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TI EINAI TENETIKA TPOMNONIHMENA (I'T) OPTANIZMO1
(GENETICALLY MODIFIED n GENETICALLY ENGINEERED)

e [EVETIKA TPOMONOINHEVOI Eival 01 OPYAVICGHOI OTOUG OMNoiouG EXEI
EVOC aAAOU opyavicpHou.




TYMNOI FrENETIKA TPOMOINMOIHMENOY KAAAMIMOKIOY

‘OAo1 o1 I'T noikiIAiec kKAAGQUNOKIOU £XOUV TA €ENG XAPAKTNPIOTIKA:
(n.x. Monsanto’s Roundup Ready).
(n.x. Monsanto’s MON810, Syngenta’s

Btl1, Pioneer’s 1507).

O1 noIKIAIEG £XOUV TPONONOINOEi YEVETIKA

€ TNV EI0AYWYN EVOG , ano &va
GKTRHPIO TOU £0APOUG TO

To yovidio Bt pEpel TV n)\npocpopla yia Thv oquson HIaG

Ta puTa oTa onoia £xel YIV£I €100ywyn TOU Yovidiou napayouv Tnv
Toéivn Bt.

Crop is infected by Pest dies when feeding on
European com borer any plant pan




TYNOI FrENETIKA TPOMOMOIHMENOY KAAAMIMOKIOY

H noikiAia MON810 £xe1 napel Tnv eykpion TnG E.E. yia kaAAIEpyEla
aAAd UNOKEITAI OE anayopeUoEIC ano kpaTn HEAN TnG E.E. ka1 €101
kaAAiepyeiTal govo o1o 0.2% Tou £dapouc TnG E.E. ka1 kupinc oTnv
Ionavia, Tnv Anpokparia Tng Toexiacg, Tnv Meppavia, Tnv ZAoBakia,
TnVv NMopTtoyaAia, Tnv Poupavia ka1 Tnv MoAwvia.

O1 noikiAieg Bt11 ka1 1507 gival oTo TEAIKO OTASIO EYKPIONC ANO TNV
|




e 'HONn ano giXav XpnoipHonoin&i EVTOHOKTOVA OE
HopPPN Kal Ta onoia dsv npokaAovoav

BAaBec os aAAa Evroua n oTnv aypia xAwpida kai navida.

O1 Toéiveg Bt opwc nou napayovrail ano 1o I'T kaAapunoki diIaPpEPouV
ano auTi NOU NEPIEIXav Ta onpeu.

MpokeiTal yia Hgia ToEiv Nou gival HIKPOTEPN O€ HEYEOOG Kal EXEI
AlyoTepo enIAekTIKN Opaon ano oTi Ta onpel Bt ka1 cuven®mg pnopei
va npokaAei BAABec kai o€ AAAa EVTOHA EKTOG AnO TA

EVTOHA-OTOXOUC.




TOZ=IKH ENMIAPAZH TOY I'T KAAAMINOKIOY 2E OPITrANIZMOYzZ NOY
AEN KATAZTPE®OYN TA ®YTA KAAAMITOKIOY

e Ta IT kaAaunokia napayouv Tnv (o [3
OpPICHEVA Ei0N NOU KATAOTPEPOUV

TA (PUTA TOU KAGAQHNOKIOU.
'OJWG, NPOVUHPEC ano AsnidonTeEPa Kal NETAAOUDEC nou Oev Eival

BAaBepa yia To KAAAQUMNOKI HNOPEI Va KatavaAwoouv Tnv Bt
TO&ivn ano puUTA NOU HEYAAMVOUV KOVTA OE KAAAIEPYEIEG

Kai

KaGAQUnokKIou.

EVAAIKO GTOMO AETTIOOTTITEPOU KAl KAMTTIO OE PUAAC KOAGMTTOKIOU




TOZ=IKH ENIAPAZH TOY I'T KAAAMITOKIOY 2E OPITANIZMOYz NMOY
AEN KATAZTPE®OYN TA ®YTA KAAAMITOKIOY

e Ta napadsiypa, ol NPOVUHPEG TN
(nou dev eivai EAaBspsq yia To kaAapnoki) givai
1I01aiTEPQ £UCIIO'9I‘|T£(; otnv Togivn Bt Tou I'T kaAapnokiou. Xpovia
£kBeon oTnv Togivn Bt peinoe TRV ENIBI®ON TOV NPOVUHP®V TNG
BCIO'IAIKI‘](; NETAAOUOAC EWG TNV EVIAIKN HOPPN).

To napanavem napadeiypa JEiXVel NWG opyaviopoi nou dev eival
Bi\aﬂspm yia TO KAAQUNOKI HMOPEI va ENNPEACTOUV ANo TNV To&ivn

Eniong, To napad&siypa tng BaciAiknG neraAoudag dEIXVEI NWG

. ZTNV NEPINTWOT) T) %BCIO‘IAIKI]Q neraloudag, HIKPNG

O1apKEIag psAsqu 4-5 pEPEG) Oev £01Eav kapia enidpaon Tng
T0&IvnG Bt TOU I'T KAAGHNOKIOU, EV® HOVO HAKPAG S1APKEIAG HEAETEG
(2 xpovia) £dsi&av enidpaan.

BaoilAikn neTaAouda
(monarch butterfly)




TOZ=IKH APAZH ZzE Q®EAIMA ENTOMA

H To&ivn Bt Tou I'T kaAapnokioU 8a HNOPOUCE va eNIdPACE! OE
EVTOHA MOV Eival WPEAIHA YIA TOV (PUOIKO EAEYXO TWV EVTOHMV NOU
KaTaoTPEPOUV TO Kcl)\clpnom
Nna napadsiypa, n todivn Bt £xe OTIG

(green lacewing) HEO® TV EVTOH®V MOU anoTEAOUV Agia yia
CGUTEG, TA onoia HE ™ OEIpA TOUG TPWVE TO I'T KaAapnOKl

‘ETo1, n To&ivn Bt ano 1o I'T kaAaunoki HNOPEiI VO OKOTWOEI EVTONa
nou O€v €ival BAaBepa yia To KAAGUNOKI Kdl va NEPACEI

OuoYxEpPaIVEl TOV npooﬁloplopo TWV OUCHEVWOV
emdpacemwv TnG To&ivng Bt Tou I'T kaAapnokiou.

Green lacewing



TO=IKH APAZzH ZE Q®EAIMA ENTOMA

EI1I0'I‘|(;, HEAETEG EXxouv Oc€i&el o1 n To&ivn Bt Tou I'T kaAapnokiou Oa

pnopouos va £I'II5pCIO'£I ™ ol
OMOIEC Eival CNUAVTIKOI ENIKOVIAOTEG.

O kavoviopog TnG E.E. yia Tov npocdiopiGHO TOU KIVOUVOU ano Tnv
To&ivn Bt nepiAapBaver HikpNG d1apkeIag HEAETEG OvNOINOTNTAG OE
€va HOVO £€i00G. TETOIOU €100UCG HEAETEC OEV HNOPOUV Va
aviXveuoouv dpaon EUHEONG TOEIKOTNTAG N ENiIdpaon oTnv
CUHNEPIPOPA EVOC OpyavicHou.

H enidpaon TnG To&ivng Bt npenel va peAeTarai




NMIOANH BAABH MAKPAZ AIAPKEIAZ 2TA EAA®H AINO THN TO=INH Bt
TOY I'T KAAAMIMOKIOY

H To&ivn Bt Tou I'T kaAapnNokKIOU MNOPEI Va NAPAHEIVEI OTO £8APOC
L[5

MeAeTec £xouv dei&el 011 n ToEivn Bt Tou I'T kaAapnokiou
OE OUYKPION HE QUTA TOV pun I'T
NOIKIAI®V.
H peiopevn anoikodopnon TnG toéivneg Bt Tou I'T kaAapnokiou
I0wG va oPpeiAeTal oTo OTI o1 I'T NOIKIAIEG NEPIEXOUV
ano oTi ol un I'T noikiAIEG.

H ennpeadel Tnv d1adikaoia TnC NEYnc ora putoPpaya (wa
kal 6a pnopouUoe va KaOUOTEPNOEI TRV ANOIKOJONNON TWV
unoAsippatwyv TnG Toéivng Bt oTo £dagog.




NMIOANH BAABH MAKPAZ AIAPKEIAZ 2TA EAA®H AINO THN TOZINH Bt
TOY I'T KAAAMIMOKIOY

e Av Kkal Ta sacupn givai OIKOO‘UOTI‘“.ICITCI ?,lekng onpaalac; yia
TNV YEWPYIa Kal TRV BlonomlAOTnTa, WOoTO000 ol YVQWOEIG HaG
Yid TNV oIkoAoyia TwV e3apV gival NEPIOPICHEVEG.

