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Genetically Modified Foods
Model-Evidence Link Diagram (MEL)

Gregor Mendel chronicled the selective breeding of traits in pea plants in the 1800’s. The significance of his work was not
recognized until farmers implemented crossbreeding practices to produce offspring with the most desirable characteristics.

Genetically modified foods are products of our biotechnological advances. New genes are added to an organism and those
genes consequently distribute programming instructions for a new specific characteristic. From crops like corn, cotton, and
potatoes to the Canadian trademarked “Enviropig,” genetic engineering is producing a wide variety of foods that appear in the
grocery aisle.

This issue of Science Dissected provides an instructional resource for teachers to present students with the opportunity to ex-
amine several pieces of evidence compiled about genetically modified foods and critically evaluate two competing models of
genetically modified foods, their impact on the food supply and their impact on populations.

The following is a suggestion for us-
ing this MEL with students:

Model A: Genetically modi-
fied food is impacting the
quantity and quality of the

Model B: Genetically modi-
fied food is impacting the

health of the human popula- 1. Hand out the Genetically Modified Foods

Model Evidence Link Diagram (page 1).
Instruct students to read the directions,
descriptions of Model A and Model B,

and the five evidence texts presented.

food supply. tion, native species, and the

€cosys tem

Evidence #1: The data gathered during the Millennium Ecosystem
Assessment shows that genetically modified foods contribute to glob-
al resources. 2. Handout the five evidence text pages
(pages 4-12).

Evidence #2: According to the Green Revolution, we know that the

wotld’s food supply problem, as well as the health of the population 3. Instruct students to carefully review the

and the ecosystem, can be addressed by the creation of genetically
modified foods.

Evidence #3: Some genetically modified foods preserve biodiversity.

Evidence #4: The advances in biotechnology ate leading to further
investigation related to the effects of genetically modified foods on
populations and the ecosystem.

Evidence #5: Many scientists support the development of genet-
ically modified foods as a means to address biodiversity.

Evidence #1 text page (page 3), then con-
struct two lines from Evidence #1; one to
Model A and one to Model B. Remind
students that the shape of the arrow they
draw indicates their plausibility judgment
(potential truthfulness) connection to the

model.

4. Repeat for Evidence #2-5 (pages 4-12).

5. Handout page 2 for the students to criti-

cally evaluate their links and construct

understanding.

Once students have completed page 2, they can then engage in collaborative argumentation as they compare their

links and explanations with that of their peers. Students should be given the opportunity to revise the link weighting

during the collaborative argumentation exercise. If time permits, have students reflect on their understanding of

genetically modified foods and create questions that they might explore in the future.

Archived Issues of Science Dissected, )ittp:/ [ www.rpdp.net/ link.news.php2type=sciencedis. Instructional Resource resulting from
Plausibility, It’s All About Connecting the Models Workshop co-sponsored by CPDD and SNRPDP Science March 6, 2012

Weritten by: Judy Krans



Name:

Period:

Directions: draw two arrows from each evidence box. One to each model. You will draw atotal of 10 arrows.

Key:

The evidence supportsthe model
The evidence STRONGLY supportsthe model
The evidence contradictsthe model (showsitswrong)

The evidence has nothing to do with the model

Evidence #1
The data gathered during the
Millennium Ecosystem
Assessment shows that
genetically modified foods
contribute to global resources.

Evidence #2
According to the Green
Revolution, we know that the
world’s food supply problem, as
well as the health of the
population and the ecosystem,
can be addressed by the
creation of genetically modified
foods.

Model A
Genetically modified food is
impacting the quantity and
quality of the food supply.

Model B
Genetically modified food is
impacting the health of the
human population, native
species, and the ecosystem.

Standard: L.8.B.

Evidence #3
Some genetically modified
foods preserve biodiversity.

Evidence #4
The advances in biotechnology
are leading to further
investigation related to the
effects of genetically modified
foods on populations and the
ecosystem.

Evidence #5
Many scientists support the
development of genetically
modified foods as a means to
address biodiversity.




Provide areason for three of the arrows you have drawn. Writeyour reasonsfor thethree most interesting or important arrows.

