The Human Genome Project
Human DNA consists of about 3000 million bases. Completed in 2003, two years earlier than planned, the Human Genome Project (HGP) was a 13-year project coordinated by the U.S. Department of Energy and the National Institutes of Health. During the early years of the HGP, the Wellcome Trust (U.K.) became a major partner; additional contributions came from Japan, France, Germany, China, and others. 

Project 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. 

Though the HGP is finished, analyses of the data will continue for many years in order to assign function to the identified genes. Knowledge about the effects of DNA variations among individuals can lead to revolutionary new ways to diagnose, treat, and someday prevent the thousands of disorders that affect us. Besides providing clues to understanding human biology, learning about nonhuman organisms' DNA sequences can lead to an understanding of their natural capabilities that can be applied toward solving challenges in health care, agriculture, energy production, environmental remediation, and carbon sequestration.

Beneficial applications of the project
Rapid progress in genome science and a glimpse into its potential applications have spurred observers to predict that biology will be the foremost science of the 21st century. Technology and resources generated by the Human Genome Project and other genomics research are already having a major impact on research across the life sciences. Some current and potential applications of genome research include 

· Molecular medicine 

· Energy sources and environmental applications 

· Risk assessment 

· Bioarchaeology, anthropology, evolution, and human migration 

· DNA forensics (identification) 

· Agriculture, livestock breeding, and bioprocessing

Molecular Medicine 

· Improved diagnosis of disease 

· Earlier detection of genetic predispositions to disease 

· Rational drug design 

· Gene therapy and control systems for drugs 

· Pharmacogenomics "custom drugs" 
Energy and Environmental Applications 

· Use microbial genomics research to create new energy sources (biofuels) 

· Use microbial genomics research to develop environmental monitoring techniques to detect pollutants 

· Use microbial genomics research for safe, efficient environmental remediation 

· Use microbial genomics research for carbon sequestration 
Risk Assessment 

· Assess health damage and risks caused by radiation exposure, including low-dose exposures 

· Assess health damage and risks caused by exposure to mutagenic chemicals and cancer-causing toxins 

· Reduce the likelihood of heritable mutations 
Bioarchaeology, Anthropology, Evolution, and Human Migration 

· Study evolution through germline mutations in lineages 

· Study migration of different population groups based on female genetic inheritance 

· Study mutations on the Y chromosome to trace lineage and migration of males 

· Compare breakpoints in the evolution of mutations with ages of populations and historical events 
DNA Forensics (Identification) 

· Identify potential suspects whose DNA may match evidence left at crime scenes 

· Exonerate persons wrongly accused of crimes 

· Identify crime and catastrophe victims 

· Establish paternity and other family relationships 

· Identify endangered and protected species as an aid to wildlife officials (could be used for prosecuting poachers) 

· Detect bacteria and other organisms that may pollute air, water, soil, and food 

· Match organ donors with recipients in transplant programs 

· Determine pedigree for seed or livestock breeds 

· Authenticate consumables such as caviar and wine 
Agriculture, Livestock Breeding, and Bioprocessing 

· Disease-, insect-, and drought-resistant crops 

· Healthier, more productive, disease-resistant farm animals 

· More nutritious produce 

· Biopesticides 

· Edible vaccines incorporated into food products 

· New environmental cleanup uses for plants like tobacco 
Gene testing
	· carrier screening, which involves identifying unaffected individuals who carry one copy of a gene for a disease that requires two copies for the disease to be expressed

· preimplantation genetic diagnosis (see the side bar, Screening Embryos for Disease) 

· prenatal diagnostic testing

· newborn screening

· presymptomatic testing for predicting adult-onset disorders such as Huntington's disease

· presymptomatic testing for estimating the risk of developing adult-onset cancers and Alzheimer's disease

· confirmational diagnosis of a symptomatic individual

· forensic/identity testing 
	


Gene tests (also called DNA-based tests), the newest and most sophisticated of the techniques used to test for genetic disorders, involve direct examination of the DNA molecule itself. Other genetic tests include biochemical tests for such gene products as enzymes and other proteins and for microscopic examination of stained or fluorescent chromosomes. Genetic tests are used for several reasons, including: 

