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Genetically modified crops Risk assessment

The first senetically modified (GM) ctops approved for

food use {tomato and soybean) were evalualed for safe_

ty by the Unted States Food and Drug Adm'nlstratron

prior to commercial production Among other factors,

those products and all additional GM c.ops ihat have

been srown commercially have been evalualed for po'

tent ;a l increases in  a l le tgenic propedies us ing methods

that are consistent with the curent underslanding of

food at lergens and knowledge regarding the sredict ion

ot allerg€nic actl$tY Although there have been reJine-

msnts, the key aspects ol the evaluation have noi

changed.  The , l lergenic proper l ies of  the gene donor

andthe h os1 (recipieni) organ isms are considered in de_

termining the appropriate testlng strategv- The amino

acid sequence a{the encoded protein is comPared to all

known al lergens to determine wbether  the ptote in ls  a

known al lergen or  is  suf f lc ient ly  s imi lar  to  any known ar

lergen to indicate an increased probabi l i ty  of  a l lerg ic

cross-reactivity. Stability of lhe protein 'n the pr€sence

of acid with the stomach proease Pepsin isftsied as a

. iskfac ior  for food a l lergenic i tv  ln  v i t ro or  in  v ivo human

lgE binding are tested when appropr iate,  i f the gene do-

no_ rs an a l lergen o ' l l 'e  sequence o l  lhe p 'o le ' r  is  s imi_

lar  to  an a l lergen,  Serurn donors and sk ln test  suoiec$

ar€ selected based on their proven allergic responses to

the genedonoror to mater is l  conta in  ing ihe at lergenthat

was matched in sequence- While some scientlsts and

.egulators have suggested us ing animal  models '  per-

forn ing broadlv lsrg€1ed serun lgF test 'ng or  e{ensive

pre- or posamafket clinicaliests, currenl evidence does

not suppon these tests as being predictive or praci'cal'

Based on the evidence to dat€ the current assessmenl

process has worked w€l l  to  prevent  the unintended in_

i roduct ion of  a l lergens in  commercia l  GM crops '

lntrod!ction

DevelopmcDt ofgenelicaily modiied crops (GM) be-
gan in lhe i980s wirh the developmenl ollechniques of

biotechnolog,l and improvemenls in plant cell cuhure

and tissue differmlialiot I1l. As deined here. GM planls

are prcduced by directl-v aheringthe Dl '{A oi fte genome'
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Biotechnology may-be us€d to improve plant disease
rcsist"nce, improye,yield. and reduced requirements for
lertilizers or water. CurreDl comm€rcial GM products in-
clude varieties resistant to specific insects and varieties
tolerant to speciic herbicj des, allowing more emcien! and
envircnmentally beneicial agricultuml praclices. Some

- ?otentialprcducts in develcpme have e.janced nur.i-
aional prcperties, such as the inarcduction of vitaiin A
precursors in .ice [3]. Plants have bem transformed with
genes encoding industrial or pharmaceutical proteins and
cornd dramattcall,.r reduce prcduciion costs compared to
microbial fermentallon ar purificarion fmm mtural
sources [2. 4]. lndust.ial and pharmaceurical p$ducls
will require effective conlrcls |o ensurc isolation ftom
food crop production [5-7]. Thc allergenicitt' ofa food
crop may be rcduced by suppressing tte s-\'nthesis of or
modiryins the major alersens 14, 8.91. Whilemorc than
88 species ofplants have been translormed for rcsearch
or for potentjal commercial produclion, 10 spe€ies of
plants have been app.oved forcommercial iood produc-
tion in a1 least one courtry. The first G\{ plants wer€
evaluared by US regulalors in l99zl 1996 pdor lo com-
mercial szles arrd included: delayed- pening tomato. her-
bicide-tolerant so,vbean- insect-resislanl and herbicide-
tolerant cotton. insect-resistant and hcrbicide-toteranr
maize. insecl-resistant potato. virus-resistantpapaya and
virus-rcsistant squash [10].In 2001, approved GM crcps
lso).bean, maize, cotton and canola) were planted on ap-
proximately 68 million hecta.es global_\ [11].

Regdation of GM crops ir thc United States is based
on a legal notifrcation and a recommmded safety assess-

ment process developed by the US Food and Drug Ad-
ministration (FDA) Il2l. Simiiar regulations (see http://
wwq.agbios.com/main.php) govem growing of GM crops
and imporlalion of conmodities or foods denved from
GM crops in the EU, Japan, C-anada and many other
counrries I131.

while ihere is nodo€umenled case ofan adverse health
aflect due to lbe consumption offood from any GM crop,
there continues to be some public skeplicism expBsed
b) some scientists and poljtical activists. even &ough cu.-
rcnt commercial GM crop var;eties have been far mo.e
extensiyel_! lested and evaluated than any conventionally
b r e d c m p [ 2 ] . ' ' *

The focus of this revies is to prcvide jnfo.mal;on

about the development practices ofthe alleqenicity as-
sessment prccess and their relevance to the currenl stale
oI knowledge fo! predicting lhc ailergenicjty of conven-
lional foods and proreins. Potential shortcomings ol the
prccess 1i,ill also be discussed.

Rationale for the Allergenicity Assessment

The overal l  foal  of  rhe alergenicirv asscssmenl is lo
minimize the possibiljr,y tiatfood from thecM crop will
be more alergetric thaD food prod$ced from equivalmr
non-GM crcp vari€ties. The primary locus is on the safe-
ty of any newly expressed protein. The most important
steps in prolecting lhose al risk of allergic rcactions is to
detennine if the prctejn is alrcad-y kno$I !o be an aller-
gen, or is so similar to an-a allergm thal erpos$e ofal-
lcrgic individuals may cause allergic cross-rcacdons. The
p.imary risk would be to those who are already sensitized
!o the allergen, as they could experience serious or life-
threatening allergic reactions ifthev consume such a prc-
tein.

