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ARBSTRACT

One vsually thinks of plant biology as a non-controversial topic, bul the concerns rmised
over the biosafety of genetically modified (GM) planis have reached disproportionate levels
relative to the actual risks. While the technology of changing the genome of plants has been
sradually refined and inereasingly implemented, the commercialization of GM crops has
exploded. Concerns of ecological and food brosafety have escalated bevond scientific
rationality, While several risks associated with GM crops and foods have been identified.
the popular press, spurred by colorful protest groups, has lefl the general public wilh a sense
of imminent danger. An estimated 2.5 x 1012 transgenic plants have been grown in the US
in the past 12 vears, with over one trillion being grown in 1999 zlone, These large numbers
and the absence of any negalive reports of compromised biosafety indicate that genetic
maodification by biotechnology poses no immediate risks and that resulting food products
from GM erops are as sale as Toods from conventional varictics. We are increasingly
convinced that scientists have a duty to not only conduct objective research, but also
effectively communicaie the results especially pertaining to relative risks and potential
hienelits.

THE ANATOMY OF A CONTROVERSY

Until 1994, the contraversy surrounding genctically modified (GM) crops existed obscurely
among the fiinge clement of the environmental movement-at least in the TISAL Unial tha
time the production and commercialization ol GM crops in the USA and other countrics was
quictly progressing o the point that ¢lose to half of soybean and colton and over one-third of
corn and canola in the USA was G {IFg 1. Since 1992, the USDA has deregulaled sixty
transgenic crop varicties for commercial ficld release (APHIS Permits April 2000:
hup:fwww isbovtedw/, Fig. 2). The adoption of GM varictics by farmers has taken place at
record speed. During this period, academic and government scientists were actively
performing experiments and publishing research on plant transformation and biosalety. The
silence om all fronts was abruptly intermupted in 1998 by publicity swrrounding seientific
research findings, The lirst Blow came when Armand Putztai, an immunologist in Scotland,
appeared on UK television to anneunce that GM potatoes transgenic for snowdrop lectin



were toxic to rats and compromised their immune systems. His television interview focused
media attention on GM crops and was the catalyst for erupted luror in Evrope against GM
crops and food. By the time his stuwdy was published (117, the controversy had jumped the
pond to the TISAL In addition to the legtin study that concluded that the plant translormmation
process itself caused food 1o be toxic, a lightning rod paper from the USA was published in
the British journal Nature in May 1999 {40), In this correspondence, the authors reported
that pollen from com transgenic with an insect resistance-coding gene from Bacillus
thuringienisis (Bt) was hazardous to the Monarch butterily. Subsequently. in various public
forums envirenmenial activists bave dramatically recnacted the death of Monarchs as they
approach an ear-of-corn that alse happens (o bave on it a giant X. While on the surface such
stunts can be viewed as sophemaoric and inanely silly. the impact of agbiotech’s detmetors
has been extensive. A ncar trade-war has been started between the EL and USAL companics
such as Heine and Gerber have banished ingredients from GM crops in their products, and
Creenpeace has had a banner fund-raising year fueled by their "True Foods” campaign.
However. the Manarch butterfly study did serve to point oul that perhaps the risks 1o
non-target inseets had not been thoroughly studied prior to commercial release of Imnsgenic
plants, Perhaps there were other detrimental side-cilects that would be observed during the
lifetime of a transgenic product.

It can be argued that the distortion of science is at the root o the GM controversy, aned even
that scientists plaved an active role in its starl and propagation. Research on the risks and
henefits of blistechnology have not been clearly presented o the public in a manner that
allows Tor informed conclusions 1o be driwn as 1o the value. The purpose of this paper is to
review the science thal underlies plant transformation and penetic modilication, the ccology
of transgenic plants, and the biosafety of GM food. Finally, we would like to offer some
insighis about the role of scientists in this controversy.