In gene tests, scientists scan a patient's DNA sample for mutated sequences. A DNA sample can be obtained from any tissue, including blood. For some types of gene tests, researchers design short pieces of DNA called probes, whose sequences are complementary to the mutated sequences. These probes will seek their complement among the three billion base pairs of an individual's genome. If the mutated sequence is present in the patient's genome, the probe will bind to it and flag the mutation. Another type of DNA testing involves comparing the sequence of DNA bases in a patient's gene to a normal version of the gene. Cost of testing can range from hundreds to thousands of dollars, depending on the sizes of the genes and the numbers of mutations tested. 
What are some of the pros and cons of gene testing? 

· Gene testing already has dramatically improved lives. Some tests are used to clarify a diagnosis and direct a physician toward appropriate treatments, while others allow families to avoid having children with devastating diseases or identify people at high risk for conditions that may be preventable. Aggressive monitoring for and removal of colon growths in those inheriting a gene for familial adenomatous polyposis, for example, has saved many lives. On the horizon is a gene test that will provide doctors with a simple diagnostic test for a common iron-storage disease, transforming it from a usually fatal condition to a treatable one. 

· Commercialised gene tests for adult-onset disorders such as Alzheimer's disease and some cancers are the subject of most of the debate over gene testing. These tests are targeted to healthy (pre-symptomatic) people who are identified as being at high risk because of a strong family medical history for the disorder. The tests give only a probability for developing the disorder. One of the most serious limitations of these susceptibility tests is the difficulty in interpreting a positive result because some people who carry a disease-associated mutation never develop the disease. Scientists believe that these mutations may work together with other, unknown mutations or with environmental factors to cause disease. 

· A limitation of all medical testing is the possibility for laboratory errors. These might be due to sample misidentification, contamination of the chemicals used for testing, or other factors. 

· Many in the medical establishment feel that uncertainties surrounding test interpretation, the current lack of available medical options for these diseases, the tests' potential for provoking anxiety, and risks for discrimination and social stigmatization could outweigh the benefits of testing. 

Social concerns

1. Fairness in the use of genetic information by insurers, employers, courts, schools, adoption agencies, and the military, among others. 

· Who should have access to personal genetic information, and how will it be used? 

2. Privacy and confidentiality of genetic information. 

· Who owns and controls genetic information? 

3. Psychological impact and stigmatisation due to an individual's genetic differences. 

· How does personal genetic information affect an individual and society's perceptions of that individual? 
· How does genomic information affect members of minority communities? 

4. Reproductive issues including adequate informed consent for complex and potentially controversial procedures, use of genetic information in reproductive decision making, and reproductive rights. 

· Do healthcare personnel properly counsel parents about the risks and limitations of genetic technology?
· How reliable and useful is foetal genetic testing?
· What are the larger societal issues raised by new reproductive technologies? 

5. Clinical issues including the education of doctors and other health service providers, patients, and the general public in genetic capabilities, scientific limitations, and social risks; and implementation of standards and quality-control measures in testing procedures. 

· How will genetic tests be evaluated and regulated for accuracy, reliability, and utility? (Currently, there is little regulation at the federal level.) 
· How do we prepare healthcare professionals for the new genetics?
· How do we prepare the public to make informed choices?
· How do we as a society balance current scientific limitations and social risk with long-term benefits? 

6. Uncertainties associated with gene tests for susceptibilities and complex conditions (e.g., heart disease) linked to multiple genes and gene-environment interactions. 

· Should testing be performed when no treatment is available? 
· Should parents have the right to have their minor children tested for adult-onset diseases? 
· Are genetic tests reliable and interpretable by the medical community? 

7. Conceptual and philosophical implications regarding human responsibility, free will vs genetic determinism, and concepts of health and disease. 

· Do people's genes make them behave in a particular way? 
· Can people always control their behaviour? 
· What is considered acceptable diversity? 
· Where is the line between medical treatment and enhancement? 

8. Health and environmental issues concerning genetically modified foods (GM) and microbes. 

· Are GM foods and other products safe to humans and the environment? 
· How will these technologies affect developing nations' dependence on the West? 

9. Commercialisation of products including property rights (patents, copyrights, and trade secrets) and accessibility of data and materials. 

