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• Cloning is the production of genetically identical 
individuals by non-sexual means

• Achieved in two ways:
– Embryo splitting

• Seen in identical twins
– Nuclear transfer

• Somatic cells from genetic donor
• Enucleated oocyte (chromatin removed)
• Fused by electric pulse or direct injection

Photo: http://www.gvequine.com.au/Embryo_Transfer.htm

Identical twin foals at CSU
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Genetically identical individuals can be produced by two methods: embryo splitting and nuclear transfer. 
Embryo splitting occurs naturally when identical twins are formed (although this does not happen naturally in horses), and may be performed in vitro, with the resulting embryos transferred into recipient mares to be carried to term.
Cloning by nuclear transfer involves the transfer of genetic material from one animal into the oocyte of another, and transfer of the embryo into a recipient mare to be carried to term.

Photo: identical twin foals produced at Colorado State University by embryo splitting.
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Somatic cell nuclear transfer
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Cloning by nuclear transfer is simple in principle. 
The process requires a host oocyte with the chromatin (genetic material) extracted from it (“cytoplast”), and cells from a donor animal to provide the ‘new’ genetic material. The enucleated oocyte and the donor cell are then fused together to form a reconstructed oocyte. This continues to develop into an embryo and is transferred into a recipient mare to be carried to term.



Donor cell

• Fibroblast most commonly used 
(subcutaneous connective 
tissue)

• Small tissue sample obtained by 
skin incision

• Cell-culture medium for 
transport to lab

• Cells proliferate and 
synchronise cell cycle (resting 
phase)

Presenter
Presentation Notes
Various cell types can act as donor cells, however fibroblast cells are used most commonly for nuclear transfer. These are obtained by taking a small sample of subcutaneous tissue from the animal that is to be cloned, e.g. skin biopsy. The sample is placed in culture medium and cells are allowed to proliferate in a monolayer. Synchronisation of the cell cycle is important for success of the cloning procedure – the donor cells must be in the resting phase before nuclear transfer proceeds. 
The cultured cells may be used immediately or stored in liquid nitrogen for later use.

Photo: high achieving performance horses are likely candidates for cloning.



Cytoplast

• Quality a major factor
• Healthy MII oocytes with 

adequate cytoplasmic maturation
• Dominant pre-ovulatory or 

matured in vitro
• Metaphase plate and polar body 

removed
• Enucleation difficult in horses 

(high lipid content) 
• Mechanical and chemical 

methods
Images: http://www.cyagra.com/process.htm
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The quality of the cytoplast, or enucleated oocyte, is also crucial for the success of the procedure. A healthy oocyte in the metaphase II cell cycle stage, with adequate cytoplasmic maturation, is required. These are acquired by aspirating the dominant pre-ovulatory follicles of live mares, or gathering immature oocytes and growing them in vitro. 
Once the oocyte has been obtained, the chromatin (genetic material) must be removed. This is done by using stains to visualise the chromatin and then extracting it by micromanipulation. This may be difficult in the equine species as the oocyte contains a large amount of lipid granules and make the chromatin harder to visualise. There are also some concerns with use of the stain which requires exposure of the cell to UV light. An alternative to this method is chromatin extraction by chemical means, however this is less efficient at this stage.

http://www.cyagra.com/process.htm�


Fusion
• Electric pulse

• Breaking donor cell 
membrane & injection into 
cytoplast

• Sendai virus

• Piezo drill

• Micropipete

Images: http://www.cyagra.com/process.htm
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The next step is inserting the donor cell into the enucleated oocyte. This can be done by direct injection of a single donor cell into the oocyte or fusion by applying an electric pulse to the two cells (or a combination of both methods). 
Picture: 1) The donor cell is inserted beneath the zona pellucida 2) an electric pulse is applied and the cells are fused, resulting in a cell equivalent to a fertilised oocyte.
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Activation
• Reprogramming of nucleus to convert cell 

function from fibroblast to embryonic cell

• Combination of drugs to
– Increase intracellular calcium (mimic fertilisation)
– Reduce meiosis-inhibiting factors

• Epigenetic modification – not completely 
understood

• Reprogrammation errors  high embryo 
mortality
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The genetic material in the cell is ‘programmed’ in such a way that it codes for the cell to act as a fibroblast, i.e. Those genes are activated that allow the cell to perform the functions necessary in connective tissue. In order for this cell to become an embryo and begin embryo development, the cell must be ‘reprogrammed’, or activated. The genetic material itself remains unchanged in this process, but what are known as ‘epigenetic’ factors are altered. This allows different genes to be switched on. This process is crucial to the success of the cloning procedure. 

An ideal activation protocol is still in the making but basically this requires that the cell experiences intracellular calcium oscillations which mimic those occurring during fertilisation. There are also meiosis-inhibiting factors present and these need to be reduced in order for meiosis to resume. 
One example of an activation protocol involves the use of sperm extract to trigger calcium oscillations and treatment with roscovitine, a chemical that acts on the meiosis inhibiting factors. Activation rates up to 90% have been achieved in horses.

