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Cornucopia or Pandoras box? The promise and perils of
cloning, genetic engineering and bioinformatics.

The revolution in biology is now affecting us routinely. We read on a nearly daily
basis about some new finding which may profoundly affect our lives, such as clon­
ing sheep, finding genes which predispose patients to diseases such as alcoholism
or certain kinds of cancers, or using DNA sequence data to decide which drugs to
use on a particular patient. Many of these findings are highly controversial, and
wildly exaggerated claims of both potential benefits and potential hazards have
been made. These range from creating monsters or cloning Saddam Hussein to
resurrecting dinosaurs, curing cancer and stopping the aging process. In many
ways the present situation in biology is akin to the situation in physics earlier this
century when physicists learned to split the atom. The genie has been let out of the
bottle, with enormous potential for both good and evil, and the question is whether
good or evil will predominate. Today I hope to help you understand some of the
promises and the perils associated with it.

It is essential that all Americans have some understanding of cloning, genetic en­
gineering and bioinformatics, because we are already profoundly affected by these
processes, often without our knowledge. For example, all of you will almost cer­
tainly eat some genetically-engineered food this week, because over 32% of com
and 38% of soybeans grown in the U.S. last year were transgenic. However, you
won’t know it, because in the U.S. genetically-engineered food does not need to be
labeled unless its nutritional value or safety has been altered. Since there is no
strong evidence that any of the transgenic crops on the market affect the food’s
nutrition or safety, they remain unlabeled on U.S. produce shelves (27, 29). As
another example, DNA evidence is now widely accepted as proof of identity in
court cases or other circumstances such as Monica Lewinsky’s infamous blue dress
or proving that Thomas Jefferson had an illegitimate son by a slave (3). What is
not so widely known is that many of you may have your “DNA fingerprints” stored
in a national database, especially if you have served in the military since 1992
(14). Many civil libertarians view this as a violation of civil rights, yet on the other
hand the military must be able to identify personnel (or what is left of them), and
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there are other valid reasons for maintaining genetic datebases. There are many
other examples of ways that we are already affected by DNA technology but I will
stop here because the point is that policy decisions have already been made, and
more will be made in the future whether we like it or not. Therefore, it is in our
best interests to understand the issues at stake so that we can help ensure that
policy decisions are made wisely.

The basis for making rational decisions is knowledge, and what I plan to do is to
give you a brief overview of what cloning, genetic engineering and bioinformatics
are, how they work, and what can and cannot be done with them. I will then de­
scribe some of the social issues that have arisen, and I will conclude by outlining
a proposed plan of action for regulating these technologies.

Lets start by defining some terms. Cloning is making identical copies of an object,
so cloning a human means making an identical copy of an individual. In fact, this
has already been done innumerable times: identical twins are clones. Similarly,
cloning a gene means making millions of copies of a particular DNA sequence.
Genetic engineering is modifying an organisms genetic makeup in order to im­
prove it in some way. Therefore, cloning and genetic engineering are completely
opposite; in the first case we are creating individuals who are genetically identical,
whereas in the second case we are creating individuals who are genetically differ­
ent. The link between the two technologies is that we can use genetic engineering
to create a superior organism, and then use cloning technologies to make many
copies of it. Bioinformatics is the area of computer science devoted to organizing
and analyzing DNA and protein sequences. One especially active area of
bioinformatics is devoted to organizing and analyzing the date generated by the
human genome project. The purpose of the human genome project is understand­
ing how the human genome works. Its goal is to determine the location, structure
and function of all human genes. Currently attention is focused on determining
the sequence of the entire human genome and mapping the position of each gene,
but this is an intermediate step and the ultimate goal is understanding what each
gene does and how it is regulated. Another important area of bioinformatics is the
enormous genetic database that is being accumulated on the human population
whose purpose, like fingerprinting, is to allow humans to be unequivocally identi­
fied.

I will now give a brief description of how cloning, genetic engineering and DNA
sequencing and fingerprinting are performed. Cloning entails inducing a fragment
of an organism to develop into a new individual; anyone who has ever grown a
plant from a cutting has performed a cloning experiment. Many plants are easily
cloned;in fact, individual cells of many plant species can be induced to develop
into entire plants. Animals have been far more difficult to clone, which is why Ian 
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Wilmuls report that his group had cloned a sheep raised such a commotion two
years ago (31). This was done by removing the nucleus from a sheep egg and
replacing it with the nucleus from a mammary gland cell of a mature sheep. They
then implanted the resulting embryo into a surrogate mother, who eventually gave
birth to a lamb, Dolly, that was genetically identical to the donor of the mammary
gland cell. Dolly has proven to be perfectly normal, and in fact has now had a Iamb
of her own. There were many technical problems to be solved that are beyond the
scope of this talk, but subsequently individuals of several mammalian species have
been cloned including cows and mice, and attempts are being made to clone sev­
eral others, including dogs. So, in all likelihood, it should be technically possible
to clone humans as well by nuclear transplantation techniques. Limitations to cloning
humans are ethical, not technical!