· Who owns genes and other pieces of DNA?
· Will patenting DNA sequences limit their accessibility and development into useful products? 

Gene therapy
What is gene therapy?

Genes, which are carried on chromosomes, are the basic physical and functional units of heredity. Genes are specific sequences of bases that encode instructions on how to make proteins. Although genes get a lot of attention, it’s the proteins that perform most life functions and even make up the majority of cellular structures. When genes are altered so that the encoded proteins are unable to carry out their normal functions, genetic disorders can result. 

Gene therapy is a technique for correcting defective genes responsible for disease development. Researchers may use one of several approaches for correcting faulty genes:

· A normal gene may be inserted into a nonspecific location within the genome to replace a non-functional gene. This approach is most common.

· An abnormal gene could be swapped for a normal gene through homologous recombination.

· The abnormal gene could be repaired through selective reverse mutation, which returns the gene to its normal function.

· The regulation (the degree to which a gene is turned on or off) of a particular gene could be altered. 

There are two possible ways of replacing defective genes:

1. Gene therapy involving somatic cell therapy targets cells in the affected tissues. This method may be therapeutic, but the genetic changes are not inherited. The use of stem cells, rather than mature somatic cells, is longer lasting in patients.

2. Germ-line therapy, involves the introduction of corrective genes into germ-line cells, that is, the gene is replaced in the egg and will enable genetic corrections to be inherited.

How does gene therapy work?

In most gene therapy studies, a "normal" gene is inserted into the genome to replace an "abnormal," disease-causing gene. A carrier molecule called a vector must be used to deliver the therapeutic gene to the patient's target cells. Currently, the most common vector is a virus that has been genetically altered to carry normal human DNA. Viruses have evolved a way of encapsulating and delivering their genes to human cells in a pathogenic manner. Scientists have tried to take advantage of this capability and manipulate the virus genome to remove disease-causing genes and insert therapeutic genes.

Target cells such as the patient's liver or lung cells are infected with the viral vector. The vector then unloads its genetic material containing the therapeutic human gene into the target cell. The generation of a functional protein product from the therapeutic gene restores the target cell to a normal state. Some of the different types of viruses used as gene therapy vectors:

· Retroviruses - A class of viruses that can create double-stranded DNA copies of their RNA genomes. These copies of its genome can be integrated into the chromosomes of host cells. Human immunodeficiency virus (HIV) is a retrovirus.

· Adenoviruses - A class of viruses with double-stranded DNA genomes that cause respiratory, intestinal, and eye infections in humans. The virus that causes the common cold is an adenovirus.

· Adeno-associated viruses - A class of small, single-stranded DNA viruses that can insert their genetic material at a specific site on chromosome 19.

· Herpes simplex viruses - A class of double-stranded DNA viruses that infect a particular cell type, neurons. Herpes simplex virus type 1 is a common human pathogen that causes cold sores. 

Besides virus-mediated gene-delivery systems, there are several non-viral options for gene delivery. The simplest method is the direct introduction of therapeutic DNA into target cells. This approach is limited in its application because it can be used only with certain tissues and requires large amounts of DNA.

Another non-viral approach involves the creation of an artificial lipid sphere with an aqueous core. This liposome, which carries the therapeutic DNA, is capable of passing the DNA through the target cell's membrane.

Therapeutic DNA also can get inside target cells by chemically linking the DNA to a molecule that will bind to special cell receptors. Once bound to these receptors, the therapeutic DNA constructs are engulfed by the cell membrane and passed into the interior of the target cell. This delivery system tends to be less effective than other options.

Researchers also are experimenting with introducing a 47th (artificial human) chromosome into target cells. This chromosome would exist autonomously alongside the standard 46 --not affecting their workings or causing any mutations. It would be a large vector capable of carrying substantial amounts of genetic code, and scientists anticipate that, because of its construction and autonomy, the body's immune systems would not attack it. A problem with this potential method is the difficulty in delivering such a large molecule to the nucleus of a target cell. 
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What factors have kept gene therapy from becoming an effective treatment for genetic disease?
· Short-lived nature of gene therapy - Before gene therapy can become a permanent cure for any condition, the therapeutic DNA introduced into target cells must remain functional and the cells containing the therapeutic DNA must be long-lived and stable. Problems with integrating therapeutic DNA into the genome and the rapidly dividing nature of many cells prevent gene therapy from achieving any long-term benefits. Patients will have to undergo multiple rounds of gene therapy.

