Screening Method for GM Soy by PQC-PCR

(11) Terry, C. F.; Shanahan, D. J.; Ballam, L. D.; Harris, N.; McDowell,
D. G.; Parkes, H. C. Real-time detection of genetically modified
soya using lightcycler and ABI7700 platforms with TagMan,
Scorpion, and SYBR Green I chemistries. J. AOAC Int. 2002,
85, 938-944.

(12) Holst-Jensen, A.; Rgnning, S. B.; Lovseth, A.; Berdal, K. G. PCR
technology for screening and quantification of genetically modified
organisms (GMOs). Anal. Bioanal. Chem. 2003, 375, 985-993.

(13) Ahmed, F. E. Detection of genetically modified organisms in
foods. Trends Biotechnol. 2002, 20, 215-223.

(14) Gilliland, G.; Perrin, S.; Blanchard, K.; Bunn, F. H. Analysis of
cytokine mRNA and DNA: Detection and quantitation by
competitive polymerase chain reaction. Proc. Natl. Acad. Sci.
U.S.A. 1990, 87, 2725-2729.

(15) Studer, E.; Rhyner, C.; Liithy, J.; Hiibner, P. Quantitative
competitive PCR for the detection of genetically modified soybean
and maize. Z. Lebensm.-Unters. Forsch. A 1998, 207, 207-213.

(16) Hiibner, P.; Studer, E.; Liithy, J. Quantitative competitive PCR
for the detection of genetically modified organisms in food. Food
Control. 1999, 10, 353-358.

(17) Garcia-Caiias, V.; Cifuentes, A.; Gonzélez, R. Quantitation of
Transgenic Bt Event-176 Maize Using Double Quantitative
Competitive Polymerase Chain Reaction and Capillary Gel

J. Agric. Food Chem., Vol. 56, No. 14, 2008 5527

Electrophorsesis Laser-Induced Fluorescence. Anal. Chem. 2004,
76, 2306-2313.

(18) Hupfer, C.; Hotzel, H.; Sachse, K.; Moreano, F.; Engel, K.-H.
PCR-based quantification of genetically modified Bt maize:
Single-competitive versusu dual-competitive approach. Eur. Food
Res. Technol. 2000, 212, 95-99.

(19) Mavropoulou, A. K.; Koraki, T.; loannou, P. C.; lida, M.;
Christopoulos, T. K. High-throughput double quantitative com-
petitive polymerase chain reaction for determination of genetically
modified organisms. Anal. Chem. 2005, 77, 4785-4791.

(20) 1SO 21570:2005, Foodstuffs—Methods of analysis for the detection
of genetically modified organisms and derived products—Quantitative
nucleic acid based methods.

(21) Notification No. 110; Department of Food Safety, Ministry of
Health, Labour and Welfare of Japan: Tokyo, Japan, 2001.

(22) Yoshimura, T.; Kuribara, H.; Matsuoka, T.; Kodama, T.; lida,
M.; Watanabe, T.; Akiyama, H.; Maitani, T.; Furui, S.; Hino, A.
Applicability of the quantification of genetically modified organ-
isms to foods processed from maize and soy. J. Agric. Food Chem.
2005, 53, 2052-2059.

Received for review November 16, 2007. Revised manuscript received
April 1, 2008. Accepted April 12, 2008.

JF073348N



August 2008

J-269

®E B eoe——

BB A B

F B

B

Genetically Modified Foods

Reiko TESHIMA

National Institute of Health Sciences: 1-18-1 Kamiyoga, Setagaya-ku, Tokyo 158-8501, Japan

1. L&HIC

Bz FHEBRZ AR BETHBIERE2EAL -
(Genetically modified (GM)) BEmD I & TH 5. EEF
Rz EROMRIBBOBELSZBNE LT, RO
£ OPFREVSWD A TWS, KEICBWVTER 6 FE5
H, BEbLOXW < 5 FDA OEEEBTLLEE, WA
WATTHBRA AROBERESEATE /. O/, Ex DR
BErbfEflanTuna, LhL, InFchHsnmks
TV A B FHEBRZ EYEROBRZICOVWTIE, bHE
TRZOREUFM Y 2 7 4, THOLLELUEBREORE
fticky, BrFr~w, BRI Fr<vEicfgE
ERLILER LNV THRRERP S SN, HEORERN
KETZOLELHIRERINTVWEEELTCELIZANLL
EBEbNhB, 20 E13, IhETEEsn-FIE FlZ
ERERAZTR T LV F =2 E0Th b RIENIR
HFicLhBEETERWI EOOIFEINTVWS, BIZF
Mz aRoZetiHhicBE L T, ERNE A —-eF4
t—vavitEiFhEENIT—F v 7 X (Codex) EEL
(FAO (EBE&AEEEME) /WHO (HRRBERD
AEERFAKRESSE) THEhTEY, FTFd 7 o—1
RESHHEZISEATH b LBbN 3, XETIE, &
EFERA BROEE, TeWab, RREEIC Wk
~N, ABOBHEICOVWTHESL TA.

2. BEFHBRIAEREE

BETFERET 2RMIENOSEFCIES 1S, ¥
MBS, BURBHCLFEROMERICL 2 DNA OHE
KES GEERCFASh TV, #LT, ®HRahi:
miE R VEOHRBEECREFRICL V&AL, B0
BAiEg o i nEmsEsh, AR bftsh T,
UL L& EE i RERBESAERFEE LT, FHc
iR X DNAERBEE L. BEYosBTHWLNT
WAHEERZ DNAEME 1, BRmE LTI TIRAVWLANT
WA TEY IS & OHEPHEEEE S Z{FIBT A owi, o
EMh oBERLHERANE T 2 BEFERVEL, ZOE
1z LI AAUE TH 5. EYNOBREFEADFE

* EERERAMBEEASELFE: T158-8501 RH
MEHAX EHE 1-18-1

3, T7aNIF )DL, NS—F 47 B gl ls
FIHVWSLNATWAS,

3. HBRZBEYOERILORK

bHBETIE, R 8EI, TEHEOBEEFHERIARD
LEUHERENSTINTLER, £ OBREFHERIBROE
eHEESITOhTE . Fl20FE2 AT, bYE
KBWT, ZeUEEOFRE & B FHEBRAERI
88 FEMHIC K &shs (B 1), ThbsdI~xTEACBWTE
ExshkcdboTdhy, BHKBLWTEEShI-HOIRK
W,
FlohlEFERICHEEIWTORELVED (Vv A
E, —HotrvEoaY) bHEHL, OWINIEERAIL
GM R DIEfT i DAY E—E LTV 5. EET 7Y/~
1 A B (ISAAA) OFEICL B &Y, 2007 EED GM
o 2ttRicB i 2EF T ERIEZK 11,430 F~7
=, TNOOFHEET->TVWAERIZ 23 hE (bt
11, BER&EE12) T1,200 FAE#HRAIEL TV 3.
COHMEROMURIIC Z 12FMEE 2HE%2RLT
B, 2007 EER, £HROHHEBEOK TYICELT
WBZ L3, fEfUB—FBEATHLEKRETRH
5,770 F~7 ¥ — T GM R OEESTHh TV 5.

4. HBIABIZDREUITMR

Z DETRBCFHERI AROFERIBEAL T, &HS
NdbDOOAERETE 2BAERAREZFRALTVWAI L
»5, bHAETH COBFERAHE LD, TEUHEEOEK
ARV T 4 7)) R b OBRIEFHBABROADHTTE
BHIEEAERA LTV A,

K1z, boEIC BT 3 BETFHEREYOZAIEK
b BITRORE ZR U, #EFHEBRZEYcBAL
TR, 29, EREDLORHEEESE, —MRFE~ & BRI
RBREEDTOLY, BEFHEBIEMHSEELT, BA
HRERICEELEITLES E0BWE ST, EAv
INFREICEDE, EYERENOEENLEL 2B 0HI
W EEERE L bOREBT2HHMA C(ERk 162 A
AT Efi-oTWwa, fEek (ERZE) NTOERIE, $2
EERAT FHTE BRE BAD 3, EHFRED
MEEAZ T IR Z L 2HRENHD, ROVT, &
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Rl ZeUFERSOBREFEBRIERELCERFY (Fk 20 F 2 ARE)

