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Introduction

The development of crops tolerant vo the herbicids
glephosate (Rowndop) began in che carly 1980 The
first generation of glyphasate wlerant sovbeans was
grown in a preenhouse dunng che winter of
19901991, rhe seeds of which were then planced m
ficld rests during the snmmer of 1991 (Padgecte o
wl, VHGah, Approvals for commercialization of
plyphosate tolerane sopbeans were granced by FDA
arel LISE3A in 1994 and by EPA in 1995 Glyphesae
tolevane sopbeans, commonly knowen a5 “Roundup
Feady’ sopbeans, were fist made available for plane-
ing by LIS farmers in 1996

Glyphosate rolerant soybean varieries have
been widely adopred by TS prowers, Figae 1900
shonws adoprion of glyphosste tolerans sovbeans
since 1996 in che LISA, By 2000, seowers planted
F4% of LS soybean aceeage vo plyphosace wlerane
sovheans (LIA13A MASS, 2000,

Celyphosare controls weeds by inhibiting the
eogpine Secnolpyruvylshikimare-3-phosphace syn-
chuse (EPSISY, which catalyses the syuthesis of
aming acids essenrial for survival of planes and Tae
teria, EPSPS is present in plants, bacreria and fungi,
buat nest antmals, as animals do not make diele own
arconaric aming acids bat rather receive chem from
plast, microbial o animal derived Faods,

Several bacterin exhibie colerance o glyphosae,
A glyphosare wolerant EPSPS from the soil bactedum

Aprobweterivan sp, swain CP4 was isolated and intro-
duead ineo the genome of o sovbean colivar using
the particle accelerarion methad. DNA is coated on
to microscepic pold partctes, which are then acceler-
atcd and penecrate tanger plant cells. Besalung cells
ate then incubared ro produce shoots, which will
eventually grow into maruee planes. Successfully
sranstormed planes are selected thar exhibin woaltered
agronomic traits From the parent line

Soyhean is the sccond largese crop inthe LISA
after imaiee; planted an 30 million heerares in 2000
TUISTA NARS, 2000:). Area planted to sovbean bas
expanded in recent years owing to several factors,
Lipproved  wields through vwariery improvements,
adoption of moisture-saving no-till pracrices, sorang
soybean prices relacive to-other crops, and - elimina:
tion of acteage teduction programmes are all facrors
that have contributed to expanded plantings. Taral
saphean crop value in 1999 was USEL3000 millicn
{LISDxA ERS, 1999),

Soyhean screage 35 cenued on the Midwestern
stares, though 30 stares have significant acreape
planced co soybeans cach pear. inois and Towa cach
plant over 4 million hectares of sopheans. Other
major sophem saees include Minneseta, Tndiana,
Missauri and Ohie.

The USA s the larpest producer of soyheans in
che world, growing nearly ball of the toral world
soybean crop, Other major producing countries
include Brazil, China and Argentiva. The USA
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Fig. 19.1. Glyphosate tolerant soybean adoption. iSources: K Marshall, 2000, Monsanto, personal

communecation; LISTA SASS 20000

exports approximarely ane-thivd of ies saybean pro-
duction, primarily o Asia and Eusape, which
together account for over A% of weal exporrs.
Competition in export imatkets comes from Brazil
and Argencing, a5 Chin is 1 oner importer of sy
beans {UISDA NASS, 2000h).

Risks

Concern has heen raised abou the risks associaned
with GM erop varieties, Potential human healels risks
include allergenicity, cowiciey and development of
resistance  to  orally  administered  antibiorics,
Environmental risks include potenrial far ingresed
weediness of the crop planr, ourcrossing of GM
planes with closely relaced wild plane species, non-
target effeces and the development of pesticide resisr
ance. In respanse ro these concerns, US regulatory
agencics woutinely assess the risks iovolved with che
introductions of GM plang varictes. The approval of
rop varicrics developed through biorechnology falls
under the jurisdiction of three apenciess the LIS
Department of .*.gr]t:uhmwe (IS, che Food and
[rug Adminismaton (FDAY and the Bonvironmental
Pratection Agency (EPAL The tsks of agricultural
biotechnology are camined in the context of the
regulatory framework that governs the introduction
al GM crops in the USA, The majoricy of risk soad-
tes that have been conducesd vn these new crap vari-

eties has been conduocted by che developers of the
technology in order o meet the requirements of the
repulatary asencies,

LS regulatory framework

The US repulatary framework for agricultural
histechnology has evolved aver tme as new cech-
nolopies emerged thae allowed the manipularion of
genetic material, bepinning inthe carly 19705, Over
the pase 23 years, palicy has developed to address
porential tisks in a process open to public eview
anel conunent,

Inirially, responsibility for oversight of the rech-
nolopy resred with the Mational Tnseicuees of Flealth
(NIHD. buc as applications of the technology
changed, involvement of ather apencies was deemed
apprapriate. As divecse products wene presenced foe
F‘Er‘.!d—r-::sﬁng_ and  commercialization [e.g. human
insulin, we minus bacterium, insecr resistant tobac
ca, chymosing rb%T} invalvement of the various
agencies was required, and the spstem developed
accerlingly. Pollowing 35 a briel averview of the
development of regulations for agricalaral bisrech-
nology in the USA

Concerns about the potendal dangers arising
from new recambinant DA GDNA) technigues
tivstarose in the early 19705, In 1973, scientises gach-
ered at an annual conference on nucleic acids, known



as the Gordon Conference, heard descriprions of
experiments where DNA molecules [rom diverse
sources weee joined. By the end of the conference,
many atrenclees bad voiced reservations about the
cehical and maral problems as well as ehe safery issues
that might atise fram the rechnology: The conference
arrendees vored that a leceer should be sent o the
Mational Academy of Sciences pointiog out that a
problem had been raised meriving investigation
{Goadfeld, 19770 It way alio decided 10 go public
with the issue, by pullishing their leteer in Seiesceon
21 .':{-.':pr::mh::r 1973 {Singer and Soll, 19735), The
leteer noted that although no hazards bad yer been
established. ‘prudence supgests thar the porentisl
hazards be seriously considered’, and suggc::n.-:i that
the Academies eseablish a study comamitiee on the
subject o recomimend specific actions or guidelines
a5 appropriate.

The MNarional Academy of Sclences quickly
convened a commitees in 1974, publishing the vec
orimendations in Seemee o July of thar year (Berg o
b, 19745, The committes recommended char thres
ypes of experiments be deforred onril che potential
haards were better evaluated o wnail adequace
methods were developed For prevencing the spread of
bivlogically active recombinant DNA - maolecules;
construceing replicating plasmids thar waonld inero-
duce cicher antibiotic resistance o bacrerial poisons
it baceerial seraing Bnking DA from likely can-
cer-causing viruses 1o hacrerial plasmids; and che
linking of fragments of animal DNA 1o baceerial
plasnid DA or baceeriophage DINAL The commeit-
tee also suggested thar the director of NIH establish
an advisory committee oo develop an experimental
programme to evaluate the haeards, develap proce-
dures thar would minimize the spread of such male-
cutbes wichin populations and devise goidelines to be
fallowed by investipators. They alsa called tor an
mternational meeting of scientists wo furcher discoss
appropriate ways to deal wirth the potential biolue
ards of recombinam DA mcleoules.

The Asitomar Cooference was held in 1975,
convening nearly 140 internacdional scientists 1o
“review scientilic [rropiess inn research on recombinant
DA molecules and 1o discuss appropriate ways o
cleal with che potencial biohazards involved” (Berg e
b, 1975) The recomenendatians of the conference
consolidared and extended chose al the Mational
Academny of Sciences Commitree.

