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n little more than a generation, our definition of life and the
meaning of existence is likely to be radically altered. Long-held
assumptions about nature, including our own human nature,
are likely to be rethought. Many age-old practices regarding
sexuality, reproduction, birth and parenthood could be partially

abandoned. Ideas about equality and democracy are also likely to
be redefined, as well as our vision of what is meant by terms such
as "free will" and "progress." Our very sense of self and society
will likely change during what I call the emerging Biotech
Century, as it did when the early Renaissance spirit swept over
medieval Europe more than 600 years ago.

Although Dolly the sheep and talk of cloning have gathered

sensational headlines and captured the public imagination, many
forces are quietly converging to create this powerful new social
current. At the epicenter is a technology revolution unmatched in
all of history in its power to remake ourselves, our institutions
and our world: Scientists are beginning to reorganize life at the

genetic level. The new biotechnologies are already reshaping a
wide range of fields, including forestry, agriculture, animal hus-
bandry, mining, energy, bioremediation, packaging and construc-
tion materials, pharmaceuticals, medicine, and food and drink.
Before our eyes lies an uncharted new landscape whose con-
tours are being shaped in thousands of biotechnology laboratories
around the world.
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The economic and political forces that control
the Planet's genetic resources will exercise

tremendous power over the world economy.

Global life-science companies like Novartis, Glaxo Wellcome,
SmithKline Beecham, Du Pont, Eli Lilly, Rohm and Haas, Up-

john, Merck and Dow Chemical, in turn, are quickly maneuver-
ing to exert their influence and control over the new genetic
commerce. Typical of the trend is the bold depision by the Mon-
santo Corporation, long a world leader in chemical products, to
sell off its entire chemical division in 1997 and anchor its re-

search, development and marketing in biotech-based technologies
and products. The consolidation of the life-science industry by
global commercial enterprises rivals the consolidations, mergers
anci acquisitions going on in the other great technology arenas of
the twenty-first century-computer telecommunications, enter-
tainment and information services-although much less attention
has been focused on it in the media and public policy.

Great economic changes in history occur when a number
of technological and social

forces comf: together to create
a new "operating matrix." I
see'seven strands composing
the operating matrix of the
Biotech Century. Together,

they create a frame~ork for a new economic era:
§ First, the ability to isolate, identify and recombine genes is

making the gene pool available, for the first time, as the primary
raw resource for future economic activity. Recombinant DNA

techniques and other biotechnologies allow scientists and biotech
companies to locate, manipulate and exploit genetic resources
for specific economic ends.

§ Second, the awarding of patents on genes, cell lines, genet-
ically engineered tissue, organs and organisms, as well as the
processes used to alter them, is giving the marketplace the com-
mercial incentive to exploit the new resources.

§"Third, the globalization of commerce and trade make pos-
sible the wholesale reseeding of the Earth's biosphere with a

laboratory-conceived Second Genesis, an artificially produced
bioindustrial nature designed to replace nature's own evolution-
ary scheme. A global life-science industry is already beginning
to wield unprecedented power over the vast biological resources
of the planet. Life-science fields ranging from agriculture to
medicine are being consolidated under the umbrella of giant
"life" companies in the emerging biotech marketplace.

§ Fourth, the mapping of the approximately 100,000 genes
that make up the human genome and new breakthroughs in ge-
netic screening, including DNA chips, somatic gene therapy and
the imminent prospect of genetic engineering of human eggs,
sperm and embryonic cells, are paving the way for the wholesale
alteration of the human species and the birth of a commercially
driven eugenics civilization.

§ Fifth, a spate of new scientific studies on the genetic basis
of human behavior and the new sociobiology that favors nature
over nurture are providing a cultural context for the widespread
acceptance of new biotechnologies.

§ Sixth, the computer is providing the communications and
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organizational medium to manage the genetic information that
makes up the biotech economy.All over the world, researchers
areusing computers to decipher,download,catalogueand organ-
ize genetic information, creating a new store of genetic capital
for use in the bioindustrial age. Computational technologies and
genetictechnologiesare fusinginto a powerfulnewtechnological
reality.Microsoft chairman Bill Gates sums up the new collabo-
rative efforts by saying,"This is the information age, and bio-
logical information is probably the most interesting information
we are deciphering and trying to decide to change. It's all a
question of how, not if."

§ Seventh, a new cosmological narrative about evolution is
beginning to challenge the neo-Darwinian citadel with a view
of nature compatible with the operating assumptions ofthe new
technologies and the new global economy.The new ideas about

nature provide the legitimiz-
ing framework for the Bio-
tech Century by suggesting
that the way we are reorgan-
izing our economy and so-
ciety are amplifications of

nature's own principles and, therefore, justifiable.
In short, the Biotech Century brings with it a new resource

base, a new set of transformingtechnologies,new forms of com-
mercial protection, a global trading market to reseed the earth
with an artificial Second Genesis, an emergingeugenics science,
a new supporting sociology, a new communications tool to or-
ganize and manage economic activity at the genetic level and a
new cosmological narrative. Together, genes, biotechnologies?
life patents, the global life-science industry,human gene screen-
ing and surgery,the new cultural currents, computersand revised
theories of evolution are beginning to remake the world.

Human Life as Intellectual Property
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enes are the "green gold" of the Biotech Century. The eco-
nomic and political forces thatcontr

.

01the genetic resources
ofthe planet will exercise tremendous power over the future
world economy,just as the industrial age access to and con-
trol over fossil fuels and valuable metals helped determine

control over world markets. Multinational corporations are al-
ready scouting the continents, hoping to locate microbes, plants,
animals and humans with rare genetic traits that might have fu-
ture market potential. After locating the desired traits, biotech
companies are modifying them and then seeking patent protec-
tion for their new "inventions."

Corporate efforts to encloseand commodifythe gene pool are
meeting with strong resistance from nongovernmental organi-
zations and countries in the Southern Hemisphere, which are
beginning to demand an equitable sharing of the fruits of the
biotech revolution.While the technological expertise needed to
manipulate the new green gold resides in scientific laboratories
and corporate boardrooms in the North, most of the genetic re-
sources that are essential to fuel the new revolution lie in the

tropical ecosystemsof the South.Transnationalcompanies argue
that patent protection is essential if they are to risk financial re-
sourcesand years of research and developmentbringingnew and
useful products to market. Southern countries, however, argue