E5 HeE
B 74X 5  BREX (F)x4—1) Wi &4 v4 v BEE
[88] FYEDOIY 36  EBh (77 AAHRE) B BEAR (FvkvR—b)
(5b2% v o GEE18) ik, BREHF (') ++—b) Wi, &) v v FE
S A E 8 FEdi (o35 ay) M, vALR (Ve AiAEEEYALR) KM
F VA 3 BREH (Fukvx—b) Wt BER () &y — ) it :
+ 4 % 15 BREA| (Fuvkvx—1) Mt HEERRE REEEYE BREX (t+r=
V) it BRER (7)) R — ) W
74 18 BREA| (7)) &4 — 1) Mtk BREA (FotFv=) Mt ZEh (x44
BbEzs 7 RET) Nad) it
TNT 7T 7 3 RBREH (LY &x4+—+) Wit
BRI FEVY 2 RAREIMoORE
[14] a-T3I5—+F 6  AEEHEE
TNFZ—E 2 AEEMEE
)ot— 2 HEEHEE
NETSEY 1 EEHELE
FNaATIS—+ 1 AEHEE
| saricozen ||| | sseicoxzn |
BR6d (RAE. MIEH . XBHEE, BEHME RAKES
EESME. BHKES. (B&MER) (FAHREER)
BEEEE) P o
(REFHRBIENEOERS ORI e
FPEMDSREORRIMT s | | VAVHERERZEAR
(ALAANFIE)) AHEACERRORE)
: BEAHEHES
FHERA=RAP
TOEm | sRomz |
EEEA=EBA
TOFER
EEHmE BHKES
(BRMER) (JASE)
YRYEHE : FEBREHDOE LB
(EPEBERBBTIHERIS)
ERELOHE REFREZBRICEIRE)
(BRHKEEHSARH -BRE)
E 1. HBRIEYOREZHELERILICE T 3ITEOERE]

¥ (1355) coERR, B 1EERT, FRT3EN,
HACHERARELZEY, EVSHRIEEETHRELIRMA L,
FHAREORZEE2Z I 2REL S 5. BEFHRIEYO
FEAY - OBAICB T 2 BAK, SEMEEEY, M
P & 2 EIE RN U 2B W T EDSHERR &
h, REROBRAME L BETEAEY L TEENHE
EREIEVWE S, BELLEOBRIEBINL TV S,
ROT, BiéLToL2MR, BEFHEORREE
BRESWT, Y2 /FHERBTH ZRRELRESTH
HHEHEATO N, fkE L ToZRLetE, BMKEZD
ISR ESWT, Y R 7 FHEKE & L TREEME
FZoF RN EE L CEROLEEOESIBRREEE
B&7T, BENFHmSTOH, BEOL VDD AHLE
B REINBELLAEE-TVS, BT, BRELTO
FHEWFMITOVWTEL L BNTOE LW,

DHEETIE, TeUREZOLOHPEANTHEBLIIVE
SLEUBEEEITIFIELENNCER L TBLE, S,

BEaEEEORECE S &R BRIV OFIEELED
WEHTOHI, PR 13F4 A &b, k2 DNA Bl
EHERRUERMYIOL2MEERE ]| (http://www.mhlw.
go.jp/topics/idenshi/anzen/tuuchi2.html) 253 E & 11,
BIZFHBRZ BRI EOLRLUBEEVSENICERE ST o0
BLE ot —H, BEEMICS, -7y 7 REER
KBWTH, T 15F 7 AR AROTLME
FEh D A A K 54 v (ftp://ftp.fac.org/codex/alinorm
03/al03_34e.pdf) 72 EMBERR S N B ICE » fo. Fhk 15 4F
7TH, BRELEEELOFHRLE L b, BRETFHEBRARR
B L UBRRRIY OREMFML, BEFEHEOER DK
BIIGLT, BRZEFRERCBVWTRINE LI
t (X2). ARELEFEELICBWT, BxFHEHBRIAEGR
(EFHEY) oRSMEFMT 5 72D OEENFAL 16 4F 1
B, BEFERZEEYZFNA L TRES W R oL
SHFMEENSTER 16 E 3 BITlER S h iz (http://
www.fsc.go.jp/senmon/idensi/index.html). EEE{ERK
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BEFHE HAR
QB REM
EESMAE e BRREERE
(€. ]
— REFHERIRRSE
wPMES
? @
” E | MERSOLN
A v
Eals

H2. @z HRAFENORRZE L TOKLMWTMH (THO
Hel )

KERFLVERIIOVLTY, flioRBEEZ IS
N2,

1) BEFHRRIESORSHEEEEOHEE
—MEBRICEENIRFEDLEYE, THbLERAM
Y, BRERE, RIEIYAEER REFIWE BAS
(HEH) BEC>VWTOELHR, HRAICY R 7+
J Y207 7o —FTRHMBESNTVA, Iho{tZWEIR
B—o{t&YeBE—LEYHERESTH Y, FHHDOTTRAS
Bo &) LTVRRD IOFENEUTHS. Lrl, T
OFHER, BEFHEBRABROLS I, ATLORGRICHE
AT3b0TiRE, Z2UFMOREBEEFERT 21350
BYTHE BRZTOOODEEMEARIT 215461, &
X, FEBENNSEEOMAEERL T, S TERIA
BE LTERAESNTE BEOX Y & BhE-S o TRz
DNA @Y= & #H L Wi REdkoBROZ &M %5
i aEVWSEREAlICESWTITbh 3. COEZHIL,
OECD (E&m /1A OHEY it TEEMME
EHLVHSEETHVWONTE /A, ERISFEDT —
Ty 7 ARBEDHA F 54 T3, TEEDEY) (con-
ventional counterpart, comparator) & ® HEICE 5 W
THHREDEEFF LB ZORERDEFET 20 TH
3] LEERINhTVSE. ARTEEELTOREHT
MicsVTd, 9, LEHRELTOBRFEOBENLLE
(2 7 2RIOEYCERR) MHD, »D, IOFER
ELEMZFOHEBEVIAETH I ESRDLNTVHS
(&% 2).

et i3, FIRENBIURREAE BE ~7

¥ —, #ADNA, BETFEY RE~75-0OBE #
BB TR BROLEL SN S, BHEYO%R
EHFMOELIEEIR, K2 RTEBVTHEY, B
FEc i, BE (b LofEY) BT 2 ARROBE, T
BRILL BERDLBEOBHRPMLEL SN, BEOLRER
BERPH - T, BEHEROFMLSL2UFMETOLE
MW EDERIN B, ROT, BABLET T ST
, bbb, HEEKREZFOHKT 24 OFER,
TOE—F—RI—-Ix—F—DHHE, EABZTFOR
5, RE~7 5 —OEEE BAHE BITFEMOBEEE
OB ENS, BARGTLEZOENDE b OREICE
ETROWIENHERINS. &6, BzFEAIRLDE
DHEhIBEFRRIEICBWT, EXLEEBLOD
BABRENTEY, FERILBEENSL VI & AT
TEALENS S, bHEICBVTIE, ERCESCLZeHE
DOHERDPEBINIFER 13FEL D, BAShIGBETO
EEEFOBRIRO OB L L. TOFEREI,
BAI N BEFHE D E—EOBFIICBAS LzhER
THOT, EBERNLE(ETFIET S5 X CHEEICEENR
TA VY bEH-TVWA, T1abE, EFEERFHERE 20
SHWEINZA—T V) —F 4 VI 7L —bDFERLED
5, BEFOBAILLD, BEOBEFVHEEINTVE
WZ &, BRUFHIRES - FIIRSEC Y, Flclas v
VBEBREIBEINBEBLEVDLE I DEWMET LI ENT
3. COBABETFOEGETIERIE, ReMLsHERS
NS NI RO RFRRORE - =5 ) v 7 P%R
REEICE T 2 EARGTOLES « BB EEHE 5 2
THAVILIERTH 5. BARCTENOLLECERELT
3, BABCFEYMSE Mot LESEENWT &%, B
HOBEMHYE L EERERSL OV &, BETFEDH, A
TIELRPINBMEIC L D EPHIC BRI N B D15 L& THE
BETH. BEFEVOLREUETHEL LT LV —H#
FHIEICDWTIE, MIORERICHEFEL LTV B 545,
IFoD (1)~4) DI » TT L V¥ — OB ER
¥ (weight of evidence) 2fT- T\ 3, THbbL, &
ABEFOREED T L —FRME (7 V7 v BEHEE
RBEFEUEZET. UTEL.) BT 2MEBHES LIS
nTWwasI el 2QBETFEWM (5 v¥7H) K2WVWTZ

®2 MzRA AR FETHEY) 0L OFE

(LeHirmoERIEE)

cHESHRE B ABREFEOEY (B 2H 0, HELBEFHBELENOERSANBETS 5.

cHBRAEMORME L TORA R
- BEORBRRC A EMHEER
cBASNhBBETFBLUZOEY (7 v/ H) OLeH

BABETOUENHOLTH 2 H. B TEVICENENEVA, BIZFEAFEVSHEOH TS 550, FHEMHERSEE O

5a, MHEEEEP IO,
- ABRAE 0T 2t

BABROERFICEMNEWD, KETHEh, BAIE—¥, FANESLCEALRNSHOHTH S, RESRIEZD
REE. FLORBOEELA - Y ) = F 1 v 77— ABTETVWEL, (TETVWARES, Z0EMOEEHBLUTL

