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What is Biotechnology?
I. Definition of Biotechnology 

A. Using the techniques of science to manipulate life 
B. Biotechnology has been used for many years 

1. Farming practices 

a. crop plants—breeding for desired traits 
b. domesticated animals—breeding for desired traits 

2. Medicine 

a. drugs 
b. surgery 

C. Biotechnology has changed radically in the last few decades, especially as our understanding of DNA, the "blueprint" of life, has increased 

1. instead of manipulating whole organisms, it is now possible to perform "micromanipulations" at the gene level. 

II. Techniques of Biotechnology Related to DNA 

A. Restriction on enzymes--enzymes from bacteria that act like "molecular scissors" to cut DNA at specific nucleotide sequences (Campbell, 1993) 

B. Gel electrophoresis--a technique of separating large molecules of proteins or nucleic 
acids through a jello-like sheet using electricity; molecules are separated by size, electric charge and other physical properties (Campbell, 1993) 

C. Electroporation--a pulse of electricity causes temporary holes in the plasma membrane of cells; DNA can enter the cells through these pores (Campbell, 1993) 

D. Vectors--structures that can carry foreign DNA into a target organism 

1. plasmid--circle of DNA found in bacteria, separate from the main chromosome (Campbell, 1993) 
2. bacteriophage--a virus that infects bacteria (Campbell, 1993) 
3. YAC (yeast artificial chromosome)--a linear piece of DNA that acts as an extra hromosome in yeast; can carry up too 1.5 million bases of foreign DNA; useful in the Human Genome Project (Alberts et. al, 1994) 

E. DNA sequencing (by Sanger method)--synthesize a strand of DNA complimentary to that for which the order of the bases is to be determined using either radioactive or fluorescent labeled dideoxynucleotides (which cause chain termination) along with normal nucleotides and DNA polymerase; read sequence of synthesized DNA strand off gel and figure out original sequence based on nucleotide complimentarity (Campbell, 1993) 

F. PCR (polymerase chain reaction)--making many copies of a piece of DNA in a test tube using primers and DNA polymerase (Campbell, 1993) 

G. RFLP (restriction fragment length polymorphism)--restriction enzymes cut the DNA from different individuals into different lengths that can be separated by gel electrophoresis; different banding patterns indicate DNA variation among individuals (Campbell, 1993) 

H. Southern blotting--transferring DNA sequences to nitrocellulose or nylon paper from an electrophoresis gel; various DNA sequences are detected by using radioactive probes that bind to those DNA sequences; the detection is via film to which the gel containing the radioactive probes have been exposed (Alberts et. al, 1994) 

I. Tissue culture--growing cells in vitro in the presence of essential nutrients and hormones; way of providing cells for genetic manipulations (Alberts et. al 1994) 

Agricultural Biotechnology Uses For Crop Plants
I. For many years, manipulations have been done on "domesticated" plants and animals 

A. Early manipulations/modifications of traits on "domesticated" plants and animals 

1. goal was to produce a new line or organism with the desired traits 
2. through breeding programs, many genes are passed on together simultaneously 

II. With the advent of molecular biology techniques, it is now possible to very selectively alter genetic traits 

A. Can alter genetic materials one gene or several genes at a time 

1. can introduce gene with specific agronomic value 
2. can sort and select varieties with stable genes more quickly 
3. can speed up the process of crop improvement (British Medical Association, 1992) 

B. Progress in 1984 was very slow since so many gaps remained in the knowledge of plant biochemistry (Miflin and Lea, 1984) 

1. plant breeding is still probably the primary technique used for genetic manipulations 
2. recombinant DNA usefulness will probably come into play on top of breeding rather than actually replacing breeding as the common technology (Miflin and Lea, 1984) 

C. Common vectors 

1. Agrobacterium tumefaciens 

a. causes tumors (crown galls) on many flowering plants 
b. Agrobacterium contains a Ti (tumor inducing) plasmid that causes the formation of these tumors; this plasmid can be altered genetically 
c. readily infects dicots (potatoes, tomatoes, trees) but not monocots (cereal grains) (British Medical Association, 1992) 

2. tobacco mosaic virus 
3. retroviruses--infect animals; carry RNA into the host 

D. Sometimes if a vector cannot be used successfully, the cell wall of plant cells is digested away with enzymes, leaving a "naked" plant cell called a protoplast 