H To&ivn Bt 6a pnopouoe va gival ToEIKN yia opyavioHouc
TOU £0a(POoUC ONWC Ol

IS1aiTEPA, NPENEI va HEAETNOOUV 01 HOKPOXPOVIEG ENINTWOEIC
TV T KAAGUNOKI®V O0TO £5aPOG.

YalookmAnkag VINHAaT®OOEG




EMIAPAZH THZ TOZINHZ Bt TOY I'T KAAAMINOKIOY 2TA YAATIKA
OIKOZYZTHMATA

e H 1o&ivn Bt Tou I'T KAAQUNOKIOU NOU EITE ANEAEUBEPWVETAI AMNO TIG
PICEC EITE ANO TA UMOAEIJHATA TOU (PUTOU NOU NAPAHEVOUV OTO
XWpEagl Hnopel va eI0EAOEI o€ _ Kal va gival ToEIKN yia
udaTIvouG HIKPOOPYAVICHOUG HE NIOAVEG ENINTWOEIG AKOHA Kal O
€NINEGO OIKOGUOTNHATOG.

_ £ opyaviopoug (n.x. Daphnia magna) nou
XPNOIHONOIOUVTal WG OEIKTEG YIA TNV NOIOTNTA TOU VEPOU £J€IEavV
ONHAVTIKA HEIWHEVH IKAVOTNTA NPOCAPHOCTIKOTNTAG OTAV TOUG
OIvoTave wg TpoPpn Hia noikiAia I'T KaAGUNOKIOU. AUTO AMNOTEAEI
gvoeIiEn To&ikoTnTAG.

Av kal HEAETEG EXOUV OEIEEI OTI O1 UDATIKOI HIKPOOPYAVIOUOI JEV
ennpeacovral, 6a HNOPOUCE va UNAPXOUV ENINTWOEIG OE EVTOHA
nou CoOUV OTO VEPO Kal EIVAI OUYYEVIKA 0G NPOG Ta AenidonTepa Kai
TIG NETAAOUOEC.




EMIAPAZH THZ TOZINHZ Bt TOY I'T KAAAMINOKIOY 2TA YAATIKA
OIKOZY2ZTHMATA

nou (PEPEI TN YEVETIKN NAnpogopia yia Tnv Togivn Bt Tou
I'T kaAapunokiou Kal
£XEI BPEOEI OE 10TOUG HUBIOV OE NEPIOXEG Onou kaAAigpyouvTal I'T
kaAapnokia. H Togivn Bt cUCOWPEUETAI OE OPYAVIOHOUG MOU
KartavaAwvovTdadl ano Ta pudia.

O1 EMNTWOEIG ano Tnv napoudia Tou yovidiou Bt o€ {wikoug
OpYavioHoUG OEV Eival YVWOTEG, Kal OUTE EiVal YV@WOTO av To yovidio
HNOpEi va t—:l«ppcstl o€ {WikoUG I0TOUG.

O kavoviopog TnG E.E. yia Tov npoodiopiopo Tou KIivoUVou ano Tnv

To&ivn Bt Tou I'T kaAapnokiou dev NPoBAENEl HEAETN TWV MOav®V
smmmoswv oTa uddaTiva OIKOOUOTHHATA.




AY=HMENH ANOEKTIKOTHTA TQN ENTOMQN 2THN TO=INH Bt TOY
I'T KAAAMINOKIOY

Zqu H.[.A. unapyouv KCIVOVIO'|.IOI nou unoxpswvouv Tn dnuIoupyia
gploXxwv HE pn I'T kaAapnokia peoa oTiG KaAAIEpYEIEG T
AAGHUNOKIOU HE OKOMNO Va EUNOOICTEI N avanTu§n EVTON®V HE

CIVGEKTIKOTI‘]TCI otnv To&ivn Bt.

AUTEG OHWG O1 NEPIOXEG HE BN I'T KaAapunokia HNopEi va £Xouv
anoTeAeopa oTIG HEYAAEG pappeg TV H.M.A., alAa iowg va pnv
£XOUV NPAKTIKN XPNOIHOTNTA OTIG HIKPEG (pappsq TNG Eupwnng Aoyw
TNG d1acTtaupwong TwV pn I'T kaAapnoki®v PE Ta I'T kaAapnokia Je
anoTeAeopa Ta EvTopa va ekTiOevral oTnv Todivn Bt kai oTIg
NEPIOXEG TWV UN I'M KAAapNoKI®V.

Eniong n HNopEi va
ENNPEACEI TNV TAXUTNTA HE TNV onoia avanTUoOETAl AVOEKTIKOTNTA.

Av Ta gningda smppaor}‘q gival xapnAa n To&ivn pnopei va

OKOTWVEI TA EVTOHa aAAa avTiOeTa va Ta eNITpENE! va .t-:m[g'I IOVOUV
unoBonbmvTag Tnv avanTuén avlekTikOTNTAG.




AY=HMENH ANOEKTIKOTHTA TQN ENTOMQN 2THN TO=INH Bt TOY
I'T KAAAMIIOKIOY

Ynapyouv noikiAieg I'T kaAapnokiou nou napouciafouv [

: : TNG To&IvinG Bt ano uTo o€ PpuUTO. AuTh N
O0lakupavon oTnv Ekppaocn Tng Togivng Bt augaveral YE Tn Xpnon
alWTOUXWV AINACHATOV.

Ynapxel nAn0wpa eNICTNHOVIK®WV SEGOUEVWOV NOU SEIXVOUV OTI EQV
EHPAVIOTEI AVOEKTIKOTNTA TOV EVTOUWV OTNV TO&Ivn Bt o€ peyalo
Baduo n 1010TnTa TV I'T KAAGUNOKIWV Va avlioTavTal oTa EVToHa
0a peimBeil onpavTika. ‘ETol, n Xpnoipgonoinon /

0a €ival avano@EeuKTI).

Ynapyouv oToixeia nou deixvouv oTi oTig H.IN.A. £Xouv EPPavIOTEI
gvTopa avlekTika ota I'T uTta Bappaxiou. Av kai n Egpavion
avOEKTIKOTNTAG OEV EXEI OONYNOEI OE KATACGTPOPEG KAAAIEPYEIWV

YIaTi 01 aypoOTEG XPNOIHOMNOIOUV EVTOHOKTOVA Kl OTIG KAAAIEPYEIEG
HE I'T puTa.

H eppavion evropmv avOekTikwv oTnv Togivi Bt BTel coBapé:
AnEIAEG YIa TIGC AEIPOPOUGC KAl OIKOAOYIKEG KAAAIEPYNTIKEG HEOOOOUG.




MIOPEI TO I'T KAAAMIMOKI NA OAHIHZEI 2THN ANANTY=H
BAABEPQN ENTOMQN

o ApKETEG HEAETEG EXOUV Oei&el 0TI AAAa EvTopa nou npokaAouv BAaBeg oTo
KAAaunoki kI:IOpOUV Va avTIKaTaoTHOOUV TO KEVO NMOU SNHIOUPYEITAl AOY®
TNG KATANOAEHNONG TWV EVTOHMV NOU anoTeAoUV 6TOX0UG TnG To&ivng Bt.

Na napadsiypa, YEIWD) nou cuvedeTav
TNV TOdIvn Bt auE,nBlb]Kav ol NAnOuocpoI EVTOH®WYV Nnou npokaAouv BAapeg

OTIG NATATEG AV Kal gV avkKouv oToug Bacikoug exOpoug TG nararag. To
AanoTEAECHA NTAV Va NAPEUNOJICETAI N AavanTuén autwv TV I'T puTev
Nnararac ol ornolec OV EIval NAEOV EUNOPIKa d1a0soIpEeC.




AY=HMENH ANOEKTIKOTHTA TQN ENTOMQN 2THN TO=INH Bt TOY
I'T KAAAMINOKIOY

e ZtnVv Kiva kai og aAAeG XWPEG O1 AyPOTEG ENPENE VA YPEKALOUV
NEPICOOTEPA EVTOHOKTOVA HETA ANO KAMNOoIa Xpovia _
| nou napnyaye Tnv To§ivin Bt yia Tnv katanoAepnon
EVTOHWYV NMou OEV avnKOUV OTOUG KUPIOUC EXOpouc Tou BaupBaxiou.

AuToOI 01 SEUTEPEUOVTEG £XOpoi TOU BapBakiou EAEyxovTav oTo
napeABov Pe Tn Xpnon J nou
XPNOIHONOoIoUVTaVv OTIC KAAAIEPYEIEC BaHBakiou.

"ETO1, n Xpnon Tou I'T BapBakioU apyika HEIWOE Ta EVTOUOKTOVA MOU
XPNoIHonoiouvTav oTIG Napadoaiakeg KAAAIEPYEIEG BapBakiou aAAa
EIXE WG AMNOTEAECHA TNV AVANTUEN TWV OEUTEPEUOVTMV EVTOHMWV MOU
givai x6poi Tou glupBuKlpU, HE anOTEAECHA N Ol EVTOHOKTOV®V
Ela AUTOUG TOUG OEUTEPEUOVTEC £XOpou¢ va uu)g; €1 o€ noAAanAaacio

aépuo.