Turning now to genetic engineering, I would first like to remind you that living
organisms store their genetic information using a molecule called DNA. DNA is a
long chain of building blocks called nucleotides. It consists of a backbone com­
posed of alternating sugar and phosphate molecules, with molecules called bases
hanging off the side of each sugar. Information is stored in the sequence of bases
much as written information is stored in the sequence of letters. Therefore the
order in which they appear is very important. For example, team and meat use the
same four letters, but by changing their order they convey a very different mean­
ing. Since there are four different bases the language of genetics is written using a
four letter alphabet. Each gene provides the instructions for making a particular
protein, along with information telling the cell how much to make and when and
where to make it. Genetic engineering relies on our ability to extract DNA, modify
it in various ways in a test tube, then introduce the modified DNA into an organ­
ism. Genetic engineering in many ways resembles word processing. What is done
is to cut the instructions for making a particular protein out of the DNA from one
organism and paste it into the DNA of another organism, perhaps after tinkering
with it in the laboratory. To do genetic engineering you must first decide which
genetic traits to modify. For example, you may wish to correct sickle cell anemia,
or improve herbicide resistance. Next, you must identify an organism which has
the genes you want, extract its DNA, and clone the DNA sequences which you
wish to transfer. Frequently they must be modified so that they will function in the
recipient. Once this is accomplished the new genes must be transferred into the
recipient. Many techniques for performing DNA transfer have been developed.
The easiest to understand is microinjection, where DNA is physically injected into
the nucleus of a recipient cell. Another way is to coat little gold pellets with DNA
then shoot them into the recipients with a .22 shell, and the easiest way is to trick a
virus or other pathogen to do it for you. The final step is identifying the cells
which have taken up the foreign DNA. This is usually done by adding a marker
gene that clearly identifies cells that have taken up foreign DNA. Most markers 
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are genes which encode proteins that destroy antibiotics or other poisons and there­
fore allow organisms to grow in the presence of chemicals which kill all of the
organisms which have not taken up foreign DNA.

The human genome project and genetic data bases rely on two technologies: 1)
DNA sequencing: determining the order in which bases are arranged on a DNA
molecule, and 2) DNA mapping: identifying differences in DNA sequences be­
tween individuals and determining the location of these sequences in the human
genome. Various techniques have been used for DNA sequencing; the important
point is that none can read much more than 300 bases at a time reliably, as com­
pared to the 3,000,000,000 bases in the human genome. This is like making a map
of Interstate 80 from New York City to San Francisco one millimeter at a time,
using a 300 mm ruler. You end up with an extremely precise map of portions of the
genome, but with no idea of where you are overall. To make things worse, many
stretches of the human genome are highly repetitive with few distinguishing land­
marks, which is like trying to figure out where you are in Iowa or Nebraska and
keeping track of what you have measured when you are in the middle of miles of
com fields. Therefore, genome researchers developed techniques for “mapping”
the genome so that they know what portion of the genome they are sequencing.
Mapping requires identifying DNA sequences which differ between individuals
and then determining their position within the genome. This is how DNA finger­
printing arose; once a number of sequences which varied between individuals were
found they could be used to identify specific individuals based on the particular
combinations of these variable sequences in a given person. DNA fingerprinting
was not as easy as it might appear because 99.7 % of the DNA sequences in all
humans are identical. It is the 0.3% which varies that makes the differences be­
tween us (3). Consequently, identifying sequences which vary and cataloging the
extent of variation has been a difficult task, and it seems that every year new types
of variable sequences and techniques for measuring them gain favor as the method
of choice.