Tle nsl of serious and life-threalening ailergic rcac-
tions associated wilh the consumption ofspecific proteins
in highl-a alergenic foods such as p€a.uts [14]. miik [1i].
eggs I I 6], wheal [ ] 7l and so,vbeans I I 8] is u'cI rccoglized
as ar jmpo(anr health issue for a small percertage ofin-
dividuals in the popuiation. while theprevalence offood
dllergl is nor precisely k'notn. esrirrales from various
clinical studies and su.veys indicate lhar i-3% of adults
and 6-8% ofchildren experience somc iood-allergic rcac-
tions with an ovemll Fevaience of up to 4% of the US
populalion having lgE-mediaied food alergies I I 9]. A rc-
cent epjdemiolog) study in France indicated approxi-
malely 3.i% of their population has food alelg), [20].

chloroplasts or mitochondria tfuougi t}le direct intrcduc-
tion, rcmoval or r€arrangeoent of DNA using methods
such as elecl.opontion, pafiicle bombardmenl or infec-
rion with rccombinanl \ eclo"s such as .lgrobac! enut 4 ul
mefaciens. Pior ra the development of these rechniques,
ne\l or improved plant va.ietles werc deleloped through
narural  or bLman rnduced crossing of serual ly compar i -
ble plants that had random genetic mutations, followed
by narural  or cuir i \ared "elecr ion [ ]1.  lmprovemeDrs in
crops were limiled by ibe chance occurerce of geneiic
mulations that expressed an advantageous phenotypic
trait. In the past 70,years- radiarion and chemical mula-
gens have been used to increase lhe speed and diversily
of Bndom mutations of undefined characteristics and
with potentiall)' many unintended effects I2l- In contrast.
biolechnolog!' allows tle introduction oI complere. \rell-
chanctedzed genes tvil]r specific lranscriptional regula-
tory elements that could not be introduced through previ-
ous methods,

i
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Eigh! alergedc foods or groups of foods (peanuls. soy_
bea1ls. tree nuls. milk, egg, fub. crustaceans, and $heat)
are lhougbt ro caure Deafl)" 90q0 offood-allergrc reacLions
in the US {2 il. Based on limited dala extrapoialed to the
US population of280 milion, it is esrimaled thal 30,000
inoivroual caser of lgLmedialed lood-alleBrc reaclion.
reqLriae emergenq room lredlment per vear in lhe US.
and the.e may be 1i0-200 deaths per year due 1o an-v
food allergy [22]. Most life-threatening rcactions are
caused b-r-' peanuts or trce nurs in the US 123. 241. The
exact incideDce and causes of serious and falal allergjc
reactions are uncefiai]) because of the dilerse causes of
food allergy and aslhma, lhe rare occunence oflaiaiilies.
the lack ofdefrnitive tests for unlabeled allergenic foods
(until recently) and the tack of rcpofling rcquirements

[25-27]. Dala from theUS, Uniled Kingdom and S]eden
indicale that lle alleryens ldost commonly responsible
for fatalities are peanuts and lrce nuls and iess frequent-
1y milk. egg, nsh and soybeals [27-29]. Resuhsofa recenl
scientifically conducted telephone sun'e) indicate that
2.30,6 of the U S population riay be allergic to fish or shell-
6sh [30], placing seafood aliergres ahead of peanu! as the
most common cause of food allerg], Diera4 praclicet
pla-\ a major role eitber it sensitization or eliciration ol
food allergy, as evidenced bl apparcnl diflerences rn
pl€valence ef speeiEc all€r8les & foods i! diffe:€ cul
!u{es.ln Eurcpe. sesame seeds [31]. celerl'roo1 (celeriac)

I32l and rnustard [33] have now been sho\rn to be com_
mon causes of food allergjes in ad dition Io tbe malor eiglt
allergens re,rognized in the US. 1n Asia. buckn'heal is a
major food alle4en that can cause severe rcactions [34]-

Differ€nces in responses to various allergens ard ac.oss
individual patjents sensitized to the same allergen are
poorly undeEtood. Relatively few allergedc ptoleins had
been chamctenzed by the early 1990s. Diagtosis and
ideDtiication of thc specific causadve alleryenic material
can be complex, b?icalb tequiring careful clinical histo-
ries, temporar-y elimination diers, skin prick lest (SPT).
specific in vjt.o IgE tesis and even ditecl iood challenge

[18, 19. 3i]. Major alerymic proleins haYe been idenli-
fied for a number of impofiant aliergenic foods For ex-
ample. in peanuts the most importaDt appears to be Ara
h 2 [36. 37], althouel both Ara h 1 and .Al" h 3 are also
poient and abundant allergers [38]. Yel an additional
eight peanut allergens have been ideltiied in the liter-
ature and are lisied in ahc Allergome database (http://
wlv.Afergome.org/). priolari]y based on lmited in vilro
IgE binding studies. Clearly vadous allergenic prcteins
differ markedt-v in polenc! and in the frequency that they
cause allergies.

Based on the scienlific and clinical underslanding of
allergy and allergens, the US FDA (i992) tecommcnded
that &e allergeniciry assessment of GM crops focus on
t€sling lo ensure lhai rhe allergenicil-.r of lhe GM aarjet-Y
is not greater than that ofthe traditionailv groduced crop

i121. ln 1996 those recommendalions were elabonted as
a detailed assessmenl stmteg.v wilb a decision tee by a
pan€l of experts sponsoted by the Intemational Life Sci-
cnces Insritue/lntematioral Food Biotechnolog} Com-
mitrce (ILSI) [21].

As desc.ibed in the ILSI apploach. the assessmenl of
each oew GM crop should evaluale the kno\r'n alle€enic_
iay of the source ol't-heg€ne I2 I l. If the source is knoPr
to be allergenic. protein-specific in vilro senrrn lgE iesls
and cljnical tests (SPT and food challenges) would be per-
formed wirh appropdarely alLergic subjects lo ensure the
proteiD encoded by lhe lranslerred genc is nol an aller_
gen.

The sequence ofany newly transferred protein should
be compared to lhose of knosn allerg€ns by FASTA or
BLAST lo identif-v possible homologues and by searchmg
for malches ofeighl or more conliguous amino acjds iden-
tical Io a seEFent of ant allergen. Iflbe results ofeilhe.
FASIA or matching of e4il amino acid segments indi
cale a sigrifican1malch. serum lgEtestingand ifneeded
for clarit,y- in vivo clinical clBler,€Es IsPl-andlor food
challenges) \rould be perfo.med using subjecb wirh allet-
gies to the matched allcrgen lo evaluale potenllal cross_
reacdvity [21].

The encoded prc1ein should be lesied for slabilit] at
acidic pH in lhe prescnce of pep' 'n dsjng dn in r i l ro as-
say as a number of imporlant food allergens have been
shown to be stable [39-42]. Finding Ihat a prolein rs sta_
blewould indicatea need lor further evalualion including
consideration ofthe quantitJ_ ofthe prolein in potenlial
food p.oducls [40].

l f  lbc re.ul ls of  this assessmenL indicale lhe protcin i r
an allergen or likely to be cross-reaclive. llre prol€in
sbould not be tfinsferred inlo a food crop. or foods pro_

duced using GM ctop maleial containing ahis proten]
$ould be labeiled. so rhe added allergen isreadil-v jdenlL

fied b]-' consume.s.
Other chaiacteristics for consideration that were nol

r{el l  def ined and include rhe stabi l i l ) '  of  lhe protein lo
healing or prccessinS. and $e abundanc€ ol thc prolern
in food marerial from lhc GM crop [21]. The ralionale
Iollows tI€ empincal observation lhat a number of the
11aJorloodal lergensremain al lergicaf icrboi l ingorroasl-
ing and that many polenl alleBenic prolcins ate abun-
dant in the food source J40, 42-441. Some invesligalors

Assesins the Rrsk of Allerscnicir! fmm
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have suggesred resling the allergenicjty of prctems ln an-
imal models. alihough no animal model has been neot_
ordv tesled s;lh a variet\ ot alle€enic and non-al]er-
genic materials to evatuare the prediclive vatue [21j.

