Application of reproduction and genetics
Cloning 
In the past, conventional breeding techniques have been used to improve farm animals, crop and ornamental plants. However, selection and cross breeding is laborious, time consuming, and sometimes unpredictable. In the future, the quality of farm animals may be improved by laboratory based breeding techniques. One of these techniques is cloning. The term cloning describes a number of different processes that can be used to produce genetically identical copies of a biological entity. The copied material, which has the same genetic makeup as the original, is referred to as a clone.

Researchers have cloned a wide range of biological materials, including genes, cells, tissues and even entire organisms, such as a sheep. In nature, some plants and single-celled organisms, such as bacteria, produce genetically identical offspring through a process called asexual reproduction. In asexual reproduction, a new individual is generated from a copy of a single cell from the parent organism. 

Natural clones, also known as identical twins, occur in humans and other mammals. These twins are produced when a fertilized egg splits, creating two or more embryos that carry almost identical DNA. Identical twins have nearly the same genetic makeup as each other, but they are genetically different from either parent.

Cloning has enabled desirable characteristics to be preserved for future generations. Embryo cloning allows many genetically identical copies of an animal to be produced. If a high milk yield mutation occurred in a cow, making her significantly better than other members of the herd, only cloning allows the farmer to conserve this unique feature for future generations.

Embryo cloning

Artificial embryo twinning (embryo cloning) is the relatively low-tech version of cloning. As the name suggests, this technology mimics the natural process of creating identical twins. The technique has been used to produce genetically identical individuals and has made it possible for farmers to increase the number of their animals.
In nature, twins occur just after fertilization of an egg cell by a sperm cell. In rare cases, when the resulting fertilized egg, called a zygote, tries to divide into a two-celled embryo, the two cells separate. Each cell continues dividing on its own, ultimately developing into a separate individual within the mother. Since the two cells came from the same zygote, the resulting individuals are genetically identical.

Artificial embryo twinning uses the same approach, but it occurs in a Petri dish instead of in the mother's body. This is accomplished by manually separating a very early embryo into individual cells, and then allowing each cell to divide and develop on its own. The resulting embryos are placed into a surrogate mother, where they are carried to term and delivered. Again, since all the embryos came from the same zygote, they are genetically identical.
. 

Cloning by somatic cell nuclear transfer
Somatic cell nuclear transfer, (SCNT) uses a different approach than artificial embryo twinning, but it produces the same result: an exact clone, or genetic copy, of an individual. This was the method used to create Dolly the Sheep.

Somatic cell: A somatic cell is any cell in the body other than the two types of reproductive cells, sperm and egg. Sperm and egg are also called germ cells. In mammals, every somatic cell has two complete sets of chromosomes, whereas the germ cells only have one complete set.

To make Dolly, researchers isolated a somatic cell from the udder of an adult female sheep and cultured them in a medium which stops division. Next, they transferred the nucleus from that cell to an egg cell of a different sheep, from which the nucleus had been removed. After a couple of chemical tweaks, the egg cell, with its new nucleus, was behaving just like a freshly fertilized zygote. It developed into an embryo, which was implanted into a surrogate mother and carried to term.

The lamb, Dolly, was an exact genetic replica of the adult female sheep that donated the somatic cell nucleus to the egg. She was the first-ever mammal to be cloned from an adult somatic cell.
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How does SCNT differ from the natural way of making an embryo?
The fertilization of an egg by a sperm and the SCNT cloning method both result in the same thing: a dividing ball of cells, called an embryo. An embryo is composed of cells that contain two complete sets of chromosomes. The difference between fertilization and SCNT lies in where those two sets originated.

In fertilization, the sperm and egg both contain one set of chromosomes. When the sperm and egg join, the resulting zygote ends up with two sets - one from the father (sperm) and one from the mother (egg).

In SCNT, the egg cell's single set of chromosomes is removed. It is replaced by the nucleus from a somatic cell, which already contains two complete sets of chromosomes. Therefore, in the resulting embryo, both sets of chromosomes come from the somatic cell.

What are the potential applications of cloned animals? 