Lets now consider what can be accomplished with these technologies. This list
cannot be exhaustive; what I hope to do is point out some obvious possibilities and
potential problems. Starting with cloning: in the true sense of the word, all that
can be done is to make identical copies of a particular individual. Of course, there
are many reasons to do this. One is economic: making many copies of a valuable
specimen. For instance, it is currently estimated to cost $60,000 to make a transgenic
sheep or goat; therefore, once a good specimen is obtained it is worth cloning (13).
A second reason is vanity: one can imagine Saddam Hussein or Ross Perot reeling
off dozens of copies of themselves as a gift to the human race. A third reason is
replacing loved ones; for example, one might clone a child killed in a car crash if
some cells could be kept alive. As a variation on that theme, cloning might also be 
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used to give children to childless couples. A fourth reason for cloning would be to
generate a supply of spare organs for transplants. A fifth reason is to propagate
endangered species. Embryo transfer between species has already been used to
propagate rare species; for instance, Holstein cows have been used as surrogate
mothers for the endangered bongo antelope (3). Therefore, it will not be much of a
leap to clone endangered species by nuclear transfer and then propagate them in
surrogate mothers of related species. A more far-fetched application is resurrect­
ing extinct species. For example, it may eventually be possible to resurrect woolly
mammoths by replacing the nuclei of elephant eggs with the nuclei of cells from
frozen woolly mammoths, then transplanting the embryos into elephant surrogate
mothers.

Cloning humans raises serious ethical issues. First, cloning is very inefficient, so
hundreds of human embryos would die for every success. Secondly, as Ian Wilmut
points out, cloning is not good for the cloned child. Parents would expect the
clone to develop into an exact copy of the original individual, yet each child will
develop in its own manner according to its own life experiences (30). Thirdly,
there is the specter of eugenics, where some group attempts creating a master race
by using genetic engineering to make a superior individual which is then propa­
gated by cloning. Cloning also raises some practical concerns: for example, popu­
lations of identical individuals are prone to epidemics since they are all suscep­
tible to the same diseases. The Irish potato famine of 1845 and 1847 is a classic
example of such epidemics.

The initial report of cloning a sheep therefore triggered a tidal wave of legislation
aimed at regulating human cloning. Nineteen European countries outlawed it, Presi­
dent Clinton banned the use of federal funds for cloning research, fourteen U.S.
states introduced legislation to regulate it, and ten bills designed to ban or regulate
cloning were introduced in Congress. However, it proved more difficult to legis­
late against cloning than originally anticipated, and the senate chose not to vote on
a proposed cloning ban when it came on the floor. The problem was that Congress
could not agree on how to word a bill that would ban cloning without also banning
other types of medical research that many regarded as worthwhile, such as re­
search on growing organs in culture or on human fertility. Moreover, there have
been serious challenges to the ban on cloning itself. For example, the American
Medical Association issued a statement requesting that human cloning in fact should
be allowed, but under close supervision. Similarly, the head of the National Insti­
tute of Health was initially adamantly opposed to human cloning, but then changed
his mind a few months later. Indeed, although most public sentiment has been
anti-cloning, there are also numerous groups promoting cloning. Richard Seed
has gained the most notoriety with his public proclamations of his intent to clone
human beings (7), but he has competitors. For example, the International Cloning 
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Society was established to function as an agency for prospective donees, and as
a lobby for human cloning. Similarly, there is a company based in the Bahamas
called Valiant Venture LTD that promises to clone humans for as little as $200,000
(11), and there are recent claims that a group in South Korea has produced a cloned
4 cell human embryo (7). Consequently, it seems inevitable that humans will be
cloned unless it is banned worldwide. Indeed, when human in vitro fertilization
was first developed 20 years ago public sentiment was adamantly opposed to it,
yet now it is widely accepted and about 10,000 babies a year are conceived by in
vitro fertilization in the U.S. alone. We may therefore find that in twenty years
public attitudes towards cloning humans will also have dramatically changed.

Lets now examine genetic engineering. There are currently two major limitations
to genetic engineering. The first is that we are limited to transferring at most a few
genes at a time and the second is that in many cases we simply dont know which
genes to engineer. The reason that we can only transfer a limited number of genes
is that each one must function properly in its new environment, and accomplishing
this has been very difficult. The problem which arises is that although we know
how to interpret the instructions for making proteins, our knowledge of the overall
grammar of the genome is very limited. By this I mean that we are becoming
increasingly aware that the organization of genes within the genome is very im­
portant, just as the way that sentences are organized into paragraphs, paragraphs
are organized into chapters and chapters are organized into books profoundly af­
fects the meaning of the book. However, we have only a limited understanding of
the higher order organization of genes, other than that it exists and that a gene’s
location within a genome affects how it works. Therefore, we really dont know
where we should put a new gene into an organisms genome, and it is very difficult
to control where it goes even if we knew where to put it. To use the word-process­
ing analogy again, we are randomly pasting a block of text into a book and expect­
ing it to make sense. Sometimes it does, sometimes it doesnt, but it will rarely
read as well as it did in its original setting. Consequently, randomly inserting
several genes into a genome and getting them to all work well is similar to ran­
domly pasting several blocks of text into a book and getting them all to read prop­
erly. Turning to the second limitation, in many cases we simply dont know enough
about the genetics of a trait to figure out how to usefully modify it. Consider
intelligence: presumably this is a trait that many people would like to engineer, yet
we cant agree what it is or whether it has a genetic basis.