Moalerules  Advisory
Comminee (RAC) of the NIH begn mecting as
soon as the Asilomar Conference ended, working on

The Recombinant

research safery issues of experimental facilicies and
peesonnel, as well as of che proposed experiments
themselves, In February 1976, the dirccror of MIH
called a public hearing in reponse to increased pub-
lic incerest in the subject, Four months Leeer, in June
1976, NTH published its final guidelines for labora-
tories conducting recombinant experiments under
federal granes (Goodfield, 1977),

As g standing commictee, the RAC meets peri-
adically e address and incorporate emerging scien-
tific understanding of the potential rsks involved
with cDMA wechnologics. By 1983, experience wirth
e A had allayed wany fears, and NIH guidelines
had been successively weakened v allow cxperiments
that had been delayed asaiting beteer underscanding
of cthe associated risks, NI had become comborialdle
with the wast majority ol ongoing basic and hismed-
ical rescarch (Thompsen, 19875 Risk asscssment
worls helped 1o assure the scientific communicy and
the public that many (DNA cxpetimenes were not s
bazardous a3 originally helieved (Korwel, 1997,

Although the WIH Guidelines govern only led
erally funded research, privace indusoy and srade
associations generally ahide by the Guidelines as
well. Through mstiwnonal bicsafery. comeniciees,
privare industey reviews risk and ethical coneerns of
uy questions o

prospective research areas, referric
the RAC for advice and consulearion. [t s believed
that inclivicduals and instieucions chac are not cequired
ro Follow che MIH Guideines da so for legal liabili-
woconcerns. A L9877 General Accounting Ofice

repart found thar privare companies appeared oo fol-

lovwr che Ciuidelines more closely than public secror
organizations (Korwek, 1997],

The landscape of sk fssues changed in the
carly 19805 as genetlc snginecring was rm move out
of the laborarory and inco agriculiural fields with the
developinent of ‘ice minus', & genetically altered bac-
rerinm ineended Tor use on o varernr of crops w
reduce the risk of freering. The regularion of @ prod-
wet thar was 1o be purposely introduced ioto the
envitoninent presented quite o differsnd set ol issucs
fram chose involved with laboararory experimenta-
tio, the risks of which were conceolled pricarily by
containing engineered materials and insuring againss
mtraduction inte the envitonment,

Originally proposed in 1983, field resting of
‘e minus’ was delaved rhrongh a series of kgl chal
lenges for 4 vears, During this tme, the auchority of
MIH aver hicld cests was guesdoned, and TPA,
LISIYA and FDA were proposed as the appropriare
hadies for regularing in this area. The lack af coordi-



pation and unceraingy abor aversight of biotech
nalagy led 1o the formativn of an inceageney work-
ing proup under the White House Cabinet Counil
on Marwral Besousces and che Environment. The
warking group was composed of appraximarely 13
member apencies, as an inceragency effor w revicw
regutacory requicersents far conventional technolo-
ges, o clarify regularory requirements for new prad-
nees and o determine wherher cusrent regulatony
requircenents were wdegquate, Tnidal gesules of the
working group were published for public commenr
i the Pederal Regseer in 1984 (05T 1%d ) The
OHlice of Science and Technology Folicy [OSTEY
published s fioal notice of how each agency would
regnlare biorechuology applicadions in [986, in the
policy thar would become commenly known as the
Coordinared Framework' [OSTE 1986, In this
nocice, existing laws were deemed adequate e over-
see modern hiotechnology applicarions, The notce
also ser farth which repulatosy bodies were designac-
edd a5 the lead agency where the possibilice of dupli-
cation of oversighe exiseed (Korwel, 19970 LISEA s
the lead agency for planes grown to predoce food o
feed crops, while the food ar feed iself is subject 1o
reguilarion by B EPA would primarily handle
pesticide miceoorganisms, Nocably, the inital policy
af EPA addressed micrabial pesticides, but did not
acldress the regulation of pesticidal plants, which bad
not vet heen developed ar thar painr,

ErA, USIHA and FDA each issued starcrencs
putlining their regnlatory policy, which were incorpo-
rared into che Coordinated Bramework. A comman
theme in che policies of all theee agencies is the con-
cept of product- nor process-based sk assesient,
based on the conchusion thar the risks associaced wich
the introducrion of tDMNA-copineered arganisms are
the same as those associated with mimductions of
unmedified vrgnisins and those modified by other
methads. This concept was supported by thres
ceports, sucd by the National Acaderny af Sciences
and the Mational Research Council.

The first repott was published in E337, entitled
Tnsroduceion  of  Recombinant  DNA-engineerced
Chrganisis e tre Dnvivonment: Key luaes, which
concluded that the risks associared wirh the inco-
duction of penetically engineered organisms were
the same as those associared wich introductions of
unmodified prmanisms and those modified by ocher
methads, In 1989, the MNational Besearch Council
IMRC) dssued  Field Terting Genetivally Modified
Chgunitnis: Framewerk for: Decisions, which more
specifically: addressed the scientific Foundarion for

vegularory decisivns governing the release of geneti-
cally engineered microvrganisms and plancs inta the
cevironment. The 1989 repont further supported
the concept of the producr not process-based stn-
darel for ovessight put forch in the 1987 study. In
2000, the NRC relensed o« reportentitled Gensefoally
Medified  Pestproveceed  Plants: Seience  and
Fegrelarion, the purposs al which was primarily o
evaluate the EPAS regularary system for pesticidal
plants, In the 2000 report, the commistes was crit-
cal of EPs policy of cxemptions [o) plant varieties
procluced wsing particular merhads,

The scope of regulation was the subject of 2
review prepated by the $Whive House Council on
Crmpetitiveness, published in F30 for public com-
menr in the Federal Bepgister, This document exclud-
ed from regulation organisens developed by cradi-
tional techniques, theugh the document did not
propose any mles, The Council lacer published Towr
principles of regulatory review for biotechnology and
a report on nateeal bioechoology policy, These
publicarions, aleng with the final scope document,
published i F992, articulated o risk-hased approach
to regulation.

LISEA

The USIA Animal and Plant Flealch Lispection
Service (APFTIS) is respoensible frae pratecting LS
agriculture [roin peses and diseases, Under the
Federal Plant Pest e, TS0 cerains the autharity
to regulate plane pests and other arricles oo prevent
direct or indivect injury, disease, or damage ra planes,
plant produces and crops, In 1987, UsDA published
regulations thar finalized the rule thar seas propessd
ander the Coordinated Framewark (USTHAPHIS,
19871, The requirements excended regulations
impased by APHIS for non-genetically engioeered
OIS Of pmducrﬁ which are |J]:.-1I1L [rosts ar could
harbour plant pests. APFIS promulgaced dhese new
tegulations because it deemed thar the existing regu-
lations did not provide any war 1o determine
whether or nota generically engineercd organism or
product wonld fall ueder existing regulations of
plant pests. The rule specifically notes thar APHIS is
not ereating genetically engineered crganisms and
producrs differently from neo-generically engineered
orpanisms. These regnlarions were amended in 1993
and 1997 (USDA APHIS, 1993a, 1997),

The regubarions provide the mrionale for decer-
mining whether a generically engineered ceganism or



product would be considered a “repulated article’,
that is ane with plagt pest characreristics, and also
calls for additional data far making a derermination
on the plane pest stanas of cerrain penetically engis
neered vrganisms o products, A genetically engi-
neered organisim is desioed o regalated arvicle dither
if rhe doner popganism, reciplent ogAnIsm or vector
agent used in engineering the organism is lsted in
the segulation and is alse a plant pest, is uiclassified,
o1 iF APHIS has reasan 1o helieve thar the generical-
ly engineered alganism presenes 4 plane pest risk,
This criterion for determining whether a particular
modified plane is subject ta repulacion by APHILS was
criticized in e recene National Research Council
report, which noted that some pr.sl:—pwle-;;tcd pha
varieties did noe fall under ies scope given the defin-
tion of regubaced article (MRC, 200007,