Wy R EEORBMBICKRENENE LS XM LM,
G (Frho4F, 74F V8, )Ty vEE S —,

T UF—FRENT O KBRS, HERS, KEEEY

IHEERE) B EDIEEHRNTRECELL TV W,
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®3. BEFHBIABZIKEASNTVWEENSY v/ 8

BAYN0E HE&AY) BEFHEBRAEY fSEnEAol]
CrylAb (b« 5 HEHEM) Btk HD-1* Y EODOY Mon810, Btl1, Event 176 75 &
CrylAc (b & 5 HEHEHMH) Bk HD-73 o EOaY, 94 DBT418(+b €O aY), 4 v H—F(74) 5L
CrylF (b & 5 BESHEHM)  B.taizawai rwEDaY, U4 TC1507 (bw®way), 281 (7 %)
Cry2A (b« 5 HEHREHM) Btk NRD-12 7% 15985

Cry3A (FhEEREHML

B.t. tenebrionis

FoEOOY, VehAE

MIR604 (P9 €D Y), Za=) =7V Hi{EHE

Cry3Bb (FFREZEHiEiiE) B.t. kumamotoensis fyEOaY Mon863, Mon88017
Cry34Ab/Cry35Ab B.t. PS149B1 [ o= B % DAS59122-7

(PR BEEREH)

CP4-EPSPS Agrobacterium sp. FA4X, 744, boEOIY, F9VFT9TVTF4—(F4X Fv44, 7%,
(7)) w4 — ) strain CP4 FIR, T, TNT 2 NT 5 bUEDIY, FIR, TATNT7)

PAT (pat) Streptomyces F4R, V44, tvEoay, T-25 (h9Eoa3v), HCN92 (+4 %)
(FF v zx— bRED viridochromogenes + 9%, 7% T120-7 (Fv44) 3&

PAT (bar) Streptomyces Fo€EBaY, 7%, 7% LLcotton25 (7 %) 15&

(Fwvk v x— ED hygroscopicus

Nitrilase Klebsiella pneumoniae + % %, 7% BXN 10211 (7 %) #5&
(FoxF = L~H) subsp. ozaenae

DHDPS** Corynebacterium FYyEODOY LYO038

() v EEER) glutamicum

*: Bacillus thuringiensis kurstaki HD-1, ** Dihydrodipicolinic acid synthase

DT LIVF—FREICBET 3HMEMNELMcEIATVWS T
& QBETFEY (5 V72 E) OYEBLFAME I
THRZHICEET 2 BIE, ALBK ATB&KICL 208
BLUMBAE I 2 EZHE 5 v BESKEER
vy v7oy btk VBN, @) #zFEY
(508 EBEOT LY v EOREHEEICREY
2, B=TEW (5 vx7H) o0, BHMOT L
WV EE—IRIBEERHERL, BHOT LS vIi& &
BEHREEEZE LWL, ThY, )25 @) FTOD
BHELBEICLD, b OREEEL S BBV ELNT
ERWEER, 5) DBETFEYW (¥ vxs8) OIgE#
BREEREIT AT Lo TV B,

BE, IhFTLeUEBTOL SN BETHERIS
mmid, BHBEHICETAEBREERL VI bDbdH B
BRUEUAR SUHSHAR SEPERR TERH
AR E BT 2 RBRIIERT 2 LEH 120 & EBI T
STV, ToEHIE, BHEshBERickvBEHO T
VIVE -8, BEMEL S rORBICEELARITT L
W LYBOEESINTVEWVWT E2ERLTVWS T
HTHBH. Fh, BFHEBIICLY NS 3HED,
EMERCPHEEOREFICTRELET 3 b0 (HEHY
B), BEop iR, RBSVANERME BT Zb0T
HAREREITE, SUBUHARLEOERL OO
BOREHIOWTTHBT A ENTES LHEEIN S,

2) BEFHEAZEVOELICALGN TS ERE

.}’.

OHETINE TRELUEBEOFR X 2E&zFH
HX A3 8B EHE ARAMMI 4BETH S, &
EFHEBRZEYOEHICHV S BEFIR, ThETO
LI AHBHIBEMNRON TV S (£ 3).

MREAIREIEICHV SN TV BRER|E LTIRESD &
IATNKYF—=b, Z)VFH—bBILUToEF =L

DIBEDATHA. FUBIEFLLTREDEATY
NE YR =+ 2TEFMMLLTERBESREZTEF VLS v
27 x5 —€%3— K3 BBIEFpat (bar), ¥+ IBE
BICBTHERT I/ BESRIBES L, 7Y &4 —+
DIEENIBER TH 5 EPSPS (-2 / — W ELEL VY IR
3-Y v (EPSP) &fkBER) BEEXF 25, 77 ) &% — b
CHEALEWLED ) x4 — FDHEEZIFH L
CP4-EPSPS (7 7 u N/ 57 ) o b@3k) #a3—- K95
cpdepsps BIZT, 7o EF V= VERRTE=FY 5—
tA%3— K95 banBEFTH3 (E3).
ERERHERECAV STV 3BT}, MEmE
EELTHWS N TW B Bacillus thuringiensis (/NF 5
RE) DEEET B b+ v VBIETF (cryl Ab, crylAc, crylF,
cry2A, cry3A, cry3Bb, cry34Ab/Cry35Ab) MW LN T
W3, Cryl XU Cry2 9 vy o8B, B3BE (bx>
B 0BE (79 /244, Ax 9 "o BEDRH) I
BIREUMSH D, Cry3 ¥ V0B, BHhEHOESR (=
O3 RKNAY, 3—vib— by —AalEDRR) IGEIRS
Wb 3, BEOHEELTIR, +FyEDavYEBLUTY
KBWT, R 25FZEHROBEFEBRZ EYIEL %A
THIIEOLELEE (X9 v 7) ORESEATHWEIE
T, VEK20FE 2 ARET, FYEQDIVYDORY v Y EE
3181, 7502% v/ RER, TECRATVWS (&
D.
BEFHBZABRICEASOTVWE S VN2 BHELT
i, Y+ A4 ET, VA NVRBEFORELZIEIT S0
DIANVZADI— k& 278 (PVPcp) DFEEFHHL
chTwa. —7, BRFEAIhHEOERD D
2, BiR~ -1 —BEFE LT, HEYVEREEERT npt
I ® LEEOREAITERIET (pat, bar 12E) AV SH
TW3, WEFTIKHAVOSRTLWARETORERRZHIZ
E& <12, FUBEFHVAWVEDEBIEY O G
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R4 EEFRA AL 2L O EEREI 5

+ OECD (B#& 155

1993 %; EHMEFHOMELMEE clRE—L2MFHOFRE O,

1995 F; R & ORIE,

1998 FE~HEHD TF (H&& « ML eMs 27 7+ —2) ZKE
(BIEED I v v+ 2 F+a £ v MEK (2007 &% TIC 16 /EIRE))

« FAO/WHO ([E:# &t R RB /R R D

1999~2009 %; Codex (FAO/WHO AFEAGRIEEES) 1 457 / oY —ILHARMAES (TFFBT) 0 E—EEH S

HIEDIE S 5 VL I BB OEE
% 14 (1999~2003)
NAXF7 /70 Y—EHBRD) 27 TR 4 v McEET 3EA

#l# A2 DNA ¥R BROLEMFMOERICBET 244 K54 ~
#Hl# A DNA EM=BO TG s Nt AROLEWFMmOEHEICET 2 414 F 54 » (2003 FIHIE)

2 1111 (2005~2009)

Hifa X DNA ¥ dk BmOLeWFmOKBIBET 241 F 74 ¥

KEZLIIBAICE T 2R Z DNA EY)HRER DL 2T

EICIEA L 2 Z DNA Y 0L 2 E (2009 FICHETE)

AOONTWEONERRTH 3.

3) BEFHREZIEHORITFIEHLEICOVNTOREME
mOEZH

AEZHG, BEFHERZIER ETEY oLttt
MEELEHCBRELEEERN BV TERI NI HDT
b2 (CEEK16F 1 BRE). /Kb, BEFECBLTRE,
BEE TR B EERSEL OB &bEICBEIL T,
i B L E I SRV &, BEMTORET
W &, BIE - KRN - LA EOEEHST VR
D, ZEEFORMBIRELLWEELI SN, Tt
EERA LA INTE . Tk 16 F 1 AfER 0 &H
FHEOEZ HIcBWTIR, &5i, BizFHBRIEYEE
EFHBIEYEOEIT&bE (X5 v 7 &) o0 T
b, BELAVLEORETIEL, S5, {ElE - &8F
AL « TS EDEBEMB L WS, BARETFOEER
HBAEEBERITSHVWEEI NS (Ehikitl, KBE
HiftE, o4 v RIEFHER EORESTES S 3) BAI
fBoTit, 2hoOXHEORLHORENNEL SN
WZEEthiof, T, ThPADEE&IT>VWTIY, @\
RBEeHUERETIIE SN X5y 7 BB’ Fid
DIEE T bk~ 7 ds, FoHEMNERICH 5.