Reproductive cloning may enable researchers to make copies of animals with the potential benefits for the fields of medicine and agriculture e.g. cell cloning is useful for the production of cells in quantity, such as cancer cells for medical research and monoclonal antibodies.
For instance, the same Scottish researchers who cloned Dolly have cloned other sheep that have been genetically modified to produce milk that contains a human protein essential for blood clotting. The hope is that someday this protein can be purified from the milk and given to humans whose blood does not clot properly. Another possible use of cloned animals is for testing new drugs and treatment strategies. The great advantage of using cloned animals for drug testing is that they are all genetically identical, which means their responses to the drugs should be uniform rather than variable as seen in animals with different genetic make-ups.

After consulting with many independent scientists and experts in cloning, the U.S. Food and Drug Administration (FDA) decided in January 2008 that meat and milk from cloned animals, such as cattle, pigs and goats, are as safe as those from non-cloned animals. The FDA action means that researchers are now free to use cloning methods to make copies of animals with desirable agricultural traits, such as high milk production or lean meat. However, because cloning is still very expensive, it will likely take many years until food products from cloned animals actually appear in supermarkets.

Another application is to create clones to build populations of endangered, or possibly even extinct, species of animals. In 2001, researchers produced the first clone of an endangered species: a type of Asian ox known as a guar. Sadly, the baby guar, which had developed inside a surrogate cow mother, died just a few days after its birth. In 2003, another endangered type of ox, called the Banteg, was successfully cloned. Soon after, three African wildcats were cloned using frozen embryos as a source of DNA. Although some experts think cloning can save many species that would otherwise disappear, others argue that cloning produces a population of genetically identical individuals that lack the genetic variability necessary for species survival. 

Some people also have expressed interest in having their deceased pets cloned in the hope of getting a similar animal to replace the dead one. But as shown by Cc the cloned cat, a clone may not turn out exactly like the original pet whose DNA was used to make the clone. 

What are the potential drawbacks of cloning animals?

Reproductive cloning is a very inefficient and expensive technique and most cloned animal embryos cannot develop into healthy individuals. For instance, Dolly was the only clone to be born live out of a total of 277 cloned embryos. This very low efficiency, combined with safety concerns, presents a serious obstacle to the application of reproductive cloning.

Researchers have observed some adverse health effects in sheep and other mammals that have been cloned. These include an increase in birth size and a variety of defects in vital organs, such as the liver, brain and heart. Other consequences include premature aging and problems with the immune system. Another potential problem centres on the relative age of the cloned cell’s chromosomes. As cells go through their normal rounds of division, the tips of the chromosomes, called telomeres, shrink. Over time, the telomeres become so short that the cell can no longer divide and, consequently, the cell dies. This is part of the natural aging process that seems to happen in all cell types. As a consequence, clones created from a cell taken from an adult might have chromosomes that are already shorter than normal, which may condemn the clones' cells to a shorter life span. Indeed, Dolly, who was cloned from the cell of a 6-year-old sheep, had chromosomes that were shorter than those of other sheep her age. Dolly died when she was six years old, about half the average sheep's 12-year lifespan.

Tissue Culture

Tissue culture is the growth of tissues and/or cells separate from the organism. This is typically facilitated via use of a liquid, semi-solid, or solid growth medium, such as broth or agar. Tissue culture commonly refers to the culture of animal cells and tissues, while the more specific term plant tissue culture is used for plants. Tissue culture produces clones, in which all product cells have the same genotype (unless affected by mutation during culture)

Historical usage

In 1885 Wilhelm Roux removed a portion of the medullary plate of an embryonic chicken and maintained it in a warm saline solution for several days, establishing the basic principle of tissue culture. In 1907 the zoologist Ross Granville Harrison demonstrated the growth of frog nerve cell processes in a medium of clotted lymph.

Modern usage

In modern usage, "tissue culture" generally refers to the growth of eukaryotic cells in vitro. It is often used interchangeably with cell culture to specifically describe the in vitro culturing of sperm donor cells. However, "tissue culture" can also be used to refer to the culturing of tissue pieces, i.e. explant culture or whole organs, i.e. organ culture. It is a tool for the study of animal cell biology in vitro model of cell growth to allow a highly selective environment which is easily manipulated (used to optimise cell signalling pathways). 
Tissue culture, both plant and animal has several critical requirements:
1. Appropriate tissue (some tissues culture are better than others)

2. A suitable growth medium containing energy sources and inorganic salts to supply cell growth needs. This can be liquid or semisolid

3. Aseptic (sterile) conditions, as microorganisms grow much more quickly than plant and animal tissue and can over run a culture

4. Growth regulators - in plants, both auxins and cytokinins. In animals, this is not as well defined and the growth substances are provided in serum from the cell types of interest

5. Frequent sub culturing to ensure adequate nutrition and to avoid the build-up of waste metabolites

Animal Tissue Culture

The term tissue culture refers to the culture of whole organs, tissue fragments as well as dispersed cells on a suitable nutrient medium. It can be divided into:

a) organ culture and

b) cell culture mainly on the basis of whether the tissue organisation is retained or not.