So what can be accomplished by genetic engineering? Again, there is no way that
this list can be exhaustive, but I will touch on some of the highlights. I see three
general categories of applications of genetic engineering. The first is basic sci­
ence: we can improve our understanding of particular genes by modifying them in
a test tube and then reintroducing them into an organism. This is especially impor­
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tant now, since genome projects have identified numerous genes of unknown func­
tion. The tools of genetic engineering provide the most rapid means of figuring
out what they do and how they are regulated.

The second general application is correcting genetic defects. For example, a num­
ber of human ailments caused by defective genes have been identified; two which
you may have heard of are sickle cell anemia and cystic fibrosis. The idea is to
replace the defective copies with a functional version of the gene; the problem is
delivering this gene to the cells that need them. Some genes are only needed in a
few tissues; in this case it may be possible to isolate some of this tissue, insert the
correct gene then reimplant it back into the patient. Several successful applica­
tions of this approach have been reported. The first human gene therapy experi­
ment was performed in 1990 on a girl named Ashanthi DeSilva who suffers from
severe combined immunodeficiency (SCID, the “bubble boy” disease). SCID is
caused by a defective adenosine deaminase (ADA) gene and results in a collapse
of the immune system. To correct this defect a team led by W. French Anderson
extracted some cells from Ashanthi’s immune system and gave them a good copy
of the ADA gene. They then injected the modified cells back into Ashanthi, where
they proliferated and allowed her to live normally (3). Similarly, a woman with a
defect in controlling blood cholesterol levels was successfully treated this way.
Some of her liver was removed, grown in culture, and given a good copy of the
defective gene. Some of these cells were re-injected into her liver, where they
proliferated and helped control her cholesterol (3). An alternative to isolating cells,
fixing them and reintroducing them into the patient is to treat the patient directly
with “good DNA.” For example, lung diseases such as cystic fibrosis have been
successfully treated in mice by delivering a good copy of the gene directly to the
lungs as an aerosol, and human trials are underway (3). Gene therapy is also being
tested as a treatment for AIDS and certain cancers. A variety of different genes are
being tested; most are designed to either enhance the body’s defenses against can­
cer or to make cancer cells very sensitive to certain drugs (4). Undoubtedly many
more disorders that can be treated by gene therapy will be identified as the human
genome project evolves since it is currently estimated that between 2000 and 5000
human disorders have a genetic basis (8). The problem will be devising ways to
deliver the good genes to the cells that need them, but it is also nearly certain that
an increasing number of disorders will be successfully treated this way in the near
future.

A third application of genetic engineering is adding brand-new genes to an indi­
vidual. Both the potential benefits and potential hazards are high, since a gene is
now being placed in a new environment. Many examples of this sort of modifica­
tion have already been made; these fall into three general categories. The first is to
improve resistance of crops or livestock to particular stresses. For example, nu­
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merous crop plants have been made resistant to the herbicide RoundUp by genetic
engineering; over 38% of the soybeans grown in the US last year were genetically
engineered in this way (26, 27, 29). Similarly, many crops have been made more
resistant to insects by adding genes for bacterial toxins or plant proteases, and
other crops have been genetically-engineered to become more resistant to viral,
bacterial and fungal attack by adding suitable resistance genes (3). The second
major category of crop or livestock improvement by genetic engineering is to im­
prove their nutritional value, which has been called the nutraceutical approach.
For example, leaner pigs have been created by introducing genes for growth hor­
mones which stimulate the pigs to produce more muscle and less fat (3). Similarly,
many seed crops are low in certain amino acids, and one solution to this problem is
to attempt correcting this imbalance by adding a gene encoding a protein contain­
ing large amounts of the missing amino acid from another species (22). As an­
other example, rice grains have recently been genetically engineered to produce
beta-carotene, a naturally occurring anti-oxidant that humans convert to vitamin A
(6). A third way to improve the value of crops or livestock by genetic engineering
is to convert them into reactors producing large amounts of some valuable com­
modity (22). For instance, plants have been genetically engineered to produce
plastics or diesel fuel (20,24). Similarly, many plants have been genetically engi­
neered to produce edible vaccines: bananas have been engineered to produce vac­
cines against certain viruses, tomatoes are being used to make vaccines against the
rabies virus and potatoes are being used to produce vaccines against cholera (1, 3,
18).  This is especially useful for immunizing people in underdeveloped countries,
where storing vaccines and transporting them to remote areas are serious con­
cerns. Animals are also being used as reactors: transgenic goats make CFTR pro­
tein for treating cystic fibrosis or TPA protein for treating heart attacks, and
transgenic cows are used to produce human lactoferrin in their milk (3). In a recent
bizarre twist, researchers are using transgenic animals to excrete useful products
in their urine which are too toxic to make in other tissues, which means that urine
fanning may be a new industry in the future (13). Another variation on using ani­
mals as “reactors” is to convert them into suitable organ donors for transplants into
humans by means of genetic engineering. Organs are in short supply: it is esti­
mated that 8 Americans in need of organ transplants die every day (25). Pigs are
considered the best candidates for organ replacements because they are a good
match in size and shape and there is little risk of transferring viruses with them.
One major problem with xenotransplants is that the human immune system quickly
recognizes and attacks the foreign organ. This is where genetic engineering comes
into play. Pig organs are rapidly attacked because they contain a sugar called
alpha-gal which is attacked by the human immune system, so efforts are underway
to remove it by genetic engineering. Another target are proteins called comple­
ment inhibitors which prevent our immune system from attacking us; pig organs
genetically-engineered to make human complement inhibitors survive much longer 