It has been proposed that because the reconstructed oocyte has to undergo numerous changes in an unnaturally short period of time, the reprogrammation is often not ideal or complete, and this may account for the high embryo mortality seen in transferred nuclear transfer embryos.



Culture & Transfer
• Once activated, the reconstructed oocyte can be:

– surgically transferred into oviduct of recipient mare
– cultured in vitro to blastocyst stage and then transferred 

into uterus of recipient mare (as for normal ET)

• Rates of development to blastocyst stage are 3 to 10% 
(Galli et al. 2003, Lagutina et al. 2005, Hinrichs et al. 2006).

World’s first cloned horse – Prometea – and her genetically identical mother (Italy, 2003)
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Once activation is complete, the reconstructed oocyte is ready to develop and grow into an embryo. It can now be either transferred surgically into the oviduct of the recipient mare, or cultured in vitro until it reaches blastocyst stage, when it is assessed, graded and if appropriate, transferred into the uterus of a recipient mare. The procedure here is no different to a standard embryo transfer.

Photos: In 2003, Galli and colleagues produced hundreds of reconstructed oocytes. Of these, 17 made it to blastocyst stage and were transferred to recipient mares (including the original DNA donor). Four pregnancies were obtained but only one carried to term. This is Prometea, the world’s first cloned horse. Her ‘surrogate’ dam in this photo looks remarkably similar – this is because she also happens to be the donor of the clone’s DNA, i.e. Dam and foal are genetically identical.



Photo: http://vetmed.tamu.edu/equine-embryo-laboratory/cloning-research

Five foals produced by nuclear transfer from a single donor cell line
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Resemblance

• Depends on three factors:
– Epigenetic changes
– Mitochondria
– Embryo transfer

• Environment
• Individual variation in growth

• Deemed unlikely that clones will perform at 
same level as donor

Mitochondria

Image: http://remf.dartmouth.edu/imagesindex.html
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Clones are genetically identical to their donors, but generally will not be exactly identical in appearance and behaviour.

It must also be remembered that the first few days of a clone’s life are spent growing in a dish – this is not an ideal environment despite our best efforts and may affect the embryo’s development.
Epigenetic changes are those in which the DNA remains the same but certain genes may be switched on or off by events in development. For example the animal may be taller or shorter, have more or less bone thickness, etc.

Mitochondria are tiny organelles found inside cells which process energy and control many of the cells functions. When a cytoplast and donor cell are combined, the mitochondria of the oocyte remain in the cell and therefore in the developing embryo. Mitochondria also carry a small amount of genetic material. Thus the cloned animal will inherit the mitchondria (and mitochondrial DNA) of the animal that supplied the oocyte. The consequences of this on the health and appearance of the clone are not known at this point.

The greatest differences are associated with embryo transfer. These changes are present in all embryo transfers however are more obvious with cloned animals because we know what the expected outcome is. Environmental factors such as uterine blood supply, placentation, birth, milk, dam/foal nutrition will affect the foal. Later on, the handling and exercise, nutrition, vaccination, worming etc etc etc will mean that the animal is not the same as the original – remember these factors can work both ways!


With regards to performance, it is seen unlikely that a clone will perform at the same level as the donor, due to environmental factors - training in particular.


http://remf.dartmouth.edu/imagesindex.html�


Progeny

• Progeny of clone = progeny of donor

• Progeny of female clone  different 
mitochondrial DNA 

• Progeny of male clone  genetically 
indistinguishable from progeny of donor

• Epigenetic factors do not affect progeny
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Although the clone itself may not be phenotypically identical to the donor, the genetic material IS exactly the same and therefore the offspring of the clone and donor are equivalent. Clones are able to reproduce normally. The epigenetic status of the DNA is reset when gametes are formed, so these changes do NOT affect the progeny. 
The only way a clone’s foal can be distinguished from a donor’s foal is by the differences in mitochondrial DNA. However this only applies to the foals of female clones. In the case of a stallion clone, no cytoplasm and therefore no mitochondria are transferred with sperm in fertilisation. Therefore a stallion clone will not pass on the mitochondrial DNA that he himself acquired from the ‘random’ oocyte in nuclear transfer, and subsequently a stallion clone’s foals are genetically indistinguishable from the donor’s foals.

Production of genetically identical offspring is seen to be the most important clinical asset of the cloning procedure.



Cloning in practice
• A method of genetic banking
• High achieving performance 

horses 
• Valuable horses that are 

castrated
• Valuable horses that are infertile
• Horses that die unexpectedly 

before reproducing
• Dearly loved pets
• Conservation

Sorraia horses

Przewalski’s horse
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Because clones are not phenotypically identical to their donors, but their offspring are equivalent to donors’ offspring, the real value of cloning lies in its potential as a method of genetic banking – similar to frozen semen. We also realise that cloning can aid with the distribution of valuable genetics throughout the world – again, similar to frozen semen. We must remember that cloning an animal only preserves the current genetics and does not improve on them. Unless of course we are introducing ‘new’ genetics to a particular region, i.e. Where a cloned animal is exported to another country.
The most popular candidates for cloning have been high achieving performance horses – cutting, dressage, showjumping – and in particular geldings. Mares or stallions who have become infertile for any reason can also be cloned, and donor cells can be collected from horses that die unexpectedly before being able to reproduce. 
Of course any horse can be cloned where the owner so desires and the facilities and funds are available. 