PLANT TRANSFORMATION
Plant tissue euliure

Plant translormation senerally relies on the introduction of plasmid eonstructs or segments
of plasmid constructs into the genome of a plant cell. Entire transgenic plants must be
regencrated from transformed cells. not a trivial task, Many plant cells are totipotent, i.e.,
they possess the ability to regenerate an entire plant from a single cell. However., tissuc
culture is slow, laborious, special skill-requiring, and has the propensity to cause mutations
in the DMNA within plant cells. Some crops such as soybean and sunflosaer have very
difficult plant tissee culture systems, In addition, ina molecular breeding sense. premicr
varietics that have the most desirable innate traits are seldom moest amenable 1o lissoe
cullure, That said. commercial GM crops lave largely been produced using
plant-transformation systems utilizing tissue culure, Therelore, we will briefly review the
evolution of transformation technology and speculate on how innevations might impact the
Cibd crop landscape,

Conventional transformation technolosies

The first plants were transformed in the mid-1980s using Agrobacterium-mediated
trunstormation (261, This method exploits the natural propensity of the crovwn gall
discase-causing agent, Agrobacterium tumefaciens, o transfer genes into a plant genome,
Many plant specics such as bacco and Arabidopsis can be routinely translormed using this
method. Most crop plants are not amenable o Agrobacterium for routine transformation
{193 In 1987 this problem was addressed by the invention of the gene gun, also known as
microprojectile bombardment (31, 32). Microprojectile bombardment uses micromeler-sized
particles coated with DNA that are accelerated to randomly pierce plant cells. The scope of
the elficacy of this method is broader than that of Agrobacterium. but is less precise mits
transgenc integralion patterns (12). Nearly all of the commercial transgenic plants in current
existence and most of those that will be produced in the next few years will be all produced




using Apgrobacterium- or gene gun-mediated transformation of cclls followed by
regeneration using tssue culture,

New technologies for genetic modification
Tissue cultnre-free transformation

Beginning in the late 1980s successful experiments were performed to dinunish the need for
tissue culture in plant transformation. In one clever application. a novel gene gun was wsed
to bombard genes into sovbean scedling meristems (6, 42). Afier bombardment, the
meristems were placed on eytokinin-containing medium w ebtain multiple shool formation.
This method did not employ any selectable marker but stable transformation that was
detected using the presence of beta-glucyronidase (GUS) in putatively transformed tissues.
Hewever, this system regquired destroetive tissue sampling and an expensive substrate
(X-CLUC) in arder to detect gene expression and tmnsgenic status (27).

Vacuum infiltration of Arabidopsis was developed as the first method to bypass tissue
culture entively (33, In this method developing floral meristems/flowers are placed in an
Agrobacterium solution under vacuum and perm cells are tmnsformed. The plant is grown
out and allowed to set seed. Potentially, each now seed that is collecled represents and
independent transformant. This method has been used recently to produce large numbers of
T-DNA insertion mutageniqed Arabidopsis plants (34), More recently 1l has been
demonstrated that the vacuum slep is nol necessary and that simply dipping flowers in
Agrobacterdum solution 15 sufficient to transform cclls (7) While there have been attempis
o use this methodology on other plants species, there are no published suceesses w date.

Visual selection

Omee cells are transformed they are usimlly selected using antibiotics or herbicide, which
kills uniransformed cells {(negative selection), Rescarch has made strides toward developing
positive sclection systems. For example, cells transformed with a gene thal allows them to
metabolize mannose {28, 64) or to be more responsive to eytokinin (36) allow
transtormation o ke place in the absence of antibiotic or herbicide resistance genes,
Another approach would be selection based on a visible marker gene, such as the one
encoding the green fluorescent protein (GFP). GFP has the unique characienstic of
Muorescing creen when exposed to UV or blue light. Transformed cells can be visibly
selected on the basis of preen fluorescence (Fig 3). Such an approach has had the added
henelit of increasing the efficiency of trimsformution (15} and might aid in tissue
culture-lree transformation. For example. by using the meristem method described above in
sovbean, one might be able to process more samples and troubleshoot the methodology
more rapidly, The ability o see, in real time. which cells and tissues are lransformed could
enahle faster and mere eflicien! imnsiormation technologies to be developed,