The beginning of animal tissue culture can be traced to 1880 when Arnold showed that leucocytes can divide outside the body. Later, in 1903, Jolly studied the behaviour of animal tissue explants immersed in serum, or lymph fluid. In 1907, Harrison cultured frog tadpole spinal chord in a lymph drop hanging from a cover slip into the cavity on a microscopic slide; this is regarded as the turning point. A few years later, in 1913, Carrel developed a complicated methodology for maintaining cultures free from contamination, especially by bacteria. Subsequently, suitable culture media were developed and the techniques of cell culture were refined.

Culturing animal tissues - the steps

1. Animal tissue is obtained either from a particular specimen, or from a ‘tissue bank’ of cryo-preserved (cryo = frozen at very low temperatures in a special medium)

2. Establishment of the tissue is accomplished in the required medium under aseptic conditions 

3. Growing the cells / tissue requires an optimum temperature, and sub-culturing when required. Human cells, for example are grown at 37°C and 5% CO2.
Animal tissue/cell culture - differences from plant tissue culture

1. Animal cell lines have limited numbers of cell cycles before they begin to degrade

2. Animal cells need frequent sub-culturing to remain viable

3. Tissue culture media for animal cells is not as fully defined as that of plants - in addition to inorganic salts, energy sources, amino acids, vitamins, etc., they require the addition of serum (bovine serum is very common, but others are used)

4. Animal tissue cultures can pose biohazard concerns, and cultures require special inactivation with hypochlorite and then incineration
Uses of Animal Tissue Culture
1. Growing viruses - these require living host cells

2. Making monoclonal antibodies, used for diagnosis and research

3. Studying basic cell processes

4. Genetic modification & analysis

5. ‘Knockout’ technology - inactivating certain genes and tracing their effects

6. Providing DNA for the Human Genome  Project (and other species’ genome projects)

7. Tissue engineering (see below)

Tissue engineering
Tissue engineering is the study of the growth of new connective tissues, or organs, from cells and a collagen scaffold to produce a fully functional organ for implantation back into the donor host. This technique will allow organs to be grown from implantation (rather than transplantation) and hence free from imunological rejection. The starting point for any tissue-engineered organ is the harvesting of small amounts of tissue from the future recipient of the tissue engineered organ. This could be as small as a 2mm punch biopsy for some applications.

Cells from the biopsy are then cultured from explants to create a "cell bank". These cells are then further cultured on collagenous substrates, under the correct physiological conditions, to form tissue engineered constructs for implantation. The process is carried out in a tissue culture facility to maintain a sterile environment. Cellular biochemical and physical activity can be enhanced by the addition of growth factors or cytokines. After further tissue culture under the correct conditions, the resident cells in the tissue engineered construct will dissolve the original collagen scaffold and secrete a new collagen rich neo-tissue, the construct can then be implanted back into the patient from whom the cells were originally removed. This science will remove the necessity for anti-rejection drugs as the living tissue engineered construct has been grown from the patient’s own cells, and will be accepted as a natural part of the patient’s body.
Applications of tissue engineering include the generation of skin graft tissue, blood vessel replacement, bone and cartilage repair, and the treatment of degenerative nerve diseases.

Plant tissue culture 

Plant tissue culture is a practice used to propagate plants under sterile conditions, often to produce clones of a plant. Conventional methods of plant propagation, such as taking cuttings, have been used for centuries, however, different techniques in plant tissue culture may offer certain advantages over traditional methods of propagation, including:

a) The production of exact copies of plants that produce particularly good flowers, fruits, or have other desirable traits.

b) To quickly produce mature plants.

c) The production of multiples of plants in the absence of seeds or necessary pollinators to produce seeds.

d) The regeneration of whole plants from plant cells that have been genetically modified.

e) The production of plants in sterile containers that allows them to be moved with greatly reduced chances of transmitting diseases, pests, and pathogens.

f) The production of plants from seeds that otherwise have very low chances of germinating and growing, i.e.: orchids and nepenthes.

g) To clean particular plants of viral and other infections and to quickly multiply these plants as 'cleaned stock' for horticulture and agriculture.