A non-commercial use for cloning is in the preservation of endangered groups of horses – such as the wild Przewalski’s horse and less well known Sorraia horses of the Iberian region.

Photos: Sorraia horses in Vale de Zebro reserve, Portugal. Only 200-odd individuals are alive at present and they share a narrow gene pool. Cloning would be a valid method of preserving the genetic material of species at risk of extinction.



Health

• Problems in other species –
mostly resolved

• Horses appear healthy so far
• Increased incidence of crooked 

legs and thickened umbilicus
• Numbers too small for accurate 

data
• Effect of mitochondrial DNA 

uncertain“Dolly” the cloned sheep

Photo: http://www.usatoday.com/tech/science/genetics/2006-07-04-dolly-anniversary x.htm

Presenter
Presentation Notes
Health problems (such as large calf syndrome) have been previously observed in cloned animals of other species, however none of these have, to date, been seen in horses. These have been attributed to various factors and many have been resolved as the cloning procedure methods have been refined continuously over the past few years. Foals that have died in the neonatal period do not appear to be affected by any disorder specific to cloned foals (e.g. Pneumonia, septicaemia). There has been a noted increased incidence of foals born with crooked fore legs (correctable) and larger than normal umbilical remnants. 

It must again be noted that these foals have spent the first few days of development in vitro and these are not necessarily ideal conditions for growth.

The number of cloned foals born to date is not sufficient to gather reliable data and draw conclusions on how their health compares to ‘normal’ foals. Even then, if they are found to be weaker or have a higher incidence of disease, we will need to ascertain whether this is a result of cloning itself, the in vitro stage of development, or factors relating to embryo transfer (embryo handling, placentation, nutrition, etc).

The effect of mitochondrial DNA on the health status of cloned animals is not known at this point. In humans, several diseases are known which are the result of mtDNA disorders (neuropathies, myopathies, endoncrinopathies), and can be passed on from mother to child in the oocyte. Thus we can infer that mtDNA has the potential to affect the health and performance of cloned animals, both in positive and negative ways; the exact effects are yet to be investigated.

So far there has been no cause for concern with cloned horses.

Photo: Dolly, the cloned sheep. There was much media induced controversy over Dolly and confusion over her health status. Concerns over premature ageing were attributed to the source of donor cells – mammary cells were used – and this has since been resolved by the use of fibroblast cells. Dolly had four normal lambs. Her death was unrelated to cloning or premature ageing – she died because of a viral lung disease which also affected most of her flock.
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Some final thoughts...

• Efficiency limits current clinical use
• Ethics – just another ART?
• Potential for misuse and exploitation of cloning
• Reputation of donor horse
• Registration & competition

• Genetic preservation – not improvement!
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At present the recorded success rate for cloning horses is less than 3%. This means that each foal produced requires an immense investment of resources, time and work. The methods are constantly being improved on and hopefully further research will lead to a more reliable process. Current advertised prices are US$150,000 to $370,000 – these are likely to decrease as efficiency improves.

Cloning has been a controversial topic in society but appears to be well accepted in the horse industry. Motivation for cloning relates more with performance and emotional fulfilment rather than production traits (as in cattle, sheep, etc) and this may be part of the reason for acceptance. In the context of advanced reproductive technologies, it is hard to see why, ethically, cloning should be viewed any differently than frozen semen technology, embryo transfer or in vitro embryo production.  

Where in other species there might be the risk of ‘mass production’ of an animal for a particular set of (quantitative) traits, e.g. dairy cows for milk or sheep for meat, this is unlikely to occur with horses. There is no reason why a horse owner would wish to excessively clone one particular animal – this would have no commercial or emotional benefit, neither to the individual nor the industry as a whole.

Instances of misuse and manipulation are a concern with any breeding technology. ‘Unfair competition’ is an unlikely complication as performance depends on much more than just an animal’s genetic composition.  On the other hand, a clone that is trained to compete but does not do as well as the donor animal will not only detract from its value as a breeding animal, but also can compromise the breeding reputation of the original animal.

A less pressing issue with cloning is the reluctance of some breed societies to register cloned animals. However this is by no means universal and is likely to change in the future as the technology becomes commonplace and more widely accepted. More often than not, this is not a problem for competition animals as clone status will not inhibit their ability to participate in events – e.g. dressage, showjumping. 

Lastly, as cloning becomes more efficient and very probably more popular in the future, let us remember to thin of it as a way of preserving current genetic material, not a an improvement on current stock. Perhaps its greatest benefit lies in acting as an ‘insurance policy’ against the loss of animal genetics that are valuable to us, for whatever reason – be it performance, conservation, or emotional value.
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