TO I'T KAAAMINOKI MIMNOPEI NA OAHINHZEI 2THN ANANTY=H
BAABEPQN ENTOMQN

211c kaAhiEpyeieg I'T kaAapnokiou oTig H.MN.A. £xe1 au&nBei o
apiOpo , OE GUYKPIOT) HE
TIC CUHBATIKEC KAAAIEPYEIEG.

Eniong, os I'T kaAMIEpYEIEG KAAGUNOKIOU £XEI NapaTnpnOei au&non
TOU apiOpou piag nou npooBaAel Ta pUAAa Tou
kaAapnokiou. H au&non Tov apidwv £XEl 00NYNOEI kal O augnon
EVOC NAPAciTOU NOU TPEPETAI HE TA AUYA TOV APIdwv.

O Aoyog yia Tov onoio au§ninke o apiOHoOg TWV aPidwv NICTEVETAI
OTI OXETICETAI HE TA OTOV XUHO
TOU (PUTOU arno TOV onoia TPEPovTal ol aPides. Aev Eival OPWG

YV®WOTO TI NPOKAAECE TN HETABOAN OTN XNHIKI) CUCTACT TOU
<bpun|<ou XUHou. Meavwg n anpoocooknTn eNidpacn oPpeilovrav oThn
1a81KacIa TNG YEVETIKNG HNXAVIKNG Yia TNV £10Ay®YN TOU YOVI3iou

Bt oTo uTO.

Western bean cutworm



MIMOPEI TO I'T KAAAMINOKI NA OAHIHZEI 2THN ANANTY=H
BAABEPSQ2N ENTOMQN

Kara ouveneia o1 aAANAEMBIPACEIG HETAEU TWV EVTOHMV NOU
TPEPOVTAI ANO TA PUTA EIVaAl NOAUNAOKEG.

Mnopei pe Ta I'T puTa va eAeyxeral 0 NANOUOHOG EVOG EVTOHOU aAAa
auTto Oa avTikaTtaoTaBel ano eva aAAo. ‘ETol,




H ZYNYTIAP=H I'T NMOIKIAIQN KAI 2YMBATIKQN AEN EINAI AYNATH

Ynapxouv NOAAEG HEAETEG NOU JEIXVOUV OTI N 6|00Tuup(oon HETAEUL
I'T noikiIAIwv KGAGUNOKIOU gival duvaTi

2€ OAeG TIG EKO£0EIG TNG E.E. OXETIKG HE TOV EAEYXO EEANAMONG TOV
I'T puTOV avapEpPeTal OTI TO

AOyw TnG HEYAAnG anooTaocng oTnv onoia Hnopouv va
CUHBOUV J1a0TAUPWOEIC.

Nna napadsiypa ornv Ionavia, noAAEG

KaAapunokiou gixav enipoAuvOei pe I kaAapnoki aAAa ol
KaAAIEPYNTEG OEV TO avaPEPAV Yia OIKOVOHIKOUG AOYOUG Kal ano
¢pofo va pnv xuoouv TO nunonomnko TNG OPYAVIKNG KﬂMlspyslag

Eniong, Hia ano TIG CUVENEIEG NTAV VA HEIWOOUV 01 EKTUCEIG TWV
OPYAVIK®V KAAAIEPYEIRV oTnv Apayovia, TRV NEPIOXN TNG
Ionaviag HE TIC NEPICOOTEPEC KAAAIEPYEIEC T KAAGUNOKIOU.




H ZYNYIMAP=H I'T MNOIKIAIQN KAI 2YMBATIKQN AEN EINAI AYNATH

e Eniong, unapyel To EVOEXOHEVO
Kal £ETol 6a PHNopEi va ENIPOAUVEI
g n I'T kaAAiEpyeleG. I'T puTa KAAGPNOKIOU £XOUV ENIBIMCEI KATa Tn
IGPKEIC TOU XEIH®WVA oTNV AyyAia nou £XEl OXETIKA YUXPO KAipa o€
oXEon HE adAAec Eupmnaikeg Xwpec.

duta I'T kaAapnokiou £xouv napatnpnOei O XEpoa Xmpagia Kal
OTIG AKPEG SPOHMV TN XpoVvid nou akoAouBouoce Tnv napaywyn I
KGAaunokKIou, Npopaveg ano Gnopoug nou eixav diacnapei Tuyaia.
Tertoia I'T puta 6a pnopoucav va eNIHOAUVOUV YEVETIKAG pn I'T
KAAAIEPYEIEG KAAQHMOKIOU

ztnv E.E. dev unapyel vopoBeoia yia Tnv anoinpinon Tov CIYpOT(OV
TWV ONoiwV ol CUHBATIKEG KAAAIEPYEIEC KAAAUNOKIOU Oa
gnigoAuvovTtav pe IT.




2YMIEPAZMATA

'OAgg o1 noikIAieG I'T kKAAGUNOKIOU HMOPEI VA NPOKAAECOUV SUOUEVEIG
ENINTWOEIC OTO PUOIKO NEPIBAAAOV KAl OTNV YEWPYIA, ONWG:

ONwG HE EPHECT TOEIKOTNTA KAl HAKPOXPOVIEC ENIOPATEIG.
Enidpaceic, 181aiTEPa HAKPOXPOVIEG,
ZUgowpeEeUoN kal diatnpnon TnG Todivng Bt oc

Epgavion otnv Toéivn Bt.

AuEnon oToug NAnBuoHOUG AAA®WV EVTOH®V NOU SV gival o1 kUpiol eXOpoi
TOU KaGAQunokiou.

Enidpaceic oTIG HEOOSOUC TNG




2YMIEPAZMATA

H d1adikacia nou €xe1 TeBei ano Tnv E.E. yia Tov npoodiopiouo Tou
Kivouvou ano 1o I'T kaAaunoki €ival avenapkng yiarTi

ZUYKEKPIHEVA, N eEanAmon Tuo I'T kaAapnoki givai
aveEEAEYKTN AOY® TOU HEYaAou BaBpou enipEI§iov HE CUNPBATIKEG
MOIKIAIEG KOl TOV HEYAA®V ANOCTACGEWV TIG OMOIEG HMOPEI Va
O1aVUOEI | YUPN QUT®WV TWV (PUTOV.

[ . H kaAAigpyeia I'T kahapnokiou 6a anoTpEWYE! Toug
aypon—:iva apvneouv TNV KaAAIEPYEIQ TOU, KAl KATA CUVEMNEIN TOUG

KATavaA®TEC va pnopoulv va eniAEEouv TV ano@uyn I'T Tpo@wv.



2YMINEPAZMATA

o To pyeAAov TNC Yewpyiac BacileTal ox1 oTa I'T puTta aAAa
nou 5I‘||IIOUpY£I vssc; 0cocIg spyaolaq, npowoOEi
TNV avantuén TV aypoTiK®V nsplox(ov Kal NPoayel Tn

BIONOIKIAOTNTA HE TO VA NPOCTATEUEI TO £0APOC, TO VEPO KAl TO
KAipa.

eEao@alifouv acpaln diarpoPn yia
onpspa kal yia 1o HEAAOV ka1 Oev snlpoAuvouv TO nsplﬁaMov HE
XNHIKEC EVOOEIG | HE YEVETIKA TPOMOMNOINHEVOUG OPYAVIOHOUG.




Box 1-1). This “one-doar-ome key' regulatory strategy is in lme with the European Commission’s
effort 10 integrate lood and feed regulation across sectars and to enbance the efficicacy and
ccherence of the review svstem. It is alsa hoped that this strategy will bela to avoid fisscos sack
as the fndiog of Aventis® Starlink ™ inscct-protested com in the feod chain, although it bad only
been approved for local cultivation and feed use in the US.

BOX 1-1

EU LEGISLATION ON GM FOODS

iTonmental
Dirsctive 200 1/18/'EC an the deliberote release oo the cavicoament of GMOs and repealing
Council Dirsctive SMU2Z2WEEC

GM focd and feed
Regulstion (EC) No 122972002 an GM food aod feed

Con iSTD-ar, 18 K

Council Directive 9021 %'EEC an the contained use of GM micro-organisms

Council Directive 98B L'EC amending Directive 9021 9EEC an the conained ase of GM mucro-
argnnsms .

