic code and guarding its manipulation. Ripples of
cloning in ethical and psychological frontiers are undeniable,
therefore, they must be addressed by everyone at all levels and
from all walks of life. Knowing and identifying the question is
invariably the first step to analyze and find the solution
[Figure 1]. Here we discuss human cloning from the ethical
perspective and view the future of this research tool.

1. Introduction

People in favor of cloning argue that existence of
monozygotic twins is a form of natural cloning, the clone
would experience a different environment to grow and won’t
be an exact copy of the original due to a different oocyte
mitochondrial genetic make-up to host the donor nucleus [1].
Still, these arguments do not qualify to counter the
‘unnaturalness’ of a clone itself. Human genome editing might
leave with inheritable human genetic modifications that might
pose serious risks and human cloning would have
unpredictable effects on future generations. Society is being
reshaped slowly by incorporating the cloning, in some way or
the other, whether it is through new laws, growing hopes or
using emotional aspects as in pet cloning. Undoubtedly,
cloning is a very effective research tool helping science not

2. Human Cloning
2.1. Scientific Journey of Human Cloning

Human cloning as is understood means ‘producing a
genetic copy of an existing person’. In fact, human cloning is
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the last outcome in the queue of the genetic manipulation
research. The scientific journey has passed through in vitro
fertilization (IVF) [2], somatic cell nuclear transfer SCNT for
therapeutic purposes [3], generation of cloned stem cell lines
for organ production [4], gene editing by CRISPR Cas9 for
therapeutic purposes [5] and the latest being successful
cloning of the primates. The first report of stem cells created
from cloned human embryos — therapeutic cloning- was
published in 2013 [3] that was soon followed by the
development of embryonic stem cells by SCNT using dermal
fibroblasts.[6]. Most recently successful monkey cloning has
re-ignited the debate on human cloning. Liu, 2018 have
successfully cloned cynomolgus monkeys (Macaca
fascicularis) by somatic cell nuclear transfer (SCNT) using
fetal monkey fibroblasts. Out of 6 confirmed pregnancies in
21 surrogates, 2 healthy babies were born (Liu, 2018) but still
this is the first ever successful primate cloning.

Current applications of SCNT in human therapeutic cloning
include using the embryonic stem cells (ESCs) research into
the hereditary diseases [7], model systems in assessing drug
toxicity [8], and regenerative medicine [4]. ESCs cell lines
provide a valuable an unlimited and valuable resource to help
find the cure of these inherited diseases. The repository of
eighteen human embryonic stem cell (ESCs) line with genetic
disorders such as Duchenne and Becker muscular dystrophy,
Fanconi anemia, complementation group A, fragile-X
syndrome, Huntington disease (three lines), Marfan syndrome
etc is available for research into these genetic disorders [7].
These ESC have been established from different sources of
embryonic material, including morula, whole blastocyst and
isolated inner cell mass. Human embryonic stem cells (hESCs)
and induced pluripotent stem cells (hiPSCs) offer sources for
generation of an unlimited number of differentiated human
somatic cells. These are used as mechanistic models for
toxicity testing of New drug discovery (NDD) process
especially addressing the species specificity issues [8]. In
regenerative medicine, to produce autologous tissue, a
large-scale production of homogeneous populations of
lineage-restricted progenitor cells is required that can be
induced to differentiate into a specific tissue. Ten human
embryonic stem (hES) cell-derived mesenchymal progenitor
(hES-MP) cell lines have been produced that have the
potential to differentiate toward the osteogenic, adipogenic,
and chondrogenic lineages in vitro regenerative medicine. [4].

2.2. Background, Technique and Types of Cloning

Clones are entities or the individuals that are genetically
identical or near identical with the original organism in the
context of medicine, biotechnology and molecular biology. A
plant physiologist Herbert Webber used the the word ‘clon’
(without the ‘e’, from the Ancient Greek word for ‘twig”) for
the first time in the early 20th century [9]. The first successful
cloning experiment was conducted in 1962 by transferring the
nucleus from one frog cell to a frog egg. In 1994, inducing
quiescence or hibernation in a cell, a breakthrough, was
achieved in the process of cloning [10]. Wilmut et al., used the
quiescence technique in 1996 for the first time on the somatic
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cell nucleus transferred to the mammalian egg cell and
announced the birth of the first cloned mammal, Dolly, the
sheep, in February 1997 [11].