A. Writethe number of the evidence you are writing about.

B. Circlethe appropriate descriptor (strongly supports| supports| contradicts| hasnothing to do with).
C. Writethe letter of the model you are writing about.

D. Then write your reason.

1. Evidence# strongly supports| supports| contradicts| has nothing to do with Model because:
2. Evidence# strongly supports| supports| contradicts| has nothing to do with Model because:
3. Evidence# strongly supports| supports| contradicts| has nothing to do with Model because:

4. Circlethe plausibility of each model. [Maketwo circles. Onefor each model.]

Greatly implausible Highly
(or even impossible) Plausible
Model A 1 2 3 4 5 7 8 9 10
Model B 1 2 3 4 5 7 8 9 10
5. Circlethe model which you think iscorrect. [Only circle one choice below.]
Very certain that Model A Somewhat certain that Uncertainif Model A or B Somewhat certain that Very certain that Model B

is correct

Model A iscorrect

is correct

Model B iscorrect

is correct

2
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Evidence #1
The data gathered during the Millennium EcosystenAssessment shows that genetically modified foodsrdribute to global
resources.

Excerpt from:
http://science.salempress.com/doi/abs/10.3331/fie¥4?prevSearch=genetically+modified+food&queryHaii903f8b3eec316ac
09407e65235097

Encyclopedia of Global Resources
Ecosystem services
Category: Ecological resources

Ecosystem services are the means by which sobealfits and support are provided by ecosystenth Su
benefits and support are also known as naturaltehpr hey include climate regulation, water availdl, the
maintenance of wildlife and their habitats, foddand the production of raw materials such as wdinbr,
medicines, and a range of foods. All are fundameaamponents in people-environment relationshipsry
their necessity for human well-being, and all canite to the provision and/or maintenance of global
resources.

Background

Ecosystem services are closely linked with biogeatbal cycles and energy transfer. In biogeochemica
cycles nutrients are continuously transferred betwee constituent parts of the Earth’s surfacekgpsoils,
water (freshwater and marine), plants, animals,thacgtmosphere. These processes are vital inynerg
transfers within food chains and webs. The spatdltemporal distribution of these processes isroehed to

a large extent by climatic characteristics but atfloiences globatlimatevia the carbon cycle. Such processes
affect the quality of the “commons” (air, watergans), the maintenance of which is essential toanunell-
being. These processes also control the naturdgbt#mt accrues within all ecosystems and thased for
society’s needscosystenservices underpin all human activity through thetmuous generation of resources
and the environmental processes that are esstntfedt generation. Inevitably, ecosystem servizes
complex, are under pressure from a growing globplfation, and require careful management. The
Millennium Ecosystem Assessm@iEA), compiled as a collaborative effort by 1,360 stigts worldwide
between 2001 and 2005, summarizes the state ahajat trends in global ecosystems and their sesviceler
the four headings used below.

Supporting Services

The primary supporting services are nutrient cyglsoil formation, and primary production. Nutrieot
biogeochemical, cycling involves the transfer @neénts and compounds within and betweerbibgphere
(organisms and their environment), atmosphere paddsphere (soils). They consist of pools or stbedseen
which fluxes occur..

Primary production is the amount of organic mgtt@duced per unit area per unit time by organidras¢an
photosynthesize (green plants on land and algdeinceans). These organisms have the abilitygorhtsolar
energy and convert it to chemical energy throughgineration of complex organic compounds suclhigesrs
and carbohydrates. Although less than 1 percethteo$olar energy that reaches Earth is used irophothesis,
this small amount fuels the biosphere. Primary petidn is the first stage in energy transfer thitoug
ecosystems and is thus the basis of all food claidsvebs. Nutrient cycling, soil formation, andhgary
production are vital for the ecosystem servicesiasd below.
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Provisioning Services

Provisioning services encompass food, wood, figenetic resources, fuel, and fresh water. Primesglyction
on land and in the oceans underpins the generatideplenishment of many resources on which hugnani
depends.