8

than normal pig organs when they are perfused with human blood. Consequently,
we may soon be able to use transgenic pigs as donors for organ transplants (3, 25,
28).

A final application of genetic engineering is to create bioweapons. This is viewed
as a very real concern because it has recently been disclosed that the former Soviet
Union had a major bioweapons industry, and that Iraq has a similar program. In­
deed, Iraq had 20,000 liters of botulinum toxin, 8,000 liters of anthrax spore sus­
pension and had outfitted SCUD missiles with anthrax warheads (10). Ten other
countries are also known to be conducting bioweapons research. Moreover, the
Japanese terrorist group Aum Shinrikyo made at least nine attempts to aerosolize
anthrax and botulism throughout central Tokyo and has sought to obtain Ebola
virus for use as a bioweapon. Consequently, the U.S. is thought to be at risk to
bioterrorists. Smallpox and anthrax are viewed as the most likely agents, but un­
doubtedly other biological agents are also being developed (10).

This brings us to the issue of social concerns over genetic engineering. Recently
debate has focused on two main issues: the release of genetically-engineered or­
ganisms into the environment, and concerns over the safety of genetically-engi­
neered food. Releasing biological weapons is an extreme example of how biotech­
nology can be misused; however, every release of genetically-engineered organ­
isms into the environment brings with it a certain amount of risk. One problem is
the risk of transferring transgenes for things like herbicide resistance to nearby
related organisms such as adjacent fields of non-transgenic crops, or to weed spe­
cies. This is a valid concern because such transfer has been shown to occur. For
example, in Germany, com fields adjacent to transgenic com were found to have
been pollinated by transgenic pollen. This is a problem for organic fanners who
claim to be selling a pure, unadulterated product. Moreover, other studies with
transgenic rape-seed (Brassica napus) have shown that the transgenes can be trans­
ferred to the related weed species Brassica rapa (21). Consequently, this would
soon render the herbicide ineffective. Similarly, many transgenic crops contain
antibiotic resistance genes used as markers to identity the transgenic cells. U.S.
regulatory agencies have ruled that these genes are harmless, but many European
countries disagree. In fact, Norway has banned the import of all plants containing
genes conferring resistance to ampicillin on the grounds that this gene may be

-transferred to harmful bacteria.

»Another misgiving about transgenic crops is the effect that they will have on farm­
ing practices. One major concern is that they will tend to encourage the overuse of
dangerous chemicals such as RoundUp, with potential environmental consequences
of the accumulation of such chemicals in soils and water. This also selects for
weeds or insects which are resistant to the chemical. A second major concern is 
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that seed companies and researchers will focus on solving agronomic problems by
means of genetic engineering and will ignore research in other areas such as bio­
logical control. This neglect of alternative forms of pest control may result in ma­
jor outbreaks of diseases owing to the reduced biodiversity. A third concern is that
these new plants will cost too much for subsistence fanners in under-developed
countries to buy. Monsanto’s recent development of what opponents have called
“terminator technology” does nothing to alleviate these worries. This technology
is designed to force farmers to buy new seeds each year by making the seeds
produced by these plants sterile. Consequently, there is a growing resistance to
genetically-engineered plants in third world countries. Indeed, there is a precedent
justifying their skepticism. Although the high yield crops developed in the 1960’s
have doubled grain production worldwide since that time, they did not work as
well as predicted in under-developed countries owing to the requirement for ex­
pensive equipment and intensive use of fertilizers and pesticides (2,5,17). Many
people are therefore concerned that a major consequence of using genetically-
engineered crops will be to put yet more farmers out of business.