Broadly, there is natural and artificial cloning. Identical
twins are the example of natural clones in humans and other
mammals. There are three different types of artificial cloning:
gene cloning, reproductive cloning, and therapeutic cloning.
Gene cloning also known as DNA cloning is used to produce
multiple copies of single or multiple genes [12]. Reproductive
cloning involves the production of a copy of a donor organism
by transferring its somatic cell nucleus to an enucleated oocyte
or fusing the donor cell such as fibroblast with the oocyte by
activation [13]. The zygote is then allowed to grow in vitro to
the blastocyst stage and implanted into a surrogate uterus till
birth [13]. Therapeutic cloning consists of the somatic cell
nuclear transfer of a donor cell to an enucleated oocyte,
generating a cloned embryo and using the blastocysts as cell
lines or stem cells to generate organs in regenerative medicine
or for research purposes [14]. Reproductive cloning and
therapeutic cloning involve Somatic cell nuclear transfer
(SCNT) technique.

Somatic cell nuclear transfer (SCNT) involves enucleation
of the mature oocyte, placement of the donor cell in the
perivitelline space, electrofusion of the two cells, activation of
the fused cells followed by in vitro culture. The
aforementioned is a traditional cloning procedure by which
Dolly the sheep was produced in 1996 [11]. In spite of the fact
that the genome of the new embryo comes from the somatic
donor cell, the cloned animal genome is not identical to the
donor cell genome due to the contribution of the
mitochondrial DNA in the oocyte (Choi, 2014). The most
researched and widely used donor cells are the subcutaneous
connective-tissue derived fibroblasts [13]. Fibroblasts are
used due to the simple procedure of their recovery and
relatively less complicated culture conditions.

SCNT has been modified by removal of zona pellucida (ZP),
a layer present around the oocyte, known as Zona pellucida
(ZP)-free cloning [13]. ZP keeps the blastomeres in proximity
during the embryonic development. Although the removal of
the ZP helps in the steps of enucleation and cell fusion, it
further needs special culture system to keep the blastomeres
compact during embryo development. Therefore, the
pregnancy rates are relatively better in the traditional SCNT
cloning as compared to ZP-free cloning method due to the
better development of an embryo capsule.

2.3. Legislation/Law

After successful monkey cloning, are the humans next? The
answer to this question lies in examining the legislation and
public opinion about human cloning. In general, the advanced
countries do not allow human reproductive cloning while
some allow the cloning for therapeutic purposes. The U.S. has
no federal laws to completely ban the human cloning. Fifteen
states ban reproductive cloning and three states prohibit the
use of public funds for cloning research [15]. The Charter of
Fundamental Rights of the European Union explicitly
prohibits reproductive human cloning [16]. Canada bans
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cloning humans, cloning stem cells, growing human embryos
for research purposes, and buying or selling of embryos,
sperm, eggs or other human reproductive material [17].
According to National Human Genome Research Institute
(NHGRI) - a division of NIH (National Institute of Health)
USA, indicates that ‘NHGRI researchers have not cloned any
mammals and NHGRI does not clone humans’ [18].

Genome editing and genetic manipulation are the
milestones towards human cloning and there are variable,
flexible regulations, laws and guidelines that have evolved
over the last decade towards their approval. Currently, the
regulations governing genetic variation in human embryos
vary from almost unenforceable guidelines in Japan, China,
India, and Ireland to the criminal charges in Germany [19].
According to October 2018 Nature News Report, Japan has
issued draft guidelines on 28™ of September to allow the
scientists to use the gene-editing tools on human embryos.
Before that Japan had unenforceable guidelines like those in
China, India, and Ireland [5]. The United Kingdom allowed
the research on human hybrid embryos in 2008 after a debate
of'both ethical and social issues and the bill was passed despite
a rebellion by 16 Labour MPs (BBC News, 2008). The
aforementioned two examples reflect the transition in the
mind of society as the bill was approved by the public
representatives.