4) BEFHREZSES L UERSNYMORLMTEHD
EZA

KEZFHL, FRK16FES5 AICRESNICIDTH 3.
BB B EFHE L TEES N @R 2 ER LR
BICHXT 2EEYOE F ~ORFRTEEFMHOEZH %R
LicboT, HBRAfAEICEEN 2 FERS OBEY~O
BITIREZFHET 208, BRE L TOLLEFESEAT
WA bDICBEAL T, BEXRMICH iR et EoREIIE
CHVWHDEZEZOLNTEY, FEKHAVWAIEZELE
H&T2MAETH, BRELTOLLETHEE TS
3BT ENEFhTVS,

3. EEEMHA KSAVICDT
F4io, BETHBZERTEWFTMOEEHNERIC

SW\T, WEARL. OECD I3, 1993 &Fic BT
ZARGOFMOESR & 12 3 EEHIRISFHOFEERL TL
Sk, 1998 Fh 5 iF, BROFES - AL 27
74— REEREBEL, BEEOI VYA NFa A Vb
R LTH DY, 2007 EF TIC 16 EREICSVT, &
BHoE o> 2E@ UL LTERER NXBRULLEDE
BHRENTED, 1 v9—% v b ETRABEIATVAS
I—-Fy 7 REBADIES TR, BEFERIBROY
o — )b I8 b B RS FREILA & et~ DB
BE-7clihn, 199FDa2 -7y 7 RBET, [
4452 /0 v—CHARMBEIES (TFFBT)] #&EL,
iCBETFERL BRI W TERRR I EREDEM S B
RBEEE2RETAILEBNES N E—HLLT,
1999 £ 5 2002 FE DRI, BERAHEE & L /- 8RI5
&M 4EEgsh, (124727 /7 0Y—GHBRD ) R
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To screen for unauthorized genetically modified organisms (GMO) in the various crops, we developed a mul-
tiplex real-time polymerase chain reaction high-resolution melting-curve analysis method for the simultaneous
qualitative detection of 35S promoter sequence of cauliflower mosaic virus (35SP) and the nopaline synthase ter-
minator (NOST) in several crops. We selected suitable primer sets for the simultaneous detection of 35SP and
NOST and designed the primer set for the detection of spiked ColE1 plasmid to evaluate the validity of the poly-
merase chain reaction (PCR) analyses. In addition, we optimized the multiplex PCR conditions using the de-
signed primer sets and EvaGreen® as an intercalating dye. The contamination of unauthorized GMO with single
copy similar to NK603 maize can be detected as low as 0.1% in a maize sample. Furthermore, we showed that
the present method would be applicable in identifying GMO in various crops and foods like authorized GM soy-
bean, authorized GM potato, the biscuit which is contaminated with GM soybeans and the rice which is contami-
nated with unauthorized GM rice. We consider this method to be a simple and reliable assay for screening for
unauthorized GMO in crops and the processing food products.
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In recent years, many types of genetically modified organ-
isms (GMO), including microorganisms, animals and plants,
have been put into practical use, and the number of commer-
cially available genetically modified (GM) crops is increas-
ing rapidly.” In Japan, over 70 lines of GM crops have been
approved for open field cultivation or as food, feed and orna-
mental plants and classified as living modified organisms
(LMO) under the Cartagena Protocol domestic law that came
into effect in Japan on January 31, 2008.

Due to the commercialization, other GMO that have not
been approved for human consumption, such as those in-
tended for industrial processes, bioremediation, or the pro-
duction of pharmaceuticals, may enter the market. Therefore,
the ability to trace these organisms or to verify their absence
in food will need to be assured.

GM foods have been authorized for food and/or feed by
many countries based on their own criteria for safety assess-
ment. In the EU, the authorization and use of GM foods and
feed are stipulated by the provisions in regulations (EC) No.
1829/2003 and (EC) No.1830/2003.%% Japan also announced
a mandatory safety assessment of GM foods and processed
foods containing GM ingredients. Since April 1, 2001, any
GM food that has not been authorized is prohibited from im-
port or sale in Japan. Therefore, qualitative detection meth-
ods of regulated and unauthorized GM foods are required to
regulate unauthorized GM food. Previously, we reported the
development of qualitative detection methods for GM maize,
GM potatoes (NewLeaf Plus, NewLeaf Y), GM papayas
(Line 55-1 or its derivatives) and GM rice (LL rice and Chi-
nese Bt rice lines), including qualitative polymerase chain re-
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maize; nopaline synthase terminator; genetically modified organism; real-time multiplex polymerase chain reaction;

action (PCR) methods and a histochemical assay.*~'* Espe-
cially, in China, some GM rice varieties have been developed
and tested in the field and environmental trials.'*~'® Bt rice
expressing the Bt toxin has been developed in China and ap-
proved for environmental release trials. We have detected at
least two Bt rice lines, ‘GM Shanyou 63” and ‘Kemingdao,’
which entered pre-production trails in 2001'*!” and devel-
oped the detection methods for these rice.”

To date, no strategic method for the detection of the unau-
thorized GMO has been fully discussed and internationally
accepted, However, to screen for unauthorized GMO in the
various crops, several theoretical approaches have been pro-
posed. One of these approaches, the “indirect subtractive ap-
proach,” is based on the presumption that a positive screen-
ing test and no authorized GMO in a sample constitutes indi-
rect evidence for the presence of unauthorized GMO.'® In
another approach, Cankar et al. reported the detection of
unauthorized GMO based on differential quantitative PCR,
which is an extension of qualitative differential PCR for de-
tecting the 35S promoter sequence of cauliflower mosaic
virus (35SP).'” The application of this approach has been
limited to a case study of GM maize events.

While, high-resolution melting-curve analysis (HRM) is a
simple and cost-effective post-PCR technique that can be
used.’” The technique requires the use of standard PCR
reagents and double-stranded DNA (dsDNA)-binding dyes
that are used at saturating concentrations without inhibiting
PCR amplification.

In the present study, we developed a screening detection
method for both 35SP and the nopaline synthase terminator

© 2009 Pharmaceutical Society of Japan
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(NOST) in GM crops and the processed foods using HRM
with EvaGreen® as an intercalator in a real-time multiplex
PCR to predictably detect unauthorized GMO.

MATERIALS AND METHODS

Samples The rice sample (imported product from
China), which was suspected to be contaminated with Bt rice
based on testing at a quarantine inspection center, and the
biscuit, which was contaminated with GM soybean, were ob-
tained through the Ministry of Health, Labor and Welfare
(MHLW) of Japan. The biscuit consisted mainly of wheat in-
gredients. Rice produced in Japan was used as a negative
control and was purchased commercially in Tokyo. The certi-
fied reference materials of the representative GM maize line,
NK603 (0% (w/w, non-GM), 0.1%, 0.5%, 1%, 2% and 5%)
in powder and the representative GM soybean line, 40-3-2
(Roundup Ready Soybean) were purchased from the Insti-
tute for Reference Materials and Measurement (IRMM;
Retieseweg, Belgium). GM potato (New Leaf) was kindly
provided by the Monsanto Co. (St. Louis, MO, US.A)).
The ColEl plasmid was purchased from NIPPON GENE
(Toyama, Japan).

Extraction and Purification of Genomic DNA The
samples were ground using an electric mill. All the plant ge-
nomic DNA, except for the rice, was extracted using a silica-
gel membrane-type kit (DNeasy Plant Mini; QIAGEN,
Hilden, Germany). The homogenized samples (each 1g)
were incubated at 65 °C for 10m in 10ml of the buffer AP1
(QIAGEN) and 20 ul of RNase A (100mg/ml; QIAGEN),
and mixed 2—3 times during incubation by inverting the
tube. After adding buffer AP2 (QIAGEN), the resultant mix-
ture was incubated for 10 min on ice. The mixture was cen-
trifuged at 4 °C for 20 min at 4000 Xg. The clear supernatant
was transferred to a QIA shredder spin column (QIAGEN)
and centrifuged for 4min at 10000Xg. The mixture was
pipetted after adding 1.5 volumes of buffer AP3/ethanol, and
was applied to a mini spin column. The column was cen-
trifuged for 1 min at 10000Xg, the flow-through was dis-
carded, and the column was washed 3 times with buffer AW
(QIAGEN). The DNA was then eluted twice from the col-
umn with 70 pl of the pre-warmed DW. The rice DNA ex-
traction and purification were carried out using the NIPPON
GENE GM quicker 2 kit (NIPPON GENE) according to the
"manufacturer’s manual with the following modification. The
ground samples (500 mg) were suspended in 2.1 ml of buffer
GEl, 60 ul of proteinase K (20 mg/ml), 6 ul of a-amylase
solution (attached in kit) and 30 ul of RNase A (100 mg/ml)
using a vortex mixer for 30s and then heated at 65°C for
30min. A 255 ul aliquot of the buffer GE2-K was added to
the mixture and sufficiently mixed using a vortex mixer fol-
lowed by standing on ice for 10 min. After centrifugation at
6000Xg for 15min at 4 °C, the collected supernatant was
transferred into a new tube, and centrifuged again at
13000 g or above at 4°C for Smin. To 1 ml of the super-
natant placed in a new tube, 375 ul of both the buffer GE3
and isopropanol were added, and then the solution was gently
" mixed by being shaken 10—12 times. The mixture was ap-
plied onto the spin column included in the kit and cen-
trifuged at 13000Xg and 4 °C for 30s to discard the eluate.
This procedure was repeated until the entire eluate was
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loaded. The spin column was washed with 650 ul of the
buffer GW by centrifuging at 13000Xg for 1 min. The col-
umn was transferred to a new tube and 50 ul of the TE buffer
was added and allowed to stand for 3 min at room tempera-
ture. Finally, the tube with the spin column was centrifuged
at 13000Xg and 4 °C for 1 min, and the eluate was then used
as the DNA sample solution in the following experiments.
The extracted DNA was diluted with an appropriate volume
of DW to a final concentration of 10ng/ul, and stored at
—20°C until use.