If lhe hosi crop (gene recipient) is a major allergen
fu)eanu!, lree nu! sovbean or whear). in viaro lgl binding,
or rn vivo challerges should be perforrned to ensure rhar
theintroduction otlhegene did nol significanrtl, ncrease
tle endogenous allergenjcity of rhe clop [21. 45].

Evaluation of the cM A ergenicity
Assessment Process

Since 1996 lhere have been a number of scientiic
oplBion\ and summaneq r(gdrding the allergcnicit\' as_
sessmenlprocess 12:46,481. Some reports. like thatofrhe
expen panel for rhe Food and Agncultural Organization/
World Heahh Oqanizarion (FAO/\1TiOi of the Unired
NatioDs in l00l 1491.-hate s,Jgeesred.iglrticanr changec
lo Lbe onginai allergenic,r! assessment. Ihe fAO/WHO
repoi was produced as an advisor] to rhe Coder Alimm_
tarius Commission (Codex). the organiation charged
with proliding food guidelines lor rbe joint F,AOAtr'HO
program at the United N_atjons. In devetoping rhe 6nal
cons_ensus docum€nr [i0], rhe Coder conlened a panel of
mtemational food safeo tegulalofi from member coun_
rries to reyielr, the FAOAVHO 1001 ,ecommendations
and olher elidence rele\ani to the aljergenicity assess-
merr. The fital Codcx guidance calls for a weight of evi_
dence appfoach rdlher.han a spe(i6c decision rree aq
proach as lhey recogDized thai the.e are uncenalues as-
sociated wirh anv single res1. The approach is based on
evaluatitg the source oflhe gene, sequence similarities to
known allergens. stabilily of$e prorein jn pepsin at acid"
ic pH aod. i t  aDproDriare. in vrrro lCl binding ur inB,era
ftom specjfically allergic indi!iduals. Ifnecessary, D vruo
IgE binding iesrs may be supplemented by SpT orex vivo
cetl+ased assays [50]. The Codex documenl rccognizes
ftat inrproverflenls in scjentificmelhods occur over !ime.
but because tiere bas not been sigiflcant p.ogress in tbe
abililv io predicr allergenicity over whal was r(no!'ll m
1996, lhe alergenjcity assessment process in 2004 is sjm_
ilar to the earlier guidance [2 I ]. The Europsal Food Safe-
tvAurhorir\ ba.just 6nalizcd lheirguidance forarsessing
the saleiy oi GM oryanisms [51] aad lhe recommenda_
tions arc consisrent vith r})e Codex t501.

Allerg6nic Source

The purpose of consideriDg lhe allergenicitl, of tlre
source ofrhe gene dlat is transferred to a GM crop is to
evaluale whether thele ;s a group of individuals who
would be at a hjgher .isk from exposure ro a gjven protein
from that sou&e due to preexisting allergies. Ifindividu-
als having a{ergies (food. contact or inlalation) to the
source o{ ihe gene (e,g_ peanuts- latex or mugwon pollen)
car be readily identified. it shodd be possiblc to obtain
serum from a srarislicaily valid number ofconsenting in_
djviduals in ordcr io test for specific lgE binding to the
protein ercoiledty the rransferred gene i501. \\rHle it is
bard ro e)l imare rhe rotal number ofarlergenic source,, d
few rctatively comprehensjve lists of allergens can be
found on the intemet. One alrcady menrioned, hfip://
u'[s'.A1]ergome.or9, cunentiy lists nearly 800 species in-
cluding a number of allergenic sources for which Do indi-
vidual allergenic proleiq has been identified- Anorher.
hrrD1/ {lergenOrline.conV lisrs apprcximaIet!, 020 allcr-
genic proreins (1,i9t jncluding isofonns) from 210 spe_
cies where the sequence of at least one allergen is kno\ral.
Additional electronic database r€so rces (e.s. Eouez
PJbMed.nrtpr,s{, \^.ncbi.nim ni}  go\ enrrezro-ueru.fcgi ,
and Googe. h!tp://w1r'\\'.google_com/) should be searched
for rccent repons of porential allergeticjr.v of Ine source.

Among the allergic populatjon, some allergers are rc-
ported as common causes of ailergic reactjon5 n D€L)D1e-
e.g. bircb pol jen r inhaial ion).  peanul { food) or lare; (con-
lacl). Oller aUeeer bourc€, aJe known only fro|.' one or
a fe*, rcports, e-g. inhaladon allerg,v io iguana scales [j2j
or food allerg_v to )jngonberr_v [53]. The Codex guideiines
recognized thar it is unlilelv tlat a sumcient number of
individuals tvitb specific alle€ies to uncommon alieryens
cou.ld be jdenrified to provide predictive tes! rcsurw re-
garding ihe potendal allergeniciry oflhe transferreal pro-
lein [50]- ln such cases, the aggregare.isk ofallergeniciry
could be cons dered lo\r. p3fliculaiy sioce the mosl.iln-
ple oI eutaryotic organisms is esiimated to have 400
genes [54], while a courplex organism such as rice has
>50.000 genes [55] and the mouse has approximat€ly
10.000 genes [5b1. In contrasl ,  lbe number ofa] lereenri
proLerns ideot i fed in eren rbe mo.t  commonly alefenic
organlsms rarely exceeds l0 (htlp://l\,lTr'.A1ielgome.ory
and http://www.Allergenonline.com/). Therefore. bt,
nndom chance, rhe prcbability ofselectjng a gene encod-
lng an allergen to transfer is small,
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Charactedzation of ths GM Protoin and Tesr
Materials

The prolein as expressed jn the GM plant must be *ell
characterized a]ld consistent with lhe expected prctein
based on chamcteristics ofthe introduced DNA s€quence
I50, 5ll. Additionaly. an,v proEin produced as a suro-
gale tesl mate.ial, e-9. as exprcssed lhrough any hetemlo-
gous expression sy$em in bacteria. in cell cuhure includ-
ing yeasr. or viraly Foduced- must be approprialelv char-
acterized to ensurc it represents the sequence and
complele stnclure of the plant-ploduced protein. The
fi. l-length amino acld sequence ofa prctein is rarely oF
tained b-v N{emljnal sequ€ncing (Edman degradalion).
However. masespectrum data provide addilional e\.i-
dence that the protein matches tlle expected sequence
based on the ful-lengfh DNA sequence of the inlen. The
prctein produced in plants should be evaluated forpolen-
tial asparagine-linked glycan. Any glycan structure on a
test protein, as prcduced in a diflerc plant, bacculovirus
or yeasr, should match rhat found in the GM crop I50.
5ll. The mass or molecular weighi ofthe hete@l€ous test
protein and any biological or biochemical aqivity (e.9.
insect loxicjt!, or enzvme actirity) should be equivalenr
to thar ofthe protein produced in the GM crop 50,511.
lf the resi proteirs are not firlly characEdzed, lhe reli-
abilily ofsome or all ofthe assays in the safety assessment
may be questioned as occur.ed during lh€ US Etrviron-
meDtal Protection Agency review ofthe anal,vses ofCry9C
ir Slarlink maize [57].