2.4. Societal Attitudes

Societal opinion on an issue as of human cloning might be
determined by the public opinion and the stance of the scientific
community. Public- Gallup survey (2016) indicates that human
cloning was rated by the Americans under “highly unacceptable”
category. Data indicate that human cloning is highly
unacceptable (81%) while animal cloning is somewhat
acceptable (60%). Interestingly, according to the adult
American people (2013 survey), the researchers will be using
animal cloning to save extinct species (50%) and the human
would be cloned (48%) by 2050. (https://news.gallup.com/poll)

2.5. Scientific Opinion

The scientific community is of the opinion that “At this
early stage, scientists should agree not to modify the DNA of
human reproductive cells. Should a truly compelling case ever
arise for the therapeutic benefit of germline modification, we
encourage an open discussion around the appropriate course
of action.”[20]. According to the Henry Green, a Stanford
University Law professor and Marcy, the executive director of
the Center for Genetics and Society in Berkeley University, it
is highly condemned to encourage human cloning even for the
grieving parents for their late child to save the new child from
“the psychological and emotional risks of living under the
shadow of its genetic predecessor.”[21]. Scientists understand
that public approval is important to move forward as of
Guoping Feng, a neuroscientist at the Cambridge, “Now is not
the time to do human-embryo manipulation,” he says. “If we
do the wrong thing, we can send the wrong message to the
public — and then the public will not support scientific

research anymore” [19]. Thus, so far it appears that scientific
community apparently is in favor of having the support of
public and society for the advancement in human genetic
manipulation.

2.6. Ethical Discussion

Ethical debate about human cloning is conducted by
philosophers, bioethicists, theologists, and lawyers.
According to ethicists, cloning violates human dignity, takes
away uniqueness, threatens humanity and people are
considered as instruments in the process [9]. Still, there are
two main groups of ethicists, one being against the cloning
with the arguments of playing God, rights to genetic
uniqueness and privacy, worthwhile lives, preferences, and
side effects to society and to the gene pool [9]. While the other
group of ethicists as of Ruth Chadwick, a British philosopher,
is of opinion that playing God can be replaced with risk
assessment, if genetic uniqueness is not violated in naturally
born twins then why it would be violated in clones, side effects
to the society could be controlled by law enforcement and the
human gene pool will get improved by selection of better traits
[22]. Jirgen Habermas, another philosopher, is of opinion that
cloning would spell the end of humanity. In his opinion,
humans respect each other because of no master or maker
relationship exists and clones could never be ‘equal’ to their
own ‘makers’ [23]. On the other hand, Holms, 1998 argues
that the life of a clone would be a ‘shadow’ of the ‘donor” and
cannot be the better or even the normal neither
psychologically or philosophically [1]. Humans as individuals
have been in dialogue with the environment by customizing
the environment to their genes and not vice versa resulting in
the development of the cultural inheritance. [24].

The opinion of a common man about such a complicated
issue is highly influenced by the media, fiction writings and
movies. Over the last decade, many movies about human
clones have been produced which has portrayed the clones
being vulnerable, facing injustice and organ donor instruments
only such as Never Let Me Go (2010) [25].

2.7. Future of Human Cloning

A glimpse of the future of human cloning can be seen by
looking at almost hand in hand evolution of the society and
law with the technological advancement. The most recent
example is the CRISPR/Cas9 genome editing tool that could
be used for germ-line editing in human embryos and might
result in ‘genetic classism’ resulting into the classes in the
society that will last for generations [19]. As this technique
possess the immense therapeutic benefits it is being
researched all over the world in spite of the worst ethical fear
that this technology once accepted and advanced could be
used for non-medical purposes too.[19]. The US has no
federal law on human reproductive cloning; therefore,
continuous advancement is expected in near future especially
in therapeutic cloning. Organ transplantation is a valid
therapeutic and ethical reason for ongoing therapeutic cloning
research in regenerative medicine. There are more than
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114000 people waiting for organ transplant only in the US
alone, one candidate being added every ten minutes and, 20
people in waiting list dying each day [26]. Although, over last
twenty years 80 — 90% public opinion disapproves the concept
of human cloning as indicated in opinion surveys
(https://www.geneticsandsociety.org/topics/human-cloning).