In the U.S. concerns over the release of genetically-engineered organisms have
died down after the furor raised in the 1980s by the tests in California of bacteria
which had been genetically-engineered to reduce frost damage to strawberries.
However, they are rampant in Europe, and last summer protesters in Germany,
France and Britain cut down fields of transgenic crops. Norway, Austria and Lux­
embourg have banned the import of transgenic crops containing antibiotic resis­
tance genes, and last year France revoked the permit given to Novartis to grow
transgenic com in France. In England, Prince Charles has publicly voiced his op­
position to genetic engineering and has established on on-line forum to discuss the
issue (12). In fact, this February the United Nations sponsored a meeting in
Cartagena, Colombia to attempt creating an International Biosafety Protocol to
regulate issues related to biotechnology such as the transport of transgenic organ­
isms and labeling of transgenic foods. Although the accord was approved by more
than 125 nations including the entire European Union, it was scuttled by the United
States and Australia, Canada, Uruguay, Argentina and Chile on the grounds that it
would be overly restrictive to international free trade.

One reason that the U.S. torpedoed the treaty was that it called for the labeling of 1
all transgenic food. Genetically-engineered food has received little attention in the
U.S. after the initial release of the Flavr-Savr tomato in 1994; as I stated at the
beginning of the talk, most of us are blissfully unaware of the fact that we are
eating transgenic foods daily. One reason is that the federal agencies involved in
regulating food do not require labeling unless the genetic engineering alters the
nutritional or safety status of the food. Cynics feel that this is largely because these
agencies are controlled by the companies like Monsanto which created the prod-
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ucts, since 81% of Americans believe genetically-engineered food should be la­
beled as such, and 58% of Americans would not buy genetically-engineered food
(27).

However, most of the world disagrees with the U.S. on this issue. The 125 nations
that signed the International Biosafety Protocol believe that all transgenic foods
should be labeled and segregated from non-transgenic food. In Europe protests
against transgenic food have become increasingly strident. For example, in En­
gland there have been massive protests staged by Greenpeace in England protest­
ing the import of American genetically-engineered soybeans. Among other activi­
ties, Greenpeace protesters delivered 4 tonnes of genetically-engineered soybeans
to 10 Downing Street, the address of the British prime minister, Tony Blair, stating
that he was the only Briton who wanted them. Similarly, there is currently a scan­
dal over data indicating that a diet of transgenic potatoes caused intestinal damage
in rats and adversely affected their growth. Accusations that the data was sup­
pressed by the research institute and by the government have aroused a great deal
of controversy in Parliament. On the continent, last fall protesters cut down 4.5
tonnes of transgenic com in France and Germany and delivered it to Novartis head­
quarters in Basel, Switzerland. In fact, Greenpeace demanded an immediate ban
on genetically engineered foods on February 12 of this year. Consequently, ge­
netically-engineered foods face a major uphill battle in Europe. Some of the fears
stem from the recent scare over mad cow disease in Britain, some stem from legiti­
mate concerns that there has not been adequate testing of long-term effects of ge­
netically-engineered food, and some stems from paranoia and complete misunder­
standing of genetic engineering. Nonetheless, these concerns need to either be
alleviated or American farmers need to reconsider planting transgenic crops, be­
cause Europe is one of the major markets for these crops and there is a real danger
that they will be banned outright.

I will now turn to bioinformatics. We already have a vast amount of human se­
quence data, and the complete sequence will be available within a few years. This
has already provided a treasure trove of information about the structure and func­
tion of the human genome, and far more is undoubtedly forthcoming. There are
also many potential clinical applications of this information. For example, doctors
(or pharmacists) will be able to match specific drugs with specific patients. They

' will also be able to tell by DNA testing whether there is a genetic basis for a pa-
•y tients ailment, or whether a patient is at risk of developing a particular condition.
J Unfortunately, insurance companies or employers will be able to use DNA se­

quence information for exactly the same purpose, and use this information to de­
cide whether to insure or hire an individual. So, in a sense, DNA sequence infor­
mation is similar to other sensitive personal information such as your credit his­
tory, with the added complication that it is especially vulnerable to misinterpreta­
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tion. One thing that is inadequately appreciated is that interpreting genetic data is
often very tricky. Many genes predispose the carrier to a disorder; whether or not
carriers develop the disorder depends on the rest of their genetic makeup, the envi­
ronment they live in, their lifestyle and pure dumb luck. Will insurance companies
or employers recognize this, or will they simply view the presence of certain genes
as grounds for dismissal? In fact, since we are all different, how will we define a
“normal" gene? Will it be the most common version, the one shown to encode the
“best" protein, or some other criterion, and who will make that decision?