Chimeraplasty

It is clear that plant transfamation technologies have become more efficient and have
enabled Targe number of transgenic plams (o be produced, and the subsequent
commercialization of 2 wide variety of transgenic crops, A technology called chimeraplasty
has been developed that allows precise penetic modification to a plant without
transformation. Point or [rmeshift mutations can be introducad using chimeric DNACRMA
{&). This approach has proven to be successlul on tobacco and corn. but should hold greal
promise for making precise but small genomic changes in virlually any erop (4. 67). For
example. chimeraplasty could be utilized 1o frameshift a gene coding for a known allergen in
peanul or other alleroen-ladencd crop. and therefore halt its expression. Such a genetic
modification would be both precise and substantial improvement in food safety, and could
foresecubly only be accomplished vsing such a technigue.




Improved methods to more precisely genetically modify plants such as transformation and
chimeraplasty have great potential 1o accelerate the development of genetic modification.
While some Fear that technology is moving too quickly, scientists are just now beginning o
understand precise o genetic modification, and the resulls have been promising, Great strides
have been made in better understanding how gencs are mir}__,r'tt-:,d (1933300 and silenced
(20,41, 61,63). Such knowledze will -rr-.:LtI;-r assist in the precision and predictability of
transgene expression in plants, Seon, the metabolic engincering of crops will be
accomplished to make significant changes in crop outpul traits, such as altered physiology
resulling in moere nutritions foed, alternative [uels, and facilitated pharmaceutical delivery.
Such recent success has been the creation of "golden rice' rich in vitamin A (66). In the next
twenty years we believe most row crops will be genetically medified. and perhaps nearly all
non-wild plams will be genetically modified by the year 2100 The ubiquity of the
technology does cause one fo pause and consider the safety and risks of wide
implementation of the lechnology.

EMNVIRONMENTAL AND HEALTH BICOSAFETY

Risk assessment of agricultural and food technologies is not a new concept. Hach innovation
in [ood prodoction has come with s own set of potenlial risks, These have ranged from
increased pesticide exposure in conventional agriculture to higher pathogen exposure from
o Grming, The nsks associated with GM are similar to those of crop hvbridization, the
kevstone of the first ereen revolution. Whereas hybridization leads to the transier of
thousands of genes Irom one plant (often Trom different species) o another that leads to
multiple eiTects, GM rnsfers one o a few genes. resalting in morne predictable effects.
Mherefore, a priori, GM should result in fewer unintended risks. This, unlorunately, is not
Lhe message the peneral pablic receives,

Ay attempt wo create a betler crop plant will be accompanied by potential consequences.
Fisk assessments of biotechnology do consider potential effects to environmental and
human health. In general, these risk assessments have been an order of magnitude more
stringent than for conventionally produced crops and foed. Ecological concerns that are
|,,:II!I'I'-{_,'.11E|}-' debaled are increased imvasiveness and volunteerism of the crop itself,
mtraspecific hyvbridization, interspecitic hybridization, damage to non-targel organisms, and
resislance management. Food salety issoees Tl primarily into bwo categories: produoet
texicity and the intreduction of novel antigens. The key is to determine the importance ol
thee risks as weighed against the benefits.

ECOLOGICAL BIOSAFETY
Increased invasiveness and volunteerism of transgenic crops

As new genes are discovered and vtilized by the biotechnology industry, erops will have
suites of new abilitics and will be grown in new geographic arcas. In the case of crops such
s alfala {Medicago satrva), canola (Brassico napos and Brassica rapa) sunllower

{ Helinnthus annuws ), and rice (Cryeza sativa) that have some "weed-like” characteristics.
some have argued that transgenic and novel traits contained could allow the crop itsell o
become weedier and invasive (31, 323 This would not be o problem i many crops that are
hizhly domesticated and exotic to the resions in which they are erown, such as sovbean and
corn in the LIS and Canada, because they do not bave the trants needed o allow survival
outside agriculture (62). Volunteerism is an EIE
From the last year's erop germinate and grow within the current crop. Canola has been
genetivally modified with at least three distine! herbicide resistance genes (two from
transgenesis and one from mutazenesis), and volunteers of these varieties could become a
particular nuisance o agricultore by requiring gther herbicides Tor control (62, Special
rezulatory efforts have been applied to certain transgenic crops that have the potential for
incregsed mvasiveness and damaging volunteerism.