Still, in case the human race arrives at a point where to decide
for or against the human cloning, the example of open, early
discussion involving scientists, bioethics, regulators and the
general public that preceded the UK government’s decision to
legalize mitochondrial DNA transfer [20] is good to follow.

3. Animal Cloning
3.1. Agricultural Cloning

Raising the farm animals dates back to 10,000 years ago
and agricultural practices such as selective breeding have
modified the size and shape of farm animals [27]. Successful
mammalian cloning has revolutionized the livestock by
changing the landscape of cattle farming [14]. The
agricultural cloning has applications such as the rapid
propagation of the desired animal stocks and propagating the
transgenic livestock [28]. The natural breeding practices have
their own advantages such as achieving reliable and consistent
rates of genetic improvement for livestock, economically
beneficial and no requirement of any expertise. There is no
risk in breeding, no time factor or regulatory approval
involved. However, some attributes such as the production of
hypoallergenic milk or low-cholesterol eggs cannot be
achieved by natural breeding. Here comes the role of genetic
engineering and the introduction of beneficial genes in the
genome of the livestock animals [29]. Mainly, cloning is used
in livestock to produce either the cloned embryos by SCNT of
high-quality trait animals or to create a transgenic founder
animal to further produce clones. The foreign target DNA or
genes are incorporated through the transgenic process into the
somatic cell genome which is further used as a donor cell.
Stem cell lines are then produced by the blastocysts the cloned
embryo. For example, Schnieke et al., 1997 used transgenic
cloning to produce coagulation Factor IX in sheep milk.
Transgenic cells were produced by incorporating a human
coagulation Factor IX construct in nuclear donor cells to the
enucleated egg [30].

3.2. Benefits of Agricultural Cloning

Agricultural cloning allows the breeders to copy and retain
the desired and superior performance attributes in cloned
cattle, for example, cloning the genetically engineered goat
that expresses a lysozyme protein found in human breast milk
in the mammary gland and excretes it in the milk [29]. The
biggest advantage of the cloning of any type, genre and
species is the preservation of the genepool of beneficial, best
production traits and environmental adaptability [14]. Cloning
is used for the preservation of traits such as genes of healthy
and disease-free animals with better immunity. It is a practical
approach for the wider dissemination of genetic gain in the
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livestock industry and cryopreserving the cloned embryos is
used as an insurance against the future loss of diversity.[29].
Cloning could enable rapid dissemination of superior
genotypes from breeding flocks and herds directly to
commercial farmers. Commercial agricultural cloning is a
business where guaranteed-live cloned offspring are offered
for ten to twenty thousand dollars per calf [29]. Swift
production of large flocks enables the availability of an
economic amount of agricultural product meeting the high
market requirement such as meat market [29].

The ultimate objective of all the transgenic and SCNT
technology based livestock projects is to increase the quality
and quantity of the valuable products such as milk, meat, wool
and fiber with economic benefits and sustainable manner for
farmers, processors and the consumers. Although, until the
technology is advanced enough to advocate the welfare of
cloned animals, the ethical concerns will keep on surfacing
[14]. Cloning the selected breeds has application in seasonal
farming and farmers could have the choice to select but of
multiple clones with each a different but beneficial
characteristic [29]. Diversity in such a livestock may become
the main concern. Diversity can still be maintained in the
commercial livestock through cloning at a large scale as
although the donor may be the same for a group of cloned
animals, each cloned nucleus is transferred to different oocyte
with its unique mitochondrial DNA. This would offer the
formation of a herd with diversity but with all better clones
[14].