ATHILS is responsible for approving introduc
Gans of GM crops at owo soygess Tor feld trials and
for full macker release. Prior oo conducting Geld
erials, it ¥s necessary to either sheain & permic o
notfy APHIS. The netificidon oprion was csrab-
lished in 1995 for cerain regulaeed articles with
which the deparement is familiar, provided that the
intraduction is conducred in accordance with csrah-
lished requitements and standards (USDA AFHIS,
L3a),

APHIS regalations abio provide for a perition
process for the determination of pon-regulated sea-
wis, which allows the unregmlated movement and
release of the producr. In the perition for non-regu-
larel status, applicants must describe koown and
poreneial differences from rhe unmodified recipient
TS that would substantiare that the regulived
article s unlikely to pose a grearer plant pest risk
than the wnmodificd arganism fom which icwas
derieed’ (USDA APTIS, 1993}

Environmental assessments are prepared  For
ficled rests, and For petitions for no-oegnlaced stacs,
These assessments decail che nanre of the genetic
mundificarion and assess the porencial for eoviron-
mental impacts from che introduccion ol the crop
varieties inta the enviconment. When a produce is
approved for full release, @ Dierermination af M-
repulated Stacus s published i the Federal Register.

Lack of plane pest risk may be concluded when
there is cvidence thar the planr under consideration:
ii) exhiliits no plane pathogenic properties; (i} is ne
more likely ta become a weed than i nen-engi-
neered parental variedes; (i} s unlikely w increase
the weediness potential for any other culrivated plane
or sarive wild specics with which che organism can

incerbreeds Gv) decs nor cause damage w processed
agriculmral commodities; and () is unlikely 1o baim
other prganisms, such as bees, chat are beneficial o
agriculoure,

APHIS received a perition from Monsinta on
15 September 1993, seeking, a deretminarion from
APHIS that glyphosate-rolering soybean (GTS) line
40032 anel its progeny do not present a plane pest
risk and sre therefore noe cepulated articles (Re et al,
1993 On 6 December 1993, APTILS annsunced
receipt of che Monsance petitian in the Federal
Register, staring that the petition was avathable for
public review (LIS1A ADHIS, L993ELY

APFIIS

Monsante pericon, With one excepricn, the com-

teceived 3% comments on the
ments weee frvourable o the pedton. The ane
unfavourable comment stared thar TISTIA shauld
noe apprave the Monsanto perition oF any other
pericion unil the federal government has revised iy
oversight programme for pansgensc coops at the
commercialization stage, including establishment of
standardized assessenent and dat collecrion schemes
for consideration of rsks of transgenic crops o
ceospstems in the USA and worldwide, with partic
wlar arcention o centres of diversiy for food ancl
fibre crops. The commenter alse expressed che view
thar development al herbicide-talerant crops should
not be encourged because they increase Farmers
dependence on chemical herbicides (U514 ATHIS,
[USE 1."'.].

. The Roundup Ready pene contained in GT5
line 40-3-2 is a single insert of DNA comprisiog the
455

Hovier s weas, the ;;h]um}ﬂnsr Transit pt:pti{lu

enhanced promoter derived  frem  gauli-
cowdingy sequence from Petensa bpfirida fused to
the S-cnolpyruvelshikimacs-3-phosplare synthase
{EPRPE) gene derived from dgrebacterimg sp. EEELD
CP4. and the nopaline synthase 37 erminator from
Agroducteriim tpefacion,

(TS line 40-3-2 has been considered a "regu-
bl srticle’ because it contalns compenents from
arganisms thar are known plant pathogens: the biac-
wiiwm A, temefeciens and cauliflower mosaic virus,
Tield esting of GTS line 40-3-2 had been comduet-
e with APHIS appreval since 1991, Mensanto sub-
niieted its petition after the completion of feld s
of (VTS line 40-3-2 under nine APHIS permics
These permired field teses took place at approi-
mately 54 sites in 19 states and Puerre Rico.
Additional trials were conducted in the USA and
Pugere Rico under permit and nuilicarion during
the 1993 growing season. All ficld rrials were pec



formed under conditians of physical and reprodoc-
tive confinement.

The Mansanto petition describes the penetical-
by engineered sovbean plancs and provides informa-
rion relevane to decermining whether plyphosace wal
erant  sayhean
conventional vaneties o become a plane pest, The
petivion addresses potential envirommental conse-
quences of unregulared release of glyphosate wleram
sophean wvarieties, mcluding the developmeny of
alyphosare wlerane weeds, enbanced weediness,
effeces on non-targer orgausms, dnpacts of luinan

planes are maore  [likely  chan

andl animal sxposure, indircer effects on other agr-
cuhural products and the porencal for cotcrossing.
Beports frem feld mials ave included with obsera-
rioms of yields, plant prowech, outcrossing, survival
and gene expression gathered during feld rests of
plyphose wlernt sarietics compared with conven-
rivmal varicties. Examples of the monicoring foros
wsed by investigators. who condncred che experi-
ments are also included in the petidon. Ty addirion,
leerers from sin land grant aniversiey weed sciencises
are included addrssing the porendal for develop-
ment of weel resistznce v plyphaosate, weed popula-
tiom shifts and che overwincering of glyphosate wler
ant sovbeans, which were ssues of concern to
LISDA,

AHLS grasted the petition in May 1994, 150
ing a Finding of Mo Significant lmpace, This conclu-
sion was based an the nacure of the generic modif-
cition, the Face thar sovbean has oo weedy melarives
with which it can inverbreed m the USA and its ter-
ritories and rhe facr thae chis modificarion will aot
erease the weediness of the sopbeans or negatively
effect any oon-targel ceganisms, incleding benel

cials (LIST3A APHIS, 1994h),

Yleadiness

Sovbean | Gilpeine meand possesses few of the charac-
teristics of plants that are noeably successful weeds.
G i o, 3408, the aulvivar which was GM, is nos
considerad to be aoweed, and plyphosate wolerance is
not expected o confer any additional wesdy charac-
ceristics, Standard teos and liss of weeds give no
mdicacion that caltvated sovbean i repanded s 2
weed  amewhere  (USDA APTILS,  19%94a).
Owerwingering of sovbeans s rare due 2 lack of
innare dormancy. A lack of dormancy 5 selecred for
v cownercial soybean seeds, so soybean seeds ger-
e dquickly Ay seed that might remain i a field

afrer harvest is likely o gperminate, cmerge and be
kalled by frose ar field prepacation for the following
crop. Very few volunteers were ohserved in feld est-
ing. The number of seeds produced, germination
characteristics, final stands, cverwintering capalsility
and diszase or inseot suscepribiling were all found o
be similar for the tested glyplosace wlevant line
compared with conventional varieties. These find-
ings were based oo vield daa and observagions of
germination, stand counts and disease or nsect sus-
ceptibili: Further, increased weediness of che
glyphosare rolerant sopbean plane compared with
conventional wariees wonld have o be due to selec-
cion pressune i association with glyphosate vse, This
was judged not o be an ssue since glyphesae is not
applicd ra the seybean for control of the soybean
ssell, but tather fTor controlling weeds in the feld
(LIS APHIS, [9%4),

Chatcrossing

The genus Cifeiue is divided inco two subypenera,
Glpeine aned Saje. The Aese consists of 12 wild peren-
nial species that are poimacily  disoibuted in
Auseralin, South  Pacifie lslands, Philippanes and
Taiwean, The subgenus Saja consises of three anoual
species. from s, fr‘;")f.t'm‘.‘ HEE, rr'n")'ﬂ'fﬂf sife anel
Cefpeine gracitin, The bt species is the culivated soy-
hean, the sccond species is the wild Fari of the sup-
bean and the third species is referred o as the Sweedy'
furm of the sopbean,

Cultivated soybean is sexually connpanilble only
with members of the geous Gileine, Cultivared sop-
bean is the voly member of the genus Glpedse chac
grows in the USA and its erntories and s sexually
compatible with cultivared soyhean, with the excep-
wch collecrions,  However,

cion of specalized 1os
s members of the wild perennial species of sul-
penus Cefeiae may be found in LIS territories in the
Pacific. Theee se no known repores of suceessful nac-
ural hybridization beeween che calivared sovbean
and che wild perennial species.

