Cloning

· Cloning is the processes used to create exact copies of DNA fragments (molecular cloning), cells (cell cloning), or organisms. 
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Dolly, a sheep, was the first mammal to have been successfully cloned from an adult cell, though the first actual thing to be cloned, was a tadpole in 1952. Dolly was publicly significant because the effort showed that the genetic material from a specific adult cell, programmed to express only a distinct subset of its genes, could be reprogrammed to grow an entire new organism. 


· Many animals have been cloned, including horses, cats, cows, rhesus monkey, tadpoles, sheep, mice, carp (fish), and a mule! 

· Two types of human cloning: 
· Therapeutic cloning involves cloning cells from an adult for use in medicine and is an active area of research

· Reproductive cloning would involve making cloned human beings. Such reproductive cloning has not 




       been performed and is illegal in many countries.
Ethical issues of cloning
There are MANY sides to the issue of cloning! Some people think all cloning is wrong, some think only reproductive cloning is wrong, and others believe that cloning (including human cloning!) is a technology that should continue to be researched. 
Animals are cloned without these ethical issues. According to the US Food and Drug Administration, food coming from cloned animals is safe to eat. In addition the FDA stated that cloned food does not require special labeling. Both meat and milk from cloned animals such as swine, goats and cattle have no differences from the conventionally bred animals. 
Cloning extinct and endangered species
Just think of the movie Jurassic Park! In real life, some endangered species have been successfully cloned! This would allow scientists to preserve certain organisms if they are in danger!
Recombinant DNA Technology
· Recombinant DNA technology uses the natural process of transcription and translation to alter or change organisms.  
· The DNA containing the desired gene is cut into pieces by humans.  The fragment that contains the desired genetics is inserted into the genome of a microscopic biological agent like bacteria or a virus.  The newly inserted DNA segment will now produce the desired protein.  The biological agent contains the recombinant DNA.  Once inserted into a human, it reproduces, inserting the desired DNA segment into other cells.
· Human insulin has been created using recombinant DNA technology. This was one of the biggest breakthroughs in recombinant DNA technology! Biosynthetic "human" insulin, was the first medicine made via recombinant DNA technology ever to be approved by the FDA. And it was all done with the help of E.coli bacteria!
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Why is Recombinant DNA (rDNA) important? 
Recombinant DNA will only become more important in the 21st century as genetic diseases become more prevelant and agricultural area is reduced.  Below are some of the areas where Recombinant DNA will have an impact. 
· Better Crops (drought & heat resistance) 
· Recombinant Vaccines (ie. Hepatitis B) 
· Prevention and cure of sickle cell anemia 
· Prevention and cure of cystic fibrosis 
· Production of clotting factors 
· Production of insulin 
· Production of recombinant pharmaceuticals 
· Plants that produce their own insecticides 
· Germ line and somatic gene therapy 
Stem cells
Stem cells are cells found in most, if not all, multi-cellular organisms. They are special because they can renew themselves through dividing and differentiating (specializing) into a diverse range of specialized cell types. 
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Embryonic stem cell lines (ES cell lines) are cultures of cells derived from embryos. ES cells are pluripotent which means they can become ANY cell in the body! 
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Adult stem cells are any cell found in a developed organism that has two properties: the ability to divide and create another cell like itself and also divide and create a cell more differentiated than itself. They can be found in children, as well as adults. You have them in your body!
Stem cells in medicine… 

Adult stem cell treatments have been successfully used for many years to treat leukemia and related bone/blood cancers through bone marrow transplants. The use of adult stem cells in research and therapy is not as controversial as embryonic stem cells, because the production of adult stem cells does not require the destruction of an embryo. 

Medical researchers believe that stem cell therapy has the potential to dramatically change the treatment of human disease. A number of adult stem cell therapies already exist, particularly bone marrow transplants that are used to treat leukemia. Some day,  stem cell research could be used to treat a wider variety of diseases including:  
· cancer
·  Parkinson's disease
· spinal cord injuries
· muscle damage
However, there still exists a great deal of social and scientific uncertainty surrounding stem cell research, which could possibly be overcome through public debate and future research, and further education of the public.

In-Vitro Fertilization
· In vitro fertilization (IVF) is a process by which egg cells are fertilized by sperm outside of the womb, in vitro. The fertilized egg is then transferred to the patient's uterus with the intent to establish a successful pregnancy.
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· For IVF to be successful it may be easier to say that it requires healthy ova, sperm that can fertilise, and a uterus that can maintain a pregnancy. Due to the costs of the procedure, IVF is generally attempted only once other, less expensive, options have failed. 