In livestock, cloning has the advantage over the transgenic
animal production. In case of the transgenic animals as
produced by assisted reproductive technique, the resulting
embryo may or may not be of desired genetic background i.e.
heterozygous or homozygous while using the donor cell of a
transgenic donor for SCNT all the cells of the cloned embryo
will have the uniform desired genetic background and all the
cells could be used further as the cell line and producing the
first generation of animals [14].

By 2050, 10 billion people will populate the planet and it
would be possible to feed all only through advanced and
improved animal cloning, research into the cloned animal
products and help the society to clear all misconceptions about
the products coming from the cloned animal [27]. Food
consumption has increased over time such as the consumption
of turkey has been doubled in last 30 years [27]. In addition to
adding the good quality and abundant animal protein into the
food chain, the ultimate advantage would be the overall
improvement of human health and so the survival. The cloned
animal products’ have always been questioned by individuals,
society and health authorities. The selected genotypes might
have the characteristics of production of the specific products,
for example, milk with high casein content, more muscular
growth with better meat quantity and rapid growth rate [14]. A
study conducted in New Zealand (2000-2001) on a farm
compared the composition of the milk produced from seven
cloned cows derived from one somatic cell donor and the milk
from the naturally bred control cows. Results indicated no
difference in physical properties, mineral composition, casein,
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proteins, Lactose and IgG between the milk from the two
sources [14].

3.3. Pitfalls of Mammalian Cloning

Pitfalls of the agricultural cloning can be grouped into the
complications of the cloning technique resulting in the animal
welfare issues, concerns over the quality of the cloned animal
products, loss of diversity by sequential cloning and
cost-benefit matters [28]. Other limitations of cloning include
very low success rate, gestational complications, and
unpredictable long-term health of the cloned animal [31].

Cloning technique itself has complications such as the high
rate of pregnancy loss [32], unexpected variation in offsprings
[33], large offspring syndrome [31], placental abnormalities
[34], dystocia during parturition [31] and high postnatal
morbidity and mortality [35]. In 2004, Lee et al., reported high
first trimester loss (50%,), second trimester miscarriage (80%,)
and the fetal complications of fetal hydrops and fetal
overgrowth as well as abnormal placentation in cloned cows as
compared to natural breeding practices [32]. Large offspring
syndrome refers to the over-size fetus which results in painful
and difficult parturition, leading to high rate of operative
delivery and occasional death of the surrogate [28]. Unexpected
variation in cloned animals occurs due to epigenetic
dysregulation occur as SCNT results in perturbations in global
methylation patterns and expression of imprinted genes with
significant dysregulation of the expression patterns in cloned
animals [33]. The imprinted genes play a major role in placental
development and early pregnancy loss is attributed to the
reduced development of the placental blood vessels [34]. Other
gross placental pathologies in the cloned cattle pregnancies
include increased placental size due to fused placentomes,
extravasated maternal blood within the placentomes and in the
interplacental regions and large areas of chrorioallantoic
membrane devoid of placentomes [34].

The successfully developed and born cloned animals face
the difficulties to acclimatize to the extra-uterine life due to
genetic aberrations including abnormalities of telomere length,
gene expression and epigenetic changes [31]. The Low
postnatal viability of the cloned calves ranges between 47%
and 80% mainly due to the stressed uterine environment,
enlarged umbilical veins and arteries leading to postnatal
sepsis [35]. The species-specific lifespan seems to vary and
depends on the particular species itself. Dolly, the sheep, died
at the age of 6 years and it was speculated that may be one of
the reasons was the aging of the donor cell nucleus with
telomere shortening. However, the data over the last two
decades of hundreds of cloned animals indicate there is no
difference in the lifespans of cloned and naturally reproduced
animals and no summing up effect in the serial cloning
animals as well [36]. To summarize, the main complications
of the cloning technique leading to poor outcome are related to
animal welfare issues [28].