1. using electric current to make little holes in the cell membrane (electroporation), DNA pieces can be introduced directly into the cell (British Medical Association, 1992) 

III. Uses for Gene Transfer into Crop Plants 

A. Pest resistance 

1. introduce a gene for a toxin so the plant reproduces its own insecticide; already being done in tomato and tobacco (British Medical Association, 1992) 
2. "vaccinate" against viruses that reduce crop productivity (British Medical Association, 1992) 

B. Drought tolerance 
C. Herbicide resistance 

1. e.g.--introduce genes via Agrobacterium from Escherichia coli that allow the organism to survive in the presence of glyphosphate (Round-UpTM) (British Medical Association, 1992--done in tomato, grape, pentunia, and soybean 

D. Enhance nutritional value of plant by increasing: 

1. essential amino acid production 
2. oil and fat production (British Medical Association, 1992) 
3. a-amylase for use in food processing (Swift, 1994) 
4. Rubisco harvesting (protein for food) (Swift, 1994) 

E. Produce medicinally-desired proteins (British Medical Association, 1992) 

1. in tobacco, use tobacco mosaic virus to introduce gene for trichosanthin (compound Q for AIDS treatment)--plant will produce this protein at 2% of its total protein production, thus making it a good source (Swift, 1994) 

F. Enhance quality of commercially available produce 

1. in tomatoes, the compounds that give the fruits their taste accumulate during the same time as polygalacturonase (PG) is expressed, which softens the fruit (Poole, 1993) 

a. development of technology to allow for handling, tomatoes are harvested before flavor compounds accumulate, so the tomatoes have little taste compared to those grown in home gardens 

2. development of technology to allow for longer ripening period on the plant so as to increase the flavor compounds in the fruit (Poole, 1993) 

a. large molecules of pectin in the fruit help to give the fruit its firmness 
b. PG cleaves this large molecule into its smaller components, polygalacturonic acid, thereby softening the fruit as it ripens 
c. through genetic engineering, the expression of PG during ripening has been inhibited; the fruit thus contains longer pectin molecules and remains firmer 

3. e.g.--Flvr SvrTM tomato [developed by Calgene of Davis, CA (Adler, 1994)]--tomato is modified by inserting anti-sense DNA for polygalacturonase, an enzyme that helps to break down the fruit wall so that softening occurs during ripening (British Medical Association, 1992) 

a. this genetic alteration allow the tomatoes to ripen longer on the vine so that they have enhanced flavor, but the fruits remain firm enough to be handled with little damage occurring 

4. genetic modification of the tomato 

a. DNA complimentary to PG gene was isolated (anti-sense DNA 
b. new gene constructed and inserted into the tomato genome that would alter expression of the normal PG gene 

i. both genes are expressed, but their mRNA bind to each other, so the tomato cannot translate the mRNA into protein (Pendick, 1992) 

c. used genetically engineered Ti plasmid of Agrobacterium to get the desired gene into the tomato plant; the important parts of the plasmid: 

i. left and right borders from A. tumefaciens T37 (to insert the gene into the tomato genome) 
ii. cauliflower mosaic virus 35S promoter (to promote mRNA synthesis) 
iii. tomato PG DNA sequence (for altered protein) 
iv. A. tumefaciens nopaline synthase gene control sequences (to control transcription) 
v. neomycin phosphotransferase gene from transposon Tn5 (to allow for detection of cells where desired gene was incorporated successfully by giving resistance to antibiotics neomycin and kanamycin) 

5. the transformation reduced normal PG activity so the tomatoes remained firmer, but there was no consequence on the nutritional quality and composition of the tomato 

G. Other approaches to altering the tomato 

1. Monsanto has inserted into the tomato an enzyme from a bacterium that digests ACC, the compound that tomatoes use to make ethylene gas, which causes ripening (Pendick, 1992)--these tomatoes can remain on the plant longer to accumulate the flavor compounds 
2. a Purdue University scientist inserted anti-sense DNA for pectin methylesterase, which works along with PG in breaking down pectin for fruit softening during ripening (Pendick, 1992) 