Global food production is a vast enterprise thaeasally processes carbon and is a major genevatoealth.
It involves crop and animal agriculture at varisgsles (subsistent or commercial); may have alfhsdi
subsidy, as in the case of “industrialized” agticté; and requires a reliable supply of fresh waher
indication of the magnitude of this productionefi€cted in the Food and Agriculture Organizatiaif8O’s)
2006 data for the major staple crops: 695 millicetn tons of maize, 634 million metric tons ofaj@and 605
million metric tons of wheat. A proportion of thsused as animal feed to create secondary pretycuch
as meat and milk products. These and other cropkiding cotton fiber, are produced on about 15ionil
square kilometers of cropland.

An increasing proportion of crop production—notattigit of corn, soybean, and canola—is used to gemer
biofuels, while several crops are grown specificalt biofuels. However, the value of growing matlsrto use
asbiofuelsis controversial because the crops take up laadcthuld be used for food production. An additional
roughly 28 million square kilometers of pasturesanp a large proportion of the world’s cattle aheap.

Cotton is the world’s major fiber; about 25 milliometric tons were produced in 2005.

The organisms in the world’s ecosystems contairaltiv of genetic resources with vast potenbieddiversity
prospecting is the term given to programs desigoedp this resource by identifying species andeuing
them for useful properties such as crop proteatf@micals and pharmaceuticals. About 25 percent of
prescription medicines are plant based, includmegwidely used aspirin, while the bacteri@acillus
thuringiensisis the basis of insect pest control in a rangerops. The bacterium itself is produced as a
commercial spray, but the gene component resp@&ibinsect mortality has been identified and iteskinto
a number of crops, notably cotton and maize, sothiege genetically modified varieties producertbain
insecticide. As further advanceshiotechnologyand genetic modification ensue, further opportesito
harness genetic resources will arise.

Future Context

Global population is estimated to increase to Bobilby 2030. This will compound pressure on alsead
stretched ecosystem services and require an irecnedsod production by at least 25 percent. Acoaydo the
MEA, humans have altered global ecosystems more stiiladifasince the mid-twentieth century than at any
other time in history. This happened because bfeefold growth in population, rapid conversiorfaksts
and grasslands to agricultural land, technologiet is automobiles requiring fossil fuels, anchgsstandards
of living that encompass increased resource usee han half of the services provided are beingatbep
mostly at the expense of the poorest people. Omecasf this degradation is the high rate of pmd animal
extinction such as the loss of genetic resourcpsp@ess that, unlike many other environmental lgrab, is
irreversible. Unsustainable practices and resultiequity require immediate attention from locafional, and
international political and environmental instibrts. Each requires the inventory and valuatiorcogstem
services, monitoring, investment in managementcatilon programs, and cooperation at all scales.

A. M. Mannion
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Evidence # 2
According to the Green Revolution, we know that thevorld’s food supply problem, as well as the healtlof the population and
the ecosystem, can be addressed by the creatiorgeietically modified foods.

Excerpt from:
http://science.salempress.com/doi/full/10.3331/GlbR28?prevSearch=genetically%2Bmodified%2Bfood&sieidistoryKey=&que
ryHash=3bf903f8b3eec316ac09407e65235097

Encyclopedia of Global Resources

Green Revolution
Categories: Environment, conservation, and resource manageristarical events and movements

Impending famine in the 1960’s in the underdevedogmintries of Asia, Africa, and Latin America vea®rted by the Green
Revolution, which was made possible by the intradonof hybrid “miracle grains” of wheat and rice.

Background

From 1960 to 1965 a number of poor countries inthed could not produce enough food for their girmywopulations. The Earth’s
population had almost doubled to 3.7 billion pedpléfty years, with more than 900 million peopiet getting adequate nourishment
to lead productive lives. Famine had been avoidgthd the post-World War Il period of history ordgcause production was high
for American farmers and surplus grains were shipperseas as food aid.

In this 1970 photograph, Norman Borlaug, consid¢hedfather of the Green Revolution, studies grtias he helped develop.

(AP/Wide World Photos)

In 1966 and 1967, the Indo-Pakistan subcontindifitrmd two consecutive crop failures because ofsnons. The United States
shipped one-fifth of its wheagservego India and sustained sixty million persons idignfor a two-year period on American food
shipments. It became obvious, as populations coetiio grow, that the United States would not He &bcontinue to supply enough
food to feed the world’s growing population adeglyatin the mid-1960’s, American policy began t@aobe from giving poor
countries direct food aid to educating and helpiw®gn to increase their own food production.