The wild annual species, (0 sefa, is found in
China, Tiiwan, [apan, Korea and dhe foomers USSR
Marual hybridizations between & soje and coltivar-
el soybean oocurs, 0 saja is bot narive 1o Morch
America and ocours anly i veseaach plogs, There are
no teports of i cscape or dispersal from research
plots. (7. safe has never been Found a5 2 weed ar oat-
uralized inothe USA. Thus, the possibility of gene
transfer is veey low within the LSA.



Tven il non-agricultural land containing any
wild (peine populations weee neal sires of commuer-
cial soybean producrion, i s highly unlikely that
pollen from G5 line 40-3-2 would fertilize the wild
relutive, becaase soybeans are almaost complerely self
pollinaced. The anthers matue in the bud aned shed
their pollen dircetly on o the stigma of the same
florwer, thus ensuting a high degree of self-pollina-
tiom, Cross-pollination is generally very low and var-
i studics bave shewn it ra be from 0.03 10 3.062%.
Haoneybees are responsible for the accasional cioss-
pollinarion.

The limited potencial for cross-pollinatien i
evident in certified seed regulacions for Foundation
qeeds, rthe most stringene category in the Certified
Seed Regulations, which pertmir rero  disance
erween different sovbean cultivars in the field.

MNon-targed effocts

Ghrphosace rolerant sayheans wore juclpged to have na
detrimental efleors on pon-rarget arganisms, EPSPS
enzymes are present in planes and o EAniss
and are therefore notmally found in food and feed,
Mo effeces on non-targer arganisms were expeceed.
The glyphosaee wlerant EPSPS that was intreduced
into soybeans is not known 1o b wny fowic prop-
witics, Field observations revealed no negarive effeces
on non-rarget organisms inchuding insects, hires o
other species that frequent soybean flelds (LR0A
ATEILS, 19904a). .

Weed resistance

Although the development af herbicide resistant

=}
weeds s not specifically considered by USDA in the
approval process, Moensanto’s petition fo LD pro-
vided informacion  addressing  this possibiling
Glyphosate s considered to bea heebicide wirh a law
risk Tor the develapment of weed resistance. Majos

factors which can coneribute o che development of

vesistant weeds include a single rarget sire and a spe-
cific mode of action, broad spectrum of activity, long
residal activity, and frequent applicarions without
ratarion ta oeher heebicides o cultueal conerol prac-
tices. Glyphusate essentially has no residual aceiviey
in the soil and is celarively quickly braken down by
micronrganisms in the soil. Alsa, there is no other
herbicide oo che market oday thar has the same
wode of action ai ghrphosate, Glyphesare has been
widely nsed for over 20 years, as 3 pre-plant bum-

down, directed, spot or postharvest trearments,
However, some have questioned che impression of
“invineibility of glyphosate 10 the development af
resistance [Gressel, 19961 Resistant weed popula-
rions have been reporced in Malaysia and Australia
(Sindel, 1996 Doll, L9949,

Pt prest risk

APHIS also assessed the posability that glhyphosate
tolerant sovbieans would pose a plane pese risk due o
the presence of pathogen-derived sequences. Meither
af che gene sequences from A sumpefioctens a1 the cau-
liflower mosaic virus cause any plant or animal dis-
case, is the source of pachogeniciey in its host or
encodes any polypeptide. Mo crown gall, the disease
caused by A, onefacien, oo canliflower Haisale VITLLE
disease were observed in any ghyphosate toleranc soy-
hean planes during greenhouse or fiedel studies.

Yiedis

Further informarion was snbmitted by Monsanto an
19 Movengher 1993, o addiess a slighe pield reduc-
tian ahserved at chaee of seven sites in inirial yicld

erials,

EPA

The EPA assesses the safety of pesticides, both chem-
ical and those that are produced biologically. Under
the authority of che Federal Inscoricide, Funpicide
and Ttadenticide Aot (FIFRAL, EPA copulates che dis-
Lribeion, sale wee and testing of plants and micrahes
producing pesticidal substances. Under the Federal
Fod, Drrug and Cosmeics Acr (FFDEA), ETA sets
rolerance limies, meimum allowalsle residue con-
centrations, for substances used as pesticides on and
in food and feed, or establishes an exemption from
the reguirement of 4 relerance. The EPA also estab-
lighes wolemnces for residues of herbicides used on
povel herbicide-tolerant crops.

The goal of FIFRA is 1o regiser pesticides that
o moe have umreasonable adverse effects on liyman
hesleh ar the environmene and have benchrs oue-
weirhing Tisks. Unreasonable adverse effects on che
ervironment are defined as any inreasonable sk ro
‘man or the envicooment, taking inee acceunt the
eoononic, social, and environmental coses and hene-
fits of the wse of any paticide’ (Korwek, 19971



Aoy subseance thae is considersd 2 pesticide
under FIFRA is sutomarically subject ra repularion
under FFDCA i used on a food or feed crop (Nelson
and Abeamson, 19993, Uil recently, EPAS decision
making under FFDCA alsa involved 2 balarcing of
tisks and benefies; however, only dietary risks 1o
humans and ocher animals were considered, as
opposed 1o FIFRA which alse rakes inte account
ervirenmerntal risks (US EPA, 194, Since passage
of the Food Quality Prarection Acr in 1995,
Congress has requiced EPA oo apply a saferyonly
standard when cramining che potencial dictary risks
associated witl pesticide residues char aay b Foud
in food (Melson and Abramson, 19009),

Farly policy staements of EPA wers facused an
the sepulation af GM microbial pesricides, A 1954
statement of neerim policy requited nerification
prier roosmall-scale Geld coses invalving certain
microlial pesticides, inchiding those chae lud heen
genetically altered, in arder to determine wherher an
experimenal use permit {EUP would be regjuired
for testing (U5 EPA, 19843, In T8, as pare of e
Coardinaced Framewark, EPA pulblished it s
ment of policy pertaming 1o segularing inicrobial
pesticides undec FIFRA, which souglt 1o define
which micrabial produces would be subject o review
under FIFRA as well a5 the natuee of the eview
FOSTE 19865 Tn a4 1989 MNotce, FPA requestod
comments on the regulatocy approach we microbial
pesticides articulaced in the 1986 policy starement
(LS EPA, THR9). A proposed rale was published by
EPA in 1993, based on the 1984 interim policy and
the 1986 proposed policy, addressing the regiire-
ments for small-scale ekl testing of microbial pesti-
ciddes, ws regards notfication and EUTe (U5 FPA,
RUEYR

It weas noc nncl 1994 thar dhe agency began o
publish policy apphicable o GM prganisms orher
than microbial pesticides and products, Thar W,
EPA published & proposed policy for ‘plant pesi-
vides 10 be regnlared under FIERA and FROCA.
The 19494 proposed policy annunciared the agency’s
intene oo regulate the pesticidal substances in planes,
but nor the plants chemselves, leaving the regulation
afthe plants ro USDA. This stance followed from an
saslier policy by EPA o exempr (iom regulation
under FIFRA 4l biological conrral agents, cxcepe far
certain microorganisms, which has been mterpreted
1o include planes {75 EPA, 1994),