PCR Conditions The PCR reaction mixture (25 ul) in
the tubes contained 50ng genomic DNA, 2.5 ul of PCR
buffer 11 (Applied Biosystems, CA, U.S.A.), 0.16 mm of de-
oxyribonucleotide triphosphate (dNTP) (Applied Biosys-
tems), 1.5mmol/l MgCl,, 1.2 umol/l of 5’ and 3’ primers
(P35S 1—5' and P35S 2—3’ for 35SP, NOS ter 3—5’ and
NOS ter 3—3' for NOST, ColEl F1 and ColEl R1 for
ColE1), 2 ul of 5X1072pg/ul ColE1 plasmid (approximately

"13.9%10% copies/reaction mixture) and 0.8 units of Ampli

Taq Gold (Applied Biosystems). PCR was performed by pre-
incubation at 95 °C for 10 min, followed by 45 cycles of de-
naturation at 95°C for 30s, annealing at 56 °C for 30s, ex-
tension at 72 °C for 30 s, and terminal elongation at 72 °C for
7min using the GeneAmp PCR System 9700 (Applied
Biosystems). After PCR amplification, the amplified prod-
ucts were analyzed by agarose gel electrophoresis according
to the previous reports.*”—'?

Multiplex Real Time PCR Using HRM The multiplex
real time PCR reaction mixture (20 1) in the tubes contained
20ng genomic DNA, 1X Multiplex PCR Mix (QIAGEN,
Hilden, Germany), 0.5X Q-solution, (QIAGEN), 1X Eva-
Green® (WAKO, Tokyo, Japan), and 0.2 umol/l of 5" and 3’
primers (P35S 1—5" and P35S 2—3" for 35SP, NOS ter 3—
5’ and NOS ter 3—3’ for NOST, ColE1 F1 and ColE1 R1 for
ColEl). The reaction was performed by pre-incubation at
95°C for 15min, followed by 50 cycles of denaturation at
95°C for 30s, annealing at 60 °C for 90s (45s for uniplex
real time PCR), extension at 72°C for 90s, and terminal
elongation at 72 °C for 10 min. After the latter run, the sam-
ple was held at 95°C for 30s and then held at 72°C for 5,
and melt curve data was generated by raising the temperature
from 72 to 97 °C at 0.3 °C increments, while pausing for 5s
per step using the Rotor gene™ 6000 (QIAGEN). Positive
identification of an isolate containing a gene target was deter-
mined by the corresponding melt temperature. The Rotor
gene™ 6000 software (Ver 1.7) calculates melt peaks by
plotting the negative first derivative of the primary melt
curve (fluorescence vs. temperature).

RESULTS

Design of the PCR Systems and the Selection of Eva-
Green® as an Intercalator Dye We selected primers that
were appropriate for the simultaneous detection of 35SP and
NOST in screening for unauthorized GMO. In addition, we
further designed the primers to detect ColEl spiked to assess
the validity of the PCR run.?"’ The selected primer pairs are
described in Table 1. Selection of primers was performed on
the basis of the results obtained from conventional PCR and
electrophoresis using the NK603 maize sample. Elec-
trophoresis analysis showed no formation of primer dimers
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(Fig. 1). Next, we examined SYBR" Green I and EvaGreen*
as intercalating dyes. Both fluorescence dyes provided simi-
lar amplification and melting curve data, although the shape
of the melting curve using EvaGreen" was detected more

Table 1. Primer Sequences and Product Tm for the Multiplex Real Time
PCR
. Product

Name ol leotide sequence

ame 1gonuclec sequenc T]n(:C)
P35S 1-5"  ATT GAT GTG ATA TCT CCA CTG ACG T 80.18
P35§2--3"  CCT CTC CAA ATG AAA TGA ACT TCC T 80.18
NOS ter 3--5' GTC TTG CGA TGA TTA TCA TAT AAT TTC TG 77.09
NOS ter 3--3' CGC TAT ATT TTG TTT TCT ATC GCG T 77.09
ColEL FI CGG TTA CTT GAA CGC TGT GA 90.59
ColE1 RI CAC CTT ACG GGC TGT CTG AT 90.59

166bp

Fig. 1. Targeted Gene Amplification by PCR

Vol. 32, No. 11

clearly (data not shown). Considering the reliability and sen-
sitivity of the analysis, we chose to use EvaGreen" in further
experiments.

In uniplex PCR, the specific amplification of either 35SP,
NOST or ColEl was performed on the NK603 maize and
ColE1 plasmid. All sequences were correctly identified as
possessing the correct sequence for each primer set as ob-
served by distinct melt peaks at specific temperatures. Melt
peak height and shape were consistent for each sequence tar-
get. Melt temperatures relative to one another were in agree-
ment with the expected amplicon size, with larger amplicons
exhibiting higher Tms. Non-GM rice sample was considered
negative due to the melt profiles.

Multiplex PCR Systems We examined the suitability of
the proposed real-time PCR systems to be used in a Tm melt-
ing curve determination. After careful analysis of the respec-

151bp

101bp

PCR reactions were run using total genomic DNA from GM maize line (NK603) as the template and primers that were designed specific to ColE1 (A), 35SP (B) and NOST (C).
and analyzed by 3% (w/v) agarose gel electrophoresis in TAE buffer. Arrows indicate the amplified PCR products stained by ethidium bromide. NTC. non-template control: M.

100 bp DNA marker.
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Fig. 2.

Melting Curve of Each Uniplex PCR Assay for NOST (A), P35S (B), ColE1(C) and 3-Plex PCR Assay (D)

NK603 maize genomic DNA was amplified as the template by thermal conditions (initial denaturation at 95 °C for 15 m. followed by 50 cycles of denaturation at 95 <C for 30s,
annealing at 60 °C for 90's and extension at 72 °C for 90s. and terminal elongation at 72 °C for 10 min). Melting curves were analyzed by Rotor gene™ 6000 using EvaGreen” as

an intercalating dye. and the corresponding Tm was assigned to each product by arrow.
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tive experimental Tm, we optimized the PCR conditions in
the multiplex condition using the NK603 maize sample. In
particular, we examined the time of the annealing step since
that step is critical for the optimization of the multiplex con-
dition. We found that 90 s was the optimal time for annealing
in the multiplex format. Multiplex reactions using the 3
primer sets in the same reaction tube showed positive melting
curves in the sample solution prepared from NK603 maize
sample. For the examination of the level of spiked ColE1, we
found that the optimized level of the spiked ColE1 is approx-
imately, 2 ul of 5X107?pg/ul ColE1 plasmid (approximately
13.9X10° copies) in the PCR reaction mixture (25 ul).

The Tm of the melt curve profile can identify which target
sequences were amplified by PCR (Fig. 2). Peaks were
clearly separated from one another and the average Tms of
the different peaks were significantly different in the multi-
plex reaction. On the other hand, no significant shifts of the
average Tms of 35SP, NOST and ColE1 were observed be-
tween the uniplex and multiplex reactions. The sample solu-
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tion prepared from non-GM maize did not produce the cor-
rect amplicon when viewed on agarose gels and did not show
the correct melt profiles.

To assess the sensitivity of the proposed method using the
NK603 maize samples, we tested different amounts of the
NK603 maize samples: 0% (non-GM), 0.1%, 0.5%, 1%, 2%
and 5%. As shown in Fig. 3, all of the positive melting
curves were obtained stably except for the 0% sample. These
results suggest that the contamination of unauthorized GMO
with single copy of the transgenic gene similar to NK603
maize as low as 0.1% can be detected in a maize sample.