3.4. Pet Cloning

In addition to livestock, the pet cloning is of immense

public and commercial interest. The first cloned pet was a
deceased 17-year old cat and did cost $50,000 to its owner
[12]. The aforementioned successful cat cloning was soon
followed by first successful attempt to clone a dog in 2005 [32]
A recent example of pet cloning comes from the two female
pet dogs cloned by Barbra Sreisand, an entertainment industry
icon, for $100,000. The donor was her late 14-year old dog
and donor cells were from the mouth and stomach of the late
dog [37].

The motivation behind the cloning of a pet comes from the
pet-human relationship. This particular relationship is
well-described in the phrase that dog is the ‘“Man’s best
friend”. Hens, 2009, suggests that human-dog relationships
bear resemblance to the family relationships. Humans tend to
develop an attachment with their pets similar to their family
and friends evidenced by everyday references as ‘my baby’,
‘my best friend’. These attachments result in the involvement
to the extent that owners want the cloning of their pets as they
expect the clones to be the second edition of their own beloved
pet [38]. It is evident in Barbra’s example as she stated, “T was
so devastated by the loss of my dear Samantha, after 14 years
together, that I just wanted to keep her with me in some way. It
was easier to let Sammie go if I knew I could keep some part
of her alive, something that came from her DNA.” [39].

The feeling of friendship with a pet develops from the
shared history of the owner and the pet. The cloned pet might
be the exact physical copy of the true pet but has no such
history, as emotions cannot be cloned so far [40]. Such intense
relationships demand the generation of a caring attitude
towards the pets by its owner [38], but the process of cloning
reduces the pet to an artifact, ends the uniqueness of the pet as
if one copy is available, many are to come. Moreover, one
cannot build back the lost shared history, as of Barbra, “You
can clone the look of a dog, but you can’t clone the soul. Still,
every time I look at their faces, I think of my Samantha...and
smile.”’[39]. The pet owner would go for pet cloning to get the
pet back and enjoy the same experience but this is usually not
the case as due to epigenetic and genome imprinting variations
the cloned pets are not the true physical copies of the donor
[41]. Cloned pets do not always have the same personalities as
of lost pets and according to Barbra, “they have different
personalities” [37]. This is a vivid example of emotional
aspect why the pet owner would go for pet cloning. But still, it
is not the same experience.

In addition to failed emotional fulfillment, pet cloning has
the ethical issues of animal welfare [41], cost [37] and animal
integrity [42]. The success rates in canine cloning are around 4%
with significantly sigh welfare issues for viable animals [41].
Moreover, it is expensive; ViaGen Pets, a company based in
Texas charges $50,000 for pet cloning and $1600 to preserve
the pet’s genes. [37]. The cloning of pets seems to be unethical
in view of the animal welfare, animal integrity and the end of
the emotional relationship. Animal integrity is defined as
“wholeness and intactness of the animal and its
species-specific balance, as well as the capacity to sustain
itself in an environment suitable to the species” [42]. In
essence, pet cloning is expensive, the cloned pets are not
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exactly the same even if they phenotypically look the same
and it has ethical issues but still affording pet owners may get
their pet cloned as businesses are available on commercial
basis.

3.5. Sports Animal Cloning

Cloning is being used to clone sports animals such as ponies
and horses mainly to preserve better performance traits. The
horses in polo are called ponies and are as important as riders.
Argentina’s best polo player, for last 22 years, Adolfo
Cambiaso has cloned one hundred horses from several of the
best horses [43]. Adolfo has, by now, 14 clones of the gifted
17-year old mare named Cuartetera and plans to have 10 more
next year and so on [43].The oldest cloned horses were born in
2003 by somatic cell nuclear transfer and are 14 years old now
[43, 44]. Somatic cell nuclear transfer (SCNT) is practiced as
a commercial method of horse reproduction in the United
States, Australia, New Zealand and South America [45]. 2t0 5
horse clones are born in Europe per year. The estimated
number of cloned horses, all over the world, is US (220),
Argentina (126), Brazil (15), Italy (20), Columbia (1), and
South Korea (1), making the total around 375 [13]. However,
in U.S., multibillion-dollar market of racehorse breeding is
controlled by strict laws. Racehorse registering associations
such as American Quarter Horse Association (AQHA), the
U.S. Trotting Association, and the Jockey Club do not even
allow the artificial insemination [46].

