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Abstract: Cloning a horse means using the genetic material (DNA) from a donor horse to produce a 

genetically identical foal. This technique involves collecting the DNA from the donor and inserting that 
DNA into an egg from another mare whose, DNA content has been removed, fusing donor nucleus with 
enucleated recipient oocytes, which then develops as an embryo, in vitro culture of embryo and lastly transfer 
cultured embryo into the uterus of a recipient mare. The modification of the in vitro culture conditions which 
can be suitable for equine oocyte activation, oocyte maturation and embryo development are the 
fundamental steps for a successful in vitro procedure for somatic cell nuclear transfer (SCNT) in the horse to 
avoid the embryo losses. In general, few studies are available in the literature on equine in vitro embryo 
production and it is only recently that reports have been published on completely in vitro production of 
equine preimplantation embryos by means of in vitro oocyte maturation. The present review discusses the 
latest developments in the field of equine cloning technique with the employment of SCNT. The basic 
understanding of SCNT for in vitro culture conditions is relevant to the increased efficiency of cloning. The 
available genotype can be used by SCNT which can enhance the vigour of a particular infertile or low fertile 
animal to produce normal fertility. 
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Introduction 

Cloning is defined as making an exact genetically 
identical copy of another cell or organism through 
asexual reproduction. Farmed animals species 
mainly, sheep, cattle, pigs, goat, rabbits and horses 
were amongst the first mammalian species to be 
cloned. These species were selected because of 
their economic importance and well developed 
assisted reproduction techniques, such as large 
numbers of oocytes from the slaughterhouse, in 
vitro production of embryos and their transfer into 
surrogate mothers. Cloning mammals by somatic 
cell nuclear transfer (SCNT) has become a 
common technology in recent years, following the 
cloning of Dolly sheep1. Till date most domestic 
and laboratory species have been cloned, including 
the horse2. The number of cloned horses being 
born per year is small.  There were approximate 
100–200 cloned horses worldwide3. Somatic cell 
nuclear transfer (SCNT) or ‘cloning’ is currently 
being offered as a commercial method of horse 
reproduction in different countries4. 
 
The refinement of the in vitro culture conditions 
suitable for equine oocyte maturation and embryo 
development5,6, the development of an adequate 
horse oocyte activation protocol7 and the  

 
application of zona-free manipulation for embryo 
reconstruction8,9, are all fundamental steps for the 
development of a successful in vitro procedure for 
somatic cell nuclear transfer in the horse. Both 
expanded and compact cumulus–oocyte 
complexes were used as well as a modified zona-
free method for embryo reconstruction that is 
known to increase the fusion rate in other species9. 
Different sources of donor somatic cells were 
compared in various experiments for their ability 
to develop to the blastocyst stage and to term10,11. 
 
History of cloning 
The birth of three mule foals cloned from fetal 
cells, using in vivo matured oocytes, which were 
transferred to the oviducts of recipient mares, 
immediately after nuclear transfer and activation12 
and one horse foal cloned from adult somatic 
cells13 were reported in 2003 and additional cloned 
foals have also been recognized by various 
workers14,15. In contrast to in vivo technique, the 
cloning of horse embryos up to the blastocyst 
stage carried out completely in vitro16. Complete in 
vitro production of equine pre-implantation 
embryos by means of in vitro oocyte maturation, 
fertilization by intracytoplasmic sperm injection 
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(ICSI) and in vitro culture and develop into live 
offspring17,18. Fulka and Okolski19 reported the 
first successful in vitro maturation of horse oocytes. 
The first embryo production from in vitro matured 
horse oocytes, when oocytes collected at the 
abattoir were matured in vitro and transfer to the 
oviducts of inseminated mares and recovery by 
uterine flushing 7 days later.20 A study was 
designed by Gambini et al.21 to determine whether 
embryo aggregation improves in vitro and in vivo 
cloning efficiency in the equine through an 
assessment of the quantity and quality, the Oct-4 
level expression and growth of embryos, the 
establishment of pregnancies, and the birth of 
foals following embryo transfer. They obtained 
that the embryo quality was reduced when 
aggregation was not performed and early 
pregnancy rates were higher following the transfer 
of blastocysts derived from aggregated groups.  
 