· This means that IVF can be used for females who have already gone through menopause. The donated oocyte can be fertilised in a crucible. If the fertilisation is successful, the fertilised egg will be transferred into the uterus, within which it will develop into an embryo.

Pre-Implantation Genetic Diagnosis (PGD)

In medicine and (clinical) genetics preimplantation genetic diagnosis (PGD) (or also known as Embryo Screening) refers to procedures that are performed on embryos prior to implantation, sometimes even on oocytes prior to fertilization. PGD is considered an alternative to prenatal diagnosis. Its main advantage is that it avoids selective pregnancy termination as the method makes it highly likely that the baby will be free of the disease under consideration. 
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PGD has raised ethical issues. The technique can be used to determine the gender of the embryo, and some people think that couples might terminate pregnancies to choose gender. It may be possible to make other "social selection" choices in the future, think intelligence and height.

PGD has the potential to screen for genetic issues unrelated to medical necessity. The prospect of a “designer baby” is closely related to the PGD technique. 
Gene Therapy

Gene therapy is the insertion of genes into an individual's cells and tissues to treat a disease and genetic disorders.  The technology is still in its infancy, it has been used with some success. 

[image: image7.jpg]"The genetic engincers gave him that birthmark
as part of a sponsorship deal.”



In most gene therapy studies, a "correct copy" or "wild type" gene is inserted into the genome. A carrier called a vector must deliver the therapeutic gene to the patient's cells. Currently, the most common type of vectors are viruses that have been genetically altered to carry normal human DNA. Viruses have evolved a way of encapsulating and delivering their genes to human cells as part of their normal function. Scientists have tried to harness this ability by removing the disease-causing genes of the virus and inserting therapeutic ones.

Target cells such as the patient's liver or lung cells are infected with the vector. The vector then unloads its genetic material containing the therapeutic human gene into the target cell. 
Then the cell begins to make the right proteins! 
Some of the problems of gene therapy include:

· Short-lived nature of gene therapy
· Immune response - Anytime a foreign object is introduced into human tissues, the immune system has evolved to attack the invader. The risk of stimulating the immune system in a way that reduces gene therapy effectiveness is always a possibility. 
· Problems with viral vectors - Viruses, while the carrier of choice in most gene therapy studies, present a variety of potential problems to the patient --toxicity, immune and inflammatory responses, and gene control and targeting issues. In addition, there is always the fear that the viral vector, once inside the patient, may recover its ability to cause disease.

· Multigene disorders - Conditions or disorders that arise from mutations in a single gene are the best candidates for gene therapy. Unfortunately, some of the most commonly occurring disorders, such as heart disease, high blood pressure, Alzheimer's disease, arthritis, and diabetes, are caused by the combined effects of variations in many genes. Multigene or multifactorial disorders such as these would be especially difficult to treat effectively using gene therapy.

· Chance of inducing a tumor- If the DNA is integrated in the wrong place in the genome, it could cause cancer. 

· Religious concerns - Religious groups and creationists may consider the alteration of an individual's genes as tampering or corrupting God's work.

Bioremediation

Bioremediation uses microorganisms, fungi, green plants or their enzymes to return the natural environment altered by contaminants to its original condition. 
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Bioremediation may be employed to attack specific soil contaminants, or to cleanup oil spills by the addition of nitrate and/or sulfate fertilizers to facilitate the decomposition of crude oil by bacteria.

The use of genetic engineering to create organisms specifically designed for bioremediation has great potential. The bacterium Deinococcus radiodurans (the organism most resistant to radioactivity) has been modified to consume and digest toluene and ionic mercury from highly radioactive nuclear waste!
There are a number of cost/efficiency advantages to bioremediation, which can be employed in areas that are inaccessible without excavation. 
For example, hydrocarbon spills (specifically, petrol spills) or certain chlorinated solvents may contaminate groundwater, and introducing the appropriate electron acceptor or electron donor amendment, as appropriate, may significantly reduce contaminant concentrations after a lag time allowing for acclimation. This is typically much less expensive than excavation followed by disposal elsewhere, incineration or other ex situ treatment strategies, and reduces or eliminates the need for "pump and treat", a common practice at sites where hydrocarbons have contaminated clean groundwater.