Biointormatica lAmino Acid Sequence
Compsrison)

The porpose otcomparing the sequeDce olthe intm-
duced proteir io that of Islo*Il allergens is 6rst to deler-
mine ifthe protein is already known to be allergenic. and
second 1{) evaluate whe*er lhe prcieia is sufnciently sim-
ilar to ar allergen to suspect an indjvidual sensitized to
an alle*en mi8ibt suller a cross-reacljon it exposed to the
neu prorein t l i .  49-511. tqo imponanl que\I ions arc
often raised abo t the bioinformatics screen. \&1a! spe-
cific bioinformatics melhod should be used for tle com-
parison? And what degee ofmalching is likel-v to be bio-
logicaily meamngful?

The list of known allergeDs has groxn since the fiIst
GM crcp was evalualed. At that aime an allergen database
containing 2 I 9 allergenic and coliac ioducing prctei! se-
qrences was compiled from public protein and amino

acid dalabases inlo a darabase fo. the allergenicil' assess-
ment by s€archiDg the general s€quence databases and
public literaiure databases lsing ke,\' words such as 'al-

lergen'ill. Compilat;on ofthe fiIst inlemet-based aller-
gerr sequence list was desc;bed in 1998 [58]. Similar
merhods \\ere used to compile the .Allergenonline data-
base (http://www.Allergenonune.com) that curently
(2004) lists I,191 sequences epresenring 619 allergenic
proreins including homologues snd isoforms ofallergens
fmm more rhar1200 specjes ofolganisms.

The ILSI assessment recommended identificarion oI
ant eract malches or eighl or trore conliguous amino
acids between $e imrcdnced GMprotein andant known
aliergen as lhe p mary cdlerion for potenlial cross-reac-
tivitl.l2ll. The sraled assumplions were ihat T-cell epj-
topes arc betw€en 8 and 12 amino acids long and Bcell
(leE) epitopes are generally longer [21]. A FASTA se-
quence search \!as also su8€ested. but withoul definition
ofa r€levanr match. A few IgE bindingpeplides as sho(
as five amino acids have been idel]liEed [59. 60]. bow-
ever bigh-afllniiv IgE binding is more likely when the
peptides are greater than eighi amino acids in iength [59.
6ll. while allergen-specific f cels arc requjred lo irelp
B cells male lgE, otherTcells are required lorthe induc-
rion of igc and lgA anribodies and T-regulalory cells
ihal suppress immDce responses. Thereiore T-cell l€eep-
tor binding is not likelf lo be predicli\€ ofallerg€nicir!,.
while there are few unequivocal studies. il appears thar
proteins sha.ing greater than 70% identjty over (he en-
tire molecule are often cross-reaetive. lvhilethose ofless
rhan 500,6 idenrity are rarel,v cross-reactive [62]. There
are no clear repods oft\so p.oleirs sharing onl] one shorl
idemical regjon of six to eighl amino acids and being
cross-rcactive. As morc informalion became available
abou! the slructurc and folding ofproleins and allergjc
crcss-reacti\'iry- the emphasis iD regulalon' submissions
for GM crops has shifted loward the use of FASTA or
BLAST algorjthms to identif,y potentiall,y cross-reacti!e
proteins based on alignments of segmenls wjth 80 or
mo.e amino acids lhat are a1 leasl 35% idenlical I50. 63.
641.

A number ofbioinfornlatic studies haae e\,aluated the
predictive value ot searching for sbon segmen$ of cxacl
matches ofsix or eigh! amino acids- compared to using
fhe FASTA aligrmen! or other methods [50. 64-671.
Based on published data. 4l out of 50 randoml-r choscn
proaeins from maize marched a1 lea$ one alleryen or pu-
tal;ve allergen using crite.ia ofan exad match ofsix con-
tiguous arnino acids [64]. ODly seven ofthe 50 marched
sequences contained a match oI at leasr eighl conliguous

I
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amino acids compared to an allergen. ln contmst. nine of
the 50 were found to share gearer than 350,6 identity ro
an allergen over anv segment of at least 80 amino acials
by FASTA3 comparison using a BLOSUM 50 scoring
malrix. a gap penalty of l: and ar exrension penalry of
awo. Only five shared $eater rhan 5090 identil), l*ith any
kno$,r allergen, and all oflhose also matched ar ieast one
allergen wjth a segmenr consisttng of eighr conrigLrous
amino acids, although in some cases with different aller-
gens [64]. Tlese data clearly sugge$ thar a srx-amrno-
acid match is unlikely !o be prcdictive for allergenic
cross-reactivit,v [64]. A comparison of lhe enlire set ot
proteiD sequences within rhe Swiss-Pmr darabase indi-
cared lhar 670, ofth€m (>100.000 prorcins) marched an
ai letgeo $ i r  I  a s. \-aminGacid match [071. App-nr irnaLe-
ll 70,6 of the proleills ir Swiss-Pror marched an alleruen
if  lhe 'eSTenr $as e\ lended lo t :  amino acrds, cal lne
rnto que5rion lhe pred:cl  ive value of an eighl-dminG.aci;
match [67]. Recent resuhs from siudies evatuating cross-
reactivily b,v in viro inhibirion of spec;6c tBE bjndjng
suppor! lhe suggeslion b,v Aalbere [62] thar proteins
shaing grearer than 70% overall i dentiiy. as predicred bl
FASTA or BLAST. often share serological crcss,reacti\-
i4 (shared IgE rcacljvit_\') consislenl wirh cljnicai rc-
sponses to biological materjal iiom taxonomicalty relac
9d species. vlile lhose \iitb less lhan 4C-50% identiry
are ur l ikelv lo 'narc rgr i6.aol IgI  o- al iergic cro.s-re-
aclivily [68-71].