IV. Concerns About Genetic Engineering in Plants 

A. Accidental production of weeds 

1. primary concern is that altered genes that enhance growth may get into already existing weedy species via cross-pollination, thereby making them even more difficult to control (British Medical Association, 1992) 

a. this problem could potentially be controlled by inducing male sterility in hybrids so that the hybrids could not reproduce (British Medical Association, 1992) 

B. Introducing the production of new proteins that could trigger food allergies, since not all proteins produced in foods are broken down in the digestive tract (some are absorbed directly into the blood) (Goldburg talk at American Society of Plant Physiologists Meeting, 1994) 

1. perhaps food products with "new" proteins should be labeled as such to warn those for whom food allergies are a problem (1-2% of adults, 4-6% of small children) 
2. Flvr-SvrTM tomato will be labeled voluntarily to indicate that it was genetically engineered (Adler, 1994) 

V. Ethical Concerns 

A. Should humans be manipulating crop genomes? 

1. such alterations have been occurring at the hands of humans for centuries 
2. "Adam is to serve the earth and is not forbidden to interfere with nature." (Schmitz, 1989, p 129) 

B. Suggested ethical principles for biotechnology (Schmitz, 1989) 

1. autonomy for the scientists 

a. but keep in mind the welfare of all humanity and the value of nature apart from its usefulness to humans 

2. not damaging 

a. for humans and nature now and in the future 

3. welfare of the whole 

a. maintain diversity of organisms 

4.maximum usefulness for all 

5. justice 

In Vitro Fertilization (IVF)
I. Background 

A. About 1.4 million women in the US population are sterile and IVF allows for circumventing a common problem, that of blocked fallopian tubes 

1. technology became readily available by 1969 (Jersild, 1985) 
2. First human pregnancy via IVF occurred in 1973 in Melbourne, Australia and lasted 9 days 
3. first birth from IVF occurred in 1978 in England (Louise Brown) 

II. Medical Procedure (Jersild, 1985) 

A. Hormone injections are given for 5-7 days to stimulate egg production 
B. Another hormone is given to control the timing for removing the eggs 
C. Eggs are removed via laparoscopy with an incision near the navel 
D. The eggs are allowed to mature for another 5-6 hours in a dish 
E. Expose eggs to about 100,000 sperm 
F. In the next 40-60 hours, fertilized eggs progress to the 4-8 cell stage 
G. At this stage, the eggs are ready for implantation into the uterus through the vagina 
H. Woman stays in bed for about 18 hours to facilitate implantation 
I. Of all implantation attempts, only about 20% result in a "normal" pregnancy 

III. Ethical Issues 

A. In general, see guidance from scripture and the larger Christian tradition for moral insight and theological perspective (Jersild, 1985) 
B. Who should be allowed to use this procedure? 

1. as of 1983 in the US, the procedure was available to married couples only (McDowell, 1987) 
2. in 1983, ova and embryo banks were available in Australia and proposed in England (McDowell, 1987) 
3. for some Christians, especially Catholics, IVF is wrong, period because it separates sex from procreation (McDowell, 1987) 

a. however, many believe that sex does not exist merely for procreation, but also for enjoyment among married people 
b. if the problem is that IVF is considered "unnatural," so are some other technologies that in a similar fashion get around failed natural process (e.g.--dialysis, respirators)--and use of these technologies is not questioned (McDowell, 1987) 

4. what about using other sperm or a womb other than that of the couple desire to produce a child? 

a. it is suggested that only the couple themselves and their sex cells should be used (McCormick, 1987) 
b. allowing other people to have embryos disrupts family structure and depersonalizes reproduction (McDowell, 1987) 

C. What is the motive behind couples wanting to do IVF? 

1. "parenting" is nurturing a child, not providing the sex cells to produce a new life (McDowell, 1987) 
2. for the Christian, parenting is an act of stewardship for the children given by God (Jersild, 1985) 
3. however, genetic inheritance in a child is an important outward sign of a shared life for a couple 

D. IVF reduces human pain in allowing infertile couples to produce offspring, but should be discontinued if human welfare is threatened (Jersild, 1985) 

1. As part of the procedure, frequently more fertilized ova are generated than are implanted 

a. is discarding the unused embryos a form of abortion? (McDowell, 1987) 
b. if it is true that human life does not really begin until 2-3 weeks after conception, when no more twinning of recombination could occur, as the Roman Catholic theologian Charles Curran believes then we are not yet dealing with human life at the IVF stage (Jersild, 1985) 
c. in natural conditions, at least 50% of fertilized eggs never implant and of those that do, many abort their development naturally (Jersild, 1985; McCormick, 1987) 