Imtraspecific hybridication

Intragpecific hybeidization could vecur when transgenic crops are grown in close proximity
to non-ransgenie vareties. The agricultural practice of saving seed from the previous vears
harvest could allow i.L'ul‘JS"gl:.IlJ'-;: material to be unmtentionally persistent. Crops such as corn
arcd wther grain crops that are wind pollinated have o potential to pass genes to adjacent
congpecitics independent of whether the crop is GM or a conventional variety, Thisis a
particular problem for orranic Tirmers, who ensure that their products are not genetieally
modificd and could potentially suffer economic losses if transgenie material is found in their
harvests. Fiiness-enhumceimg genes coukd be dispersed within the same species with no
hybridization barrier. which could lead to slightly higher numbers of GM individuals than
are expected by regulatory agencies. Tronsgenic crops could rapidly accumuolate Niess
cnlaneing traits (transgene stacking) that could lead to new and potential unintende]
problams.

Interspecific hybridization and transgene persistence

Hybridization between closely related species can be a mode ol tmnspene Now directly into
wild populations (10, 517, Crop plants with weedy wild relatives are of particular concern. I
expressed in the genctie background of a weed species, a transgene could ncrease the fitness
ol the weed in natore, In the worst-case, if perhaps unlikely scenario, the weed could
become more invasive and competitive, and ina relatively short Gme couse damage o
matural cocosyslems,

Interspecitic hybridization depends on several circomstances to allow gene flow between
related species. The erop must have some natueally occurring wild relatives gronwing near
cultivation. Crops such as corn and sovbean have no relatives in the TS and Canada;
therefore, they represent no risk of interspecific gene flow. Alfalfa. Brassica crops, and rice
are examples of crop species that du have wild relatives near cullivadion (51, $2). and these
specics complexes should be the focus future gene Aow studies. The two species must share
a degree of sexual compatibility, and distantly related species somelimes share enough
penome homology W prodoce viable progeny (34}, The species must oceur sympatically, or
at close enough distances to allow the tmnsler of viable pollen, Flowering time must occur
concurmently. in erder for the two specics to be fertile at similar pertods throughaut the vear,
Many weeds have complex patterns of domaney, asynchronous permination. and
cpermination signaling that have been lost in crops by artificial selection (1, 397,

The varable homology of the genomes between related species leads 1o wide range of
possibilities Tor the rate of introgression of a transgene, or any other sene, after (he Fl
hybrd peneration. Meiotic abnommalities caosed by the distant relation between parental
genomes can lead o deercased rates of introgression into new genotypes (30, 54).
Chromosomes can be lost or disrapted due to unegual pairing of metaphase, which results in
higher rates of infertility and decrensed rates of sced production.

Fecombination, an important process in the incorporation of foreign DN AL 15 diminished in
the unstable chromosome conligurations o hybeids from distant relatives, In contrast,
hxwbrids produced by closely related species have been shown 1o combine fitness indices
Cseed production, pollen fertility, biomass, etc) that parallel the parental specics (22, 23, 44),
[n this situation, the hybridization barmer between these species can be very low, and the
imtroeression of a transgene is likely. The reproductive fitness of interspeciiie hybrids affects
the ability of o timsgene o be Tost in the zenetic background of 5 wild relative.