Olher apprcaches have been evaluaied to improve the
predicii ve value ofsequence compadson, One group used
Lhe fAO/WHO Idql cr i rer ia tormarcles ofsir i  co. l js"ors
alr l  ino acidj  a,  a prclminan screening lool .  tot lo$;d b!,
a l i rerarure sune! tor leI-brnding epi lope. and bnaUl i
lheoretical evaluation oianiigenic sires using the Hopp
and \Yoods algoriihm of ihe zllergen-matched sp€cific
segmenl in order ro reduce the fatse-posirire .are 166l_
However. the predicrive value of the combined m€thod
has not been evahated. Antigenicit! predjction algo-
rithms have not proyen higlly predictive for antibodv-
b-ndine epi lope, l7l l .  a l lhough ongoing sludres on rhe
identificalion of antigenic epitopes ofpatbogenlc vrtuses
may lcad 1o better pftdictions {731. A'motif-based aler
genicity Fediclion' merhod has been proposed ao com-
parc sequences based on protein strddure by classifyhg
779 known or putative allergenic sequences into 52 dis-
rinct motifs [67] based on sequerce sjmilarity instead of
a short-sequence peptide match. A comparison was made
beM*een the twomethods using a randomi-v chosen data-
se! oipmteir sequences selected from lhe Swiss-prot se-
qdence daLabJse. Tlre) were screened matching stx con-

liguous amino acids and idenlifred 200 proteins that
matched aL leasr onc ailergen over sr\ conriguous amino
acids even thougi! there is no publjshed evidence of al-
lergenicity for i 99 our of the 200 proreins [6 7]. The same
dataset ofpmteins r,l€s evaluated using the motifidenti-
ficalion method wirh resr ls showing the motif method
falsei], identified 9 our ol l0 proleiDs as altergens [67].
While the moaifmethod had neadv a lenfold lower mte
of false-posilives than the six-aminl}acid match. a 90%
false-positive rate is siill quite high. Anotber rcfined se,
quence and antigenicitv morifprediction algodrhm has
been developed for the prediclion of lgE-binding sites
based on pdlid:irsly identified sequences and strucaures
l?41. However, neither of these moiil p.ediction aigo-
rithms has been compared ro FASTA algorithm predic-
uons. but sincerhe algorithms ofborh [67. 74] arc based
to a la.ge extent on sequencc similarity, ir would be sur-
prising if lhe results from lhose lwo methods idertified
markedly diffe.ed from rhose obrained wjl}r a direcr FAS-
IA (o. BLAST) comparison.

Another grcup has worked io re6ne lhe FASTA3 searcb
comparjson b,v evaiuatingcombiningrhepercenr identit,v
naidx value and rhe overlapping sequence match length
as vecon usingnearesl neighboranaivsis in a'supe ised
leammg syslem' [75]. Funher anal,vsjswiah ihis approach
tesled fllo scoring mar.ices. BLOSTJM 50 and BLOSUM
80,10 statisticalb, elaluate apparcnt rrue-:u1d lalse-Dos!
tlve marches 1761. Fu(he. evaluarion of this modified
method ;s necessary wilh data of cross-reaclive and non-
allergedc proaein 10 undeAtand if it is more predictive
than a simple identity score.

Il is imponanr to nore ttrar a! ihis timeaFASTA search
olacomprehens;ve databasethat includes food alleryens,
contacl scnsitize$, akway a.llergens and celiac associaled
glulens is quit€ clicient at idendfoing proteins thal are
likely to be crosFr€acrjvc, those ttrat share grealer than
50% jdentity over a major po(ior of their tengrh [62].
The apDroacb is srrrple af ld result(  are ea\t , to iorerprcl .
Thc quesl jon remain\ ar lo wheloer the consen,al ive cn-
teria of a 35% ideniitv match over 80 or more @rno ac-
jds [49] provide too many false-positive or false-negatire
resulis- lmpo(antly. ro computer search and prediction
lool will be 100% accurdrr al oreo;cLrng i hethe.a prolein
will become an allergen or is cross-rcactive. The goal of
bjoinformatics sbould remain the identification of pro-
teins lhai may be cross-rcactive arrd would require further
eYaiualion by serum IgE lests.
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Se'u.n lgE Einding Tests

Antigen-specific serum lgE lests haye been used lo
confirm the idenlity ofallergenic foods. aim€] ajld con-
taci sensitize$ as well as a screering tool lo identify po-
tential allergenic prctcins since the identification of lgE
as the reagenic! or allerg,v-inducing antibody [77, 78].
Reagetrts and methods for such lests are no\r, common
place, although assay validation and interprelation of rc-
sults are complex.

Ailergen-specific aliergic donor serum bindrng $udies
1ve.€ used to delennine thal lhe gene from Bfizil nuts.
which was insetted into soybeans as one of the 6rst po-
rential GM products, produced an allergenic prorein that
is no$ knosn as Ber e I  [7s].  Al though rhe proLein was
not kno$'n to be an allergen before rhis stud-v. Bmzil nuls
were l(no!l1r to cause alle€ic reaciions in some people. In
vilrc lests demonslRted serum IgE from Brazil-rut-al-
i€rgic donors bound to the ransfered prolein and to prc-
rein: in an e) ' l racl  of  rhe C \4 \ovbear(.  bur nor lo prorein"
from non-GM so\.beans. SPT we.e used 1o further dem-
onsrraie the allergenic rcactivjl,._ ofthe protein. DeveloF
mefi of the Ber-e-l-conlaining so_vbean prodlct was
stopped p or to commercial production [47]. Serum IgE
binding res|S \,re.e also conducted 10 evaluate the polen-
rial increase in endogencls allergens in g1-vphosale-toler-
ant soybeans b,v MoNanto (sl. Iruis, Mo.. usA) com-
pared to non-transgenic soybeans [45]. Recenlly, IgE
ojnding r esr.  were performed by olber rnvesl igalor,  . rs ing
sera from a]]ergic individuals having higtr apparenl so-v''-
bean-specific IgE, bur nelative clinical challenges. Thc
resuhs did nor show any dillerences in lgE binding to a
number of varieties of the GM and non{mnsgenrc soy-
bears [80].

Allergen-specific lgE provides the seleclivity ofthe aI-
lergic response. Effcctive binding requires a slrong i.t€r-
action (high afinity or ayidit_v) between the antigen rcc-
ognition site (paratope) on the antibod) and *e brndjrg
sjte(epitope) on the anligen. The preserce of measurable
antigen-specific Ig! from a blood or serum sample indi-
cates ihat the irdividual has become smsilized !o lhc
antigen (or a protein thai has a similat epitope). If lhe
individual has IgE to a secord epitope on the artjgenrc
protein, the antigenic proteir is linked to an identical
prolein, or arot}ler protein with an IgE eprlope that Is
recognized by the individual, orposure and absorytjon of
the prolein may lead to ctoss-linking of high-af6nirf
FcsRI (IgE) recepton on the surlace of mast cells or ba_
sophils- If a suficieri number of receplors are cross-
linked. the masi ccll or basophil $'ill be stimdaied to r€-

lease hisramire. leukoldenes and olher effeclor mole-
cules. leading to slnptomalic responses ol aD allergic
reaction. Most in vitro lgE lesls simplj measu.e the level
oflgE thar is bound to a prolein. and do nol distinguish
betwecn antigens thal bind only one IgE molecule and
rhose that bind morc rhan one. Further. direcl binding
assayr do nol ' leasLre amnit \  (or avidir-a) and sometimes
$eakl!  cro<s-reacri \e lgE anribodies bind Io proleins in
vitro thai do nol induce allergic responses. Thus a posi-
tiye resuit from an in .;itro lgE bind iDg assay suggesis that
a protein is an allergen- bul is not proofthal the ptolein
will cause an allergic reacrion lor the individual. lhough
very high levels of speq,iilc lgE corelate Nell *ith clinicai
reacrivil,! ngl- h addition: a negaliye tesult may o€cur
for indjliduals lhat are allergic !o lhe ptotein. either be-
causethcrer l  maLerial  In rhea.\al  r( i rol  repre{er lal i \e
ofthe protein in the allergenic source maledal. or because
ihe individual has not been erposed lo $at particularal-
lergenic soui:e lor a significanl period of lime and the
level of free lgE it blood samples has fallen belou lhe
level ofdetection ofthe assa).