Application to Various Other Samples To assess the
application of the established method to other crops, the au-
thorized GM soybean (Roundup Ready Soybean), the author-
ized GM potato (NewLeaf), the biscuit which is contami-
nated with GM soybean and the rice which is contaminated
with unauthorized GM rice were analyzed using the estab-
lished method. As shown in Fig. 4, the positive melting
curves for 35S and NOST were detected in GM soybean,
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Fig. 3. Sensitivity of the 3-Plex Realtime PCR

The melting curves were tested for detection of different amounts of NK603 maize samples: A) 0% (w/w, non-GM). B) 0.

and F) 5% (w/w).
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Fig. 4. Application to Other GM Products for Detection

Melting curves represent 3-plex PCR using total genomic DNA samples from: A) GM soybean (Roundup Ready Soybean), B) GM potato (NewLeaf), C) rice contaminated with

unauthorized GM rice and D) biscuit contaminated with GM soybean of unknown amount.
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GM potato, the biscuit which is contaminated with GM soy-

bean and the rice which is contaminated with unauthorized-

GM rice. The melt profiles did not produce peaks, except for
ColEl as a reference, in non-GM soybean. non-GM rice and
non-GM potato as negative samples (data not shown). These
results suggest that the method established here may be ap-
plicable in identifying GMO in various crops and foods.

DISCUSSION

A simultaneous qualitative detection method for 35SP and
NOST using HRM was developed for the screening detection
of unauthorized GMO in several crops. We selected suitable
primer sets for the simultaneous detection of 35SP and
NOST and designed the primer set for the detection of spiked
ColE1 plasmid to evaluate the validity of the PCR analyses.
In addition, we optimized in the multiplex PCR conditions
using the designed primer sets and EvaGreen" as an interca-
lating dye. We considered that using EvaGreen® would be
more accurate because EvaGreen® is a generally less in-
hibitory toward PCR and less likely to cause nonspecific am-
plification compared with SYBRGreen I*.

Simple and accurate screening methods for detection are
necessary to search the unauthorized GM crops in various
foods. Many studies have employed PCR to target multiple
genes for the detection of GM crops. However, conventional
PCR requires post-PCR processing to visualize the amplifi-
cation products, and usually including agarose gel elec-
trophoresis and nucleic acid staining. The handling of PCR
products is not only time-consuming, but also has the poten-
tial of cross-contamination of the amplified products. Real-
time PCR has solved many of these problems, allowing faster
cycling times and closed-tube detection during the amplifica-
tion process. Previous studies have demonstrated the detec-
tion of GM crops using specific probes.”'*) However, the use
of fluorescence labeled probes adds significant cost to an
assay comprising multiple targets. The closed-tube screening
method using HRM has advantages over current techniques
because it requires no post-PCR handling, which minimize
the risk of PCR contamination, and no separation step, both
of which improve analysis time.

The intercalating dyes, such as SYBR® Green I and Eva-
Green®, have been used successfully in real-time PCR
HRM.*—>* They bind all amplified dsDNA and do not con-
fer sequence specificity to a desired target as oligonucleotide
probes. However, the amplicons can be distinguished by melt
curve analysis, whereby the melting temperature of PCR
products is determined by the reduction in relative fluores-
cence as all dsDNA is denatured to the single-stranded form.
The shape and peak location of the melt curve are functions
of the GC/AT ratio, length, and sequence of the fragment.”
Therefore, optimized reaction conditions and sufficient dif-
ferences in amplicon length and GC/AT ratio are necessary
to discriminate clearly between amplification products in a
melt analysis. A real-time PCR HRM using EvaGreen" was
developed to simultaneously detect 35SP, NOST and ColEl.
Each product differed sufficiently in size and sequence to be
distinguished by melt curve analysis and agarose gel elec-
trophoresis.

In addition, we applied the method established in this
study to several GM crops. To assess unauthorized GM crop
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contamination, GM maize, GM soybean, GM rice and the
biscuits contaminated with GM soybeans were used as se-
lected targets. We showed that the present method is applica-
ble for GM maize, GM soybean, GM rice and even the detec-
tion of GM soybean in the biscuit, which consisted mainly of
wheat. The present method has the potential to screen for
novel types of unauthorized GM crops, as well as authorized
GM crops, since 35SP and NOST are major sequences in
GM crops and widely inserted into various GM crops.

Recently, we detected unauthorized GM crops that have
become major concerns such as CBH 351 maize, Btl10
maize, LLRice601, and Chinese Bt rice. The present method
may not meet the absolute detection limit of unauthorized
GM crops, because the contaminated crops may contain un-
known recombinant-DNA (r-DNA) sequence or r-DNA se-
quences with modified nucleotide sequences. However, after
confirming the contamination of unauthorized GM crops
using the present method, it may be necessary to analyze the
detailed construct sequence close to 35SP and NOST using
inversed PCR and anchored PCR techniques.

In conclusion, we developed a multiplex real-time PCR
HRM method for the simultaneous qualitative detection of
35SP and NOST in several crops. We consider this method to
be a simple and reliable assay for screening for unauthorized
GMO in crops and the processing food products.
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A novel DNA microarray method to detect one line of
genetically modified (GM) soybean and five lines of GM
maize was developed using multiplex PCR coupled with
primer extension on a plastic plate. Multiplex PCR
products were applied on an extension primer-immobi-
lized plate and the spots corresponding to the DNA
sequences were visualized. This method is a rapid and
simple way to detect GM soybean and GM maize
optically.

Key words: arrayed primer extension; genetically modi-
fied organism; multiple primer extension;
oligonucleotide microarray

The numbers and uses of genetically modified
organisms (GMOs) have increased in recent years, but
controversy continues to surround their increased dis-
tribution and use due to concerns about food safety,
environmental risks, and ethical issues. Many countries
and regions have issued GMO labeling regulations, for
example thresholds of 5% in Japan.! The primary means
of GMO detection to determine whether such labeling
requirements have been met is the polymerase chain
reaction (PCR) technique, but this method has an
obvious limitation in that it can detect only one gene
at a time. Even for multiplex PCR, due to the limit of the

separation of the amplified products for ordinary

electrophoresis, it can detect only five to six genes
simultaneously.

Oligonucleotide microarrays show great advantages
in the detection of many target genes simultaneously.
In fact, microarrays have been applied to simultaneous
detection of GMOs.>” These microarrays are based on
the hybridization of labeled target oligonucleotides to
probes on the chip, but the hybridization method is
generally time-consuming, especially the hybridization
step itself. In addition, many of these microarrays
require laser scanning. On the other hand, primer
extension methods on a microarray, such as the arrayed
primer extension method and the multiple primer
extension method, are used mainly for mutation and
single nucleotide polymorphism analysis.® The exten-

sion method is relatively quick and can be adapted to
optical detection.!® This method was recently used for
rapid identification of bacteria.!?

In this study, we adapted this rapid, simple method to
detect target DNA sequences optically and simultane-
ously, as shown in Fig. 1. We developed a method
of identifying different GMO events, one line of
genetically modified (GM) soybean (Roundup Ready
soybean, RRS) and five lines of GM maize (Event176,
Mon810, Btll, GA21, and T25). The method is based
on specific integration junction sequences between the
host plant genome DNAs, and it uses multiplex (8-plex)
PCR together with primer extension on a plastic plate.

Conventional soybean and maize seeds were pur-
chased from a local market in Hyogo, Japan, and were
ground to a powder (AM-3, Nihon Seiki Seisakusho,
Tokyo). The powdered certified reference materials of
RRS, Event176, Mon810, Btll, and GA21 were
obtained from the Institute for Reference Materials and
Measurements (Geel, Belgium) and commercialized by
Fluka (Buchs, Switzerland). DNA was extracted from
powder samples using a silica membrane-type kit
(DNeasy Plant Mini Kit, Qiagen, Hilden, Germany)
according to a previously reported procedure.'? The
concentration of DNA was calculated from the absorb-
ance at 260nm, as measured with a UV spectropho-
tometer. On the other hand, T25 DNA was purchased
from Generon (Modena, Italy). Samples (1% and 5%) of
T25 were prepared by mixing T25 DNA with non-GM
maize DNA. A GM maize mixture containing 1% each
of Eventl76, Mon810, Btll, GA21, and T25 was also
prepared by mixing GM maize DNAs with non-GM
maize DNA.

The PCR primer sets for taxon specific sequences in
soybean (the lectin gene, Lel) and maize (the starch
synthase IIb gene, SSIIb), and construct specific GM
sequences, RRS, Eventl76, Mon810, GA21, and T25,
had been used to quantify GMOs using real-time PCR
(Table 1).'? The set for Btl] has also been reported.”

" The primers were synthesized by Texas Genomics Japan

(Tokyo). A 25-pl reaction mixture contained 12.5pl,
QuantiTect Multiplex PCR Master Mix (Qiagen),

¥ To whom correspondence should be addressed. Tel: +81-798-45-9982; Fax: +81-798-41-2792; E-mail: harikai@mukogawa-u.ac.jp
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Fig.1. Process for Primer Extension on a Plastic Plate.

An extension primer is immobilized on the S-Bio® PrimeSurface®-treated plastic plate. Target PCR product amplified by multiplex PCR
hybridizes to the primer. Extension and incorporation of biotin-dUTP are carried out by DNA polymerase. The extension reaction is optically

detected by an avidin-biotin-alkaline phosphatase complex system.