The pussibility Tor increased Mness ol iransgenic hybrids and backerosses depends on the
nature of the transgene and the envirenment {10}, For example. weeds containing a
teansgene that confers resistance to an herbicide would be a nuisance w agriculiore, bl
would have little affect in o non-agriculiural eovironment where the herbicide is absent. In
conlrst, anonsecticedal Bacillus thuringiensis (I3) transgene ina weed host could aller




natural eeology by giving ransgenic weeds o selective advantage as the result of natural
insect pressure (58) if that specific inseet was critical to limiting the survival of the weed.
Tranzocnes that ]':-m'-.-'i-:_h, [1![]:’:‘-:*-: cnh '”ﬁi“i ::Eulr;:cf-:_ri:::lic*:; umder natural conditions have the
grealesl polentis osyvstems. How much weed fitness
merease from l[“'l.l_'l"w.!__.l.,nr, 5 thuiql i'u;_ Iul-_'mt:_d 4 D |'|'-.lr.11ui et al { 11) have sugoested a threshold
ol 3% Miness merease for practical purposes, al which point they propose - that significant
ceonomic results might ocour that may outweigh potential benelits [rom the ransgenic crop.

Iransgenic imterspecific hybrids have been produced myvolving transgenic canola mods fred
with herhicide resistance encs with wild B rapa (44, 45). After one h rehornoss generation,
many of the progeny were marphologically and evtologically similar to the B. rapa parent
{44). After suecessive backerosses into the weedy parenl, it was found that, as expected, up
L 50% of the subsequent BO3 and BO4 hybrids had resistance to the herbicide (445, This
illustrates that a transpene cin be passed between species and expressed in successive

L1 p [ A TR S

Effects to non-target :'lrg:lt‘lism.‘.

Fransgenic crops that express insecticidal tronsgenes to control ogricultural pests may also
affect non-target areanisms (24, 40, 333 Threee studies using corn transformed with a
Bacillus thuringiensis (Bt) insceticidal transgene bave generated evidence of possible
non-tarzet effecis, Lacewings (Cheystoperla carnea), an insect predator, suffered from higher
mortality rates by feeding on European corn borers (Ostrinia nubilalis} reared on Bt corn
compared (o corn borers raised on isogenic (non B producing) plants (24). Monarch
hutterfly larvae {Dapaus plexippus) that consumed milkweed (Asclepias curassavica) leaves
dusted with Bt conlaining com pollen had decreased feeding. orowth, and survival rates
compared to larvae that consumed leaves with non-transgenic corn poflen (407, The authors
concluded that B corn posed a danger 1o pon-tarzet momarch populations that feed on
milkweed near Bt cornficlds. Several independent authors have questioned the validity of
this paper by arguing thal the methods of the study were non-reprodocible, the "non-choice™
hased Feeding stratepy for the larvae was inappropriate, and that the levels of pollen wsed
were arlileially high (5. 23, 463 More recently ficld experiments have shown that Bt com
have no effects on swallowtail butterilies (65}, Genetcally modified B3 com was shown Lo
exude active Bt toxin from the roots that could pulmtml]}- accumulate in the soil (33). In this
experiment. Irnsgenic com was groavn inan agar mediuom, and protein was extracted from
the medim and ted o tobacco hornworm [himtduca sexta) lanvac, These larvae suffered
hizher mortality rates than larvae that fed on nen-B corn protein extracts. However, usiong
more realistic eonditions with soil, others have shown rapid degradation of plant-expressed
It proteins that were comparable o the mite of degradation of Bt protems in microbial
procducts (48, 49 57} Clearly there will be i need to further analyze possible non-targel
effects caused by genetically modified crops. However. such research needs to be placed in
the context fLIL—‘- ANt to current |'.|'r|.|\.-1l'i.-k-b in FEEELD ricultural swslens.