Rel iable diagnosis ofal leBen )pef l f rc i l \  "s ing 
j r  \  i l ro

lgE binding assays rcquires the use oflesl materials $al
are well characleized. The assays should be vahdated
q'ith sem fro,n multiole individuals with specific clinr-
calf defined allergic .eaciions. aswell as non-allelgic sub-
jects jn order 1o demonstml€ specificity and criteria for
posilive resulls. whm practical. assay \'alidation should
be performed according io inlemarionall) recognized
guidelines [8 ], 8?]. and lhe assay cal;b.aled 10 a kno$n
amount ofinlemalional IgE standard or antigen-specific
lgE sraidard [81.83]. Forsomecommonly alle*en1c pro-
teins, in paf1icuiar a number of food allergcns. ciinicai
rcaclions. in yivo IgI challenges (SPT and food chal-
lenget and quanlilalive antigen-specifi. in f irro lgE
blndjng dara have been etalualed to undersland ihe di-
agnostic vaiue of lhe lesls and in some cases wjth the
jdentification of !rue- and false-positile and -negatjle
yalues u9. 82. 84, 851. Howeyer- becauseoflhe lo\Y prcv-
alence olaller$' lo man-v specifrc allergens and lbe small
amounl of serum or plasma thai can be drawn from al-
lergic subjecls. especialiy children. il malnot ile possible
to perforrn a full validatjon for each anlig€n-specific IgE
assay syst€m.

various direct binding assays. including immunoblol-
ting, ELISA. RAST, and !arious commercial tesling 1br-
mats- car provide a measurcmenlotlhe identity (qualita-
ti!e) or relalive abundance (quanljraliye) resuhs of IgE
binding to specific targers. There will always be a degree
ofuncertainty regarding ihe predictive value ot in rjtto
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IgE binding tesis for predicting auergenicity. Compa.i-
sons wirh clinical effects are needed 10 deoonstmte false_
posirive and faise-negative results as well as true-positive
and -negaiive rcsulls [19, 82. 85]. The impertecr predic-
live ralues ma]'be due to rhe inabiliry ofthe assavs !o
drf lercnr;are bel$een tow-alhni l !  ard hjgh-aftnirv ; ind-
ing orro discli.]rirate berween multjraieDt and monola-
lent binding. In-hibilioD assays can improve diagnostic
applicalions or studies designed to identil new allergens
as competiaiyc bidding wiih other rclevarl an d irrelevanr
proteins wiil verii, specificit,v. lf muiriple concetrrrarions
of inhibiior are lested. ithibirion assays wili prol,ide a
relative measure of lhe avidit),. The rcsulrs should be
evaluated along with clinical data and hisrorical exposure
ofrhe inaividual subject. , .  SPT or hrsrami. le rete;,c as-
says ma! be needed to help evaluate rhe polential bio-
logical acriviry ofthe ale€ens [?0- 80. 85-89]. For in-
stance, inhibition of bovine-milk-aIe.gic patienr lgE
binding to bovine atrd human p-caseins shoq,ed roughly
l0cfold geate. inhibirion of binding irirh rhe bovine
proleln, d€monstratfig grearer af6nilv bv the aile.genic
protein even lhough the sequences arc approximalel_v
6006 ioenlical and fe$ ind.\ idualr are lhougl-t lo be al-
lergrc ro human milk 1861.

F€w srudies have aitempred ro define $atisticailv sie-
r i6cant prcdicule ralues to '  al t . rgen-speci-nc nrrrrolei
assa]'s or SPT that would circumvenr th€ need for in vivo
challenge lests. Four rhings arc elidenr from such sludi es_
First. large numbe$ ofspecificaly allergic individual test
subjeqs are needed to esrabtish a signifcanr cutofi value;
second. the cutolf is sp€ciic for rhar allergenl rhird, dii
terenr studies have rcpofted notabl_v diilerenr rhrcsholds
for the same allergen, and- finaly. values indicaring a high
probability ofspecific allergv are markedlv above the low-
er lirajts ofdetection. e.g. 0.35 kUA/i in lhe phalmacia
CAP Svstemltr aests or a 3-mm diameter abole nesative
conlfol  io SPT resrrng I  lg.  85J.

In developing antigen-specific in viro IgE tes$ to eval-
uare the safetv oi proteins introdu.ed into GM crops_
non-spec;6c bjndirg of lhe IgL lo memb?nes used jn
Westem blors. ELISA plates or I he solid-pbase target prG
lejns are ofien overiooked. Additionally. binding ofde-
@ction reagents (c.g. secondarv aniibodies or biotin/avi-
din reagenls) ma-v be significani and mal appe€r ro be
specific {90.911. Development ofhighiy specific assays
of ien reqrues evalual iotr  ofblocking reagenl,  and bind-
ing condjtions wj$ a number of positive anu negauve
conuol sera as well as the deteclioD reagenls. Skin aest
maleriais shouid be tested in non-allergic control subjects
lo lesl foI the prcsence ofnon,specific iritants, In sum-

mary, t}le concept ofusing IgE binditg or SPT to evaluate
lhe allergenicity of a protein is simple, bur in pmctice the
performance of valid. meaningful assays is much more
complex.

wlile the FAO/WHO adv;sory group I49l recom-
mended broadly iargered serlrm screening oflgE binding
10 the inlroduced prorein, using sem from 50 individuais
who ate aller:gic to species distantlt, relaled !o rne source
of the gene (e.g. lalex-. birch-pollen- and peach-allergic
subjects ifthe gene was derived from a djcot-vledon), no
tesxng has confumed the prediciive value ol such a tes!.
Bas€d on the 1ow frequency of allergen specficity !o any
prorein. it is.hjgH!- uniikelv that such a r€st would rigor-
ouslv test lhe polential allelgenicity ofany prcrein_ T}lere-
lo.r. tbe Code\ drd nor rccommend La eeled screer Ing a.
a muline practice for assessing cM producrs 1501. \ihite
the European Food Safety Authority suggested rargeted
screening as an addirional method tha! mav be perlormed
in assessing allergenicitt [51].