Plant tissue culture relies on the fact that many plant cells have the ability to regenerate a whole plant (totipotency). Single cells, plant cells without cell walls (protoplasts), pieces of leaves, or (less commonly) roots can often be used to generate a new plant on culture media given the required nutrients and plant hormones.
Culturing (micro propagating) plant tissue - the steps

1. Selection and excision of the plant tissue (explant) from a healthy vigorous ‘mother plant’ - this is often the  meristem from the shoot, but can be other tissue

2. This tissue must be sterilized to remove microbial contaminants

3. Establishment of the explant in a sterile culture medium. The medium sustains the plant cells and encourages cell division. It can be solid or liquid

4. Each plant species (and sometimes the variety within a species) has particular medium requirements that must be established by trial and error

5. Multiplication by mitosis: the explant gives rise to a callus (a mass of loosely arranged cells)  which is manipulated by varying sugar concentrations and the auxin (low): cytokinin (high) ratios to form multiple shoots

6. The callus may be subdivided a number of times

7. Root formation: the shoots are transferred to a growth medium with relatively higher auxin: cytokinin ratios

8. The rooted shoots are potted up (deflasked) and ‘hardened off’ by gradually decreasing the humidity. This is necessary as many young tissue culture plants have no waxy cuticle to prevent water loss.
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Advantages of micropropagation
1. A single explant can be multiplied into several thousand plants in less than a year - this allows fast commercial propagation of new cultivars

2. Taking an explant does not usually destroy the mother plant, so rare and endangered plants can be cloned safely

3. Once established, a plant tissue culture line can give a continuous supply of young plants throughout the year

4. In plants prone to virus diseases, virus free explants (new meristem tissue is usually virus free) can be cultivated to provide virus free plants

5. Plant ‘tissue banks’ can be frozen, then regenerated through tissue culture

6. Plant cultures in approved media are easier to export than are soil-grown plants, as they are pathogen free and take up little space (most current plant export is now done in this manner)

7. Tissue culture allows fast selection for crop improvement - explants are chosen from superior plants, then cloned

8. Tissue culture clones are ‘true to type’ as compared with seedlings, which show greater variability
Disadvantages of Micropropagation

1. Sterile conditions have to be maintained otherwise bacterial or fungal contamination of the culture medium may result with subsequent loss of plants
2. The plants are genetically unstable with an increased rate of mutation in medium-grown cells leading to abnormality in the plantlets. Regular inspection is needed to remove any defective individuals, thus labour costs are higher than with traditional propagation methods.

Applications of Plant Tissue Culture
Plant tissue culture is used widely in plant science; it also has a number of commercial applications. Applications include:
a) Micropropagation is widely used in forestry and in floriculture. Micropropagation can also be used to conserve rare or endangered plant species.

b) A plant breeder may use tissue culture to screen cells rather than plants for advantageous characters, e.g. herbicide resistance/tolerance.

c) Large-scale growth of plant cells in liquid culture inside bioreactors as a source of secondary products, like recombinant proteins used as biopharmaceuticals.

d) To cross distantly related species by protoplast fusion and regeneration of the novel hybrid.

e) To cross-pollinate distantly related species and then tissue culture the resulting embryo which would otherwise normally die (Embryo Rescue).

f) For production of doubled monoploid (dihaploid) plants from haploid cultures to achieve homozygous lines more rapidly in breeding programmes, usually by treatment with colchicine which causes doubling of the chromosome number.

g) As a tissue for transformation, followed by either short-term testing of genetic constructs or regeneration of transgenic plants.

h) Certain techniques such as meristem tip culture can be used to produce clean plant material from virused stock, such as potatoes and many species of soft fruit.

i) Micropropagation using meristem and shoot culture to produce large numbers of identical individuals
Stem cell technology 

Stem cells are versatile cells in the body which are able both to reproduce themselves and to produce more specialized cells. As such, they are of great potential value in repairing and regenerating damaged cells and tissue. Many conditions are currently or potentially treatable with the use of stem cells, including Alzheimer's, Parkinson's, heart disease, stroke and diabetes. Stem cells can be obtained from various sources. They can be obtained from the early human embryo, from the older human embryo or foetus, from the newborn baby (e.g. from the umbilical cord), from the older child and from the adult. As the individual develops, it is thought that stem cells become more committed to a particular destination in the body; however, some degree of flexibility appears to be retained.