Passible deleterious side effects. must be weighed apainst the positive effects of an msect
control regime thal utilizes insecticidal transgenic plants, The decreased vse of
Broad-spectrum inscelicides benelts both human and non-target insect populations. For
example, B3 cotton requires three or fewer insceticide treatments per year, This s a dramatic
reduction compared o the 5-12 insccticidle sprays needed te control pests in non-tansgenic
cotton fields (363 11 has been recently reported that growing Bt cotton reduced pesticide use
by over 900,000 kg during 1997 (16), The overall reduction of pesticides results in more
profiis 1o the Tamer and the decresse of chemicals added to the environmenl, Insect
biediversity could also be enhanced by the reduction of broad-spectrum insceticides. and
would allow natural predator versus prey interactions 1o oceur enhancing pest control. Insect
behavior studies utilizing "choice” feeding experiments have shown thal @ parasitic wasp
({otesia plutetlae) preferentialby selected conola leaves damaged by Bi-resistant
dizmondback moth (Plutella svlostella) (539, The parasitic wasp experienced no reduction of
reproductive success as the resull of Bt toxicity when it attacked Bt resistant larvac. and



could help consteain the spread of Bt resistant pests through natural predation. Ulsing fewer
inseclicides ina pest control regime WLIlJEIJ-'ln'I transgente crops demonstmies many
advantages to the environmernt and to Fm worker 'H..I!:,,I,‘.'

Hesistance management

Besistance to transgenic protems by insecl pests could limit the duration that an insecticidal
transgenic variely can be feasibly zrown. The diamondback moth, an important pest to
Brassica crops worldwide, was the Iirst decumented pest te develop resistanee to Bt toxins,
applicd as microbial formulations, in open-field populations (59, Recently, Bl resistance
has been documented 1o bave acisen in af feasl two independent recessive loc with different
mondes of action (60, To this point, no dominantly inherited Bt resistance genes have been
documented, but this finding would severely limit the effectiveness of Tuture Bt Crops.
Warions resislance managemen! stralegics have been proposed to delay the onset of
resistance, and the method commonly used is the deployment ol a high expressing
[Id]l"-»"l..'llll..' evenl coupled with a nonlransgenig refisge (56), The re fuf_h allows Bt susceptible
pests to survive on the nontransgenic mmcrml and mate with Bt resistant individuals, The
goal of this strategy is o keep the recessive B resistance genes at low levels in the target

populations, and thus limit the rate that the entice population will acquire B resistance, The
elfectiveness of this strategy depends on the reluge size, refuge design (mixed with
lransgenics or separate). rate of spraying the refl uj__'_l: with pesticides, and the rate of migration
ol insect pests (56). These factors muost be analyveed (0 ensure that acquired resistance will
niat Tt the use of this potentially benehicial technology.

FOWOD BIOSAFETY
Toxicity

Any compound entering the food supply is subject to specific scrutiny for food safety. For
example. a potentially toxic transgenic product, such as Bt toxin, must pass the same
standards for safety that are applied 10 any biochemical pesticide products. Exceptions for
this type of testing oceurs when the gene product expressed in transgenic plants are
substantially equivalent 1o an existing compound in the food supply. Examples of this would
inglude expression of normal dictary products like vitamins A and B, However, these would
hive to be tested Tor bioaviilabibicy and for any unexpected effeets that could have occurmed
during the transformation process: ¢.g.. W assess for substantial equivalence o conventional
COOP Vareeles.

Testing for toxicity of food becomes necessary when a plani is overproducing innate
compounds or when the inmsgene product has a known level of toxicity. An example of one
of these gene products that would reguire testing are plant pathogenesis-related proteins
(13). This class ol proteins is desimble for overexpression becanse they typically resull in
one or more forms of pest or disease resistance. However, because these compounds are
natural antibiclogical agents, lests are needed to demonsirate safety for human consumpltion,
Tests for toxicity must also be conducted for proteins that are not found in the human diet,
Cireen [Tuorescent protein (GIFPY has a number of potential uses, from transgene tracking to
atress indication {370, but tor these applications wo be realized. GEI will emer the lood
supply, requiring that s potential toxieity be determined (Fig. 3.

