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3c[iv]: 20th Century: Human Genome


Student Resource Sheet 1: Teacher’s Background notes.

SCIENTIFIC PERSPECTIVES IN THE SCIENCE & RELIGION DEBATE.

THE HUMAN GENOME PROJECT.

What is the Human Genome?

The genome is the full complement of genes in the chromosomes that make the complete genetic ‘blueprint’ for human life. The human genome consists of between 60-80,000 genes with about three million base pairs of DNA. Genes consist of a length of DNA (deoxyribonucleic acid), which in turn consist of four nucleic acid bases (adenine, thiamin, cytosine and guanine which are usually designated by their initial letters A, D, T and C) and deoxyribose sugars which act as a template. Each base ‘letter’ is involved in making one of twenty different amino-acids, which are the building blocks of proteins. The DNA carries all the information necessary to synthesise all of the 50,000 proteins found in our bodies.

The Human Genome Project.

The fifteen-year project was launched in the USA in 1990, being jointly sponsored by the National Institute of Health (NIH) and the Department of Energy (DEO). Since then other countries including Germany, France, Canada and Japan and joined the project and it has progressed quicker than expected. 

The aims of the project are to:

(1) Map and sequence the human genome.

(2) Map and sequence other organisms such as the bacterium (E.coli) the fruit fly, a worm (C.elegans) and the mouse.

(3) Collect and distribute available data.

(4) Examine the ethical, legal and social issues.

(5) Train researchers.

(6) Develop and transfer genetic technologies to interested parties worldwide.

One of the key objectives is to discover the genes that cause specific diseases in the hope that a cure may be found. Another objective is to catalogue human variations. If it becomes possible to catalogue the ten million or so human variants then it would become a powerful tool for predicting who might get a particular disease and what drug could be prescribed. In some cases it might be even possible, with that knowledge, to intervene before a person contracts a specific disease. 

It was realised that the project would be expensive and $3 billion dollars was proposed as an overall budget. The project is loosely overseen by an international group of scientists (Human Genome Organisation) who intend to make all the data available and for those involved in the project to be publicly accountable. However,  there is also a private company, (Celera Genomics), involved in similar research, which is not accountable in the same way. 

Accomplishing the Objectives.

(1) During the course of research a number of genes responsible for particular inherited diseases were located at particular sites on specific chromosomes and progress was made towards the treatment of the disorder. The use of a genetic map greatly reduced the time needed to locate the gene and also reduced the cost of research. A good example of this is the research into Parkinson’s disease. Using the information from the Human Genome Project it took nine days to map the gene and locate it to chromosome 4. By contrast, some twenty years before it took five years from collecting DNA samples to locating the gene of Cystic Fibrosis on chromosome 7. Some common disorders are polygenic (caused by the interaction of a number of genes, which obviously makes the investigation and sequencing more difficult). Examples of polygenic disorders are diabetes, coronary heart disease and schizophrenia.

(2) The sequencing of other species is important for several reasons. In the case of simple organisms like bacteria the sequencing is easier because there are considerably fewer base pairs and the organism reproduces faster. More important is the fact that, in many respects, the genes of all organisms are the same. Scientists found that in the mouse not only were certain gene chemicals identical but that the order in which the genes were positioned on the chromosome was the same as in the human genome, which made mapping them in humans much easier

(3) Mapping variations between diseased and healthy individuals helps to identify the genes responsible for complex common diseases. It can lead to drawing up ‘personalised’ programmes tailored to an individual’s genetic profile. This, in turn, could lead to the prescribing of drugs for that particular individual, which will have no unpleasant side-effects.

(4) In addition to the Human Genome Project it was proposed in 1991 to collect and analyse DNA from 10-100,000 individuals representing 500 of the world’s different ethnic groups. The objective of this Human Genome Diversity Project was not only to seek to understand the genetic diversity of the world’s population, but also to find out why some ethnic groups are more prone to particular disorders and why some people in certain ethnic groups are protected from diseases. Examples of diseases more prevalent in ethnic groups are Tay Sachs disease among some Eastern European Jewish communities and the greater frequency of adult diabetes among Old Order Amish people. Genes apparently conferring protection against heart disease have been found among some of the population of North Italy and against the HIV virus among some prostitutes in Nairobi. There has been resistance to this project from indigenous peoples who, in the light of past experience, feel they are being used as means to an end which they see as the exploitation of their genes in the interest of western medicine and big business. Also some of them consider that their bodily parts are sacred and should not be used in this way.       

Ethical Concerns.

(1) Patenting - One of the early directors of the project, James Watson, resigned over the issue of the patenting of  DNA material. One of the objectives of the research was to make the information freely available to the scientific community, which would not be the case if patenting was allowed. There is a particular concern about the patenting of living material. It was suggested that knowledge of the genetic sequence should not be patented but only its application in producing a new therapeutic drug. Some have argued that, unless a biotechnological firm is allowed to patent sections of the human genome, then future investment will not be forthcoming. But equally a company that patented and worked on only one section of the genome could hold back research by not sharing information with other researchers.

(2) Disseminating Information - How do doctors disseminate information about genetically based disorders to their patients?  For instance, it is possible to identify those women at risk from breast cancer within a family that has a history of the disease. Would an unaffected mother within that family want to know if she has a high risk of getting cancer or of passing the predisposition on to her unborn daughter? The imparting of information becomes more problematic when there is no cure or treatment for the disorder.

(3) Discrimination - Who would have access to the information? If employers or health insurance companies knew that an employee or prospective client would be likely to contract a disease at a certain age, then they could, and most likely would, discriminate against the person involved.

(4) Limits - What limits would there be to the use of the information provided by the project? In the past scientist have proposed to ‘improve’ the human race by eugenics - the elimination of those with mental and physical disabilities. How far are we prepared to go in ‘improving’ human beings to conform to what is arbitrarily considered ‘normal’? Would the elimination of certain mental disorders or aberrations, like manic depression, lead to a loss of human creativity? Would the information be used to ‘cure’ hyperactivity or behavioural disorders and, even more alarming, would it lead to the production of ‘designer babies’? Would the total elimination of disease be a desirable end even if it were achievable? 

Science and Religion in Schools Project
Unit 3c[iv] 20th century The Human Genome