The United States had, in the 1950’s, respondeah t@iling agricultural economy in Mexico by sendguientists from the
Rockefeller Foundation to develop a new wheatyfetied twice as much grain as traditional varetiehe project was successful,
and in 1962, the Rockefeller Foundation collabatatéh the Ford Foundation to establish the Intéomal Rice Research Institute at
Los Barios, in the Philippines. Two strains of rie&TA from Indonesia and DGWG from China, were sboed to produce a high-
yield semidwarf variety of rice called IR-8.
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Both the new rice and new wheat were developeavte Bhort but strong and stiff stalks to suppagdaieads of grain. Yields from
the rice and wheat seeds were two to five timebdrithan traditional varieties as long as they vgeosvn with large inputs of
fertilizer, water, and pesticides.

Seeds were shipped to ailing countries. Asia expaadreage planted in the new varieties from 8iahes to 14 million hectares
between 1965 and 1969. Pakistan’s wheat harvestdaed 60 percent between 1967 and 1969. Indieckiption of wheat increased
50 percent, and the Philippines’ production of ricgs so successful that it stopped importing riee lzecame an exporter.

Positive Aspects

The new seeds were dependent on irrigation bywsédks (closed cylindrical shafts driven into the@gnd) and electrical pumps.
Irrigation methods were installed in poor countriesis new availability of water made it feasibde farmers to grow crops year-
round. The dry season, with its abundant sunligdd, previously been a time when crops could narben. With the advent of
irrigation, the dry season became an especiallgymtive growing season. Poor countries in tropgced subtropical regions were
able to grow two, three, and sometimes four cropsaa. Approximately 90 percent of the increasthefworld’s production of grain
in the 1960’s, 70 percent in the 1970’s, and 8@grin the 1980’s was attributable to the GreevoRgion.

The Green Revolution brought to politicians in depeng countries the realization that they could aepend permanently on food
aid from other nations. Whereas leaders and pialitecin these countries had previously concentratedeveloping industrial
projects, the extreme pressure of overpopulatiothein limited food and land supplies caused theraddress agricultural problems
and give emphasis to programs to encourage praxtucfifood supplies. Countries that were affectgdand benefited from, the
Green Revolution include India, Pakistan, Sri Lartke Philippines, Turkey, Burma (Myanmar), Malaydndonesia, Vietnam,
Kenya, the Ivory Coast, Tunisia, Morocco, Algelithya, Brazil, and Paraguay.

Drawbacks and Environmental Impact

Large-scalgesticideapplication not only is costly but also can hamedverse effect on the environment. Only a sneltgntage of
insecticides used on crops actually reach the targanism. The rest affects the environment byaagdring groundwater, aquatic
systems, pollinators, various soil-dwelling inseaticrobes, birds, and other animals in the foagirthin addition, large water inputs
are needed for proper irrigation of crops. Of therfers who can afford to irrigate in poor countriegny do not do so properly, and
thereby cause salinization, alkalization, and waggfing of soils, rendering them useless for gragagnops.

Large-scale application of fertilizers is costlydareaches a point where further applications dgnaduce the expected increase in
yield and begin to cost far more than they are wdtrop yields also decrease because of increadlestrasion, loss of soil fertility,
aquiferdepletion, desertification, and pollutiongroundwateor surface waters.

The Green Revolution exemplifi@sonocultureagriculture, the planting of large areas withregk type of seed. This use of
monotypes can create multiple environmental probldmmany cases, the widespread use of genettoaithogeneous seed caused
old varieties with great genetic variability to dleandoned. Crops consisting entirely of genetidatipogeneous rice and wheat are
more vulnerable to disease and insects, requinpgts of agrochemicals which can be harmful to lle¢henvironment and human
health. Planting vast hectares of monotypes hapdtential to result in massive crop failure dueéstructive fungi or chemical-
resistant insects.