· Immune response - Anytime a foreign object is introduced into human tissues, the immune system is designed to attack the invader. The risk of stimulating the immune system in a way that reduces gene therapy effectiveness is always a potential risk. Furthermore, the immune system's enhanced response to invaders it has seen before makes it difficult for gene therapy to be repeated in patients.

· 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 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. 

Cystic Fibrosis
Cystic Fibrosis (CF) is a hereditary disease caused by a faulty autosomal recessive allele in a person’s genetic make-up. It is a common disease and affects around 8500 people in the UK. The disease is caused by a defective CFTR gene. The CFTR protein transports chloride ions out of the cells into mucus. Sodium ions follow out of the cells and water passes out of the cells by osmosis. This makes the mucus that lines the air passages a watery consistency. The protein of CF sufferers lacks just one amino acid and so cannot perform its transport function.
When these things are not successfully transported around the body because of the faulty gene it causes a build-up of sticky mucus in the internal organs that can cause infections and inflammation that make it difficult for the person to breathe or digest food. More specifically:

· The pancreatic duct becomes blocked preventing pancreatic enzymes from reaching the duodenum and so food digestion is incomplete

· The bronchioles and alveoli of the lungs become clogged causing congestion and difficulty in breathing. The mucus is difficult to remove and leads to recurrent infections.

The disease dramatically inhibits a person’s life expectancy and the average CF sufferer today has a life expectancy of around 38.

The identification of the specific gene that causes CF in 1989 opened new doors for finding a cure for the destructive disease. Traditional treatments for CF include antibiotics, physiotherapy and pancreatic supplements, but whilst these treatments can be highly effective in treating the symptoms of CF and increasing the life expectancy of a sufferer, they only ever ease or prevent the onset of symptoms and do not provide a cure for the disease. These treatments are also time consuming, particularly in the case of physiotherapy, and are therefore inconvenient for the sufferer in terms of living a normal life.

Once the defective CF gene had been identified, scientists could start looking at the possibility of gene therapy in treating the disease. If a normal copy of the faulty gene could be released into the body of a sufferer then it is surely not incomprehensible that the patient could be cured. The efficient transport of salts and water around the body is all that is needed to stop the build-up of problem-causing mucus in the lungs and around the body.

Gene therapy research focuses mainly on the lungs and getting the healthy gene into lung cells. This is due to the fact that most cystic fibrosis deaths are caused by respiratory failure. Current gene therapy treatment for CF involves inhaling a nasal spray that delivers healthy DNA to the lungs; the purpose of this is to substitute the defective gene with a fully functioning copy.

The potential of gene therapy for cystic fibrosis sufferers

As you would expect there are major safety issues with such a complex and intrusive procedure and the capabilities of such treatment methods for CF are still very much in the research phase but the outlook for the future is most definitely positive. UK researchers have already proven the effectiveness of gene therapy for CF in mice and in the nose and lungs of human CF sufferers. The clinical trials already carried out have demonstrated the potential of gene therapy for CF sufferers and the next step is to develop a safe, effective and efficient way of getting the healthy copy of a gene into the body of a CF sufferer with the ultimate aim of curing cystic fibrosis.

The UK CF Gene Therapy Consortium is a leader in developing this treatment; having already developed a leading gene therapy product over a number of years, their hope for the future is to refine the product, making it easier and safer to use and ultimately improving its effectiveness with a view to curing CF sufferers of the disease for life and at the very least increasing the current life expectancy by easing its progress.
Genetic counseling
A genetic counsellor can help a person or family understand their risk for genetic conditions (such as cystic fibrosis, cancer, or Down syndrome), educate the person or family about that disease, and assess the risk of passing those diseases on to children.

A genetic counsellor will often work with families to identify members who are at risk. If it is appropriate, they will discuss genetic testing, coordinate any testing, interpret test results, and review all additional testing, surveillance, surgical, or research options that are available to members of the family.