Some scientists have argued that protein products are not the only potential soorce of
licity in irnsgenic plants, They hypothesize that seeondary, pleistropic. or mutasenic
effects I'I;.‘Hl.llllllf_ from gene expression or integration could cause unforeseen harards,
inclucing tosiicity and lmited nutrienl aval; |l'|1||l::-.r (). These issues are addressed during the
assessment of substantial equivalence for each product. The study that erapted the Furopean
backlash agaunst GM foods imnally was communicated inoan interview granted by Armand
Putetai on British television. Experimental evidence for this phenomenon (11) was
published a later date. The researchers fed rats either wild-type, wild-1vpe spiked with lectin,



ur transgenic potatoes expressing the lectin protein. Lecting are of commercial interest
because of their pesticidal properties. They reported that only the fransecnic potato fisd
proup expericnced intestinal damage, and they concluded that the genetic translommation
prodiess isel U cansed the observed complications, This study has been heavily eriticized for,
ameng other peints, a lack of a contrel group fed transgenic potatoes not expressing the
Tectin pene and ek of balanced diets used for these studies (351, The dicts were not
halanced for protein or other components, which could explain the nl*.-qr:rv-:d results, Other
researchers ave reported results that contracdiet the Bwan and Polaai’s 01 1 conglusions,
Hashimeto et al. (21) engineered potatocs that overexpressed sovbean glveinins to elevate
the content of leucine, lyvsine, and threonme. They hypothesize that increased intake of these
amino acids will result in lowered serum cholesterol. In their analysis, they fed rats either a
control diet, control diet with nommnseenic potiloes, or contral diet with one of two
transgenic lines of potatoes. They found no sipnificant differences in the health status of the
rats in each respective group. It genetic manipulation iself were responsible [or health
complications, as has been suppesied, then the transgenic potato fod groups would have
experienced some measurable complication. Interestingly, serum cholesterol of the mis did
nol changee, bt the authors note that the expected nuiritional benefit should only be seen in
animals with high levels of serum cholesteral. Similar results were obtained when toxicily
studies were conducted on herbicide resistant sovheans (18, 20).

Allergenicity

Anther concern related to food salety is the polential for genetically modified food to
introduce allergens into the food supply. If the allergenicity of the compound is known, then
the process of evaluation is simplified. Gene products that are nol allersenic normally will
not syddenty become allersenic when expressed inoo transeenic plant. For instance., no
knorwn case of allergies to plant fermitin exist, therefore transgenic won-enriched rice (17}
poses o allersenieity risk. 10 the pene product s o known allergen, then it wall also be an
allergen in a transgenic plant. As an example, when a Brazil nut albumin was expressed in
Hl:l"\.-'lh.' 11 Loy Boosl methionine content, it was found that serum from Brazl nul allergic
hlll‘[]-:.li..lh sacted with the transgenic soybean extracts (47), Therefore, people with an allergy
tir Brawil nuts would now also be allergic t that line of soyvbeans, even though they were not
allergic to native sovbean before. As a safety precantion, this line of soybean was not
comamercialized.

Allergenicily assessment s considerably more complicated when the allergenicity of a
ranspcnic protein is unknown, GFP is onee dt;lin i g_md m;*um:uJi. Although Eh-_r-_ are no
known allergies to GFIP, might it induce : s ingest G
foouls expressing GEFFP? Even thowah over "-"f:llf] !uu-tl allergens h.,wg, been 1de nul_uj and
sequenced (14}, no common motif or consensus sequence has been discovered. However, a
senerilized protocal has been developed fo examine potential allersenicity that is based on
phvsico-chemical propertics of known allerzens (43).

Muost known food allergens are stable to digestion (2). Therefore, testing a prn:‘:-[:_m % stabilily
during the digestive process 1s ong way o |du..£1|1!'r '|'.|l'l|LIIIL|:L! allerpens, ITa prodein 1\
dearaded in the stomach and small intestines, then it is unlikely to reach immune cells to
s i hvpersensitivily response. Proteins that are stable should be exaomined further, These
experiments can be coupled with comparison of sequence similarity to known allergens.
Movel proteins with a significant sequence stnuilarity can be tested for reactivily with serum
from subjects allergic 1o the homologows allergen, Although these tests may not be
-.,nmr.-ru:hu.,nw;n'c in identifying potential allergenicity. the limited variety of souwrce Toods
{over 909 ol the people w]lu have food .ﬂ[-_nH-_H are llergic o one or more of the I'ullma'u'@
Foods - cow's milk. wheat, nuts, legumes, cogs, or smlﬂ-nda} suggests that the vast majority
ol transgene proteins will be safe for consemplion {380