Moreover, Green Revolution techniques rely heamilyossil fuelto run machinery, to produce and apply inorgaeitlizers and
pesticides, and to pump water for irrigation. Gamols costly and is often in short supply in mafiyhe poor nations. Sociologically,
the Green Revolution in poor countries favored tead farmers with the capital to pay the consibraosts of irrigation, seeds,
fertilizers, pesticides, and fossil fuels. Thistfaas accentuated the financial gap between tharsgmall farmers.

Outlook

The drawbacks of the Green Revolution have led éasmand scientists to seek safer and more divelsgons to world food needs.
Genetic engineers hope to be able to breed high-glant strains that have greater resistancedecits and disease, need less
fertilizer, and are capable of making their ownragen fertilizer so as not to deplete the soil aifients. Proponents of integrated pest
management continue to investigate combinatiortsay rotation, time of planting, field sanitatiand the use of predators and
parasites as ways to control insects without tleeafidiarmful chemicals. Regardless of developmiarfizod production and
technology, however, in the long term the most irtgott aspect of addressing world food needs i®tdrol population growth.
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Evidence #3
Some genetically modified foods preserve biodivetsi

Excerpt from:
http://science.salempress.com/doi/full/10.3331/GIb&R31?prevSearch=genetically%2Bmodified%2Bfood&sleidistoryKey=&que
ryHash=3bf903f8b3eec316ac09407e65235097

Encyclopedia of Global Resources

Seed Savers Exchange
Category: Organizations, agencies, and programs
Date: Established 1975

Since its founding, the Seed Savers Exchange hasdhereserve the genetic material of more thamty«five thousand plant
species. Modern agriculture practices tend to focasowly on an increasingly small number of crogsulting in the endangerment
or extinction of thousands of plant species. Howebhe Seed Savers Exchange helps maintain gestigécsity over time, which is
critical to combating the further loss of speciemi disease, pestilence, and other environmentabfa.

Background

The Seed Savers Exchange was founded in 1975 ior8tedowa, by then husband and wife Kent Wheati/@iane Ott Whealy.

The couple had been given the seeds of two gardatsghat Diane’s grandfather had brought to thidd States from Bavaria in
the 1870’s, a gift that made them recognize thaesaf preserving not only the genetic but alsociieural and historical heritage of
plants. Over time, the nonprofit organization hesag to several full-time employees and occupied [3€ctares, where it maintains
more than twenty-five thousand varieties of vedetdbuit, flower, and herb seeds as well as a kmahber of endangered cows and
poultry.

Seeds are stockpiled in the Svalbard Global Seedt @¥a the island of Svalbard near the North Pdlee Seed Savers Exchange’s
initial contribution to the vault was five hundrededs.

(AFP/Getty Images)

Impact on Resource Use

The Seed Savers Exchange is a permanent reposfttrgusands of seeds, including those of manytgpacies that have otherwise
virtually disappeared. Unlike many seed banks 3bed Savers Exchange not only stores seeds biddigely plants approximately
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10 percent of its inventory each year in rotati@igwing seeds to be distributed among membersldr $he wide variety of plants
the Seed Savers Exchange grows each year helpsattmlexistence of monocultures, or the coveringuadreds or thousands of
hectares with a single crop. While large commeifciatl growers routinely deal in monocultures ineartb maximize profit, the
practice risks crop annihilation if that particutdrain is attacked by a disease or pest. In auidithe Seed Savers Exchange’s
planting activity keeps those species in contatt Wie larger natural environment, and thus betteiipped to survive in the future,
rather than “frozen” in storage and unable to rémchanging environmental conditions.

The Seed Savers Exchange also promotes the sandngxahange of seeds among members, thus creatimgenity, spreading the
impact of its work, and promoting long-term survVigéplant species. It also sells seeds via primnt anline catalogs, which has
helped promote the organic farming industry, beeausnmercially available seeds are far more limitegariety. In addition, many
commercial seeds are either hybrids that do nobdegee reliably or genetically modified, which istmpermitted in the organic food
trade.