Labelling of GM (ood and foed

Council Regulation (EC) No 113998 cancerning the compm lsary indscation of the

labelling of certnin foodstul’s produced from GMOs of pariculars other than those

proviced for in Dircctive 7991 12V EEC

Commission Regulution (EC) No 492000 amending Council Regulation (EC) No

1139/98 concermng the compulsory indication an the labelling of certain foadstufls
from GMOs of particulars other than those provided for m Dircetive

TONLNEEC

Commission Regulation (EC) No 502000 on the Jabelling of foodstufts and food

ingredients containiag additives ané flavoarmgs that have besn genetically medified or

have been produced from GMOs

Regnlation. (EC) No 1830722003 coancerning the tmeeah:l:ily and labelling of GMOs and

the traceability of food and feed products produced fram GMOs snd amendiag Directive

200LSLEVEC

Labclling, traceabilizy, and corsumer choice

The Furopesn Commission’s role in consumer protcctsoa has grown togeother with its increasingly
political remit since entry into foece in 1987 of the Single Buropean Act. This prianty kas been
further higalizkted in the Treaty of Amsterdam. The website of the Furnpean Coomissica DG
SANCO spells ont that provasion of consumer information and chawes through Iabelling and
product information is considered an important element reyuired 10 re-establish consumce ast in
the EU fvod safety apalysis and conerol system afler the BSE and ather food safety crises
Information should he provided on health-related issues and on salient matters related to food
production proccssics.
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US firms 'tried to lie” over GM
crops. says EU

By Michael McCarthy,
Environment Editor

14 "ot 2005

Amencan ctacr companes tneg ta he To Surooe
in ar aftemol In Tarce genaically moafiaed cinps
upan thern, Margo! Vigslistiom, the Eulupean

environmant QQD,TE?‘EQE'_- said yesie aoay

~a! tom developing GM croes to solve the
protem of starvaton in the world, as they
claimed. the betech compames did 5o to " salue
starvator amorgst thea sharehooesrs”  <aid the
Europear Urion's leadirg green coliticas»

Spesaxinng 1Q adines st o codan the 45 g -o'd
Sweode hilowed her bnaadside oveaer GM with an
amack on thg US gvar he so-called gnrost Nagr of
rustng and polluted Amencan ships beng sent to
Britaen for diemanting saying theav shoulad bwe kepd
I Amenca

She rurther suggested thal the US governmernt

rad been puthng pressure o0 Russia nof to ratify
the Kyato protocoi




GM crops unlikely to remaimn
contained. study shows

By Danielle Demetriou

14 Cotober 2003

SGenetically modified crops may Not ramain s=144
contained. according o a Government stuady
published vesterday which revealed’bees are abie
tc cariy polien up to 16 miles away, '

Stringent regulations are likely © be enforced on
future GM crop triais. after the study discovered
that poiten couid travel eight times further than
pr ev;ous!y thought

A second report found that after GM oliseed rapse
was grown, it would take 18 years before
conventional crops could be grown without fear of
breaching the maximum 1 per cent contamination
threshold

The findings,. published by the Department for
Environment, Food and Rural Affairs. coincadsad
with protests from about 1 000 anti-GM

campaigners who marched through centrsi
Longon

The first study . conducted by the Scottistz Crops Research Institute, raises

aquestion about previous research in Canada and the UK which cilaimed the pollen
of G crops could travel only 2 5§ miles

Using "bait pients”, it found that contamination could take place as far afieid as 16
miles from the original site Whiie lang distance transfer was described as rare
and resulted in a dilution gene flow, the study revealed that bees were the key
culprits They carried the polien back to the hive then swapping it with othe:
pollen. resulting in the fertiisation of plants

The second study revealed that uniess weeds from GM crops weire stringantly
controlled,. there was a nisk of caordtaminating conventiona! crops for up to 16

years. To ensure crops were not contaminated weeadkiller woul have to be
sprayed regulariy



Study heightens fears over
(WM superweeds

By Steve Comnmnos Science Editor

10 October 2003

Cross-poliinaton betwesn GM plants aoa thienr

s:.nnerwaéds resistant to thhe miost covwerful
weedkillers according to the first national study of
how genes pass from ocrops 1o weeds”

its Andings will raise concerrs absut the impact of
S crops Next week the resuiltswill be publisheaed
of farm scais trials which have studisd the impaot
o0 the countryside of three tvpes of crop ;

The governmanit-funded scentusts said the latest

findings "conirast’ wth previous assessments of

gene flow between fanm crops and weeads Thay

nad suggested that the danger of hvbricdisation -

where bevo types of pilant cross-pollinate to create another, for eaxampie a
Supensyeed - was limited Supenweeds are considasred to be a threat becauss s
some cases they might absorb resistance to weedkiliers from GM crops
sngineered to be herbicide-tolarant

Eut the resuits of the research, which invoived analysing satellite images of the
British countryside and patrolling 180 miles of river banks, reveal that

hybridisation 1s both more widespread and frequent than previousiy anticipated

Mike Williinson of Reading University, wheoe i=d the study published today in the
journal Science, said physical barriers such as isoiation distances - buffer zones

designed to stop pollen spreading from GM acrops into thhe wanid wwortid have only =
Limited impact on preventing hybridisation

TEhis [study] shows that isolation distances will redguce hybnd numbers but ot
prevent hybhridisation it depends on what ievel of hyvbridisstion vou deem
acceptable but i vou want o absoliutely prevent hyvbrnids then isolation distances
will not do so. " D Vifilkinson said "Hybridisation 1s mare or less inevitghle in the
LI context.”” he addsd

The study conceaentrated on ron-GM olisesd rapes and assessed haw sasily it
cross-bred wath a near-relative in the wild called bargeman's cabbage. alsc known
as wild turmip, which tymcaily grows along river banks Although the research was
based on convaentional ollseed raps. Dy Wilkinson said thhe conclusions applied to
any flow of genes that couid be expected from the (S vaneties of ocilseed rape
that were undergoing farm -scaie triz=is.
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Arthur N. Mayeno and Gerald J. Gleich

and tryptophan production:

a cautionary tale e

An apidemic af a new dsease, termed eosinophilia—myaigia syndrome, occurred

n the USA in 1988. This syndrecme was linked to the consumption of Ltryptophan

manufacured by a single company utilizing a fermentaton process. All the findings
indicate that the illness was probably triggered by an mpurity formed when the 3
manutaciunng conditions were modified. This cutbreak highlights the need for close
monitoring of the chemical purity of biotechnology-derived products, and for
rigorous ltesting cof such products following any significant changes toc the

marafaciurng process.

During the fall of 19892, an cpidemic of a new disease
occurred in the USA. The illness was characrerized by
Eloud eosinophiba (raased numbers of a type of white
tlood cell) and myyalgia (severe muscle pain), and was
termed the cosinophiba—myalgia syncrome [(EMS)
(Reds 1—1). Tt was indtially recognized in October 1989
when physicians in New Mexico identified three
waomen waith simelar chmeal findiregs; all dtheee had
consuwined L-tryprophaz: prior to Cie onset of cheir ill-
ress® I'he physicians' tindings were publicized by che

Incal news media anid, soon afier, addinonal cases of

che same illness were identified throughout the UUSA
anidl in several other countries

Epidemiclogical studics initiated in easly November
1952 bv the healdh departments of the scates of New
Muexice and Minnesotz demuonstrats=d a scrong associ-
arion beoareen ths ._onn.unpucu ol uyptuphan and the
onsee of EMS (Refs 6.7). A naconal surveillance pro-

FErasn was indgaced by the 1S Centers for Disease Con-
ol (CDC) to invest:gate the new discase. On 11
Novermnber 1989, the US Food and Drug Adminis—
tration (FDA) issued a natonwide warning advising
comsumers to discontinue che use of oryprophan food
suoplement. The agency subsecuently requested a
nanonwide recall of zll oyprophan sold over-the-
counzer.

Wich the removal of tryptophan from the conumimer-—sufficient quanticés”

miarkses, the rumber of new cases of EMS diminished
rapicly. Neverthelsss, > 1500 prople were affecred by

A N idayzne and G J. Cleich are o the Aliergpic Dicaaner Raewrarch
Labunaro
Maywe

and 2daye Foundation; Rpc‘l:sra M‘J.‘rfmmd

the iliness, and 37 deadchs have so far beenattributed uwo——E
_National surve

w5, f. Cifeicls i alro at the Drpariment of Tmmursslagy, mporwd..tn_the CID

EMS. Many pasents are still in 3 chronic phase of the
disease. The woll would certinly Fave been higher wers
it not for the alertmess of pnynclms who linked the
new disease to srvpeophan, the epidemiological inves—
tigations by dae state healeh deparenents and dhe CDC,
and the prompt recall, by the FDA ofp:odu:w-cun—
tmining L-tryprophzn. While epidemiological and
chemical investigarions indicace that che epidemic of
EMS was caused by contaminat=d i-trvptophan, the
precise contasninant(s) cawming the disease is stll
TECnONRTL. F
Prevalence and reasons for tryptophan use