2. if the number of fertilized ova that are lost through IVF is similar to the number lost through natural pregnancy attempts, then this issue is not a valid argument against IVF (McCormick, 1987)--the loss of embryos itself should not be a reason to prohibit IVF (Jersild, 1985) 

a. what about experimenting on the embryos not implanted? 
b. these embryos could be used to study the details of very early human development, about which little is currently known 
c. could gain valuable knowledge for treatment of human ailments (Giles, 1995) 
d. the National Institutes of Health (NIH) has recommended allowing research up to 14 days after fertilization (Giles, 1995), which is one day before the primitive streak, the first sign of the nervous system, appears. 
e. decision for an individual does not necessarily relate to one's stand on abortion (Giles, 1995) 
f. research could well benefit people who are currently suffering, but "'doing good things does not justify wrong actions'" according to the director of the Christian Medical and Dental Society (Giles, 1995) 
g. door remains open by NIH panel on embryos 14-18 days old--at this stage information about neural tube development could be obtained (Giles, 1995) 
h. clearly prohibited: embryo cloning and research on immature eggs from aborted fetuses (Giles, 1995) 
i. research currently permitted (as of January 1995) in Canada, Spain, Sweden, and the United Kingdom (Giles 1995) 

3. what of screening for desired characteristics? 

a. discarding the undesirable" sounds like eugenics; however, the diversity of the human species is needed for its survivability (McCormick, 1987) 
b. IVF could be a way of controlling the "chanciness" of normal procreation (Jersild, 1985) 

4. What about freezing unused embryos? 

a. could be used for later attempt at implantation for the woman whose eggs they are (Jersild, 1985) 
b. could be done by young couples who want to delay childbearing, perhaps for professional reasons--but what if divorce occurs while the embryos are in storage? (Jersild, 1985) 

E. Costs 

1. expensive and other health care needs are more pressing (McCormick, 1987) 
2. benefits relatively few people 
3. should public funding be made available for those who cannot afford it on their own? (Jersild, 1985) 

F. Recommendations 

1. practice is not inherently immoral, but should proceed with caution (McDowell, 1987) 
2. restrictions could be problematic because of the nature of our free society, which does not agree on what those restriction should be (Jersild, 1985) 
3. safest procedure--allow IVF only for married couples and storage of embryos only for subsequent implantation attempts (Jersild, 1985) 
4. the risks are outweighed by the benefits to allow IFV to continue for married couples (Jersild, 1985) 
5. the Christian who believes that God is Creator of all should not fear new information about that creation (Burtness, 1985) 
6. the burden of proof for not doing a procedure lies with those who say it should not be done (Burtness, 1985) and thus far none has been given 

Human Genome Project (HGP)
I. Background 

A. Human Genome Project (HGP) took form in February 1988 with the release of the Nation Research Council report Mapping and Sequencing the Human Genome 

1. project officially began in 1990 (Rossiter and Caskey, 1993) 
2. estimated to continue for about 15 years 
3. funded by the National Institutes of Health (NIH) and the Department of Energy at a total cost of about $3 billion 

B. Significant developments that paved the way for the project (Olson, 1993) 

1. discovery of restriction enzymes 

a. allows for mapping the cleavage sites across the chromosomes 
b. allowed for the development of recombinant DNA technology--the whole genome could be broken down into sizes that could be handled in the laboratory 
c. RFLP map appeared in 1987 

2. techniques to sequence nucleotides of DNA were developed in 1977; the chain termination (Sanger) method is commonly used today, which employs dideoxynucleotides 

C. Goals of the HGP (Olson, 1993) 

1. to improve the research infrastructure of human genetics 
2. to help establish DNA sequence and the primary interface between knowledge of human biology and knowledge of the biology of model organisms 
3. to launch an open-ended effort to improve the analytical biochemistry of DNA 

II. Progress Toward Improving the Research Infrastructure (the tools used to carry out genetic research) 

A. The goals set in 1988 were intentionally to ambitious for the technology available then--the goals: 

1. construct detailed physical and genetic maps of the human genome 
2. obtain organized collections of cloned human DNA 