Prorein Stabitity ro Pepsin

Since 1996 a le\r individuals have quesrjoned lhe rel-
€vance or prcdicrjle value of assessing rhe stability ofthe
ntroduced protein to pepsh at lo.iv pH, or rhe conditions
oftle assat [49- 92, 93]. Clea.ly the pepsjn assay is not
i 000/0 predictive, but manv impoitant food alle€ens are
stable in pepsin at pH 1.2, suggesting the assay may be
usefirl in risk assessment {39.401. The physiologicat basis
fbr the correlation is tbal the sromach offers a remarkabiv
cffect i|e organ ar denalunng a. d breaking proreins inro
small peptides and amjno acids rhar are available for ab-
soetion in the small intesrine- Denaturalion and parlial
digeslion of susceptjble profeins reduces the avaitabilitv
oI confo.mational epitopes more emcientiy than linear
epitopes. Many impoftanr lgE-biDding epilopes com-
monly recognized bv those with pe^;stenr, systemic al-
lergc reactions to foods such as peanuts and milk have
been sho\r! to be linear. based on bjnding 10 shon-im-
mobilized pepaide fragments 194. 9jl. In cont.ast. IgE-
binding epitopes for a number ofproteins from fruits and
vegetables. such as the apple. celer_v and peach, homo-
logues ofthe biftb pollen aiierger. Bet v i. that cause
pnmarib, mild oral itching and oropharyngeal swelling,
are conlormational and tlle prolehs arc not structuftlly
preserved tbrough beating or digestion [44. 96]. Fruit and
vegelable allergens that are stable to heat, such as the non-
specific lipid transfer p.oteins, are highly cmsslinked by
disDlfide bonds- These pmieins are stable 10 heat and di-
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gestion [39. 70]. lt is also importart to note lhat some
pepsin-stable proteids such as lectins [92]. *hile not a1-
lergenic, arc important immunogens or immunomodula-
tors in the intestinal tmct and sholrld be considered ir lbe
ovelall safety assessment. Pepsin digeslion assav condi-
tions have bem rcfined further in an istematioral col-
laboradve study [97] and it appears the assay has a rela-
tiveir" good predictive value for food alergens [40].

Glycosylation

A lumber ofallerg€nic prcteins are g\,cosylated at as-
paragine residues separared by one amilo acid fmm ei-
fier serine or tbreonine (uflless the intewening amino
acid r5 pro) jre).  i f  the prorein aLo conrains an amino-rer-
minal signal peptide sequence for prccessing in the endo-
plasmic reticuium and Golgi body. Wlile lhere are many
possible compler carboht drale st.uctures. rhose that con-
iain an o(l.3}fucoq'l residue. and./or p(1,2)-x,\'iose may
act as a cross-reactive carbohydrate delerTtrinanl (CCD)
that can be bornd by IgE from individuals sensilized to
lmrelated (non-homologous) sequences I98j. For some
individuals the CCDS do rot seem !o elicit allergic re-
sponses eilher because the affinity ofbinding js ]ow. be-
muse ttrere are no oltrer ICtr epitopes on lbe protejn or for
some other re.ason [69, 9 9]. In other cases, it app€ars ihat
the CCD is responsibie for eliciting a masf cell rcsponse
[100-102]. However. it is clear that the rest ofihe pmlein
siruclure must play a rcle in IgE recogrjtjon. Iflecrive
crosslinking on the masl cells must require borh prolein
sequences and CCDS in such cases or muhipie CCDS be-
cause individuals with IgE that recognize CCD5 do not
respond clinicaily to all CcD-contajning p.olehs. ln ad-
dition, the carbohydrate may influence the three-dimen-
sional structure of t-be prorein. If the GM prorein is gl,v-
cost4ated in the planr, appropdate safer,y resls (IgE bind-
ing. pepsin digestion or bioactjvity) must be perforned
witl a similarly gl,vcos)'la[ed protein (e.g. purifed irom
the GM plant), mther thar an ungiycosylaled o: differ-
ently giycosylated proteiD [51].

H€at Sta]rility

The allergenic act;vity of trIost commonl]' allergenic
loods are not reduced when the matedal is heated, pos-
sibly even 1o boilirg [43]. Some a]lcrgens (e.g. peanur)
may even be rcndered more allergenic by healitrg eilhet
due to covalent modification of the protein through fte

Maillard reaction, or enhanced prorease activity U031.
While heal s|abilit_y has been suggested a5 imponanl in
assessing the polential allergenic acliviry of proterns rn-
arcduced inlo GM crops l2l. 491. rhere is no universally
applicable method to elaluate stabilifv except to test di-
recti,y for rcsidual allergenic acrivjty in alleruic subjects
[44. 104] - For hear-slable allergens the IgE epitope. q'heth-
er confomational or linear- must relair tbe nad'\,e fofin
for lbe al ler?eDic acr ir i t !  lo remain qhen the prolein is
heated, In some cases. heat-stable proteins are highlr'
crcsslinked by disulfide bonds. in olher cases lhere are
relatilelr_ the.mo-slable b,vdrophobic intemctions thal
cause rctcntion of sl'uElure. Howerer. biochemical evi-
deDce that the prorein unlolds upon healingal relalively
1o$' lempemtures (e.9. less rhan 70'C) or looses enzl-nrat-
ic orbiological aciivit,\'at low temperatures is suggeslrye
thar it is lessurlikel) tobe a hcal-stab,lc allergen.

A number ofporent lood aUergens {e.9. .hrimp tropo-
mlosin and peanut ailergens Ara h 1 and Ara h 2) are
abundanr proteins in Ihe allergenic source, olten .epre-
seDling more than 10,6 and sometimes more than 100,6 of
the btal prcrein in the aliergenic food IIl. Bui nor all
abundant food proleins are sjgificant allergers, a.g- ac-
lom)osin. Abundance is iikel], .elated both lo rhe prob-
ability ofsensitizarion and eliciiation- Norel proreins in
genetjcally modified foodslhat arc expressed at veIJ_ lou
leyels are unlikel,v to b€come novel aiiergens. Whilc rhe
miflimal dose oianorel protein necessaryroeiicit alle€ic
sensitization is unkoown (and unlikely to ever be deler-
mined due to ethical considerations of such clinical e)i-
periments). evidence clearly demonstmtes that abun-
dance is imporranl as a risl faclor iD eliciting an allergic
respoDse in sensidzed indjriduals. Thercfore. under-
srandirg thrcsholds of elicilation, orminimum provoking
doses [05]. would be useful lo consider * hether a quan-
titative threshold dose could be eshblished below which
an_y protein \rould be unlikel,\' to induce an allergjc reac-
tior even if it \\'as able !o serNilize, Hor|'e,rer. such a
threshold sbould nol be used a5 a criterion to automali-
cally rcject prcducrs with more abundanr prorcins. be-
cause: as noted. not all abundant proleins are allergenic.
Imponant work is curenal"v in prcgxess tor a lumb€r of
food alergens lo delermine mi mal elicitalion doses.
Additional data from tlese e,ell-designed clinical sludies
may contdbule to the risk assessmenl process for CM
crops.
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Animal Modets