Somatic cell nuclear transfer (SCNT) 
methodology 
a) Collection and In vitro maturation of 

oocytes: Oocytes can be harvested from the 
ovaries of live donors by ovum pick up (OPU) 
or from the ovaries of slaughtered mares20, 
Once the collection of oocytes is completed 
and selected on the basis of cumulus 
morphology, they are transferred to maturation 
medium and allowed to mature for 24 h.18 The 
oocytes with expanded cumulus are more 
capable to complete maturation than were 
oocytes with a compact cumulus. The 
maturation rate ranges from 51.1% to 60% for 
compact and expanded cumulus, respectively22. 
The in vitro maturation conditions significantly 
influence the development of fertilized oocytes 
to the blastocyst stage. Oocytes are matured in 
vitro for 24-28 h at 38.5° C in 5% CO2. The 
most common medium used for maturation of 
equine oocytes is TCM 199, probably because 
of its widespread use for bovine23.  

b) Preparation of donor cells: Donor cells were 
obtained by biopsy, harvesting at slaughter or 
after death. In the horse, foetal fibroblasts12, 
adult fibroblasts and granulosa cells have been 
used14,24. The variation in the success rate of 
horse SCNT, because of the specific cell line 
source of donor nuclei14. The cell cycle of the 
donor cell is crucial for success and G0 or G1 
stages have been used in horses. These stages 
can be achieved through serum starvation, 
contact inhibition or the use of kinase 
inhibitors like Roscovitine25,26. 

c) Preparation of enucleated oocytes: After 
22–24 h of maturation, the oocytes are 
discarded of cumulus cells by pipetting27.  

d) Fusing donor nucleus with enucleated 
recipient oocytes: The development process 
was started by fusion of enucleated recipient 
oocytes and the donor nucleus. Fusion can be 
accomplished by the administration of a brief 

electrical pulse or by chemical fusion to initiate 
fertilization which then develops into an 
embryo.  

e) Embryo culture: The culture of zygotes in vivo 
in the mare oviduct allowed 30% higher 
development28. The embryos produced in vitro 
and various media such as DMEM-F12, CZB28 
and modified SOF29 were used for pre-
implantation development of fertilized horse 
oocytes. In most of these systems, yet, the 
blastocyst rates remained low, ranging from 
4% to 16% of injected oocytes8. 

f) Embryo transfer into recipient: Finally, the 
embryo transfer into oviduct of recipient mare. 
The mare examined for pregnancy diagnosis 
and thereafter, weekly throughout the first 
trimester of pregnancy and later at monthly 
intervals until foaling14,30. The birth of a dozen 
equids following oviduct transfer of early 
cleaving embryos12 or culture in vitro to the 
blastocyst stage for transfer directly to the 
uterus of a recipient mare10,14. 

 
Limitations of SCNT 
a) Limited interest demonstrated by the horse 

industry in comparison to the cattle industry in 
the development and application of 
reproductive biotechnologies. 

b) Inadequate information available on assisted 
reproductive techniques, such as oocyte 
maturation, activation and in vitro culture of 
early pre-implantation embryo in Equine. 

c) Limited availability of horse oocytes compared 
with other large domestic species because, 
anatomy and physiology of the mare’s ovary 

d) The maturation rate of horse oocytes is also 
quite variable, averaging between 25% and 
70%31. 

e) Low ability of oocytes to fuse with donor cell 
nucleus and the limited developmental 
capability of nuclear transfer embryos in vitro. 

f) Pregnancy losses with equine SCNT embryos 
occur throughout gestation. 57% of nuclear 
transfer pregnancies from adult fibroblasts 
were lost between days 17 and 35.22,32 

g) Three live foals were resulted from transfers of 
more than 100 cloned embryos10,29. Thus, 
embryo losses occur in equine cloning. 