CONCLIUSHONS



The Biotechnology Industry Oreanization (B0 estimates that 76.2 million acres of
ransgenic crops were arown in the US alone in 1999, Their estimate of worldwide
pronfuction of ransgenic crops rom [996 to 1998 was 101 million acees. [F80% of these
were in the LISA (a conservative estimate), then the 1999 production was about 48.5% of the
sumlative pre=1999 U5 acneage of lranspenic crops (BIO
estimates:httpeSwwow bioorg foodSag/ 1999 Acreagze himl). Tt is interesting to note that the
cstimation of the total crop acreape under regulated test permits in (1987-1999) the 175 was
approximately (1.4 million acres, or only 0.2% of the toal acreage of ramsgenic crops grown
during that period (Doug King, personal communication based on APHIS field permit data;
htips/wwondsbovt edul IF we assume that approximately 16,000 individual plants are grown
per acre (@ conservative estimate for field corn}, then since 1987, approximately 2.3 trillion
transgenic plants have been grovwn in the field in the USA during the past dosen years! At
this time, there has been no indication that this technology has resulted in environmental
lsveands or comprommised human health,

Plant biotechnology offers tremendous promise for not only feeding the world's growing
population. but for also improving the diets of people the world over, Although concerns
over ecological and human health safety have led to mistrust over the d]*.-plu_.umr: ol this
technology, many of these fears seem unsubstantiated or hased on misinformation. A
concerted elfort must be made W identify valid concerns and risks, and to provide reliable
and uschul information to the public. i'[’L".-'Il':II.L":-[._',- »zenetically enhanced foods have focused
o inerensad yield and other agronomic properties, which pnmarjl} benefits agribusiness
corporations and farmers. The sccond generation of genetically modified foods will
ermphasiee consumer health benelins, |[ i5 only with these new erops that the public will
come e accept the uses of genetic modification of foods, and it is here that the overlap of
nutrition science, ecolowy, and plant biotechnology will become most evident. What 1s
necded now is more collaboration between the nutrition and plant science Gelds o
adequately evalvate the funclionality of penctically modified foeds and (o develop new
prodducts that could significantly benefit the general population. [n addition, bistechnologists
need the objective participation of ecological researchers in helping 1o betler determineg
ceologieal biosalety of transgenic plants,

In general, scientists must become more progctive in the public debate if agricultural
hiciechnoelogy is to make a long-lasting and sustainable impact on improving lood and fiber
production, and human health. Currently, the most vocal group in the debate of GM crops
hzs been environmental groups. Thelr arguments have primarily been based on fear of the
unkneswn and technology ples misinformation based upon the misrepresentation of scientilic
data. The apgricultural biotechnology industry 15 placed in a precarious position coneerning
their apinion in the public debate because of their obvious Nnancial stake in the outcome.
Academic and public scientists have tended to make two mistakes with regands (o the
eurrent controversy. The fivst is their reticence to speak directly o the public and the media
tor fear of being misunderstood. The second 1= to assume that the public and the media will
tike their scicntific data at face value. However, media sensationalism of single experiments
can leud public opinion 1o make misinformed decisions, These mistakes have effectively
removed the most objcctive and di parties (scientists) from the debate, which is
unlortunate [or public policy. For a scientilic and technical socicty such as ours w properly
function, public policy must be informed and shaped by the ideas of those who understand
the scienee and tweehnolopy best, Scientisls need o reexaming their role and professions o
include more public and media outreach as a part of their everyday work, Failure to do so
will exacerbate the current vacuum of misunderstanding and fear surrounding the current
controversy and those to come.
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