People seeking genetic counselling may be newly diagnosed patients, new parents or couples planning a pregnancy, or family members concerned that they too may carry a disorder. Genetic counselling helps them understand the nature of the disease and what having it will mean in practical terms, what options there might be for prevention/testing, the risks of recurrence and the implications for other family members. 

Crucially, genetic counselling is non-directive, supporting people in reaching their own decisions, based on their own unique medical and social circumstances. No two patients are the same, and genetic counselling has to be sensitive to the fact that a diagnosis can have very different meaning to different people. 

The first meetings generally involve sorting out a family history and gaining additional diagnostic information if necessary. Correct diagnosis is absolutely vital for genetic counselling to be effective, and people may be referred for further testing by a clinical geneticist. Once the diagnosis is clearly established, the counsellor can then tailor the sessions to meet the family's specific needs. 
Genetic screening

Genetic screens are tests on blood and other tissue to find genetic disorders. About 900 such tests are available. Doctors use genetic tests for several reasons. These include

· Finding possible genetic diseases in unborn babies

· Finding out if people carry a gene for a disease and might pass it on to their children

· Screening embryos for disease 

· Testing for genetic diseases in adults before they cause symptoms

· Confirming a diagnosis in a person who has disease symptoms

Techniques involved in genetic screening include:

· A blood test – there is a simple blood test available for detecting cystic fibrosis

· Amniocentesis – this involves withdrawing some of the amniotic fluid during the early stages of pregnancy. The fluid contains cells that have floated away from the surface of the embryo. These cells may be analysed microscopically.

· Chorionic villus sampling – early in pregnancy (within 8-10 weeks) tiny samples of foetal tissue are withdrawn from the uterus and cells are cultured and examined under the microscope.

People have many different reasons for being tested or not being tested. For many, it is important to know whether a disease can be prevented or treated if a gene alteration is found. In some cases, there is no treatment, but test results might help a person make life decisions, such as career choice, family planning or insurance coverage. 
Genetic screening for disorders for which a successful therapy exists has been in place for many years. Hospitals routinely screen newborns for PKU, an inherited disorder for which a carefully monitored diet provides amelioration. But the increasing ability to detect the presence of more and more defective genes has re-energised the ongoing debate about the ethics of diagnosing genetic disorders prenatally, after birth, and in adults. 

Few ethicists see a problem in prenatal screening for genetic conditions as long as abortion is a legally obtainable op​tion. But the issues are different in diagnosing a disorder such as familial Alzheimer's disease which produces no symptoms until it strikes as early as age 45, or in the case of polycystic kidney disease which produces no symptoms until adulthood and even then progresses slowly. The sickle cell anaemia detection program of the 1970's provided a widely accepted ethical model that included voluntary participation in screening programs. The 1970's guidelines established that screening was appropriate if the genetic disorder was serious, the test was accurate, and a therapy or intervention was available. The cost of the screening technique was to be in proportion to the benefits to be derived from the program. No unreasonable burden was to fall on those falsely identified as ill or on those individuals who were screened but were found not to be affected. These criteria seem inadequate given the expanded methods and the range of present day molecular genetics. 

The two broad questions which underlay the current debate: Who decides whether or not testing is done; and what happens to that information? Clearly genetic screening is going to be done. The question is how are we going to use it and what social limit will we put on it? Possible outcomes of genetic screening experts see are: 

· Genetic discrimination. People with genetic flaws, not all of which show up as dysfunctions, may be denied life insurance, health insurance, and access to schooling or to jobs. 

· Differential treatment. Employers could hire only those people whose genes indicate they are resistant to the health hazards of the work place, which is a cheaper alternative to making the work place safe for all. 

· Eugenics. Social or political pressure may be applied to people to make childbearing decisions on the basis of genetic information. Mating between those with valued genes may be encouraged while mating between two people with dangerous recessive traits may be prohibited. Women carrying foetuses with genetic abnormalities may be encouraged to abort. 

· Genetic determinism. Genetic determinism is the belief that behavioural and personality characteristics, such as intelligence or criminal behaviour, are mostly a function of genes. Genetic determinism implies a fatalistic attitude toward health and disease. It can be used to justify bigotry and to perpetuate racial or ethnic inequalities. A genetic underclass could be created. 