Totipotent stem cells - such as the product of fertilization of an ovum and its progeny - are stem cells that have total potency, which means that they have the ability to form an entire mature organism, e.g., a human being, although only if placed in a woman’s uterus.

Stem cells from the blastocyst stage of an embryo are pluripotent stem cells, and give rise to almost all of the cell types of the body, such as muscle, nerve, heart, and blood. They hold great promise for both research and health care. 

Adult stem cells are multipotent stem cells. These are undifferentiated cells formed after gastrulation, (during which the three tissue layers: ectoderm, mesoderm, and endoderm form). These are true stem cells but can only differentiate into a limited number of types. For example, the bone marrow contains multipotent stem cells that give rise to all the cells of the blood but not to other types of cells

It is best if the cells used in transplantation can be taken from the patient him- or herself, to avoid rejection by the body. While embryonic cells have been proposed as a means of avoiding rejection problems, even early embryonic cells have surface molecules which can cause an immune response. Supporters and opponents of embryonic stem cell research are in agreement that the ultimate goal should be to use the patient's own cells. 

There are various ways in which adult cells can be used. They can be taken from the patient, or a donor, and used without being modified, as in the case of bone marrow transplants for patients with cancer. Alternatively, stem cells from the patient can be subjected to gene therapy before being re-introduced, as in the case of children who were treated recently for Severe Combined Immune Deficiency. 
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Stem cells can be induced to carry out a new role in the body, as when a patient with heart disease was given stem cells from muscle in his leg, which then formed a different kind of muscle in his heart. It is known that adult bone marrow cells are particularly versatile, and can produce bone, cartilage, tendon, muscle, fat, liver and neural cells. Neural stem cells can also form other cell types, such as blood and muscle cells.

Cells from early embryos have not so far been used on patients, and appear too unspecialised to control, unless modified in some way. We are some years away from any treatment using early embryonic cells. 
Where stem cells from foetuses have been transplanted into patients along with other tissue the results have not been altogether positive. Even foetal cells can be difficult to control, and it is feared that embryonic stem cell transplants could give rise to cancer. In one case, a man with Parkinson's died after a transplant of foetal cells; it was later found that these cells had given rise to bone, skin and hair in the patient's brain.
Therapeutic cloning

Therapeutic cloning involves creating a cloned embryo for the sole purpose of producing embryonic stem cells with the same DNA as the donor cell. These stem cells can be used in experiments aimed at understanding disease and developing new treatments for disease. To date, there is no evidence that human embryos have been produced for therapeutic cloning.

The richest source of embryonic stem cells is tissue formed during the first five days after the egg has started to divide. At this stage of development, called the blastocyst, the embryo consists of a cluster of about 100 cells that can become any cell type. Stem cells are harvested from cloned embryos at this stage of development, resulting in destruction of the embryo while it is still in the test tube.
The process of stem cell cloning is carried out as follows:

1. A mature cell is taken from the patient and the nucleus removed

2. The nucleus is removed from a human ovum

3. The mature cell nucleus is transferred into the ‘empty’ ovum

4. The ovum, containing the patient’s DNA, divides to form a ball of stem cells
5. Stem cells are isolated and cultured with appropriate growth factors

6. Stem cells grow into the required organ or tissue
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In November 2007, using a new cloning method that removes the egg's nucleus without dyes or ultraviolet light, researchers produced the first primate embryonic stem cells. The work involved transferring the nucleus of a skin cell from a male rhesus monkey into the nucleus-free egg of a female rhesus monkey. These embryonic stem cells did not develop into a whole monkey, and researchers said their work was aimed at therapeutic applications. However, the research shows that, with some adjustments, the techniques used to make whole copies of other animals may also work in primates. 
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What are the potential applications of therapeutic cloning?

Researchers hope to use embryonic stem cells, which have the unique ability to generate virtually all types of cells in an organism, to grow tissues in the laboratory that can be used to grow healthy tissue to replace injured or diseased tissues. In addition, it may be possible to learn more about the molecular causes of disease by studying embryonic stem cell lines from cloned embryos derived from the cells of animals or humans with different diseases.