Table 1. Forward and Reverse Primers Used in Multiplex (8-plex) PCR and Extension Primers Used in an Extension Reaction on a Plastic Plate

Target Orientation Sequence (5'-3") Reference
Lel Forward GCCCTCTACTCCACCCCCA 12
Reverse GCCCATCTGCAAGCCTTTTT 12
Extension® AGCTTCGCCGCTTCCTTCAACTTCAC 12
RRS Forward CCTTTAGGATTTCAGCATCAGTGG 12
Reverse GACTTGTCGCCGGAAATG 12
Extension® CGCAACCGCCCGCAAATCC 12
SSIIb Forward CTCCCAATCCTTTGACATCTGC 12
Reverse TCGATTTCTCTCTTGGTGACAGG 12
Extension® GCAATGCAAAACGCAACGAGTGGGGG This study
Event176 Forward TGTTCACCAGCAGCAACCAG 12
Reverse ACTCCACTTTGTGCAGAACAGATCT 12
Extension® TCGATGTGGTAGTCGGTCACGTCGG 12°
Mon810 Forward GATGCCTTCTCCCTAGTGTTGA 12
Reverse GGATGCACTCGTTGATGTTTG 12
Extension® TTGTTGTCCATGGCCGCTTGGTATCT 12°
Btll Forward ACATTTAATACGCGATAGAAAAC 5
Reverse ACACCTACAGATTTTAGACCAAG 5
Extension® TATGTTACTAGATCTGGGCCTCGTG 5
GA21 Forward GAAGCCTCGGCAACGTCA 12
Reverse ATCCGGTTGGAAAGCGACTT 12
Extension® CGGCCATGCACCGGATCCTT 120
T25 Forward GCCAGTTAGGCCAGTTACCCA 12
Reverse TGAGCGAAACCCTATAAGAACCCT 12
Extension® TGCAGGCATGCCCGCTGAAATC 12

aModification with amino linkers at the 5’ end due to immobilization of the extension primer on a plastic plate.

bUsing the complement sequence of the reference.

0.05uM each of primer for SSII, Eventl 76, and Btll,
0.1 M each of primer for Lel, RRS, Mon810, and T25,
0.5 uM each of primer for GA21, a 100-ng DNA sample,
and sterilized water to make up the final reaction
volume. Eight-plex PCR was performed using a
GeneAmp PCR System 9700 (Applied Biosystems,
Foster City, CA). The thermal cycle program was as
follows: 2 min at 50°C and 15 min at 95 °C, followed by
amplification of DNA for 35 cycles of 60s at 94 °C and
60s at 61°C. The PCR products were used for the
primer extension reaction. #

The sequences of the extension primers, which were
immobilized on a plastic plate (for Lel, RRS, Eventl76,
Mon810, GA21, and T25) were those previously used as

TagMan probes in real-time PCR (Table 1).!? The
sequence of the TagMan probe for SSIIb was modified
for use in the primer extension reaction. The modified
sequence was checked for specificity by BLAST search.
The primer extension sequence for Bt/1 has also been
reported.” These primers were modified with amino
linkers at the 5’ end, and were synthesized and purified
on a reverse-phase column by Nippon EGT (Toyama,
Japan). The plastic plate was treated with S-Bio®
PrimeSurface® (Sumitomo Bakelite, Hyogo, Japan),
providing a unique biocompatible phospholipid polymer
and a highly active functional ester moiety to bind the
attachment site covalently for amino-linked oligonu-
cleotides under alkaline conditions.!® One microliter of



1888 : N. HARIKAI et al.

10puM 5-amino-link primer in alkaline solution was
spotted onto the plate. After incubation for 3h, the
primer-immobilized plate was treated with 0.1 M sodium
hydroxide solution to block the remaining functional
ester moieties, and was washed with hot water. The plate
was dried in air and stored at 4 °C.

Fifty pl of reaction mixture of primer extension
consisted of 5U TERMIPol DNA polymerase (Solis
Biodyne, Tartu, Estonia), 1 x reaction buffer C, 2 mm
MgCl,, 50 pg/ml, salmon sperm DNA, 0.05% triton-X
100, 100 pm dATP, 100 uM dGTP, 100 uMm dCTP, 65 pM
dTTP (each dNTP, Indianapolis, Roche, IN), 35um
biotin-11-dUTP (Bioron, Ludwigshafen, Germany),
5ul of PCR products, and sterilized water to make up
the final reaction volume. The sample was incubated for
Smin at 95°C, and then was applied to the extension
primer-immobilized plastic plate (preheated to 72 °C).
The reaction was allowed to proceed at 72 °C for 3 min
under a coverslip. The plate was washed in 0.1% triton
X-100 in 50 mm tris buffer (pH 7.5), and then in 50 mM
tris buffer (pH 7.5). It was incubated at 37 °C for 20 min
with the addition of alkaline phosphatase-conjugated
biotin and avidin complex (VectaStain ABC-AP Kit,
Burlingame, Vector Laboratories, CA), which was
prepared by dilution of A and B reagents with 200
times the volume of 2% BSA and 0.01% salmon sperm
DNA in 50 mM tris buffer (pH 7.5) and preincubated for
20 min at room temperature before use. The plate was
washed in 0.1% triton X-100 in 50mM tris buffer
(pH 7.5) and then in 50 mm tris buffer (pH 7.5). The
plate was incubated at 37 °C for 10 min with the addition
of NBT/BCIP solution (Roche). Then it was washed in
water and dried in air. The image on the plate was
scanned using an MP 600 scanner (Cannon, Tokyo).

The principle of the present method, based on

multiplex PCR amplification and identification of the
primer extension reaction on a plastic plate, is shown in
Fig. 1, but it is necessary to optimize all reaction
procedures. In multiplex PCR, the primer sets were
tested and the primer concentration and thermal cycle
programs were optimized to minimize non-specific
amplification and variation in amplification efficiency
between the pairs of primers. In the primer extension
reaction, the oligonucleotide lengths and orientations of
the extension primers were examined, and incubation
time and temperature were optimized to minimize cross
hybridization and self-extension.

Under optimized conditions, Lel and SSIIb spots were
visible to the naked eye in the non-GM soybean and
non-GM maize samples (Fig. 2). Accordingly, detection
of these species-specific genes can be used as a positive
control. In the samples containing 1% and 5% of GM
soybean and GM maize, except for 4.3% GAZ21, the
corresponding spots were visible to the naked eye. In
addition, in the mixture sample containing 1% each of
the five lines of GM maize, the spots corresponding to
SSIIb and five lines of GM maize were simultaneously
visible. These results indicate that this method can
identify GM soybean lines and GM maize lines in
seed and grain samples containing 1% GM material.
However, spots with a lower signal intensity than those
containing 1% GMO, especially Brl] and GA2I, are
invisible to the naked eye. In fact, when the DNA
amount used for multiplex PCR decreased from 100 ng

A [e °
Led” RRS SSIIb Event176
Mon810 Btll GA21 T25

B non-GM soybean non-GM maize

o4 . q - . ]
1% RRS 5% RRS
° a @ ’| .! ® ‘ ¥
1% Event176 5% Event176
o ° . &
e o ¢ ¢
1% Mon810 5% Mon810
0 ® "
') ¢
L Y
1% Btl1 5% Btl1
(3 L o -y
¢ ®
@
1% GA21 4.3% GA21
1% T25 5% T25
e
’ ¢ : ®

C  GM maize mixture
containing 1% each

Fig. 2. Detection of GMO Genes Using Multiplex (8-plex) PCR
Coupled with Primer Extension.

A, Layout of the extension primer-immobilized plastic plate. The
sequences of the primer are given in Table 1. B, Image of the primer
extension reaction of non-GM soybean, GM soybean (Roundup
Ready soybean), non-GM maize and GM maize (Eventl76,
Mon810, Btl1, GA21, and T25). The GMO contents of the samples
are 1 and 5%, except for 4.3% GAZ21. In the case of T25, the
percentages indicate the percentages of GM DNA relative to non-
GM DNA. C, Image of the primer extension reaction of the GM
maize mixture containing 1% each of Event176, Mon810, Btll,
GA21, and T25. The percentages indicate the percentages of GM
DNA relative to non-GM DNA. The positive signals appear as gray
spots. The dots in the upper corners denote the position of the plate.

to 50 ng, the corresponding spot was frequently invisible
in the sample containing 1% GA21 (data not shown).
In previous reports, the detection limits of micro-
arrays for GMO were 0.1%.>% These amplification
processes were the four separated PCR,® PCR amplifi-
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cation with a tag primer in tag-labeled samples prepared
by polymerase reaction with a bipartite primer contain-
ing the tag sequence,? and nucleic acid sequence-based
amplification (NASBA) in promoter-conjugated samples
prepared by polymerase reaction with a bipartite primer
containing the promoter sequence.” These methods are
sensitive and quantitative, but are time-consuming and
require more manipulation. On the other hand, the
amplifying and fluorescent-labeling system using multi-
plex PCR detected 0.5% and 1% of GMOs.>® The
method had low sensitivity, but was rapid and simple.
The present method also used multiplex PCR amplifi-
cation and optically detected samples containing 1%
GM soybean and GM maize. In addition, microarrays
for GMO detection in all previous reports were based on
the hybridization of labeled target oligonucleotide to a
probe on the chip.”” The hybridization times were from
1h to 18h as compared with the time of primer
extension reaction in the present method of 3 min.