 
Benefits of cloning 
Cloning of horses to preserve endangered breeds 
such as the Przewalski’s horse in an outbreak of 
fatal disease, such as African horse sickness can be 
practiced. Preservation of genetic material from 
individual animals can be possible which would 
otherwise not be able to reproduce33,34, research 
and as companion animal for some horse 
owners35. SCNT has the potential to impact animal 
breeding in as fundamental a manner as artificial 
insemination. SCNT will likely be used to improve 
production characteristics of food producing 
animals by providing breeding animals, just as any 
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breeding program would select the most elite 
animals for breeding, and not as production 
animals. Cloning has the relative advantage of 
allowing for the propagation of animals with 
known phenotypes to serve as additional breeding 
animals. This is critically important in breeding 
programs to declare the merit of a sire or dam. It 
also allows the propagation of animals whose 
reproductive function may be impaired.36,37 Equine 
reproductive technologies, such as cloning and 
intracytoplasmic sperm injection (ICSI) have 
become routine laboratory practice in many parts 
of the world.38 
 

Conclusion 

The equine cloning is associated with high rates of 
embryonic loss, fetal abnormalities, dystocia. These 
problems are likely to reduce as SCNT techniques 
improve. There are many steps in cloning 
mammals by somatic cell nuclear transfer. The 
basic understanding of these events particularly 
in vitro culture conditions leading to improve the 
efficiency of cloning. SCNT can be used to 
increase the available genotype of a particular 
animal with low fertility with the clones appear to 
be exhibiting normal fertility.  However, the cost 
of derivation of SCNT lines is higher than iPS 
cells. The major cost contributor in SCNT is an 
egg donation. It allows the propagation of valuable 
deceased animals from which tissue samples have 
been appropriately collected or preserved, which 
may have profound implications for species or 
breeds nearing extinction. 
 

References 
1. Wilmut I, Schnieke AE, McWhir J, Kind AJ, 

Campbell KH. Viable offspring derived from fetal 
and adult mammalian cells. Nature 385 (1997): 810–
813. 

 
2. Campbell KH, Fisher P, Chen WC, Choi I, Kelly 

RD, Lee JH, Xhu J. Somatic cell nuclear transfer: 
past, present and future perspectives. Theriogenology 
68(Suppl. 1) (2007), S214–S231. 

 
3. Hinrichs K, Choi YH, Love CC, Chung YG, Varner 

DD. Production of horse foals via direct injection of 
roscovitine-treated donor cells and activation by 
injection of sperm extract. Reproduction 131 (2006): 
1063–1072. 

 
4. Hinrichs K, Choi HY. Health of Horses Produced 

by ARTs. In: Proceedings of the IETS Equine 
Reproduction Symposium, Paris. (2015), pp. 42-43. 

 
5. Galli C, Crotti G, Turini P, Duchi R, Mari G, 

Zavaglia G, Duchamp G, Daels P, Lazzari G. 
Frozen-thawed embryos produced by ovum pick up 
of immature oocytes and ICSI are capable to 
establish pregnancies in the horse. Theriogenology 58 
(2002): 705–708. 

 
6. Lazzari G, Crotti G, Turini P, Duchi R, Mari G, 

Zavaglia G, Barbacini S, Galli C. Equine embryos at 

the compacted morula and blastocyst stage can be 
obtained by intracytoplasmic sperm injection (ICSI) 
of in vitro matured oocytes with frozen-thawed 
spermatozoa from semen of different fertilities. 
Theriogenology 58 (2002a): 709–712. 

 
7. Lazzari G, Mari G, Galli C. Synergistic effect of 

cycloheximide and 6-DMAP on activation of equine 
and bovine oocytes. Journal of Reproduction and Fertility 
Abstract Series No 28 (2002b): pp. 73. 

 
8. Booth PJ, Tan SJ, Reipurth R, Holm P, Callesen H. 

Simplification of bovine somatic cell nuclear transfer 
by application of a zona-free manipulation 
technique. Cloning Stem Cells 3 (2001): 139–150. 

 
9. Oback B, Wiersema AT, Gaynor P, Laible G, 

Tucker FC, Oliver JE, Miller AL, Troskie HE, 
Wilson KL, Forsyth JT, Berg MC, Cockrem K, 
McMillan V, Tervit HR, Wells DN. Cloned cattle 
derived from a novel zona-free embryo 
reconstruction system. Cloning Stem Cells 5 (2003): 3–
12.  