Several exemprives weree proposed in the 1994
statement. Fisst, plant pesticides derived chrough
conventional breeding mechods were granced

generic exemption from registeation under FIFRAL
Further, EPA propased 1o exempr from repulation
vnder FIFRA plane pesticides thar are derived from
seanally compatible plans, Vil coat profeing wers
alsa propused o be exemnpe under FIFRA Three car
egoties of exemptions from ralerance serting under
FEDMCA swere also proposed: plant pesticides tha
would et resalt in new dieary exposures, nucleic
acidls in plants and coar proteins from plant virsses.
With these exemprions, the agency intended o reg-
ulate thoese plane pesticides that have che preatese
putential for adverse effeces, oo the coviconmenr ar
on health (US EPA, 1904)

A recent repore by che National Academy of
Seiences addressed the issue of the excinptions pro-
posed by EPA. Though the comminee agreed thac
coaventionally bred plants should be exempl for
practical reasons based on histarical safe use and ben-
ehies of these crops, the commires questioned the
scientific basis used by EPA for chis cxemption,
Regarding the exemprion for plant pesticides derived
from sexually compatible plant, the committee
questioned the caeggorical naruee of the cxemption,
while nating that sxcmprions for certain sexually
compatible transgenic plant pesticides would be
appropriate. The commires agreed thar visal coar
proteins should be exempt fram ceeulation under
FEDCA, bue questioned the excmption undes
FIFRA due to concerns abour potential ourcrossing
with weedy selacives (NRC, 2004,

The 1994 proposed policy also describes the
risk issues wich which (he regulations ace concerned,
The following enviranmenral sk issues are consid-
eted For boch fiell tescing and sale or distibucion of
a plant pesticide; increasing che abilicy of the modic
Fed plant to survve cutside culivadon theough the
introduction ol a specific tait; pene capture and
expressian of the introduced tmait by a wild ar weedy
relarive; potential for & maiv confirring a selective
advantage oo planc i@ nacural plane CORTLE LY
with the result of increasiog the weediness” of that
specics; environmental Feiee of 1he pesticidal sulbs-
stance, the dosage w soils after plane senescence and
incorporation into the soil, race of degradation o
dissiparion and trasspart in the environmenr, A fur-
thet issue is whether or nor the pesticidal substance
s either exuded or volarilized from che plane curing
the growing season, tssulting in a continuaus appli-
cation to the environmenr (US EPA, 1994),

Under FEDMCA, EPA mainming jurisdiciion
anver food safery issues relared 1o the plant pesticide,
Food satery issues relared o composicional changes



“|BAS SIOELE BIRAISESD OU 30N

hep By Bl 00GL 0 TE0N anganposdey

ffep Gy Ow 0051 18 Se(Bway

PUT S2EW |4 PUB 04 Ul $00i3 L0s ua pasen | =0 | Dw Gw ong je 30N wesis
\hep | By Gw gocE 18 LE pue f| sfep vonerae) ua ured jufiem fpog

pue wfilam fpoq dnd pasesunen vo peseq Aep By Gw oo 0 130N [BURLdoRNE]

Snd 054 §0 ABupp sS4 30 RS
T RO0) |0 SIUBNAL pEsEIy) U0 pageg fep D Gw G| 50 TI0N [Euaedo@agg

(fEp by B gsE 18 sUjesD pUE 3L (SSEL BROULED
‘|D0LE 08 10 SIUSDIY] PRSEAlIU) UT pasen  fep B4 Bl 52| 10 130N SR
LAep Oy BUWOSE 0 130N [ELBwdD|aNE0

(ABp i Gl OnGE 18 SylEep pUE LESY ESI00 10 'SqUIEs) ynow

'agey 10 u0)Tar U] Wi 2E1EW pal SEALIEL S3IEr DUILTESIN "SI00)S WOS Ba0ULUED
"med qubiam fpog u esEaudap uo pagzg ep B Bw QoL 1o 30N EuEey

!-fep By

Bud (05g 18 bl Spog |Eie) 1 23EaU02D PUB-2EI0ALUETE DRUESE0UN UM S2SMEL DUR
SJETYY] JO SEQWNL L) 828U UE U0 paseq . ABp Oy 6l ggo) 0 120N BuawdoEasg

|ep b B ggyL e

Uped diem Apoq poseRuoED o pEseq (sajeuay (e B Bw (o g0 730N Jwaisis
saEw) | fEp b 6w o 1E ogz veagybee

JRA; pESERIDU) pUE B sen) pesealoul Y AIBULT DESEAIDED "SANNRLUOULE SUS DUE
TIURIBYED IO 20D PEEEAIIUL U RESRq (Sapew) Sep By B Z0e |0 190N usisis
eaa| ps0p Aue Je spsane susbouen oy

{saeway) | Sfen By G vE o 1308 Awssls
dzaEw)  fep By G LS J0 30N SRR
A3 BE0D AL 12 S0a1E SUBEOUINIED 08

(e b B Qo 1T spzage susbouien oy
ARp B Bl os 308

(AeD | By B aosL pue 006 ‘0ol ‘o

(fep By B pg pue gL e 'D

g B B 05 pUE 4L 'SL D

g B Blu O0SE pue 0ogL ‘008 0

{saEwa)) | fep Oy BW EgLL PUT 2SR SLL D
{safew | f=p by Bw 0y ouB 202 'SR 0

[zapeuag) Ao B Bl pE pue L1 R D
{soew] fep BXBWw LEPUE QLR D
(R B BWO0sE 05 051D

ifiep B B gng puE 0L '0E "D

;nsay

safieson

unonpoadal
unGRlaUAG o]

uoranpoddal
LR AT T P

ElUsimaa]

[EjuzLdo|aaag

Anmuabournies
Jupas] QLR

fuouaboualen
Aurpas) auean
Fpmusbouies jeak-z
Suipaay mad-|

18y

ey

S0dEy

S8y

S1Ed

S1EY
=

afing

fpmz o adA]

elsue 1mafgng

“geouRIs|0) eiesoydAD peswer Loddns o) peynugns synssd jsa) ABojoano) UBEWWEW ateseudiD LGl Bl0BL



in the planc iself are under FIOA jurisdicrion.
Envirommnental issues relared to che plant jseli are
tepulaced by USDA APHIS, as menrioned aliove,

Crops that have been generically modified oo be
herbicidle tolerant do noe Face regularion under
EIERA, as the planes contain no pesticidal substince.
EPA must grant any chaoges in tolernces [og
residues chat might be needed oo sccommodare
alrered use patterns for in-smsan applications of the
hethicide, Burther, FPA st AT the moedilica-
tion of the label Tor che Berhicide ta allow For in-se-
san wse of the herbicide cver che EROWINg Crops,
which would nor have been allowed previously,

In April 195, EPA esablished new tolerances
and feed additive regulations for the residues of
plrphosate on several commarlicies for several end
wses, i response 1o a twnber of petitions submicted
by Monsanee, The revised tolerances were based on
dara submitted from several euxicological soudies, as
sumrmarized in Table 19,7, In additian v those s -
tes [iseed in Table 1901, several acute eosicology stod
ics were submirted that placed  rechnical srade
ghyphosare in Toxicity Caregarics 111 and ¥ All
mntagendcily teses wers negative, The carcinagenic
potential of pglyphosace bas heen judged 1o belong in
Group B, evidence of non-carcinopenicity For
bumans, based an che lack of CONYINCIN carcing-
peniciry evidence in adequate seudies in rwa animal
species (LIS EPA, 1995). Revised rolerances for
alyphosace are provided in Table 19,2 EPA approced
a change in the label for Rewndup te allos use of
Roundup over the top of growing soybean plant in
1995, Since chis change did nor affeer the regstra-
tiore of Reunadiap, this approval was not published in
the Federal Register (Korwek, 1997,