Other questions to consider include: 

· Once it becomes possible to test quickly and reliably for thousands of genetic conditions, will physicians be expected to perform such tests? Will the physician be liable for failing to test or for failing to inform parents of every detail of the test results? 

· Who should counsel patients about what their genetic blueprints mean and how will people react to the sure knowledge of their par​ticular genetic makeup? 

· Will health insurers deny policies to people with genes for diseases with high economic cost? Will life insurers? Does either have the right to? 

· Should laws be passed to protect people against genetic discrimina​tion by private entities? 

· How can genetic profiles be kept confidential and how can the discriminatory use of test results be prevented? Since some tests will reveal information about other family members, can the privacy of these relatives be protected? 

· Do people have the right to choose not to know about their genes? Do mothers have the right to choose not to have their foetuses tested? 

Advantages and disadvantages of gene therapy

Gene therapy is a subject that raises much debate in all areas of society: politics; religious circles; the legal field; as well as raising much public anger because of the many ethical issues. The revolutionary idea provides the opportunity to do some wonderful things in terms of curing currently incurable diseases but at the same time there are a number of concerns and issues in both the concept of gene therapy and the practice of gene therapy that make many question its benefits.

Here is a look at some of the many pros and cons of gene therapy:

The Pros:
· The most important factor in the development of gene therapy is the fact that, for genetic disorders, there is only one way of curing the disease – replacing the defective gene with a healthy copy – and therefore gene therapy is the only hope of finding cures for such disorders

· If gene therapy targets the reproductive cells of carriers of such genetic disorders as cystic fibrosis, Parkinson’s disease, or cancer, it is possible that any children the carrier goes on to have would be free of the defective gene and on a bigger scale the disease can be wiped out completely

· Gene therapy, when successful, can have a number of advantages over drug therapy such as providing a cure rather than easing the symptoms. These advantages are discussed in detail in the section ‘Advantages of Gene Therapy’.

The Cons:
Issues based on the science behind gene therapy:

· The current lack of knowledge and understanding of the treatment means that its safety is unknown. The current scientific understanding is based on theory rather than solid fact. This, however, can be improved with further research and practice.

· In clinical trials already carried out the effects of the treatment have only been short-lived. To achieve long term results much more research is needed.

· Drug therapy, although not offering the possibility of a cure, is a tried and tested method and is therefore deemed safer

· With current knowledge there is no guarantee that the vector carrying the healthy gene will end up in the specific place it is intended – there is a risk of causing even more damage to the genetic make-up that can result in severe consequences for the patient

Ethical, religious and moral issues:

· The intrusive nature of gene therapy means that we can discover information about our genetic make-up that some would say we are never meant to know. From genetic screening we can find out if we are at any significant risk of certain diseases. For some, this knowledge could have a negative impact on their lives and if that knowledge was to influence any life decisions in a negative way then it is questionable whether genetic screening is morally correct.

· Genetic screening can also be carried out on unborn babies – if this screening showed that a child was carrying a disease this may lead to the parents deciding to abort the child. This is clearly a very morally questionable act as many would argue that a person does not have the right to play God with another person’s life.

· Similarly, a couple who are aware of their genetic make-up and know that they’re both carriers of a specific genetic disorder may decide against having children to avoid passing on the defective gene. Again, many would argue that this goes against the natural order.

· Gene therapy has the potential to be misused – for instance the concept of “designer babies”, where specific genes are selected in order to create the perfect child, can be compared to Hitler’s attempts to create a superior race.

So, the cons of gene therapy in terms of quantity very clearly outweigh the pros. There are two very distinct arguments against gene therapy as it is understood today: the current knowledge is not nearly good enough to convince the world it is a safe and effective method of treatment; furthermore, gene therapy opens up a whole new world of knowledge in terms of knowing things about our bodies we were never meant to know and having the power to manipulate our bodies in ways we were never meant to be able.

Whether or not gene therapy is ethically correct is a multi-faceted argument. The cons speak volumes in raising some very uncomfortable ethical dilemmas. Nevertheless, gene therapy offers hope for the future that no other medical treatment can and for this reason we should not simply turn our backs on the idea.