The Seed Savers Exchange considers education &nredciuto be important parts of its mission. Initoid to providing seed-saving
guidance in its newsletters and on its Web site 3bed Savers Exchange houses a visitors’ ceiatenffers guided tours to
individuals and groups. The organization also pigudtes in the global se@deservatiorcommunity, most notably by contributing
almost five hundred seeds for the opening of thedl#ard Global Seed Vault in Norway in 2008. Theamigation has additional
global donations planned. The donations help entatesome of the Seed Savers Exchange’s seedwiibble protected in the
event of local disaster in lowa.

Amy Sisson
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Evidence #4
The advances in biotechnology are leading to furtlrénvestigation related to the effects of genetichl modified foods on
populations and the ecosystem.

Excerpt from:
http://science.salempress.com/doi/abs/10.3331/451 ?prevSearch=genetically+modified+food&queryHa§i903f8b3eec316ac
09407e65235097

Encyclopedia of Global Resources
Background

Modern biotechnological advances have providedbilty to tap into a natural resource, the workshg pool,
with such great potential that its full magnitudenly beginning to be appreciated. Theoreticéllghould be
possible to transfer one or more genes from angrosgn in the world into any other organism. Becayesges
ultimately control how any organism functions, géraasfer can have a dramatic impact on agricultura
resources and human health in the future.

OriginOil cofounder Nicholas Eckelberry stands destontainers of algae that he and his company tapée
used as a biofuel source.

Although the term “biotechnology” is relatively nethe practice of biotechnology, according to tefjoing
definition, is at least as old as civilization. {@ization did not evolve until humankind learnedpmduce food
crops and domesticate livestock through the cdettdireeding of selected plants and animals. Eadigitu
humans began to utilize microorganisms in the pecdn of foods such as cheese and alcoholic beesrag
During the twentieth century, the pace of human ifreadion of various organisms accelerated. Becdath
the speed and scope of this form of biotechnolagysa different from what has been historicallycpicaed, it
is sometimes referred to as modern biotechnologlstriminate it from traditional biotechnology. rbugh
carefully controlled breeding programs, plant aextture and fruit characteristics of crops havenlbreedified
to facilitate mechanical harvesting. Plants havenlaeveloped to produce specific drugs or spices, a
microorganisms have been selected to produce attibisuch as penicillin and other useful medicordiood
products.

Developments in Biotechnology

For many years, the methods for selecting desifahits in living organisms remained unchangedhiearly
1900’s, even with the realization that specifigtgrare linked with packets of deoxyribonucleicda(@NA)
called genes (the amount of DNA required to en@dmgle protein), scientists remained constratnetie
methods of artificial selection in use throughoistdry. This changed in the 1970’s, when technigueie
developed both to determine the order of the fassile DNA “bases” (which spell out the informatimund
in a gene)—a process called DNA sequencing—ancisfer this gene into another organism. The use of
modern biotechnology in crops, livestock, and meéican be divided into three major stages: idginif a
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gene of interest, transferring this gene into ttgaoism of interest, and mass-producing the “tranixj
organisms that have taken up this foreign DNA.

Biotechnology in Crop Production

Biotechnology will undoubtedly continue to haveemendous impact on agriculture in the future. Espeho
study human populations predict that the numbdruofian inhabitants on Earth will reach alarming prapns
by the mid-twenty-first century. The only way in ieh civilization can continue to advance, or evexintain a
steady state, in the face of this potential disasik be to increase food production, and biotemlogy will
most likely play an important role in producingdimcrease. Increased food production has beemdepton
developments such as crop plants that produce hygglds under normal conditions and crops thatipce
higher yields when grown in marginal environments.

Even under the best of situations, there is adichdmount of land available for crop productiord amile the
number of people that have to be fed will contituencrease, the amount of good agricultural laitiremain
the same or decrease. If mass starvation is tedided, crops with higher yields will have to bevd®ped and
grown on the available land. As human populati@rgioue to grow, good agricultural lands are taéeer for
industry, housing developments, and parking lossn8nrenewable sources of energy—notably fossifue
are depleted, more land will be diverted to produsliulosic material devoted to fuel productione(ttiversion
of corn crops for ethanol production in the eanemty-first century is one example). The continof this
trend will require that crops be grown on margiaalds where soil and growth conditions are less ttieal.
The only way to increase crop production is to dlgvstress-tolerant plants that produce highedgi@hen
grown under these marginal conditions. While theettgoment of these higher-yielding crops could piuip
be accomplished though traditional breeding progtahe traditional methods are too slow to keepe peth
the rapidly increasing population growth. Bioteclugy provides a means of developing these highelidiyig
crops in a fraction of the time it takes to devellopm though traditional plant breeding programsalise the
genes for the desired characteristics can be ewséitectly into the plant without having to godhgh several
generations to establish the trait.