Consequently, a very important issue currently faced by our society is deciding
who should have access to our DNA sequence information, and how it should be
used. In fact, a Time poll showed that 95% of Americans believe that employers
and insurance companies should not have access to this data (16). On the other
hand, about two thirds of the respondents did want to know if they or their children
were at risk of developing certain disorders (8). Because of these considerations
there are 20 bills before Congress regarding genetic procedures, 30 states have
passed laws prohibiting genetic tests on job or insurance applicants, and at least 70
more genetic-discrimination bills are pending in 24 states (9).

A related issue is the ownership of genetic information. In the U.S., debate has
largely focused on whether anyone should be allowed to patent genes. According
to a Time poll published in the January 15, 1999 issue, 71% of Americans disap­
prove of private companies being allowed to patent human genes in order to make
money (23). In fact, a number of human genes have been patented already, many
by the U.S. government itself (15,16). However, the U.S. is once again out of step
with much of the rest of the world on this issue. A new industry called bio-pros­
pecting has recently evolved in which the prospectors go to remote areas of the
world to track down and patent useful biochemicals. Many underdeveloped coun­
tries view this as genetic imperialism or gene piracy, where wealthy nations are
coming to plunder them of a form of wealth which they are currently unable to
develop for themselves (19). Again, this has not received much attention in the
U.S., but it is a major bone of contention elsewhere. Indeed, part of the purpose of
the International Biosafety Protocol referred to earlier was to regulate patenting of
biological materials, and, as stated earlier, the U.S. is one of the few nations which
refused to ratify it. A major concern is that with modem technology it is very
simple to smuggle DNAsamples out of a country, and it will be extremely difficult
to identify the origin of a new wonder gene. Consequently, many groups are seek­
ing ways to protect the biological rights of developing nations. One approach,
taken by Costa Rica, is to get companies to help inventory the biological diversity
in the nation in exchange for a share of the potential payoff. Other countries are
considering a more drastic approach: to evict the bio-prospectors until a means is
developed to return some of the profits to the country the genes came from.
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The final topic which I will discuss is the use of DNA for identification purposes.
In the U.S. both the Department of Defense and the FBI are collecting databases of
DNA fingerprints to be used to identify humans. The Department of Defense data­
base is to be used to identify military personnel, whereas the FBI is storing the
DNA fingerprints of 250,000 convicted felons. A similar data base operates in
England, where over 360,000 DNA fingerprints are on file. DNA fingerprinting
has been very effective: the FBI claims that it has already used it to crack 200
outstanding cases. However, DNA fingerprinting raises the ire of the ACLU since
it is in many ways the ultimate intrusion on privacy, and because there is the pos­
sibility of adding law-abiding citizens to the database. In fact, in December 1998
the New York City police commissioner proposed that DNA samples should be
collected from anyone ever arrested (15). However, on the positive side, DNA
testing has also exonerated many suspects, and at least 10 death-row inmates have
been released based on DNA evidence. Similarly, such a database will be invalu­
able in identifying humans or human remains after especially gruesome accidents.
In fact, in the near future we may find that authorities turn to the doctors for tissue
samples rather than to the dentists for dental records when attempting to identify
human remains. This may not even be necessary; DNA gathered for medical pur­
poses such as drug matching may also be sufficient to positively identify the do­
nor. Consequently, just as with other DNA data, the issue to be resolved is who
should have access to such data, and when.