In 1989, the use of L-xryptophan was wide ipread in
the USA. In Oregon and Minnesota, " —2% of che
hounschold members surveved had nsed ayvprophan at
sometime betwesn 1980 and 1939 (Refs 7,8). The
most conunon teasons for using tryptophan were
insomnia. premensoual syndrome and depression.
Alzhough most consumers purchased syprophan for
therapeusic use, it was markeeed as a food supplement
and was widely available in the USA withour a pre-
seription. The manufacturers of the product did noc __
make any claims regarding its therapeucc efficacy and
the product was net regulated or approved by the FDA
L-tryprophan 15 an essential ammo  acid; however,
re<ent i tRé ¢ﬁ'et af nasc

US cidzens wu:hout I:I:u:..m:cd. ﬁnr upp

As crf]'uru: 1993, ml'm]u amis




Table 1. Genetic madifications of the different strains of
Bacillus amyloliquefaciens used to manufacture L-tryptophan

Modification
| Original strain of 8. amyfoliquefacions IAM 1521

1 The tryatophen cperan lcodng for zll enzymes catdyzing
reactions frem chorismate to Ltryptaphan, as well as for
those imwalved in the tiosynthesis of serine and FRPPI of
stran | was duplizated oy chramosomnd incegration

1] The isclztec tryptochan cperon was attachad to 8 more
efiicient aoremoter priar t¢ INtegration inta the
chromasomal OMA of stran il

v The =ar A gene (cading for phosphoglycerate
dehydrogenasel was amplfies using 2 plasmid vector
with strain I

v The prs gene {coding for ribose phosphate

pyrephazohokinasel was isalated and integrated into
the chromosorme of strain I¥

l

| sSerars il 1 ¥ were derves by soccesswve medlicabers of swan L

bacterium Basiliss amplaligusfadens™. "The hiosynthetic
pachway of L-tryprophan is shown in Fig 1. Several
new strains of B. amyloliquegfadean: (I-V). each modi-
fied slightly to increase the biosynthesis ofervptophan,
were introcuced scquenaally during the years pre-
ceding the nutbreak of EMS (Tabls L.

[n Pecember 1938, the company introduced a new
strzin of B. amyloligusfaciens (sman V], which had been

mediaze in che y g
Afrsr fermentation, the tryptophan was extracted
from the broth and purified using a series of filtration,
crysullization, and separation processcs. The puriti-

cation procedurcs included connct with powdered

activated carbon and then granubited acsivated carbon.

The amount of powdered actvated carbon in each

bateh was usually 220 kg during 1988. Ia 1989, the

amount of powdered acavated carbon nsed o purify

some batches of tryptophan was reduced o 10kg.

Frum Ocoober 1988 to June 1939, a proportion of
some of the fermentation katches ako bypassed a fil-

tration step thar employed & reverse osmoss-mem-

brane (ROM) filter to remove chemicals with a
molecular weight =1000Da. According to e
company, these changes did not significandy alter the
purisy of the ayptophan powder, which was main-
tainied at ¥5.6% or greater.

Univariate analysis of reesil lows of aryptophan con-
sumed by casc padens and canmols demonstratesd an
association between the development of EMS and the

‘ingestion of uyptophan processed with 1 kg of pow-
dered cirbon per batch (odds rano, 9.0; 95%: confi-
dence interval, 1.1 zo 34.6; p=0.014) and the use of
8. amylaligusfaciens strain V (odds ratio, 6.0; 95% con-
fdence interval, 0.8 to 51.8; p=0.04) (Refl 7). Thas,
both a reducsion in the amount of powdered activated
carbon and the use of B. amyloligeghcens (strain V)
were significant manufacoaring changes, but the inde-
pendent contribution of each rmanufacturing change
could ot be assessed because of the high' corrclation
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berween them. Bypass of the ROM £lrer was not sig-
nificantly associated with the case lows. Smdics carried
oul by Shuwa Denko suggested that the "biochemical
and plypsivlogical characmeristics” of B. anevloligusfaniens
{strain V) Cid o differ from chose of eardier strains
Ac present, it §s woeksown which particular changes in
the pruducrion process contributed to die farmation
of the cOulugical agens(s).

Contaminants associsted with EMS
Once the hink between EMS and manufactured
Lotryptophan had been eszzblishod, chemical analyses
ol bulk trypophan lots were performed by nesearchers
ac the Mayo Clinoe (Rochester, MM, USA), the FDA
(Washicgton, DC, USA). the CNC {Adau. GA,
USA}, and the [apancs: National [ustitue: of Hygicnic
Sciences (Tokyn, Japan) to dotermuse i oy contami-
hants wore asseoated with EMS (Refs 7, 16-18),
Higl: pe-formince liquid chromatography was used
m separate the contaminsats in the ayprophan znd
revealed chat cuch manufacturers Fyproplan pro-
duced 2 nmique chue:nangraphic pattern, or “finger—
prine’, that was disnnctive (or che procuct from =ach
company. [he chromatographic pattern consisced of+
multiple peaks, cach of which repeerentad a teice
chemical consttnent ocher than tryptaphan.” The
chromarogram for Showa Denko ayptophan incluced
five “signature’ pealks thar were proseat i all the cryp—
tophan manufcrreed by chis e rmpany (Fig. 2). Tronal
cornpsarison of individual peaks in case and control los
of e yprophan demonsraie] » single peak [zalled “peak
E’ or “peak 97°) that was signifiencly associated with
case: lats™, The cheminal struceare of prak E was sub-
sequenty determinsd to be 1,1-ethylidz nels[L-tryp-
tophan], or EDT (Refs 19, 20} (Fig. 3). Twa other
contrnmants weie subsequendy reported to be associ
ated wrids cas: lots of ayotophan manefactured by
Shuwa Denko'™. One of the poaks, labeled UV-3,
eluted before tryprophan, amil was dewermined o be
3 ([phenylamine)-1 alanine (PAA] (Ref 21, 22) By, 3].
The other peak (UV-28) vluted mucis later thap EBT
and is as yet uncharacterized Recent HPLC studies
reveal 60 mace contaminan=s in Showa Denko u ¥l
phaza, six ofwhich are associated wich EMS (Fef 18).
The structurcs of three of dicse contaminames are
B Ll - and "peak 2007 (273-indolyl-
methyl]-L-tryprophan] (et 18), bur the other rhree
have nos yet been charucterized, One of the unchane
terized contarmmanes, called ‘peak AAAT, was the
€onmminant most sgmacanty associated with EMS
and was recommended for chamcterizasion !,
1he amount of EBT present in Showa Deako sryp-
toplan varied markedly in the periad 1987-1939
(Fig. 4}, presumably retlecting alteradions i the manu-
faciuning conditions, I+ s liksly chat Tevels of all of the
= wonuninants varied with tisne. These dac ane'consise—

ent with the hypothesis chac a contaminant in Lryptn- Epidemiclogical

3 Phan is responsible [u: EMS and for Cie sporadic cases -
of EF between 1986 and 1988 (Ref. 14). Recent
statiscical analysca of ERT, adjusced fior serial auco-

correlation (to =ke into accéunt that sequential lots___sampl
2 s L 2 e

.and polyncurosathy. The his of skin

Absorbance at 216 nm

10 20 b A
: Time {min}
Figure 2

Hizh-performance liquid chrematography (HFLC) chromatogram of evsinoph lie—
myalgia syvirome [EMS) sssociated Lryalanhan

. ————

uftryprophan tay be relaced), reveal thar higher Tevels
of EBT are sall assoviated with EMS, but the associ-
anen (p=0.120) did wut achicve stistical sipnifi-
cunce®, Noncthdless, the auihors caudon thar the
resules do not vindicass LBT s = cause of EMS
because misclassification oflos as case o1 contml conld
wezken the association, and the methods wsed eo
account for the lack of independence uf observations
over e prohably reduce the power of the stagstics.
Cuonnection with toxic oil syndrome