Economically, there is often a need or desire verdify agricultural production in a given areantany cases,
soil and/orclimate conditions may severely limit the amount of diviécation that can take place. A producer
might wish to grow a particular high-value cashpcriout environmental conditions may prevent thedpoer
from doing so. Biotechnology can provide the tdolfelp facilitate a solution to these types ofipeans. For
example, high-cash-value crops can be developgtbte in areas that heretofore would not have supdor
such crops. Another approach would be to incrdasedsh value of a crop by developing plants that ¢
produce novel products such as antibiotics, dragsnones, and other pharmaceuticals. Progressdaivar
production of specific proteins in transgenic paptovides opportunities to produce large quastibie
complex pharmaceuticals and other valuable prododtaditional farm environments rather than in
laboratories. These novel strategies open up rdatggoduction of a broad array of natural or metbhased
products, ranging from foodstuffs with enhanceditiué value to the production of biopharmaceutcal
monoclonal antibodies, industrial proteins, anccggist oils. Crop plants that have been bioengieg¢o
produce novel products may have a much higher\asie than the crop in its natural state.

Biotechnology and the Environment

While there will be a growing pressure for agriaudt to produce more food in the future, there aldo be
increased pressure for crop production to be nmeerdly to the environment. Biotechnology plays ajon role
in the development of a long-term, sustainablejrenmentally friendly agricultural system. For exale) one
of the major biotechnical goals is the developn@rmrops with improved resistance to pests sudhsexts,
fungi, and nematodes. The availability of crop gaeis with improved pest resistance in turn redtices
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reliance on pesticides. In conjunction with the ioyements made through biotechnology, improved oush
of crop production and harvest with less environtalempact will also have to be developed. Regasiief the
technological advancements made in pest resistarme production, and harvest, agriculture will toae to
have an impact on the environment. Agriculturalygahts will still be present, though perhaps idused
amounts, and the need to remediate these pollagegts will continue to exist. Hence, biotechnolagiy play
an important role in the development of bioremeadrasystems for agriculture as well as other indaist
pollutants.

Biotechnology in Medicine

While recombinant technology has already had amentinfluence on human well-being through iteett on
plants and livestock, it will probably also havdramatic, direct impact on human health. RecombiibévA
technology can be used to produce a variety of geoducts that are utilized in the clinical treatrnef
diseases. A number of human hormones produced$ynthodology have been in use for some time. Huma
growth hormone (HGH), marketed under the name &potr was one of the first recombinant proteinbéo
approved by the U.S. Food and Drug Administratiorthis case to treat a disease called hyposonogistn.
People suffering from this disease do not produmeeigh growth hormone and without treatment with HGH
will not reach normal height. Insulin, a hormonedio treat insulin-dependent diabetics, was tisé rinajor
success in using a product of recombinant techyoBgginning in 1982, recombinant DNA-produced lirsu
marketed under the name Humalin, has been useedtothousands of diabetic patients. A pituitargniane,
called somatostatin, was another early successcofmbinant DNA techniques. This hormone contrats th
release of insulin and human growth hormone. Sdntieeainterferons, small proteins produced by &toel
combat viral infections, have also been producéagugcombinant DNA methodology. The technologyldou
thus be used to produce vaccines against viraasiese The first of these vaccines, marketed uhgemame
Recombivax HB, was successfully used to vaccing&énat hepatitis B, an incurable and sometimes liat
disease. A number of other antiviral vaccines vgei@ developed.