Animal modeis were recognized as a porentialh useiul
lool for evaluating allergeniciry at the lime of tbe injtial
allerg,v assessmenls for GM crops {21]. W}ile various
mouse. rat. glirea pig. dog and pjg models have been
developed and evaluated at some level. thel appearmost
useful at idefltirying mechanisms ol sensitizauon ano
elicnation [106-] 1ll. Each model has proven higtiy rc-
active for some specifrc alte.gens- bur thc! have either
not been re*ed n'irh a lariery ofallergenic and non-at-
lergenjc proteins. or tbev have been sho$'n 1l] react with
non-alleryenic protejts. Faclors rhar appear to iniiuence
the ourcome include: genetic differences across the hu-
man popularion and across animai species. possibie prj-
or dietarv exposurc ro test prorcins or highly simiiar pro-
teins. the presence ofadjuvants: routes and doses of sen-
sitization. challenge procedures- native state ofthe test
materials and prio. or concurrent vjral infecrion. Since
none oflhe models have been widelv re$ed and shoFn
ro correlate well i,!'jtli allergic reactions to a wide varierv
of allergens identified in the human population. ir has
not been possible to identjly a single rnodei or even a
pracl :cal  combina' iol  ol  models ror rbe safe.!  assess-

Potentially Allergenic cM Planls

Wlile major biotechnologli companies arc a1\?re of
rhe need forthe comprehensive allergenicir,v asscssmenr
described here. and rcgulatory agencies in at teasr some
counlries (e.g. the USA) are commending a panjal al-
lergeniciB, assessmelt (e.g. bioirformatics) before even
small'scale field trials are permitted, a rumber ofaca-
demic. govemmental and small compalrl scientistsmav
be developing GM crcpswith increased altergenic dsks.
Some published examples oftransformed cM c.ops that
couldprovjde significant beDefils jn telmsof nutdrional
improvements or reduced insect predadon have nol
been fuly evalualed.In one cxample. maizewas alrered
by the inseftion ofa g€ne ofl lS globulin ftom amaranth
(Amarunthus h!*pochondriacirt Il l2]. The developers
pertormed an alleryenicitv assessment iDcluding a bic
informatics seErch. but have apparentl.v ignorcd signifi-
cantl-v iong marches of greale. rhan 40% ide.tity with
alierg€ns in buckwhear- Brazil nurs. peanuts and soy-
beans (based on our search usingtheFASTA3 search on
http:/A{ww.AliergenOnline.com/) because they focused
onlvon shorr 100% malchrng 5equences (6 8amrnoac-

ids). In another case, soybean glycinin, wbjch is an al-
lergen, was inserted bro rice [i 13]. It is not clear ifthe
rnteDt was lo provide a model ao study the feasibility of
modirying the protein content or profile ofi€e, or ifil
was (is) intended as a potential producr I1141.In case of
thelalter. the potential impact on so,v-alle.gic individu-
a1s should be assessed before commercial development
would proceed. A third example is the t.ansfer of an in-
sect-resjstani protein. o-amylase inhibitor. from beans
into peas u 151. The sequence otlhe protein isjust over
35 % identjcal to a protein inpeanutandone in sovbeans
that are probabiy mjnor ailergens (identified by us in a
FASTA search,Esing http://w$r.AllergenOrline.com/).
Frnalll. the gene encoding the sunflower 25 albumin,
which hasbeen shown ao bind ICE from sunflower-seed-
alergic subjects [ 16]. has been transferred into borh a
vadety oflupine used ior animal feed and iDlo rice Il17.
I 181. Atthough suoflowerseed is not a common allergen.
further testing of the protein erprcssed in the tmnsgen-
ic plants seems warranted, There are man), other genes
tbal ha\.e been lransformed into lood crops from orher
allergenic sourccs or frcm sources of unlaro*n allergen-
ic activily. Many of them \!itl never be developed fur-
therbecause they areunlikely to be economicaily or ag-
ronomically valuable. However. in all cases wrc.e ure
planls rcpresent polenliai products, rhe porentia! aller-
genicily should be evaluaaed following rhe Codex guid-
ance [50]-

To a great extert, the ability to predict the poaential
allergenicitv ofanv proiein is srill limited to knowledge
as to whetber and how humans have been exposed to il
orfo highly similar proteins. with orwirhout lhe devel-
opment ofallergies. No single charactetislic or test has
been idenlGed that wil predict with great cenainry
wh€ther a specific prctein will sensitize individual coD-
sum€$. Ho{'ever, application of fie current allergetic-
ity assessment siialeg:/ for CM crops [i0] grearly r€duc-
es the risk of introducing a kno*n allergen, or a pmtein
that is likell !o be cross-rcactive aswas demonsirated in
the an alysis of the potential GM sot'bean thai contained
the rialor Brazil nul Fotein which later became knoNn
as the alleryen Ber e I 1471. There are stjli a few shorr-
comings to the prccess as evidenced by the inability to
successlully guide furlher assessment of the safe!' of lhe
pepsin-stable CrygC prclein in Starlink maize. Iher€ is
uncertasty aboul how !o evaluate prctein abundance or
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heating an d processing stabilitt" relative to allergenicity
and wirethera test colld be designed lhat could add pre-
dictive power. further reducing polenliai risk. Therc is
ofcou$esome room for improvem en1 in !he assessmenl,
The bioinformal ic.earcb r lgor i lhms and scor 'np cr i rer ia
for potetrtial cross-reaclivjt), should be e!alualed mor.
thorouglly !o provide addirional guidance for identiil-
ing likel] causes of ciinical cross-reacliril,v that s'ould
still need to be tesled by serum lgE binding or cha eng-
es. Additional guid ance lor methods 10 lest for IgI bind-
jngtospecifrcpro1einsandlbrmelhod val idal ion*ould
be useful. While such refinements \rould improrethe al-
lergenicil] assessment process. jl is impo ant 10 note
that there is no evidence lhat the proteins transfered
inlo an_v commerciall.," approved GM crcp are aileryenjc
or thal the overali allergenicity ofrhe endogcnous aller-

gens werc significanlly increased. As discussed here.
morc compleae application oflhe cllrent assessnrent Io
porential producrs described in the literaf ure shouid heip
reduce ihe possiblliq of jntroducing ne\r, allergens ro
food crops. wlrile some authors cortinue to call fbr ad-
d;rional tests ro predict polenrial jncreases in allergenic-
it,v. including brcadlt laBeted aliergic serum lgE bind-
ing studies. aninal sensitization and pro\'ocarion stud-
ies and extensive pr€-market clinical eralualions lolook
for polenlial ninor quanlitative differences in endoge-
nous allergens or allergenic acti\il-r bclween $,hat
amounls 10 diftercni varielies oflhe same crop $ill not
markedl-v imp.ove food'safet}. The assessmenr should
remain focused on prevenring lhe introduclion oi ne\'.
sienificant allergens.
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