Table 19.2. Glyphosate tolorances in soybeans
(e (Source: EPA, 1996

Revised lolerance

Soybeans 20

Sovbeans, grain 20

Sovheans, aspirated grain fractions ]

Sovbeans, forage 100

Soybeans, hay #on
FDA

FRA regulares foads and fowml ingredicns, including
anianal Feed and feed additives, under the FEIHCA,
The zgency’s authority to regulate the safety of foud

i generally excercised under owo sections of che Act,
Aection 402 (a1 applies w unintended occurrences
of unsafe levels of coxicanes in food, This section is
the apency’s primary legal tool for resulating the safe-
ty af whole foods, placing liabilicy for food saleye an
che producer of a new food, and ic s under this seo-
tien that new plant vareties, inchiding thase pro-
duced uvsing conventional techniques, have histori-
cally been regulared, Under chis section, che agency
recaing the authoney oo remove & food from com-
mercialization if ic is found o be ansafe. However,
under this secrion, there s e redurement for safety
esting peior o commercialization, Scoton 409 of
the Act applies 1o food addidves, or intenrional
clanges in the composition of foods, Under this sec-
tiom, premarker approval is regquired unless the focd
additive s senerally recopnized as sife (GRAS), or is
a pesticide and therefore regulated by the EPA, The
CGIRAS exceprion allows many ingrediencs derived
from patural sources I,-."g salr, pepper, spices) and
s chemical additives (some sweeteners, preserva-
tves, arcificial favours]) oo be markeied  wichont
having been formally reviewed by DA (U8 FDA,
1992).

In Qs 1980 part of the
Coordinated Frameworlk, TIOA anneaiced its inten-

staremenr, a5

tion ta apply the existing regulatory framewnde o
genetically enpineercd plant varieties, In thar seate-
meng, FOA clearly staces s intention to base it rep-
ulation of food on rational and sciencific evaluatan
of the product, noc on the process ussd o develap
the product (LS OSTE 1986).

Further refinements ro FIVA policy were miade
in F9%2 as che agency ssued s policy scarement
estahlishing the tegulatory Famework under which
FE¥ curmently aperares with regard w foods devel-
oped using biorechnelogy (US FDA, 19920, Under
the 1992 policy, regulation of genetically cogineered
varicties under the food additive provisions of
FELHEA which would requice premaclet review are
interpreted to apply 1o the transfereed generic mate-
rial and the intended expression produer, The inero-
duced penetic marerial iself is considersd ro be
GRAS, as nucleic acids are present in the cells of
every living arganisin. Expression products, such as
proteins, cathohydrares, e or il would anly
require premarker review il they differ significanly
in serocture, function or composition [rom 2 sub-
stance found currendy in food, or sufficienr saley
Bsues are s,

Several sciencific issues are Lighlighted in the
1992 starement, including unincended  effecs,



lenowin coxicants, nuteicnms, now substances, aller-
pericity and antibiotic resistance selecrable markens.
These issues are the focus of FDA regulation of new
plane varizties.

FD¥ has heen particularly armned o the
porencial of new plane varieties o cavse allergies. The
agenay’s principal concern is the possibality thacan
allerpy-causing protein would be reansferesd from
one foad plant to another, making the recipieon plan
cavse an atfergic response in these allergic o the
danor plane. In the case where @ protein s derived
from 2 commonly allerzenic source. ic s possible o
test the new vaviery for allergenic responses in indi-
vichials knows 1o be seositive wo the donos plane, For
proecing thar are degived frany non-food sources, rest-
g lor potenrial allergenicive is Jess seaightforsasd.

Lex April 1994, FIWA, EI'A and TISDA hosted »
scientific conference on allergenicity i transgenic
food crops. Amendees concluded that meshods are
available 10 assess allergenic potencial for proteins
thar are derived [rom sources to which cansumers
have reaceed and for which seeam is available, bu ir
may he wseful to cstablish a serom Banke. There aee ne
direer merhods to assess poreneial allergenivivy of pro-
teins from sources that are not konown o prodoce
food allerzy Some assurance can be provided to min-
insize the possibility thar a new protein will canse an
allergic reacrion by ealuating ts similarity with char-
acteristics of known food allergens, However, this is
an area where more research has been called for, The
Marional Acadeiny of Scicnces recommended chac
priory he given e developing improved methods
for identifving Pnrf.'ntia] allergens (HRC, 20000,

FI3A s also concerned with che use of anti-
hiotic resistance marker genes in rrnsgenic plants
and the risk of reducing the effectiveness of ant
hiorics in bumans and animals (FOA, 1998), The
lanamycin resistance matker gene & conumanly
used in tansgenic planes, Calgene, the developer of
the FlaveSat® tomare, the frst tansgenic crop to
be approved by FOA, requesced chae FDMA subject
the Janamycin resistance gene ro evaluation under
fowl addivive regulations. A the fime, FLA can-
vened a Food Advisory Committee o consider
Calgends petition. The commirres considered boch
direct risks of allergenicity and woxicity and the
effects on the efficacy of antibiorics.

The 1992 policy stacement inchides a section
on guidance to the industry for foods derived from
new plant varieties, which deseribes sciencific consid-
erations for che evaluation of the safery and nuui-
rional aspects of new plant vaneties. The guidance

section of the stmement includes decision trees w
assist developers in descrmining whether their prod-
uee woull be subject 1 regularion as a food addicie
or if consaliation with FDA s necessary 1o deter.
mine the regularory starus of the product, Informal
consuleation wich the agency has been standard prac-
rice For the foad industry, and FDA expects tha
developers of penetically engineered vatieties would
contioe this practice (LIS FDuA, 1992).

One contioversial aspect of the FDA palicy is
thiat no premarket review has been requirsd for these
crops. Cousultarions have been wechnieally volun-
rary, thongh the agency knows of no produce that has
heen commercialized withour prier consuliatien
with the ageney. However, in 2000, cansultaions
with the agency became  mandatecy [T15 EL¥A,
2000}

The most controversiol aspecr of FDWs palicy
has been the degision thae foods developed using
1A rechnology would nor require fubelling (TT0A,
19931, This decision was based an che judgement
that these products de not dilfer inany significant
way trom cheir conventional councerpares solely due
tor thie process through which they were developud. It
should be noted char lshelling is required for generi-
cally engineered Joods thar contin genetic marerial
fram foads thar are commenly allergenic, unless i
can be demanserated that the allergenic property bas
not been tmansforeed o the new plant varieey.
Furcher, plant vaticties thar have aleered nuericional

¢ characreristics, such as modified ail content, would

alsor require labelling.

Monsante began the consultation process with
FIA in June 1993 In accordance wich the cansil-
pion guidelines, dara deseribing the crop that was
being rransformed, the inrroduced penetic marerial,
the identiny and function of the cxpression produc,
compartson of composition of G and conventien-
ab soyheans was included, as well as Jawa and infor-
suation addressing pocengial allerpenicity and exici-
by Lssues,

The safery evaluarion can be braken down int
WG CAETORES, uninrended efeets and  inrended
elfects, in accordance with the seatucory siwocoure,
which regulates these effects dilferently, neguiriog
preparket review anly for incended effeces under sec-
rior A9,

Unintended effects

In oeder e addiess che possibility of the genetic
modification having uointended offects on the crop,



Table 19.3, Animal studies submitted 1o FDA on glyphosate tolerant soybeans.