B. The development of the polymerase chain reaction (PCR) that uses a heat-stable DNA polymerase, reported in 1989, helped to speed the project up 

1. PCR technology depends on having readily available primers (short chains of nucleotides that the polymerase can use to make chains of DNA)--an efficient, automated process for their synthesis became routine in the early 1980s 
2. has helped greatly in constructing the physical map 

C. The identification of sequence-tagged sites (STSs) in 1989, which are short, unique sequences of DNA that can be used as "landmarks" during map construction 

1. these STSs can be replicated easily via PCR 
2. STSs can be described in electronic databases along with the sequences for the 2 primers to make them so that any lab can have access to the information 
3. has aided in "contig building"--connecting together DNA clones that overlap so that the larger contiguous sequences is in proper order 

D. The introduction of the yeast artificial chromosome (YAC) cloning system, first described in 1987 

1. allows large segments of DNA to be cloned as linear, artificial chromosomes in yeast 
2. allows for cloning a larger proportion of genomic DNA of many organisms than was possible with earlier systems 
3. first human sequences in YACs in 1989 
4. first 2 human chromosomes mapped by fall of 1992 were #21 and the Y chromosome 

E. Development of fluorescence in situ hybridization (FISH), published in 1987 

1. DNA probes tagged with fluorescent molecules can bind to condensed 
2. etaphase stage chromosomes; the binding is visible in a light microscope 
3. allows for coarse mapping of clones on a chromosome long before contig building is complete 

F. provides a way to order and orient contigs along a chromosome if the date are incomplete 
G. Radiation hybrid mapping is a technique in which high doses of X-rays are used to fragment chromosome; the fragments are then incorporated into stable cell lines--fragments are used as guidelines to put in order shorter DNA sequences 

1. Genetic mapping is also proceeding more rapidly thanks to the development of PCR 

a. genetic marker based on short repetitive DNA sequences [e.g.--(CA)n] are available that are likely to differ among individuals 
b. can be used as both physical maps and genetic maps 

H. these have been incorporated into earlier maps, greatly improving their detail 

1. Techniques are being used to work on "positional cloning" of genes that are associated with heritable diseases 
2. allows determining the biochemical bases of many heritable diseases 

a. first, localize the "disease" gene using members of an affected family 

3. look for coinheritance of the disease with genetically mapped DNA markers--still difficult to locate the gene, since the resolution of the maps is typically 1 megabase pair (1,000,000 bases) 
4. then home in on the gene using physical maps and functions studies 
5. positional cloning has greatly improved with the use of YACs and FISH analysis--these techniques were used to locate the genes for: 

a. cystic fibrosis (faulty CL- ion channels in cell membranes) 
b. fragile X syndrome (most common form of heritable mental retardation) 
c. familial adenomatous polyposis (heritable form of colorectal cancer) 
d. myotonic dystrophy (adult-onset disease that affects muscle function) 
e Kallmann syndrome (neuronal development defect) 
f. Lowe syndrome (developmental defect of the lens, brain and kidney) 
g. Menkes disease (a neurological disease that is lethal in early childhood) 

5. much progress has been made on mapping: 

a. familial breast and ovarian cancer--BRC1 on #17 q12-21 (Weber et. al, 1994) and MXS1 (CCG-B7) on #3 q21-25 (Virtaneva et. al, 1994) 
b. early-onset familial Alzheimer disease--on #21 and the long arm of #14 (Tanzi et al., 1993) 
c. Huntington disease--on #4 p (Spiegel et al., 1993) and W q11 (Virtaneva et al., 1994) 
d. genes whose disruption (usually a translocation event in leukemias and lymphomas) in somatic cells that brings about cancer--some progress has been made, especially in some forms of tumors 

III. Progress on DNA Sequence as an Interface Between Knowledge of Human Biology and That of Model Organisms (Olson, 1993) 

A. Knowledge of DNA sequences provides a means of connecting very unrelated aspects of biology 

1. e.g.--a gene in yeast involved in secreting a hormone necessary for mating was found to have a similar sequence to a human gene involved in multiple-drug resistance in malignant cells--so the yeast system can be used to study the transport mechanism of the human cells 
2. a known sequence of a gene with a known function in yeast (to produce a protease in a biosynthetic pathway) was found to be very similar to a human gene whose function was unknown--that human gene is now known to produce a protease that is involved in the biosynthetic pathways of some important proteins and peptides, such as insulin and nerve growth factor 