Advances in biotechnology have also enhanced ttenpal for the future application of gene thera@gnetic
therapy is often defined as any procedure thatgmsy reduces, or cures a genetic disease, bltigor
discussion the term gene therapy will apply onlyhimse procedures that involve the direct manipaiabf
human genes. The following forms of gene therapyiradevelopment: gene surgery, in which a mutanteg
(which may or may not be replaced by its normalnterpart) is excised from the DNA; gene repainytich
the defective DNA is repaired within the cell tat@e the genetic code; and gene insertion, inlwainormal
gene complement is inserted in cells that carrgfadive gene.

Ownership Issues

Many difficult ethical and economic issues surrangdahe use of modern biotechnology remain. Onef
major questions concerns ownership. The U.S. p&erst currently read that ownership of an orgarcam be
granted if the organism has been intentionally geaky altered through the use of recombinant DNA
techniques. In addition, processes that utilizeegjeally altered organisms can be patented. Thexefoe
biotechnology firm may own the patent to an engiederganism, but another firm may own the rigbtthe
process used to produce it.

D. R. Gossett, updated by James S. Godde
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Evidence #5
Many scientists support the development of genetittg modified foods as a means to address biodivetgi

Excerpt from:
http://science.salempress.com/doi/abs/10.3331/413?prevSearch=genetically+modified+food&gqueryHa§i903f8b3eec316ac
09407e65235097

Encyclopedia of Global Resources

United Nations Convention on Biological Diversity
Category: Laws and conventions
Date: Adopted June 5, 1992; entered into force Decer2®et 993

During the 1992 United Nations Conference on Enwinent and Development (UNCED), world decision nmkgreed on the
concept of sustainable development as the mainfpafature development. The conservation of biediity is a key element of the
sustainable development strategy because diveegical systems provide the basis for human lifé sharing conservation
benefits is a prerequisite for effective consenratnanagement and poverty reduction.

Background

While natureconservatiorand environmental protection have long histoie® of the major events was the establishmenteof th
Yellowstone National Park in 1872, which was folexhby the global spread of the idea of nationakgpddowever, establishing
international frameworks for conservibgdiversitytook more than one hundred years. Efforts fordaadization were started by,
among others, the International Union for Conséovedf Nature (IUCN) with its system of categoripat of protected areas, such as
national parks, beginning in the 1970’s. In 198i& tnited Nations Environment Program (UNEP) beganocess of expert talks for
a joint framework (Ad Hoc Working Group of Expeds Biological Diversity) after having developed fdea of an international
convention as early as 1982 at the World Congredrotected Areas at Bali (Indonesia). In 1990N&EB-led group of legal and
technical experts worked on legal instruments aiatdtie conservation and sustainable use of bicgltye A first formal draft of the
Convention on Biological Diversity was presented @91, and, after several international workingugraneetings, the final text of
the convention was adopted in 1992.

Provisions

The Convention on Biological Diversity is concerneith the conservation of biodiversity, the sustdile use of biodiversity
components, and the fair and equitable use of gerestources. The convention defines biologicabdiity (biodiversity) in terms of
genetic, species, ecosystem, and landscape dix€rbi¢ conservation of biodiversity is founded ba fundamental value of
biodiversity for human life on Earth and offers mdrenefits for humans, such as food, fuels, pradeicesources, stabilization of

the climate, and recreation. The convention isgiesi to reduce the loss of biodiversity, especialgcosystems and species. It
provides policies and incentives for biodiversionservation and sustainable use and regulatestiessto genetic resources and the
transfer of biotechnology. It also arranges sciientiooperation, education, and public awarenesscansiders financial support.
Among the convention’s numerous other provisionstdated the Cartagena Protocol on Biosafety (R882& subsidiary agreement
covering genetically modified organisms.

Impact on Resource Use

The Convention on Biological Diversity offers a gamehensive and international framework for consepand using biodiversity.
An important precautionary principle prescribesitpzal action even in the case of scientific unagrty. In 2002, the convention
members agreed on the 2010 Biodiversity Targethieae a significant reduction in the rate of bi@asity loss. Critics argue that
the path to comprehensively conserving biodiverséy only begun, and that there is still a long wego to reduce the rates of
biodiversity loss.

Michael Getzner
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