Animal Feed Duration of study Parameters maasured

Mats Procassad soybean mesl 4 wecks Morlalily; body weight; curmulative body weight
nain; ergan weight; food cansumption

Rats Unprocessed soybean meal 4 wieeks Muortafity; body weight; cumnulativa body weight
gdin; organ weight; food consumption

Brosler chickens  Processed sovbean meal B wesks By weight; body waighl gain; feed intake;
feedfaln; liveabllity

Drairy cows Rane sowbeans 4 wnnks Milk. production; fat-comacted milk®; milk
compisition; dry mattar; net energy intakes;
hody weight cisnges; dry matter digastibiiity;
nitragen balkance; volatile fatty acids in rumen;
umen nitragen

Catfish Frocessed soybeans 11 wineks Feed efficiency; parcantage weight gaing survival,
Iood consumpdion®; body composition; moisture,
prrolein, Fal and ash in fillets

Bobwhite quail Haw soybezn mesl 5 days Mortality, Body weight gain; fopd consumphion

* Statistical differances found betwesn animals fod conventional soybean product and GM soybean product.

stuclies were performed to assess the composition of
the GM sovbeans compared with conventional sop-
beans, Tn addition, wholesomeness studics were per
tormed o evaluaee any differences in feeding chire
vetistics of GM sovbean feed and convencional feed.
I the compasitianal awalysis, evaluarions were
pecformied oo seed, toasted meal, defarred el
iHowh, protein isvlate, protein concentrate, crude
lecithin amd  refined, bleached, decdorized ail.
Differences in seod composition were seen o be an
indication that differences in other products would
be Townd. Crther praduces wete chosen as they epre-
sent the various uscs of sepbeans. Toasted meal is
widely used i animal feed. Defacred meal, protein
isalare and protein concentrae are commonly used
in fond, as are lecichin and soybean oil. For seeds, the
paramneters compared were: protein, far, fiboe, ash,
carbelipelrate, amino acids, farre acids, sovbean seed
proteins, trvpsin inhibitos lectin and fsoflavones.
Significant differences in fat, ash and carbohydrare
were abserved o one study, while no signitican: dift
lerences in these parameters were observed in similar
studies conducted the next year. Proecin, far, fibee,
ash and carbohydeare concene were measared for
defateed torsced meal, defared pon-toasted  meal,
procein dsolare and protein concenreare, and no sig-
nificane differences were found  for deese walies
between GM soybeans and cooventional soybeans,
Antinurrient content (typsin inhibitar and urease,

phyrace, stachyose, ralfinose, lecting, isoflavones] was
mensireed o toasted weeal aod, apare from lectin con-
vendraciens which were below dececrian limis, no
significanr differences were found, Faroy acid compo.
sition was measuied for sevbean oil and ne signifi-
cant differences were found. The composition of
crude lecithin was also compared, with no significanr
differences foune,

Animal feeding studies were performesd wsing
s, broder chickens, dairy canle, cathsh and bob-
white quail. Two separare rar studics were perlormed,
using processed and unprocessed meal. The sudy
using processed meal was intended 1o addecss mam-
malian healch fssues, while the wnprocesssd meal was
incended 1o address risks o wild aninals that might
leed an unharvested bears inthe Gebd. Broiless were
included due ro the prevalenr use of processed soy.
beans in broiler operations, Similuly, daiey cale
wore fed taw soybeans 1o weflect the widespread use
of soybeans in cattle feed. Cathsh were fed procesed
meal as rhis compases a grear pocdon of feed used in
aquaculoure, Finally, bobwwhite guail were fed
unprocessed sovbeans in order to address pateniial
risks e hirds thar might feed o soybeans o che feld.
These studies were not designed as ooxicelogy reses,
bt rather were underraken o deermine whether
there were anv differences i wholesoineness, or the
abslivy w support groweh and well-being. Table 1903
surnmarizes the serup of the animal soudies dae were



performed by Monsanco, To was concluded that no
nuterial differences were found in the wholesonoeness
of sovbean products in any of the animal stdics.

ntonded effects

in the evaluation of intended effects, several aspects
ol the GM crop are considered: expression level of
introduced protein, similany of inrodiced proceio
ro those already common in fored and feed, a”q‘l’_i__:i!lﬁc
potential, toxicitg prevalence ol protein in food and
foed, and changes in carbohydrate, Jar or ail compe-
sition, straetire or levels,

The expresion level of CP4 EPEPY in soplssan
seed and processed sovbean products was cvaluated.
In whole seed, the concentrtion of CP4 EPSPS
was found 1o be 0.3 pg o fresh weight, Concen-
reations in toasted meal, defitted meal, protein solae
and procein concentrale were measured and found e
be less than 0.1% of total protcin. Mo encymaric
activity was found in any of the processing fractivns.

The intraduced procein, CP4 EPSPS s tound
tor b similar to EPSES aleeady commonly present in
facd due wo similarity in che reaction camlysed,
aming acid sequence, homology of active sire
resicues and three-dimensiooal stricoure.

Sopleans ame known o cause allergics 1o some
sensitive individuals, The allergenicity of GM soy-
beans was assessed (o celation to convenwional vari-
eties, Known allersenic proteing of sovbeans were
found to be unchanged, based on an ewaluadon of
protein extracts from nom-teasted, defaced soy flour,
Assessing che allergenicity of proteins thac are not
derived from allergenic soutces is mome problematic,
as discussed above, CP4 EPSPS fies one of the crite-
via comman to allergenic profeins, that of mkeoular

Table 18.4. Characteristics of known allergeanic
proteing (source: Mansanto, data submitted 1o
FD, obtained by FOIA request from FDA).

Characteristic Allergens  GP4 EPSPS
Malecular wieight 10-70 kla yas Y5
Ghycosylated yes® i
Stabla to digestion Ve ™
Stable to processing yes 3
Similar to known allergens —h o
Similar to soybean prodeing = WoE
Pravalent protein in foad yES ni

£ Typirally but not absobutely.

* implicit for allergenic proteing from soybeans,
FOLA, Freedom of Information Act,

weight, bue does not share any of the orher charac-
vevistics, Table 1904 shows the chatcreristics com
mon to allergenic proceins.

Porential toxicity was asscssed by considering
the similatity of CP4 EPSES 1o known procein toxins,
an acure mouse givage study and e soudy of the
stabifity af CP4 EPSPS 1o digestion. Fies, CP4
EPSPS was not found 1o show any meaningful amine
acidl sequence homulogy when compared with known
protein toxins in available dacbases. Mext an acue
mouse gavage study was performed, which resulred in
no adverse offects (body weighe, comulacive bady
weighe and foad consumption} at a dose represents.
tive af & 1 300-fold safery margin relative 1o the high-
st potential human comswmprine of the protein in g
dier including GM sovbens, maize, mmatees and
poratoes {assunning na loss in processingl. An soute
study weas judgeed to be adequare in the oxicity assess-
MLene s Profeing act as toxing by acse mechanismos,
Finally, CE4 EPSPS was found 1o bave a shoree half-
life in simulated digescive fuids. The balilife was
megsured a5 less chan 15 5 o gastric Huids and less
than 10 min in incestinal fluids. The welarively shor
digestion time of the protein indicars a reduced like-
lihood tha the procein would be woxic,

Finally, the prevalence of CIMEPSPS in the
dier wns considered, As CP4 EPSPS was found ro
represent 0.025%: of che exteacrable procein in soy-
bean seed tissue, it was not expected 1o become 2
macroconstituent of the human or animal diet. The
addirian of the CP4 EPSPS gene was also nat found
o alter the carbohydrate, far or oil composidan,
seructure or levels of the sovbean compared wich
comventional varleties, as described in the compos-
tiomal analysis aboe.