Genetically Modified Organisms

A genetically modified organism (GMO) is an organism whose genetic material has been altered using genetic engineering techniques.
The general principle and foundation of producing a GMO is to add new genetic material into an organism's genome to generate new traits. This is called genetic engineering and was made possible through a series of scientific advances including the discovery of DNA and the creation of the first recombinant bacteria in 1973, i.e., E .coli expressing a salmonella gene. 
Examples of GMOs: transgenic animals, such as mice, fish, various microbes, such as fungi and bacteria. 
The generation and use of GMOs has many reasons, chief among them are their use in research that addresses fundamental or applied questions in biology or medicine, for the production of pharmaceuticals and industrial enzymes, and for direct, and often controversial, applications aimed at improving human health (e.g., gene therapy) or agriculture (e.g., golden rice). The term "genetically modified organism" does not always imply, but can include, targeted insertions of genes from one into another species. 
These and other methods are useful and indispensable tools for biologists in many areas of research, including those that study the mechanisms of human and other diseases or fundamental biological processes in eukaryotic or prokaryotic cells.

 Transgenic animals
Transgenic animals are used as experimental models to perform genetic tests with genes whose function is unknown or to generate animals that are susceptible to certain compounds or stresses for testing in biomedical research. Other applications include the production of human hormones, such as insulin.
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Frequently used in genetic research are transgenic fruit flies (Drosophila melanogaster) as genetic models to study the effects of genetic changes on development. Flies are often preferred over other animals for ease of culture, and also because the fly genome is somewhat simpler than that of vertebrates.  Transgenic mice are often used to study cellular and tissue-specific responses to disease.
Glofish: The first transgenic animal sold as a pet! Imagine if you had a glowing cat??
Genetically Modified Crops/Plants 

Transgenic plants have been developed for various purposes, including:
1) resistance to pests, herbicides or harsh environmental conditions, 
2) improved product shelf life, and 
3) increased nutritional value. 

Whenever GM plants are grown on open fields without containment there are risks that the modification will escape into the general environment.  Most countries require biosafety studies prior to the approval of a new GM plant release, usually followed by a monitoring program to detect environmental impacts.
The use of GMOs has sparked significant controversy in many areas.  Some groups or individuals see the generation and use of GMO as intolerable meddling with biological states or processes that have naturally evolved over long periods of time, while others are concerned about the limitations of modern science to fully comprehend all of the potential negative ramifications of genetic manipulation.

While some groups advocate the complete prohibition of GMOs, others call for mandatory labeling of genetically modified food or other products. Other controversies include the possibility of unforeseen local and global effects as a result of transgenic organisms proliferating. 
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Important example: Golden rice is a variety of rice (Oryza sativa) produced through genetic engineering to biosynthesize beta-carotene, a precursor of vitamin A in the edible parts of rice. The research that led to golden rice was conducted with the goal of helping children who suffer from Vitamin A Deficiency. At the beginning of the 21st century, 124 million people, in 118 countries in Africa and South East Asia, were estimated to be affected by Vitamin A deficiency. It is responsible for 1–2 million deaths, 500,000 cases of irreversible blindness and millions of cases of xerophthalmia annually. Children and pregnant women are at highest risk. Unfortunately, the rice is still not available for human consumption because of the very strong oppositions. 

Human Genome Project

The Human Genome Project was a 13-year project coordinated by the U.S. Department of Energy and the National Institute of Health. The goal was to characterize all human genetic material by determining the complete sequence of DNA in the human genome. The Human Genome Project's ultimate goal is to discover and map all of the approximately 35,000 human genes and make them accessible for further biological study. 

 It completed its initial mission in 2003. The initial purpose or goals were to:

· identify all the approximately 20,000-25,000 genes in human DNA, 

· determine the sequences of the 3 billion chemical base pairs that make up human DNA, 

· store this information in databases, 

· improve tools for data analysis, 

· transfer related technologies to the private sector, and 

· address the ethical, legal, and social issues (ELSI) that may arise from the project.

Some of the application areas where specific goals (additional purposes) have been defined are as follows:
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Molecular Medicine

· Energy and Environmental Applications

· Risk Assessment

· Bioarchaeology, Anthropology, Evolution
· DNA Forensics 

· Agriculture, Breeding
We now understand that there are approximately 35,000 genes in each human DNA molecule! We now appreciate that the DNA structure is one of the greatest scientific discoveries of all time, only first discovered at its base level in 1953 by James Watson and Francis Crick.