What are the potential drawbacks of therapeutic cloning?

Many researchers think it is worthwhile to explore the use of embryonic stem cells as a path for treating human diseases. However, some experts are concerned about the striking similarities between stem cells and cancer cells. Both cell types have the ability to proliferate indefinitely and some studies show that after 60 cycles of cell division, stem cells can accumulate mutations that could lead to cancer. Therefore, the relationship between stem cells and cancer cells needs to be more clearly understood if stem cells are to be used to treat human disease. 
What are some of the ethical issues related to cloning?

Gene cloning is a carefully regulated technique that is largely accepted today and used routinely in many labs worldwide. However, both reproductive and therapeutic cloning techniques raise important ethical issues, especially as related to the potential use of these techniques in humans. 

Reproductive cloning would present the potential of creating a human that is genetically identical to another person who has previously existed or who still exists. This may conflict with long-standing religious and societal values about human dignity, possibly infringing upon principles of individual freedom, identity and autonomy. However, some argue that reproductive cloning could help sterile couples fulfill their dream of parenthood. Others see human cloning as a way to avoid passing on a deleterious gene that runs in the family without having to undergo embryo screening or embryo selection. 

Therapeutic cloning, while offering the potential for treating humans suffering from disease or injury, would require the destruction of human embryos in the test tube. Consequently, opponents argue that using this technique to collect embryonic stem cells is wrong, regardless of whether such cells are used to benefit sick or injured people.
In vitro fertilisation (IVF)
In vitro fertilisation (IVF) literally means ‘fertilisation in glass’ giving us the familiar term ‘test tube baby’. During the IVF process, eggs are removed from the ovaries and fertilised with sperm in the laboratory. The fertilised egg (embryo) is later placed in the woman’s womb. A typical IVF treatment may involve:

For women:

Step 1. Suppressing the natural monthly hormone cycle

As a first step of the IVF process the female may be given a drug to suppress her natural cycle. Treatment is given either as a daily injection (which is normally self-administered) or a nasal spray. This continues for about two weeks. 

Step 2. Boosting the egg supply

After the natural cycle is suppressed the female is given a fertility hormone called FSH (or Follicle Stimulating Hormone). This is usually taken as a daily injection for around 12 days. This hormone will increase the number of eggs produced - meaning that more eggs can be fertilised. With more fertilised eggs, the clinic has a greater choice of embryos to use during the IVF treatment.

Step 3. Checking on progress

Throughout the drug treatment, the clinic monitors progress. This is done by vaginal ultrasound scans and, possibly, blood tests. 34–38 hours before the eggs are due to be collected the female is given a hormone injection to help her eggs mature.

Step 4. Collecting the eggs

In the IVF process eggs are usually collected by ultrasound guidance under sedation. This involves a needle being inserted into the scanning probe and into each ovary. The eggs are, in turn, collected through the needle.

Step 5. Fertilising the eggs

The eggs are mixed with the partner’s or the donor’s sperm and cultured in the laboratory for 16–20 hours. They are then checked to see if any have fertilised. Those that have been fertilised (now called embryos) are grown in the laboratory incubator for another one - two days before being checked again. The best one or two embryos will then be chosen for transfer. After egg collection, medication is given to help prepare the lining of the womb for embryo transfer. 

Step 6. Embryo transfer

For women under the age of 40, one or two embryos can be transferred. If the woman is 40, or over, a maximum of three can be used. The number of embryos is restricted because of the risks associated with multiple births. Remaining embryos may be frozen for future IVF attempts, if they are suitable. 

For men:

Step 1. Collecting sperm

Around the time the female’s eggs are collected, the male is asked to produce a fresh sample of sperm. This is stored for a short time before the sperm are washed and spun at a high speed. This is so the healthiest and most active sperm can be selected.

What happens to the ‘unused embryos’?
There are several potential fates of embryos that are unused during IVF:

· The embryos may be frozen using liquid nitrogen, allowing them to be stored for many years. Patients must pay for storage for the duration of time they are kept frozen. This option allows a woman whose ovaries become damaged at a later date to become pregnant. This raises the issue of the implantation of stored embryos only being possible with the permission of both partners.
· The embryos may be donated to other infertile couples
· The embryos may be donated to medical research as a source of stem cells that may be used as a treatment for many genetic diseases. Many countries have passed legislation to prevent this practice.
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