The climcal and pathologzcal findings of LMS bear
# striking seseenblance to those of the toxic-vil syn- -
dmme (LOS) (Ref. 24), an outhreak of which
occurred in Spain during 1981, Ower 20000 peoplz
were affected. and there were 839 deaths™. Unlike
EMS, respirarory syenproms {cough or dyspnes) won: -
prominent and severe in TOS during die first_week
of illnvss. Ocher early symptoms_included. féver, —— -
malaisc, hoalache, nauses, splenomegaly (abnormal
enlacgement of the spleen), chffuse _adeaopatiny
{enlarpment of che Iymphatic gands) =nd ziti
(icchy} rash®\. [n sume paticnes, the ditcase progressed
to an intermediate and chronic phase that rescbled s el
LEMS more cdlosely The intermediate phase (ewmco’ - -
cight weelss afier onser) -was.-charicterized- g
cosinophilia and leukocytosis (raised sumbers of — -
leukocytes). Patients whasc illness progressed o the o e B
late phase develoged muscle ceann s asid Severe oyl =
g, petipheral edema, scleroderma-like skin changes

nerve and skeletal musdc is re
and TOS (tef 26,

czl an:
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How might 3 manufacrurer guard against the possi-
bility thar a product could canse EMS or a relazed das—
exse? Firse, insistence un chemical purity is imporane
the t-eryptophan causing EMS connined >60 trace
conmaminants, some at concentrations of several hun-
dred pars per million. Second, following manufic—
turing changes in a product intendsd for human con-
sumption, the product should be tested in animals in
an appropriate bridging stedy, i.e. a study previously
demonstraced to produce defnisive tosacological end-
poizts. In rhe absence of a suicable animal model,
however, cautious dose-cscalation of the test product
@ 2 himited study population andfor human valun—
teess, with careful evzluation of their responses, par-
tcularly changes in the number of peripheral blood
eosinophils, should be perfarmed. Third, marufc—
turing conditions must be carcfully regulated and, in
the cvene of any significant process changes, the prod-
uce should ke tested s previowsly described. Frnally,
because al manufictured chemieals ‘produced SYr-
thetically or biologically) contain impuriges. all new
substances produced for human consumption warrzne
tessing. Even with these precaursions, variability in the
manufactunng process could alter the types and guan-
dties of impuritics. The level of EBT cantamination
varied markedly :n loss of trypsophan praducsd
berween December 19587 and 1Decermber 1989 (Fig. 43,
Tescing of trypsophan produced in December 1988
or Scprember 1989 might well have been negative,
<ven though wvpiophan produced in the period
January ro May 1989 was associaced with EMS (Refi
7, 11). Morcover, the quantities of the known FMS—
associated contamninane, EBT and PAA, were remark-
ably small, of the order of 0.01%, and could easily
escape detection. Hance, periodic eesting of all manu-
factured prodncts s a reasonsbls precausion,

Summary
EMS is an infammarory disease chas resulred from
dhe ingestion of ryptophan manufacoured by one
company. It is clini ally and pachelogicaly s:milar o
cosinophilic fasciias (EF) and rhe roxic oil syndrome
(TOS). The syndmme is wiggered Ly one or mare
contaminants in tryptophan, Contaminants thar have
i i 4 —ethylidenebis[uyprophan]
(EBT) and 3-iphenylarmino)alanine (PAA). zlchougt:
other uncharacterized contaminants bave recently
been discovered. Oine or more of these chemica’s mEY
cigger EMS by an undefinred mechanism, or they may
be surrogate markers for anather unidentified sub-
seance chac crizggess the syndrome. Consumption of
high doses of tryprophan and increased 2ge= of the con-
samer have been identified as risk facoors. The cecnr-
rence of EF during 19861988 in_patients who
ingested oryptophan was probably cawssed by Typro—
phan-zssociated contaminants. Ongoing rescaich is
focused on identifying concaminants in implicated
m}un and on establishing an animal model of the
-l The presence of chemically relared aniline
dﬁriwu‘\'es in cryptophan and toxic oil s suggestive of

200+

EBT (parts per millon)

& § 5 ¥ 2 B
— hiy—— 1a82 -
Date of production of L-4ryptophan i

Flgure 4
Levels of 1.1 cfndidenstisitryotophan) (EET) in lots of -nyplopdan producsd by
Shaowz Denko KK during 1983 and 1939,

greasly increzse our understanding of ccsinaphilic dis-
cases and prevent the outbreak of f:ture epidemics. ——
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Effect of diets containing genetically modified potatoes expressing
Galanthus nivalis lectin on rat small intestine

Stanley W B Ewen, Arpad Pusztai

See Commentaries pages 71374, 7375

Diets containing genetically modified (G potatoes
expressing the lectin Galanthus nivalis agglutinin (GNA) had
wvariable effects on different parts of the rat gastrointestinal
tract. Some effects, such as the proliferation of the gastric
mucosa, were mainly due to the expression of the GNA
transgene. However, other parts of the construct or the
genetic transformation (or both) could also have contributed to
the overall bioclogical effects of the GNA-GM potatoes,
particularly on the small intestine and caecum.

Genetically modified (GM) plant products are becoming
increasingly common in the human food-chain, yet in contrast
to the general acceptance of the need for the biological testing
of novel foods and feedstuffs, few studies have been carried
ocut on the possible effects of GM products on the mammalian
ut mucosa. GM potatoes expressing a snowdrop lectin
(Galanthus nivalis agglutinin [GINA]) under the CaMV35s
promoter have been developed to increase insect and
nematode resistance.' GNA was selected for insertion into
potatoes because the initial effect of this mannose-specific
lectin on the rat small bowel has been shown to be minimal.*
and because its binding to mannose present on the epithelial
surface of rat jejunal villi is demonstrable only after feeding for
10 days. We compared the histological indices of the gut of
rats fed potato diets containing GM potatoes, non-GM
potatoes, or non-GM potatoes supplemented with GNA, to
find out whether GINA gene insertion had affected the

nutritional and physiological impact of potatoes on the
mammalian gut.

ELISA analysis confirmed that the expression level of GINNA
in raw GDM potatoes was 25-4 pgfg dry matter; the
concentration was decreased to 4-9 g/g after boiling for 1 h.
Six rats were randomly allocated to each group, and were fed
diets containing either raw or boiled GINA-GM potatoes, parent
potatoes (Desiree), or parent-line potatoes supplemented with
25.4 pg/g GINA for 10 days. All potato diets were isocaloric and
contained an average of 626 protein. Histological samples of
stomach, jejunum, ileum, caecumrm, and colon were taken 10
days after the start of feeding. The samples, each 2 cm in length,
were opened along the antimesenteric border. The serosal
surface was allowed to adhere to card for 3 min and was then
fixed in 1092 neutral buffered formalin for 18 h at 20°C.
Paraffin sections (4 pm) were stained with haematoxylin and
eosin, and mucosal thickness (stomach) or crypt length
(ejunum, ifleum..caecum, and colon) was measured by video-
image analysis. fﬁt_r.aepithelial Iymphocytes are eqgually
distributed in all parts of.the small intestine, and are known to
increase when non-specific intestinal damage occurs. Thus, to
assess potential damage. intraepithelial lymphocytes were
counted in eight jejunal villi from each of the six rats fed diets
containing GINA-GM potatoes or parent potatoes, both raw and
boiled. No such measurements were made for the group fed
parent potatoes spiked with GNA because dietary GINA or
other lectins do not induce lymphocyte infiltration. GINA
binding to the jejunum and ileum was measured by elution with
0-1 mol/L. mannose, followed by ELISA.

Mean (SD) crypt length (zm) and difference between treatments”

Statistical analysis (p)T Interaction (p)T
Parent Parent vs Parent+GNA Parent+GNA GNA-GM Parent vs Effect of Effect of Effect of GNAxcock TransX<cook
parent+GNA vs GNA-GM GNA-GM GNA cooking rans-
®) ) (D) formation
Stomach
Boiled 294 (486) O-29 347 (42) o-37 339 (368) a-02 0-001 0-052 o-868 o-917 0-543
Raw 281 (32) 0-03 312 (32) o-98 323 (54) o-07
P O0-18 0-94 0-35
Jejunum
Boiled 75 (19) o-72 78 (17) 0-97 78 (12) o-71 o-ozs 171 0-041 0-035 0-037
Raw 57 (8) o-14 64 (11) 0-01 90 (20) <0-01
P O-06 0-09 0-24
Heumn
Boiled 59 (8) o-20 S5 (7) o-12 63 (13) G-43 o-221 Q-c0o1 C-106 aQ-209 0-942
Raw 71 (9) o-24 79 (13) 0-43 87 (25) o-15
=3 a-o02 <=0-01 0-086
Caecum
Boiled 95 (19) 0-90 98 (21) Q-04 70 (15) c-05 o-033 0-0017 O-566 0-497 o-o21
Raw 132 (19) ooz 104 (7)) o-25 118 (25) 0-35
P =0-01 O-5S5 <0-01
Colon
Boiled 1486 (15) o-02 177 (24) o-02 139 (24) 0-65 o-878 0-002 o-181 Q.-237 o-001
Raw 192 (34) 0-04 148 (25) <0-01 215 (34) o-28
P o-az2 = o-07 <0-01

Data are the means of six animals calculated from five observations for each. GNAXcoock=interaction between GNA and cooking: Trans><Xcock=interaction between ransformation and

cooking.
=By Student’s t test. TBy multivariate analysis with Tukey's test.

Table 1: Effect of raw and cooked parent, parent+GNA, and GNA+GM potatoes on histological indices of rat gut
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Conrscrved Sequences in SP-A 5 Flanking Regiaon 493
et al. [7] is homologous ta 6A SP-A ¢DNA [6]. The nuclectide sequence of
oligo 8b is common to both 1A and 6A cDNAs [24].