In summary, cloning, genetic engineering and bioinformatics have an enormous
potential for both good and ill; the outstanding question is how to deal with it.
Unfortunately, the human race has shown time and again that it has a tendency to
leap before it looks, and therefore I think that there is a need for caution and close
supervision. For example, I think that the use of herbicide and insecticide resis­
tance genes to control pests is almost guaranteed to cause severe problems within
a few years. We have already seen what happens when antibiotics are overused;
you simply end up with new strains of bacteria that cant be killed. I therefore
believe that within a few years both the herbicide and the insect resistance genes
will be useless, and we will have major accumulations of herbicides to contend
with as well. In my opinion, this is yet another example of large companies plac­
ing short-term profits ahead of environmental considerations. On the other hand,
the potential benefits of DNA technology are great enough that it would be foolish
to simply ban it outright. Therefore, to me the best solution is a benevolent dicta­
torship. A regulatory commission composed of both biologists and lay people should
be formed and given absolute authority over genetically-enginered food and all
releases of genetically-engineered organisms. The purpose of the biologists will
be to ensure that the transgenic organisms are not a threat to humans or to the
environment; there should therefore be a mix of genetic engineers, physiologists 
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and ecologists. The purpose of the lay people will be to represent the concerns of
the public and to address legal and ethical issues. These should therefore include
lawyers, bioethicists and sociologists. One major charge of the commission will
be to educate the general public about genetic engineering so that the public is
aware of what the benefits and hazards really are. Another charge of the commis­
sion will be to solicit public opinion so that it can address issues such as concerns
over labeling transgenic food or the release of organisms containing antibiotic­
resistance genes. In this way we can hopefully ensure that progress will be al­
lowed, but in a controlled fashion that is responsive to public opinion.

Similarly, human genetic data has too many worthwhile uses to be outlawed, yet
the potential for abuse is equally prevalent. Therefore, federal regulations govern­
ing the acquisition and dissemination this data need to be passed and rigorously
enforced. I also think that patenting genes obtained from natural sources should be
outlawed; at least, until mechanisms are developed to ensure that the countries or
ethnic groups that the genes came from can share in the profits.

However, there is no doubt that the coming century will see increasing use of
cloning, genetic engineering and bioinformatics. Since we cant put the genie back
in the bottle, lets embrace the future and learn how best to use it for our advantage.
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in cell and molecular biology. He has also established a research program in plant
molecular biology funded by the U.S. Department of Agriculture which currently
involves 16 undergraduates.

Dr. Terzaghi has a diverse background. Although bom in the U.S, he went through
sixth grade in Kobe, Japan and then moved to Geneva, Switzerland. The portion of
this trip from Karachi, Pakistan to Geneva was driven overland in a Land Rover,
traveling through Afghanistan, Iran, Turkey, Greece,Yugoslavia and Italy. After
three years in Geneva he returned to the U.S., finished high school in Santa Cruz,
California and spent one year at Reed College (as a French Literature major) until
wanderlust struck again and he moved to New Zealand. The move to New Zealand
involved another three month trip in the Land Rover, this time driving through
Central and South America. Once in New Zealand he spent four years working at
various jobs including logging, deer hunting, shearing (his New Zealand shearers
certificate sits above his office telephone as a reminder of the good old days), ski
instructing and several stints at various construction sites. Eventually he obtained
a bachelors in Biology from the University of Waikato in Hamilton, New Zealand,
although he managed to sneak a four month trip to Mexico and Central America in
beforehand. Owing to the offset in academic years between the Southern and
Northern hemispheres he also spent five months in Europe between finishing his
bachelors degree and starting graduate school. Thanks to all this traveling he is
fluent in French and also speaks Spanish and German reasonably well.Dr. Terzaghi
lives in Kingston with his wife Vivien, his children Nadia and Damon, three dogs,
two cats, three guinea pigs and numerous fish. When he can find the time he
enjoys running, skiing, kayaking, climbing and fishing.
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Concerning the Lecture

The premise of the Final Word Lecture is that the lecturer has only six
months to live and would like to sum up a career of teaching and
scholarship for colleagues, students, and friends. While the selected
professor is, in fact, healthy, the hypothesized death adds urgency and
focus to the lecture. The idea is borrowed from the University of
Michigan’s “Last Lecture.”

The Final Word Lecture is given on the evening of Wilkes University’s
Faculty Recognition Day, at which faculty are lauded for their achieve­
ments as teachers and scholars. A number of awards, including the
Carpenter Award for teaching, are announced at this annual event.

The Final Word lecturer is chosen by a committee of Wilkes professors
and receives a $1,000 award through the generosity of an anonymous
donor. At a subsequent time, and at the donor’s discretion, the title of the
award and lecture series will be changed to include the donor’s name.
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Political Cultures in the Balkans
1995 Donald R. Brand

Multiculturalism Revisited
1996 No lecture given
1997 Jane M. Elmes-Crahall

Rhetorical Savvy and Political Civility
1998 Patricia Sipion

Scholar, Witness or Activist: The Lessons and Dilemmas of an
AIDS Research Agenda