 
10. Lagutina I, Lazzari G, Duchi R, Colleoni S, 

Ponderato N, Turini P, Crotti G, Galli C. Somatic 
cell nuclear transfer in horses: effect of oocyte 
morphology, embryo reconstruction method and 
donor cell type. Reproduction 130 (2005): 559–567. 
doi: 10.1530/rep.1.00772 

 
11. Choi Young-Ho, Velez Isabel C, Macías-García 

Beatriz, Hinrichs Katrin. Cellular Reprogramming 17.2 
(March 2015): 124-130. doi:10.1089/cell.2014.0093. 

 
12. Woods GL, White KL, Vanderwall DK, Li GP, 

Aston KI, Bunch TD, Meerdo LN, Pate BJ. A mule 
cloned from fetal cells by nuclear transfer. Science 301 
(2003): 1063. 

 
13. Galli C, Lagutina I, Crotti G, Colleoni S, Turini P, 

Ponderato N, Duchi R, Lazzari G. Pregnancy: a 
cloned horse born to its dam twin. Nature 
2003a;424: 635. 

 
14. Lagutina I, Lazzari G, Duchi R, Turini P, Tessaro I, 

Brunetti D, Colleoni S, Crotti G, Galli C. 
Comparative aspects of somatic cell nuclear transfer 
with conventional and zonafree method in cattle, 
horse, pig and sheep. Theriogenology 67 (2007): 90–98. 

 
15. Hinrichs K. Assisted reproduction techniques in the 

horse. Reprod Fertil Dev 25 (2012): 80-93. 
 
16. Hinrichs K, Schmidt AL. Meiotic competence in 

horse oocytes: interactions among chromatin 
configuration, follicle size, cumulus morphology, 
and season. Biol Reprod 62 (2000): 1402–1408. 

 
17. Galli C, Lagutina I, Lazzari G. Introduction to 

cloning by nuclear transplantation. Cloning Stem Cells 
5 (2003b): 223–232.  

 
18. Galli C, Colleoni S, Duchi R, Lagutina I, Lazzari G. 

Developmental competence of equine oocytes and 
embryos obtained by in vitro procedures ranging 
from in vitro maturation and ICSI to embryo 

http://dx.doi.org/10.21746/ijbio.2016.12.002


Rajesh Wakchaure and Subha Ganguly,  International Journal of Bioassays 5.12 (2016): 5124-5127 

http://dx.doi.org/10.21746/ijbio.2016.12.002                                            pg. 5127 

culture, cryopreservation and somatic cell nuclear 
transfer. Anim Reprod Sci 98 (2007): 39– 55. 

 
19. Fulka J Jr, Okolski A. Culture of horse oocytes in 

vitro. J Reprod Fertil 61 (1981): 213-215. 
 
20. Zhang JJ, Boyle MS, Allen WR, Galli C. Recent 

studies on in vivo fertilization of invitro matured 
horse oocytes. Equine Vet J 8 (1989):101-104. 

 
21. Gambini Andrés, Jarazo Javier, Olivera Ramiro, 

Salamone Daniel F. Equine cloning: In vitro and in 
vivo development of aggregate embyos. Biology of 
Reproduction 87.1 (2012), doi: 
10.1095/biolreprod.112.098855  

 
22. Hinrichs K, Williams K. Relationships among 

oocyte–cumulus morphology, follicular atresia, initial 
chromatin configuration and oocyte meiotic 
competence in the horse. Biology of Reproduction 57 
(1997): 377–384. 

 
23. Bogh IB, Bezard J, Duchamp G, Baltsen M, Gerard 

N, Daels P, Greve T. Pure preovulatory follicular 
fluid promotes in vitro maturation of in vivo 
aspirated equine oocytes. Theriogenology 57 (2002): 
1765–1779. 

 
24. Vanderwall DK, Woods GL, Aston KI, Bunch TD, 

Li G, Meerdo LN, White KL. Cloned horse 
pregnancies produced using adult cumulus cells. 
Reprod Fertil Dev 16 (2004): 675–679. 

 
25. Hinrichs K, Choi YH, Varner DD, Hartman DL. 

Production of cloned horse foals using roscovitine-
treated donor cells and activation with sperm extract 
and ⁄ or ionomycin. Reproduction 134 (2007): 319–
325. 