Following rescriction enzyme and Southern blot analysis all three pos-
inve clones hybridized with oligo 8b bur only clones H3 and HS hybrid-
ized with oligo 7. A 2.5-kb Acel fragment (shown schematically in Fig.
3A} from clones H3 and HS that hybridized with oligo 7 was subsequentdy
cloned into M 13 and sequenced. The sequencing strategy is shown in Fig.

. 3A and the scquencing dara in Fig. 3B. Sequencing data from four clones,
i two each from H3 and HS, were identcal,

————

,‘ Compartson of Rat and Human Sequences. The rat and human seguences
: (Fig. 2B and Fig. 3B, were compared using dot marrix analysis (DINA
} STAR). A number of regions showing sequence hamology were revealed
(Fig. 4). We chose to study rhe mwo boxed sequences because they were the
longest homologous sequences and because their relative positions within
! the two 5 flanking regions were similar. as shown by their positions close

to the matrix diagonal. The possibility that other homologous sequences
i play various roles in SP-A regulation cannot be eliminated at this time.
i This approach revealed two regions of homology besween the two species,

depicted in baxes in Fig. 4. The highest degree of homology {(—75%) was
found between —225/—17 in rats { — 156 and + 1, in the numbecring of
Lacaze-Masmontetl et al. [36]y and —226/— 36 in humans. Anorther ho-

— ——

f 2731 Q%3 ATX* X 732 a3z

HUMAN
r 4
!
7

~
~ A ~
-167 4 z - - %

Figurv 4 Doecmarrix represectazion of suclootide hamalagy herween rat and Suman SP-A 5° flanking
scquences. The sequene comparison includes appraximarely 2.7 kb upsTeam from the TATAA box
ul the rar and 2.6 kb of the human SP-A gene. Eack dar renresents 15 nuclkeordes (sreimpency] within
a JC-nucleotide serctch [window sisc! with a repesitian of 25 consccutive windaws {mnimwm qualiry
= 251. DNASTAR program jopsion Compare and DOT PLOT) was used far fse studies. The rwo
regions with the highest degres of horology herween rhe twe species are doxad.
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In the literature, the reports on the effects of a genetically
modified (GM) diet are scanty and heterogeneous; in partic-
ular, no direct evidence has so far been reported that GM
food may affect human or animal health.

Hepatocytes represent a suitable model for momtonng the

get. In a previous study, we demonstrated that some’ modifi-
cations occur in hepatocyte nuclei of mice fed on GM soy-
bean. In order to elucidate whether such modifications can
be reversed, in the present study, 3 months old mice fed on
GM soybean since their weaning were submitted to a diet
containing wild type soybean, for one month. In parallel, to
investigate the influence of GM soybean on adult individuals,
mice fed on wild type soybean were changed to a GM diet,
for the same time. Using immunoelectron microscopy, we
demonstrated that a one-month diet reversion can influence
some nuclear features in adult mice, restoring typical char-
acteristics of controls in GM-fed animals, and inducing in
control mice modifications similar to those observed in ani-
mals fed on GM soybean fromm weaning. This suggests that
the modifications related to GM soybean are potentially
reversible, but also that some modifications are inducible in
adult organisms in a short time.

Key words: cell nucleus, liver, genetically modified soybean,
electron microscopy.
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effects of a GM diet, the liver potentially being a primary tar-,

genetically modified (GM) diet are scanty and

heterogeneous (e.g., Schubbert et a/., 1998;
Ewen and Pustzai, 1999; Chiter et al/., 2000;
Edwards et al/., 2000); in particular, no direct evi-
dence has so far been reported that GM food may
affect human or animal health, and scarce are the
studies on the effects of a diet containing significant
amounts of GM plants (Malatesta et al/.,, 2002a,b,
2003; Vecchio et a/.,, 2004). These studies have
been obviously focussed on organs and tissues
which may be seen as potential targets (either
directly or indirectly) of this diet. In this view, the
liver is a primary site where the biotransformation
of the products of digestion takes place through the
degradation and/or detoxification of xenobiotic
compounds received from the intestines or from the
general circulation; in addition, the liver is involved
in the synthesis of many plasmatic protein compo-
nents and, more generally, in the overall metabolic
control of the organism. Hepatocytes may, there-
fore, represent a suitable model for monitoring —at
the cellular level- one of the targets of the diet. In
a previous study (Malatesta et al/.,, 2002a), we
demonstrated that some modifications occur in
hepatocyte nuclei of mice fed on GM soybean: these
changes are mainly related to the structural con-
stituents involved in the transcription and splicing
processes. In the present investigation, we aimed at
elucidating whether such modifications can be
reversed: to do this, mice fed on GM soybean from
their weaning to the third month of age were sub-
mitted to a diet containing wild type soybean, for
one month. In parallel, to investigate the influence
of GM soybean on adult individuals, mice which had
been fed on wild type soybean were administered
for one month a GM diet. Morphometrical and
immunocytochemical analyses have been carried
out on hepatocyte nuclei at electron microscopy,

I n the literature, the reports on the effects of a
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Ultrastructural analysis of testes from mice fed on genetically
modified soybean.

Cistermna B, Malatesta M, Martin TE, Biggiogera

Vecchio L,

We have considered the possible effects of a diet containing
genetically modified (GM) soybean on mouse testis. This organ
in fact, is a well known bioindicator and it has already been
utilized, for instance, to Mmonitor pollution by heavy metals, In
this preliminary study, we have focussed our attention on Sertoh
cells, spermatogonia and spermatocytes by means of
immunoelectron microscopy. Our results point out that the
immunolabelling for Sm antigen, hnRNPs, SC35 and RNA

Polymerase II is decreased in 2 and 5 month-old GM-fed mice,
In GM-fed mice of all

and is restored to normal at 8 months.
ages considered, the number of perichromatin granules is higher
and the nuclear pore density lower. Moreover, we found
enlargements in the smooth endoplasmic reticulum in GM-fed
mice Sertoli cells. A possible role played by traces of the
herbicide to which the soybean is resistant is discussed.

PMID: 15718213 [PubMed - indexed for MEDLINE]
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A 90-day safety study in Wistar rats fed genetically modified
rice expressing snowdrop lectin Galarnthus nivalis (GINA)
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Abstract

Genetically modified plants expressing insecticidal traits offer a new strategy for crop protection, but at the same time present a chal-
lenge in terms of food safety assessment. The present 90-day feeding study was designed to assess the safety of a rice variety expressing
the snowdrop Galarnthus nivalis lectin (GINA lectin), and forms part of a EU-funded project where the objective has been to develop and
validate sensitive and specific methods to assess the safety of genetically modified foods. Male and female Wistar rats were given a puri-
fied diet containing either 60% genetically modified or parental rice for 90 days. This corresponds to a mean daily GINA lectin intake of
approximately 58 and 67 mg/kg body weight for males and females, respectively. Prior to the animal study comprehensive analytical
characterization of both rice materials was performed. The .chemical analyses showed a number of statistically significant differences,
with the majority being within the ranges reported in the literature. In the animal study a range of clinical, biological, immunological,
microbiological and pathological parameters were examined. A number of significant differences were seen between groups fed the two
diets, but none of them were considered to be adverse. In conclusion, the design of the present animal study did not enable us to conclude
on the safety of the GM food. Additional group(s) where the expressed gene products have been spiked to the diet should be included in
order to be able to distinguish whether the observed effects were due to the GNA lectin per se or to secondary changes in the GM rice.
© 2006 Elsevier Ltd. AIll rights reserved.

Keywords: Genetically modified rice;: Safety assessment; Animal study; GNA lectin; SAFOTEST

1. Introduction mately 23%% of all calories consumed; in some countries
more than 60%% of the dietary calories are derived from this

Rice (Oryza sativa L..) is one of the most important cer- cereal (Khush, 2003). =
eal crops in the world. Worldwide it comprises approxi- The ever-increasing demands on yield are responsible
for the development of many different high yielding varie-
T * Corresponding author. Tel.: +45 7234 7540; fax: +45 7234 7699. ties of rice. However, whilst the extensive cultivation of
E-mail address: mop@dfvf.dk (M. Poulsen). modern high yielding varieties has on the one hand resulted

0278-6915/% - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.fct.2006.09.002
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The differcnoe in protein content was also reficcted in the
amino acid levels [ Table 3). GNA rice exhibited statistically
significant higher contents of almost all amino acids. In
particular the content of proline was very hugh in GNA coe
oo-npanaci o the parental rice (+111%%). Excent for isolcu-

ne, threonine and valine, data for GNA mice excoed data
rcpurlo:d i the litcramre (Scherz and Senscr, 2000; TJSDA
20043

Fatty acid distributions of the two Enes: were simnilar
| Takle 4). Minor but statistically significant di‘ﬁcmncu wore
detected for proportions of myristic acid (+233%%] and stearic
acid (+26%.). Patterns of both lincs were in agrto-l:‘lenr. >
data reported in literature (Scherz and Senser, 2Z000; USD A
2004; OECD, 2004; Kitta et al., 200S5).