Monsanto has published the research results
Uhar were submitted o FDIA o the composition of
plyphosate olerant soyheans, oxicity and feeding
soudies in 4 series of peer-reviewed armicles in e
Jewrnal af Nuerition (Mammond e w1996
Harrison e al, 1996; Padgerte e o, 199601, In
adelition, research results en the compusian of
glyphusate-tolerant sovheans treated with glyphusate,
which were not submired ro DA, wete published
i the fewrnal of Agricufinee and Pood Chemdiery
(Taylor ot al, 1999)

Benefits

The primary reason why growers have adopted
Roundup Ready weed canrrel programmes is the



simplicity of a weed conceel programme thar relics
an one herbicide o control 2 broad spectum of
weeds withour crop injury or crop rotation restric-
tions. Before the introducrion of Roundup Ready
soybean varieties, prowers would choose berween
many herbicides, often applying theee or mone
active ingredients, some of which would cavse dam-
age 1o the growing savbean planes, or canse harm
maize crops that commonly follow sovhbeans
{zianesst and Carpencer, 20007,

Raundup is o highly efecrive broad specrram
herbicids that controls hath Lroadieaf and S
weeds, Each year, stale extension sorvices release
weed conteel guides for fickl crops including 0¥-
beans, The guides previde information on the affica
ey of available herbicide tvasmencs on specific weed
species, as well as ratings of crap sali 1o che
Michigan State University weed contral guide, in
which 182 treatments are raved on 24 ditferent weed
sprecies, Rﬂl!]'l-:illp wscd over I{mmdup RJ:J:I’_:I}-' SOy-
beans reccived 23 gl or excellene ratings. In addi-
ticn, the Roeundup reatment is raced wich 3 minimal
risk of crop injury. The nexe bese available teatment
with similar crop safery reacived 16 good or crcellent
atings (Kells and Renner, 19949,

Growers also Tavve more Aexibilicy in tdming
herhicide tneatments wich the Roundup Ready sys-
rem. Batimum weed beighes ae which Roundup i
eftective oo most weed species are higher than other
available herbicides, This alfows growers to teat lacer
il needed and sull ger effective weed contral, Fureher,
some commandy used sovbean herbicides may cause
injury to rotation craps, Because of this potential for
injury e crops following soybeans, rottion reseric-
tiens are specified on the labels of chese herbicides,
Fot instance, sugartheets may not be planced foe 40
months after a field @5 creared wich imazethapyr, 2
commanly used soyhean herbicide.

Potencial impacts of adopting Boundup Ready
weed control progrunmes inchide changes in coses,
yields and pesicide use. Roundup Ready pro-
gramimes were intreduced o be price competitive

Table 19.5. Soybaan weed control costs [USS
millicns].

1998 195

lerbichle expenditures 1665 18z 1441

Techngiogy fee i 160 208
et wized control costs 1865 1642 1640
Calealated agsuming herbicide expenditures in 13 slates
represam #0% of 15 fotal,

1195

with existing conventional programmes. The inteo-
ducrien ol competitively priced Roundup Ready
programimes eesulted  in manufactucees of ather
produces dropping their prices, in some cases by
40%:, This resulted 1o an estimared US5216 million
el savings for sovbean groveers o 19499 compared
with E295, the year befone Roundup Ready varieties
were inumoduced, including the rechnology Fee paid
by growers who planted Roundup Ready varieties,
Tahle 195 shows estimated sovbean weed control
[Iogramne costs for 1995, 1998 and 1999,

The impact an yields is Jess clear (Carpencer
and Gianessi, 19990 Survey darn on which to base 2
comparison of yields from Roundop Ready fields
with conventional Helds are scarce. Two aveas of
research assist in understanding the consequences of
the adoptivn of Roundup Ready varieties on yield,
The hese 35 weed contral vesearch, comparing weed
conerol straregics. The second oepe of research is vari-
ety rials, where the yicld patential of conventional
il Boundup Ready warieties laee heen compared.

In weed control erdals, weed conwal pro-
gramimes are compared o renms of efficacy against
particular weed species and resulting yiclds, The
purpose al these types of studics is 10 determine
aptimal herbicide application rates and timing o
achieve contmol of varous weeds, In peneeal, these
rests are conducted using a single varicr: Recently,
researchers have chosen to use Roundup Ready vari-
erics in owler w incude Roundup teeacments in
their seudies. Yield differences in these studies are
due to more effeciive weed control and from avoid-
ing arop injury. However, since only one vadery is
used in each seudy, the yield potential of the variery
is not directly considered. It is ditfficult o generalize
abour the resules from che weed control studies,
although there seems 1w be oo resounding vield
advantage or disadvantage in cthe Roundup Ready
systems compared with conventional programmes
(Mecitenlback and Heversead, 1998,

WVariery rrials are conduceed by state universities
to assess che characeeristics of the vareries thar will be
wvailable 10 prowers the following year, The crials
assess yield, marurivy, lodging, procein and oil con-
tent, and resiscance o pathogens and sovbean cyse
nematods and are generally maintained weed free, in
order o eliminare competition from weeds as a fae
tor influencing yield. Based on a compilation of vari-
ery trials fromm several states, it appears thar available
Roundup Ready varieties generally yield lower than
comventional vatietes (Minor, 1998; Oplinger e af,
2000,
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Based on weed coneeol and variery wals, i
appears that Roundup Ready varieries do not have a
yicld advantage over conventional waricries,

Herhicide wse in soybeans has been affecred
deamarically by rhe incrodnction of Boundup Beady
sovbean varictics. The USIIA estimates the ol
number of acres weated and number of trearments
by hesbicide each year, The wial oumber of pounds
of herbicides used per sovbean acee has remained
unchanged since the inrroduction of Roundup
Ready sopbeans. The mix of hecbicides being used in
sovbeans has changed. As one would expect, the use
of glyphosate has mereased, lrom being nsed on 209
of acreage in 1993 as a burndown or spot teatmen,
to being vsed on 62% of acres in 1999 The use of
other hecbicides has decreased, Tmasethapyn, che
mose widely vsed soybean hetbicide in 1995, was
ngad an 4% of sovbean acres in 195, comparcd
witl 16% in 1999, Figure 192 shows crends in her-
bicide wse and land area for 1990-1999 for eight
seares. Cirowers have abio reduced the number of her-
bicide applications, Comparing 1993, the yea
before Roundup Ready varietics were introduced,
and 1999, the lase vear for which dats are availzble,

the number of herbicide applicaton-acees has
decreased by 19 million, or 12901 These changes in
herbicide use vecurmed even thangh rhe toral number
of sovhean acres increased by 18% berpecen 1995
and 199%. The decrease in herbicide applications
demanstiares char growers are using fewer active
ingredients and making fewer crips over the feld,
which cranslates into ease of management,

Summary

Houncup Ready sopbeans have been rapidly adopred
b LIS Farmers, vet their approval for convmercializa-
tene is under scruting. This case soudy provides a
description of the regulatory process governing apri-
culeural Biotechnology and taces the approval of
Roundup Ready sovbeans, swmmarizing the infar-
marian thar was submitted co US repulatory apencics
by Monsanee, Estimates of che impacr thae the adop-
rion of Roundup Ready sorbeans Las had on U5
agticultuee are also provided,

The regulatory steucrore for  agriculuzal
biorechnalogy has evolved over the past 25 years, as

b A appliciion-acre i the aumber of ditberent aceive ingrodiens applied per acee nmltiplied by the number of repea
applications, and diffiers from the anmber of oips over the field, as one trip across the field w apply reo acive ingredi-
erits Js treterlas pwo applications, as is two trearments swh containing a single inpredien.



technolopgy allowing lor genetic medification devel-
aped. The sysrem continues to evolve as new and dif-
Ferent applications of the rechnology eimerge, Indeed,
the maost recent report of the MNational Ressarch
Clouneil reeommended thar any new rules for repu-
lating GM planes be flexible oo reflect improvements
i scientific undertanding {NRC, 2000,

In reviewing the sudies chat were conducred on
the safety of Roundop Ready sopbeans, ne indication
af greater healch or environmental risks were found
compared with conventional varietes. The benefics
of the introduction of Boundup Beady sovberns
include a cost savings of US$216 millian in annaal
weed contral and 19 million feweer soylean besbicids
applications per pear.
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