 
26. Chavatte-Palmer P, Heyman Y, Richard C, Monget 

P, LeBourhis D, Kann G, Chilliard Y, Vignon X, 
Renard JP. Clinical, hormonal, and hematologic 
characteristics of bovine calves derived from nuclei 
from somatic cells. Biology of Reproduction 66 (2002): 
1596–1603. 

 
27. Mukherjee A, Malik H, Saha AP, Dubey A, Singhal 

DK, Boateng S, Saugandhika S, Kumar S, De S, 
Guha SK, Malakar D. Resveratrol treatment during 
goat oocytes maturation enhances developmental 
competence of parthenogenetic and hand-made 
cloned blastocysts by modulating intracellular 
glutathione level and embryonic gene expression. J 
Assist Reprod Genet 31.2 (2014): 229-239.  

 
28. Choi YH, Love LB, Westhusin ME, Hinrichs K. 

Activation of equine nuclear transfer oocytes: 
methods and timing of treatment in relation to 
nuclear remodelling. Biol Reprod 70 (2004): 46–53. 

 
29. Cesare Galli, Irina Lagutina, Roberto Duchi, Silvia 

Colleoni, Giovanna Lazzari. Somatic cell nuclear 

transfer in horses. Reproduction in Domestic 
Animals, Spl. Issue: 16th International Congress on 
Animal Reproduction 43.S2 (July, 2008): 331-337. DOI: 
10.1111/j.1439-0531.2008.01181.x 

 
30. Carneiro G, Lorenzo P, Pimentel C, Pegoraro L, 

Bertolini M, Ball B, Anderson G, Liu I. Influence of 
insulin-like growth factor-I and its interaction with 
gonadotropins, estradiol, and fetal calf serum on in 
vitro maturation and parthenogenic development in 
equine oocytes. Biology of Reproduction 65(2001): 899–
905. 

 
31. Dell’Aquila ME, Albrizio M, Maritato F, Minoia P, 

Hinrichs K. Meiotic competence of equine oocytes 
and pronucleus formation after intracytoplasmic 
sperm injection (ICSI) as related to granulosa cell 
apoptosis. Biol Reprod 68 (2003): 2065–2072. 

 
32. Ball BA. Embryonic death in mares. In: Equine 

Reproduction (1993), pp. 517–531. Eds McKinnon 
AO, Voss JL Media: Williams & Wilkins. 

 
33. Holden C. Champion racer cloned. Science 308 

(2005): 628. 
 
34. Olivera R, Moro LN, Jordan R, Luzzani C, Miriuka 

S, Radrizzani M, et al. In vitro and in vivo 
development of horse cloned embryos generated 
with iPSCs, mesenchymal stromal cells and fetal or 
adult fibroblasts as nuclear donors. PLoS ONE 
11.10 (2016). 

 
35. Chavatte-Palmer P, Remy D, Cordonnier N, Richard 

C., Issenman H, Laigre P, Heyman Y, Mialot JP. 
Health status of cloned cattle at different ages. 
Cloning Stem Cells 6 (2004): 94–100. 

 
36. FDA US Food & Drug Administration. (US Dept. 

of Health and Human Services) July, 2014; Chapter 
II: Technology Overview: Somatic Cell Nuclear Transfer and 
Other Assisted Reproductive Technologies. 

 
37. Johnson AK, Clark-Price SC, Choi YH, Hartman 

DL, Hinrichs K. Physical and clinicopathologic 
findings in foals derived by use of somatic cell 
nuclear transfer: 14 cases (2004-2008). J Am Vet Med 
Ass 236 (2010): pp. 983. 

 
38. Maserati, M. and Mutto, A. In vitro production of 

equine embryos and cloning: Today’s status. Journal 
of Equine Veterinary Science 2016; 
http://dx.doi.org/10.1016/j.jevs.2016.04.004. 

 

Cite this article as:  
Rajesh Wakchaure, Subha Ganguly. Advances in 
equine cloning by Somatic Cell Nuclear Transfer 
(SCNT) technique in horses: A Review. International 
Journal of Bioassays 5.12 (2016): 5124-5127. 

DOI: http://dx.doi.org/10.21746/ijbio.2016.12.002   

 

 

Source of support: Nil 

Conflict of interest: None Declared 

http://dx.doi.org/10.21746/ijbio.2016.12.002
http://dx.doi.org/10.21746/ijbio.2016.12.002