Thoroughbred horse racing is against cloning and do not
allow the unfair competition factors to be in the horse race
business but there is no such prohibition in polo and pony
cloning is moving ahead. This raises some questions as
whether cloned horses give a team and unfair advantage? Is is
ethical to use cloned horses in a game? And most important
what lies in the future? The performance of the clone horses
did not prove to be above the mediocre and the International
Federation for Equestrian Sports (FEI) has approved clone
horses registry in 2012 Olympics [45]. It seems that
perceptions are being changed over time with better cloning
techniques over the participation of cloned horses in racing
and sports. In August 2013, a Texas judge gave the ruling
against AQHA that was filed on the refusal of the registration
of cloned horses [47].

Registration of the cloned racehorses was opposed on the
basis of the arguments of inability to identify clone horses but
now clones’ identification is possible by the unique
mitochondrial DNA of the individual oocyte. The cloned
animal is not phenotypically identical to the donor animal as
well. (Choi, 2014). Interestingly, the Argentina horse registry,
the Asociacion Rural Argentina (SRA), requires the
mitochondrial DNA details to distinguish clearly between the
cloned animal and the donor animal [45]. These facts indicate
that racehorse cloning is being accepted by society. Equine
cloning faces the cloning complications resulting in animal
welfare issues such as about half of the live-born foals have
been reported to have neonatal maladjustment syndrome,
enlarged umbilical cord and leg tendon contractures [48].
However, on cost-benefit basis, the equine cloning is not at

Scientific and Ethical Implications of Human and Animal Cloning

that much disadvantage as farm animals’ cloning due to less
frequent gestational complications such as fetal oversize and
dystocia problems during birth [45]. In spite of all the ethical
issues, cloning horses is the best available technology to save
the breeds and individual genetics of exceptionally gifted
sports animals. Overall, it seems that the legislation and
society are keeping pace with equine cloning technology and
its advancement with slow but steady worldwide acceptance
of cloned animals in sports.

3.6. Other Benefits of Animal Cloning

In addition to agricultural, pet and sports, the cloning has
beneficial applications in reviving extinct species [49] and
xenotransplantation [50]. Xenotransplantation, the
transplantation of living cells, tissues or organs from one
species to another, is the most advanced application of
transgenic and SCNT technology. Transgenic human organs
grown in the animal embryos with the reduced humoral barrier
to organ transplantation [50] and multi-transgenic embryos
[51] are the recent advances in this discipline.

3.7. Legislation and Animal Cloning

Societal attitudes towards cloning could be assessed by
examining the legislation over the issue and the public opinion
collected through the surveys. The Legislation is evolving
over time about the availability, safety, and consumption of
the products of the cloned animals. Main FDA verdicts came
in 2001, 2008 and 2015. In 2001, FDA asked the livestock
producers to keep food from clones and their offsprings’ to be
studied by FDA's Center for Veterinary Medicine (CVM).
CVM released a report in FDA documents in January 2008
consisting of risk assessment, risk management plan, and the
guidance for industry. The risk assessment report states that
“cloning poses no unique risks to animal health, compared to
the risks found with other reproduction methods, including
natural mating’ and the composition of food products from
cattle, swine, and goat clones, or the offspring of any animal
clones, is no different from that of conventionally bred
animals, therefore because of the preceding two conclusions,
there are no additional risks to people eating food from cattle,
swine, and goat clones or the offspring of any animal clones
traditionally consumed as food”
(https://www.fda.gov/ForConsumers/ConsumerUpdates/ucm
148768.htm). In addition, FDA has not made it mandatory to
label the products from cloned animals. In 2015 FDA gave the
verdict that transgenic salmon is is as safe to eat as any
non-genetically engineered (GE) Atlantic salmon, and also as
nutritious. (Commissioner, O., 2015).