B. Considerable progress has been made in sequencing the genomes of these model organisms: 

1. Escherichia coli (bacterium) 
2. Saccharomyces cerevisiae (yeast) 
3. Caenorhabditis elegans (nematode worm) 

C. Progress on human genes has been via cDNA clones made from mRNAs because such a small proportion of human DNA contains genes that actually codes for proteins 

1. however, cDNA clones lack the important signal sequences that regulate gene expression 
2. also one gene can produce several very different mRNA molecules and some distinctly different genes produce similar mRNA molecules--so genomic DNA must be used to analyze some of these situations 

IV. Progress is Open-ended Improvements in the Analytical Biochemistry of DNA (Olson, 1993) 

A. DNA sequencing technology has no obvious end-point in improvements and application thereof 

1. the generation of a "reference" sequence for humans will allow for tracing genes through the evolution of organisms 
2. further sequence analysis can examine individual variation among humans 
3. there have been no developments to improve the efficiency of DNA sequencing in the last decade--but some progress has been made in doing real-time detection of fluorescent-tagged products of the sequencing reaction, so larger projects are more feasible now than ever before 

a. standard commercial sequencers can currently produce 30 kilobase pairs (kbp) or raw sequence data per day
—ration of 5:1 for raw data to finished data, allowing for oversampling and redundancy
—so 6 kbp finished sequence per day means that 2 megabase pairs can be sequenced in one year; but in reality, no center has yet produced even 1 megabase pairs in one year 
b. advanced need to be made in the non-biological technical aspects of the project to speed up its progress 

V. An Interesting Sidelight to the HGP is the Human Genome Diversity Project (HGDP) (Roberts, 1993) Under the Auspices of the Human Genome Organization (HUGO) (Gillis, 1994) 

A. The goal of the HGDP is to sample the world's population for genetic diversity to understand better human evolution and human history (Roberts, 1993; Gillis, 1994) 

1. the ideal goal is to create thousands of cell lines using nuclear DNA from sample individuals 
2. seek to understand ancient migration patterns, relative importance of selection and genetic drift in divergent evolution and the distribution of disease susceptibility or resistance (Roberts, 1993) 
3. much smaller scale project vs. HGP--HGDP seeks $25 million in funding vs. $3 billion for HGP 
4. sampling goal: at least 25 unrelated individuals from 400 populations 
5. use 100 loci to analyze each genome 
6. target groups for sampling called "Isolates of Historical Interest," which are more likely to reflect direct descent from earlier small groups--also all major language groups will be represented 
7. to facilitate the work, regional labs will be established around the world to help with steps of sample analysis 
8. hope to develop the technology to grow cells in the field (Gillis, 1994) 
9. a database has to be generated for storing very different kinds of data--from linguistics and history to molecular genetics 

B. Ethical concerns 

1. should samples be screened for pathogens (e.g.--HIV)? 
2. preventing misuses of the information on diversity 
3. concern over getting populations to participate without creating ill-will among the people--because what will the benefit be to the people who allow themselves to be sampled? (Gillis, 1994) 

a. project organizers want to send some financial benefits back to the populations that participate in the study 

4. the sampling has to be done so as not to violate the belief systems and customs of the subjects (Gillis, 1994) 

VI. Application of HGP and Ethical Concerns About the Project 

A. Identification of DNA sequences that would eventually bring about disease for the individual 

1. what tests should be done? (Knoppers and Chadwick, 1994) 

a. only those for which therapies are available--for people and embryos/fetuses 
b. limit testing to those at serious risk for a disorder 
c. presymptomatic testing of children for diseases that come later in life is not recommended 
d. any testing needs to be backed up with thorough education for the individual being tested. 