Mineral compositions arc prescoted in Table 5. No sta-
tistically significant differences were onserved for contents
of calcium, magnesium, molybdenum and zinc. However,

¥ Ranps Mfom snisicswn o macmuwn reported salues (Scherz and
Senser, 200011; USDA, 20048 OECD, 2004; Killa =L ul.. 200S5).
® Swtisticully signifcant difercol from parcnial line Op < 0L0S5).

ahie 3

Comnilents of muincrals m Srown rce il Meoan @enic lisse GNA and
its carrespocding parcnial line ASIDY 6 {ean 4+ confidence interval, n - 4,
P = 0.0S5)

Mincral GNA ASLY e Literntarne dats™
Cal=am:(zk=) 0.3 +00 oz + 0.0 a1-0.5

Copper ki) 25+to2" 31 +=00 1-&

lrom (mafR ) FERE 122 2 52
Magnesum I 2kg! 1.6 =00 L= 0 azZ-1.7
Mangunese (refhed 24,6 =03 2144+ 0.3 2-37
Maolybdenom « makcz] 1.3=01 1.2 % 0. 031G
Phusphosous (ke 23 =00" 1e 4+ uu 1L.7-4.4
FPotassiuns (2 g) sa=01" 2.6 1L 0.1 oc-2.8

Zirc ime'kel 245 & 11.2 0+ 03z &R

* Rangs=s froem menimemn 1© moaximum reported values (Juliono, 1985
Scherx and Senser, 2000; Moller <t al., 2002; USDA, 200<4).
T Suatistically sign fcant different froon parental line (p < 0.05].

GNA rice exhibitex] statistscally significant higher contents
of iron { —14<434), mangancse (+15%), phosphorous {(+—192%)
and potmssium (-31%), ard a statistically significant lower
copper content [— 19%24%). Given the very large variation prc-
viously reported for mineral levels in brown rice (Juliano,
1985. Scherz and Senscr, 2000; Meller et al.. 2002; USDA,,
213}, these dilferences observed between GMNA and
ASD 6 were considered as low.

Statisticully significant diflferences were found for impor-
tant vitamins of the B-complex (Table 6). GINA rice exhib-
ited higher conteats of vitamm B, (+28%%) and Bg (+50%).
Nao statisticzally significant diference was observed for the
niacin content. Whereas the content of total pantothenic
acid was higher in GNA rice (+52%4), the content of total
folic acid was higher in the parental rice (+129%%6). In both
lines S-methyl-1L, folate was the major folate vitarmer., Vita-
min contcnts for both lincs were in t with data

reporicd for brown rice {Juliano, 1935; Scherz and Senser,
2000; Nuller ec al.. 2002; USDA, 2004,

- Oryzancl compriscs a mixturs of steryl ferulates found
mn rice (Xu und Godber, 1999). They exhibit antioxidative
Xu et al., 20013 and cholesterol-lowering propertics (Rong
et ul.. 1997). No statstxally significant difference was
ohserved lor the y-oryzanol contents (Table 7). Data from
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Tabic 14
Absciute and relative organ woighls for mis fed oo GNA ree diet ane cantrel rics diet
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Brcnlats welgar

Hody weight 422 =33 417 =40 244 L 22 257 %+ 16
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Ovarnes - 0.133 =003 0.122 1+ 003
Pancreas 15370 =043 1284 =035 1.050 =023 10T + 414
Semall intestine B.0OS = 1.O5 Q7 = 1032 6.14 — C.849 3.91 =+ 059
Spkesn 0nITh - 00T Q76 L 010 0.555 — C.uY9 0.552 & 0051
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Ths=aus 0393 008 O3NS — s 0.354 = C.07T8 0.365 & 0075
Lieras - 0.500 — .12 0.982 & 0.14
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3
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Relative orgas weghis expressed as g/ 100 g body weight. Small intestinal longih asd relarive length is expresssed in ¢m anc cm/g hody weight. Data =

presented 2 growp mean valucs = SD
2 Qaristicelly sigrilicasn diferent oo concrol sroup |2 == QUOS).
* Srstistueslly sigrificant diSerent Mmom control grougs @ <2 0L01 ).

{(=14% and | 20%, rcapoctively). Furthermore, this groap
had a signuficantly reduced absolute (—30%%) and relalive
[ —26%) weight of the mesenterial lvinph node compared
with the femmale control group. No macroscopic or histo-
lowiczl findings were observed.

4. Discussion

Even though the two riec varisties were grown under
almaost identical environmental conditions. chomical analy-
scs revenled a number of statistically signuficant differences
between transgenic and perental rice. Differences were
detocted for proximates (starch. fiber, sugars, protein,
and ash), amino acids, minerals (copper, iron. Manganess,
phosphorous, and potassium) and vitaminos (B,. B.. panto-
thenic acid, folic acid). Minor. but statistically sigmiBcant
differences were also observed for distriburions of farty
acids and steryl ferulates. Additional field triuls would be
necessary 1o determine whether the differences detecred

are due to the genetic modification or due to biclogical var-
jabiality i the fickd.

The compositional data for transgenic rice were within
the manges rcported in the literature except for prouein,
amino acids, ash and potassium. One has to kecp in ouind
that existing food composition databases do not necessarily
rcflicet the complete natural variation (Burlingame, 2004).
In the present case, for cxample, protein contents exosed
literature data for both the transgenic and the parental linc.
To assess the overall relevance of statistically significant
differences in the light ot aatural variability within species,
more comprohensive darabases for the different plant spe-
cies are mecessary, which include samples with different
gcnctic and/or environmental backgrounds. Recently, the
International 1ife Science Institute released a comprehen-
sive crop composition database that provides information
on the naturzl vartability in compositdons of maize, soy-
besn and cottan (Ridley et al., Z004). The intended exien-
sion of the databasc 1o olher arups including rice will assist
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Abstract

Trunsformation of Sirepropacens gordoni: DL1 by [ioc DNA was stedied in homen salive, Compeleot $ gordorsi could be transfommud i
vitre with plasmid DNA that had bean 1ken into the humon meouth. Translermaion alse occurred with 2 plusmmid that caaot replicare n
& gondesdi, but tane hos 2 regica of “hiromesomal bemalegy, by inlegaiion inio the bacterial chromesame, althouga Lscarised ponsmad
DNA gave no tracsloemants. Tinear chromasamal DNA fragments did howsver transform S pordorii ol e efficently in saliva when
regions of homology with the recipient chromosome ianked the marker gene. These findings suc dascussed in relation o the polcaiial lur
scquisition of DNA sequences, induding geostically madified DNA. 5y put aod orul tucteria, & 2001 Federution of Europesn Micra-

biclogical Societiss, Publisbad by Fissvier Science B.V. ATl righas reserved.
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1. Iotrodection

As genctically modifiad (GM) plants and micmaorgan-
isms wre increasingly being considered as compaacats of
anima’ feed and humac food, it = imporiant to address
concemns over the poschle acquisition of GM DNA se-
quences by bacteria i the gastromiestnal tract [L2L
While conjugal transfer and transduction are undoubtedly
imporiant in gene transfer tetween Dacteriz, malural trans-
formation [3] represcnts poteptially the most general
mechanisme for seguisition by gu: bacteria of foreigm
DNA fragments thal may he released from loud. Tt has
been shown that fragments of bacleriophage M13 DNA
can survive passage inrough the mouse gut [4.3] and also
that transformation of bacteria such as Bociffus subsilis
and Escherickie colf can occur in foodsiuds [6.7). Addi-
donally. recent evidenos suggests tal only guite extensive
processing of plant material in foodstuls will prevent the
survival of large DNA fragments [8].
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Previous work showed that the orzl bacteium Serepio-
enncwy gordonii DL could be transformed in vitra by frec
plasmid DNA in the presence of human saliva [9], and this
finding has some implications for the use of plawnids in
GM bacieria intended for applications in loud or in the
environment. However, the wreal majority of GM con-
structs, particularly in plants, involve chromosomally in-
legraled soquences. Nevertheless, none-sll replicating
DNA fragments slill kave the potcatial to become inte-
grated into the chrunusume of gut and oral bacteria
during vansformation. Assuming that insertion scquonoss
acd transposabls elemenis are excluded from modiSed
DNA intznded for food wse, this possibility will depend
mainty eu tle prescnce or absence of significant regions of
sequencs homology that allew hamologous recombination
[3]. Potential rezans of homology between GM plants und
gut bacieria include antibiotic resistance gares, palylinker
sequencss, promosers and lerminators [10].

Ilere we examine Uie potential for scquences of bacterial
origin preacat in GM DNA [11), in particular antibiotic
resilance genes [12), to Facilitale acquisition of foreign
DNA by oml bacteria. Aatibiotic resistunce wenes are
widely used as selectable markess in genetic modification
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