Although the regulatory authorities are accepting the cloned
animal products over time as indicated by the evolved
legislation, the consumer willingness is an important factor
too for the current and future acceptance of the agricultural
cloning and cloned animals as a source of food products.
Recently, Britwan and Bernard, 2018, conducted a field
experiment to examine the consumers’ opinions and
knowledge of animal cloning, views on labeling, and approach
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towards the use of cloning. In this study, four diverse groups
of participants (148) were university students (13), natural
food store buyers (46), urban farmer’s market visitors (47) and
people in public parks (42). Results indicated that overall
knowledge of cloning was very low (10%), one fourth
(22.30%) had none at all, almost half (48%) were of neutral
opinion and few (6.8%) with the positive opinion about
cloning. Although, a good number (66.21%) of participants
were in favor that milk from cloned cows was acceptable but
the demand of labeling (87%) the cloned animal products was
very high [52].

The low level of knowledge and unlabeled cloned animal
products seem the main negative factors in the general
approval of cloning being accepted by the consumers as a
reliable means of livestock progression. According to one
survey, 64% Americans are against cloning due to animal
welfare issues particularly mentioned as of high rate of lost
cloned embryos, the suffering of the surrogate due to painful
parturition because of the large fetus and placental size, high
postnatal morbidity and mortality rates of cloned offspring
[53]. In essence, the livestock cloning is a beneficial and
practical approach for the present and future development of
agriculture, legislation has evolved in favor of the technology
but still, the consumer information and acceptance needs to be
improved.

3.8. Societal Attitudes and Future of Animal Cloning

Review of the current scientific literature, media, and public
opinion surveys indicate so far the overall unsupportive
attitude of society towards animal cloning on ethical and
principle-based grounds. There are anti-cloning associations
such as the American Anti-Vivisection Society is a leading
animal protection organization that has a website with the
campaign End Animal Cloning
(https://www.endanimalcloning.org/). The surveys conducted
on this website indicate that vast majority (88%) of people are
against cloning and disapprove cloning for food purposes
(66%) (2006 survey).

Public opinion regarding cloned products varies and is
largely based on a low level of knowledge about the
technology of cloning and benefits of cloned animals’
products. 2007 survey of public opinion polls
(https://www.organicconsumers.org/) indicated 89% of
consumers want meat and milk derived from cloned animals
to be clearly labeled, 66% of adults disapprove the animal
cloning for food and 66% are uncomfortable with the cloning
techniques used to reproduce animals. According to the 2006
survey, 35% would never buy the meat products from cloned
animals while 59% would not buy food containing ingredients
from cloned animals.

In summary, cloning has the application as an effective
animal breeding tool, can be used to preserve endangered
species, to produce transgenic animals for therapeutic benefits
and maybe getting the pets back. On the other hand, cloning
has its own pitfalls including ethical concerns, animal welfare
issues during gestation and parturition, high failure rates,
expensive procedure, requiring highly skilled neonatal care,

post-natal animal health issues, and high mortality rates. With
improved legislation, better cloning technique and proven
commercial benefits, animal cloning seems to have gradual
societal acceptance in the near future.

4. Conclusion

In conclusion, despite cloning being successful to a certain
extent, there are ethical issues of its application in animal and
human cloning. The future survival of human species depends
to some extent on preserving genetic variability. To safeguard
the diversity in the human race, society must take interest in
raising ethical questions and be a stakeholder in formulating
laws and regulations. In reality, the policies are the gateways
to the future. The media and the educated class of people must
think in a way that could help save human consciousness,
identity, and self-esteem. As a future direction, the cloning
related ethical issues must be taken seriously, kept alive and
discussed at all forums.
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Figure 1. Raising questions: A glimpse of factors manipulating cloning and
what society could shape into. Legislation and law are the key still the society
needs to share the views, be informed and understand the impacts of cloning
at global level to save diversity and cultural inheritance of human species.
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