2. finding such sequences could be beneficial to an individual if he/she would be able to take preventative measure to perhaps prohibit the disease from occurring or at least delay its onset 

a. but for some disorders, the presence of the disease form of the gene virtually guarantees that the disease will eventually appear--if no treatment is available, should the person be informed of his/her genetic code? (Rossiter and Caskey, 1993) 
b. however, in some cases, the certainty is not nearly so high--having the defective gene may not necessarily mean that disease lies ahead or the severity of the ailment cannot be predicted (Müller-Hill, 1993) 
c. perhaps the individual would be a good candidate for corrective gene therapy, i.e., giving the person cells that make the product of the normal gene (Rossiter and Caskey, 1993)--maybe the disease could be "cured" or at least reasonably controlled to permit a "normal" lifestyle that otherwise would not be possible 

i.the goal of therapeutic genetic manipulation is to correct a defect (Moore, 1993) 
ii. in a contrast, the mission of nontherapeutic manipulation is to produce a "better, improved" organism (Moore, 1993) 
iii. somatic cell therapy--correct body cells by supplying normal genes 
iv. germ line therapy--correct abnormalities in sperm and egg so all cells of new individual will be "right"; this practice poses serious ethical questions and currently is prohibited (Moore, 1993) 

3. who should have access to the genetic information? 

a. individual--to be aware of what may lie ahead 
b. family members--to know if they are carriers of a defective gene or maybe if they would be afflicted with illness themselves, should they be advised against having children? (Rossiter and Caskey, 1993) 
c. insurance companies--in some cases health and life insurance are already very difficult to obtain, especially if a "preexisting" condition is present--What if genetic information were available to these companies? They would be able to predict health/disease over a person's lifetime and perhaps deny coverage based on such information (Rossiter and Caskey, 1993). 
d. prospective employers--could allow for discrimination in hiring practices if a company knows an employee could potentially have serious health problems or a short life span 
e. current practices in the early 1990s is that any genetic information obtained can be used only for the specific purpose for which it was collected--such information is not available to insurance companies or employers, nor should it be made available 
f. depending on how the information obtained from testing is used and by whom, a new "underclass" in society could be generated (Müller-Hill, 1993) 
g. those who would choose not to reveal their genetic information could be at a disadvantage, while those who have no serious defects could find it beneficial to reveal their "healthy-stock" (Müller-Hill, 1993) 
h. any banking of genetic data needs to be careful to use coding and remove any identifiers on individuals--also permission for using the information should be required (Knoppers and Chadwick, 1994) 
i. a Time/CNN poll in late 1993 found that (Elmer-DeWitt, 1994): 

i. most people were ambivalent about genetic research 
ii. 49% of people said they would prefer to remain ignorant about what diseases they could get later in life 
iii. most people "strongly oppose" human genetic engineering for any purpose except to cure disease 
iv. genetic engineering is acceptable for using it to grow more food 
v. 58% of people said that altering any genes is "against the will of God" 
vi. the people polled were also very concerned that someday such genetic information would be used against them 

4. for embryos generated through IVF, they can be screened for genes called preimplantation diagnosis (Moore, 1993); if any undesired genes are present, that embryo would be discarded 

a. this procedure sounds like it is very close to a practice of eugenics--keeping only the embryos that are for the "good" of the human population 

5. most likely, the majority of uses of the genetic information from HGP will be for diagnostic purposes; therapies for disease genes will probably not be available until much later, if at all (Müller-Hill, 1993) 

B. Knowledge of a gene's product and disease mechanism could lead to better medical strategies for treatment or for better drug therapy (Rossiter and Caskey, 1993) 
C. What about genetic information for mental health diseases? 

1. although a number of these ailments are believed to be inherited, scientists have no clue as to what genes are involved, let alone what the genetic defects are (Müller-Hill, 1993) 
2. earlier discoveries of genes for alcoholism, schizophrenia and manic depression were supposedly made and reported in scientific journals--however, later the results were shown to be false (Müller-Hill, 1993) 
3. mental health diseases are hard to deal with because right now the question has not been answered as to how much the genes contribute to the illness vs. how much the environment contributes 
4. this area of human health has many potential open doors for abuse--testing for supposedly defective genes for mental illness and then discriminating against those affected is a real risk (Müller-Hill, 1993) 

a. if some of these genes are clustered in racial or ethnic groups, serious injustice could well become reality 

D. Do we really want the knowledge we can obtain from the HGP? 

1. probably yes--the information is very interesting from a purely scientific standpoint 
2. however, we must be very careful about how the information is used--by whom and for what purposes 
3. currently, and uses for germ line therapy or eugenics are considered immoral and should remain that way 
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