In conclusion, we have developed a new detection
method for GMOs using multiplex PCR coupled with a
primer extension method in a microarray. This rapid and
simple method should be useful for optical identification
of GM soybean and GM maize.
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A duplex real-time PCR method was developed for quantitative screening analysis of GM
maize. The duplex real-time PCR simultaneously detected two GM-specific segments, namely the
caulifiower mosaic virus (CaMV) 35S promoter (P35S) segment and an event-specific segment for
GA21 maize which does not contain P35S. Calibration was performed with a plasmid calibrant
specially designed for the duplex PCR. The result of an in-house evaluation suggested that the
analytical precision of the developed method was almost equivalent to those of simplex real-time
PCR methods, which have been adopted as ISO standard methods for the analysis of GMOs in
foodstuffs and have also been employed for the analysis of GMOs in Japan. In addition, this
method will reduce both the cost and time requirement of routine GMO analysis by half. The high
analytical performance demonstrated in the current study would be useful for the quantitative
screening analysis of GM maize. We believe the developed method will be useful for practical
screening analysis of GM maize, although interlaboratory collaborative studies should be con-

ducted to confirm this.

Key words: genetically modified (GM); maize (Zea mays), duplex real-time PCR

Introduction

Recombinant DNA (r-DNA) technologies have been
used in modern farming and have provided many ad-
vantages in related industries. In fact, the global area of
genetically modified (GM) crops exceeded 120 million
hectares in 2007, and is expected to continue to rise?.
GM crops have been authorized for use as food and/or
feed in many countries based on each country's own
criteria for safety assessment. However, consumers
have demanded appropriate information and labeling
for foods derived from GM crops. Thus, various labeling
systems have been introduced for GM foods in the
European Union (EU, Korea*?, Japan***4, and other
countries (reviewed by Hino®). In addition, many coun-
tries have found ways for the farming of conventional
crops and GM crops to coexist. In these situations, the
growing importance of scientific GM detection methods
has been recognized.

For the detection of GM maize in foods and food
materials, PCR-based detection methods, which are able
to detect even small amounts of transgenes in raw
materials and processed foods, have been routinely
used®®. We have also developed simplex and multiplex
qualitative PCR methods® ™, simplex real-time PCR
methods!® 13 and an individual kernel-based detection
method including a qualitative multiplex real-time
PCR. In particular, six real-time PCR methods for five
events of GM maize, t.e., Bill, Bt176, GA21, MON810,

* Regulation (EC) No. 1829/2003. Official J. Eur. Union L268,
1-23 (2003).

*2 Notification No. 2000-31; Ministry of Agriculture and For-
estry of Korea (2000).

*3 Notification No. 110 (Mar. 27, 2001); Department of Food
Safety, Ministry of Health, Labour and Welfare of Japan
(2001).

*1 Notification No. 517 {(Mar. 31, 2000); Ministry of Agricul-
ture, Forestry and Fisheries of Japan (2000).
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and T25, and a Roundup Ready soy, were fully
validated by an international interlaboratory collabora-
tive study!®*'¥, and have been not only employed as
Japanese official analytical methods*®*4, but also inter-
nationally recognized as ISO standard methods for the
analysis of GMOs in foodstuffs*3. On the other hand, the
cost and time required for GM analysis could constitute
a major bottleneck in the process of providing consum-
ers with cost-effective labeling'®. The conventional or
non-GM food supply chains, however, must be secured
by affordable detection methods. Thus, the develop-
ment of cost- and time-effective detection methods is
important to ensure freedom of choice for consumers.

Maize is the major agricultural crop to which GM
technology has been applied. In Japan, sixteen events of
GM maize and twenty varieties of their hybrid pro-
genies have been authorized as of 2008%*5, and in fact,
some of them, eg., Btll, Bt176, GA21, MON810, MON
863, NK603, T25 and TC1508, have been used for com-
mercial purposes in Japan. Analysis of the r-DNA con-
structions of these eight GM maize events elucidated
that all the events except GA21 maize contained the
same constitutive promoter, which originated from the
caulifiower mosaic virus (CaMV) and has been
designated as CaMV35S promoter (P358S). The Ministry
of Health, Labour and Welfare of Japan (MHLW)
announced a combinational method for the quantita-
tion of P35S and a construct-specific quantitation for
GA21 maize, and it has been officially used as a screen-
ing method for GM maize!?*3*4 though it requires two
independent quantitations. Thus, to improve the effi-
ciency of the GM analysis method, we have been trying
to develop a screening analytical method for GM maize
based on our real-time PCR methodologies. In this
study, we developed a duplex real-time PCR method for
simultaneous quantitation of both P35S and an event-
specific sequence for GA21 maize, and evaluated the
performance characteristics of the newly developed
method by means of a single-laboratory validation pro-
cedure.

Materials and Methods

Maize (Zea mays) and other plant materials

Dry seeds of GM maize, i.e., one progeny each of Btll
and Event176 developed by Syngenta Seeds AG (Basel,
Switzerland), a progeny of TC1507 developed by Dow
Agrosciences LLC (Indianapolis, IN, USA), one progeny
each of MONS810, MONS863, GAZ2l, and NK603
developed by Monsanto Company (St. Louis, MO, USA)
were provided by their respective developers, and a
progeny of T25 developed by Bayer CropScience AG
(Monheim am Rhein, Germany) was directly imported
from the USA. Dry seeds of QC9651 maize (Quality

*5 Foodstuffs—methods of analysis for the detection of genet-
ically modified organisms and derived products—quanti-
tative nucleic acid based methods. Annex of 1SO 21570:
2005 (2005).

*6 hitp://www.mhlw.go.jp/english/topics/food /pdf/sec01-2.
pdf

Technology International, Inc, Elgy, IL, USA) were
used as a non-GM control. Dry seeds of Roundup
Ready® (RR) soy, and non-GM cereal materials, i.e., dry
soybeans harvested in Ohio in 1998, rice (Oryza sativa)
variety Kinuhikari, wheat (Triticumn aestivum) variety
Haruyutaka, and barley (Hordeum wvulgare) variety
Harrington (these were harvested in Japan) were used
as experimental controls.

DNA extraction

Maize and other plant seed materials were ground
with a P-14 seed rotor mill (Fritsch GmbH, Ibar-
Oberstein, Germany) and used for DNA extraction. DNA
extraction was performed with the DNeasy Plant Maxi
kit (QIAGEN GmbH, Hilden, Germany) as described in
our previous report!?, The DNA concentration of solu-
tions was determined by measuring UV absorption at
260 nm, and the quality of DNA solutions was eval-
uated in terms of the absorption ratios at 260/280 nm
and 260/230 nm. DNA solutions whose absorption
ratios were between 1.7 and 2.0 at 260/280 nm and
were > 1.7 at 260/230 nm were used for the subsequent
experiments.

Oligonucleotide primers and probes

The primer pairs and TagMan® probes used in this
study are listed in Tahle 1. The primers were syn-
thesized by Fasmac Co, Ltd. (Kanagawa, Japan) and
purified by HPLC. TagMan probes with a carboxy-
tetramethylrhodamine (TAMRA) quencher and with a
Blackhole Quencher (BHQ)} were synthesized by Applied
Biosystems, Inc. (Foster City, CA, USA) and Biosearch
Technologies, Inc. (Novato, CA, USA), respectively.
Each oligonucleotide was diluted to the appropriate
concentration for real-time PCR assays with sterilized
water and stored at —30°C until use.

Qualitative PCR conditions

A 25 uL reaction solution contained 25 ng genomic
DNA, 0.2 mmol/L dNTP, 1.6 mmol/L MgCl,, 0.5 umol/L
of each of the primers, and 0.625 units of AmpliTaq
Gold DNA polymerase (Applied Biosystems). The reac-
tions were buffered with PCR buffer II (Applied
Biosystems) and amplified in a thermal cycler, the
Silver 96-Well GeneAmp PCR System 9700 (Applied
Biosystems) in Max mode, according to the following
step-cycle program: pre-incubation at 95°C for 10 min;
40 cycles consisting of denaturation at 95°C for 0.5 min,
annealing at 60°C for 1 min and extension at 72°C for 1
min; followed by a final extension at 72°C for 7 min.
The PCR products were analyzed by agarose gel elec-
trophoresis buffered with 1XTris-Acetate-EDTA
(TAE) solution,

Real-time PCR condition and calculation of GM contents

In general, the experimental conditions of real-time
PCRs followed those of our previous methods'?, which
have been employed as the Japanese official method
and the ISO standard method for GM detection***3, A
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