4

quences of the CP gene were identical to that of Thailand’s
PRSV isolates.?” Furthermore, a multiple cloning site (con-
taining restriction sites for Xbal and BamHI) and the insertion
of a start codon between the CaMV 35S promoter and the
N-terminus of the CP gene were detected (Fig. 2A). The trans-
genic vector construct sequences of the CaMV 35S promoter
and the CP gene in the GM papaya developed in Hawaii (line
55-1, GenBank accession no. FJ467933.1) and Taiwan (lines
16-0-1, 17-0-5)' showed no similarity (data not shown) to
the sequence from the dried papaya product. In addition, our
preliminary study using real-time PCR showed that the dried
papaya product also contained high concentrations of two
transgenic sequences, the nopaline synthase terminator, which
is used in transgenic cassettes, and neomycin phosphotransfer-
ase II, which is used as a selectable marker (data not shown).
These results suggest that the dried papaya product was con-
taminated with a new unauthorized GM papaya line, which
we named PRSV-SC.

Designing a Novel Construct-Specific Detection Method
for PRSV-SC DNA fragmentation occurs during the
manufacturing of processed foods.”>* To qualitatively detect
PRSV-SC in processed foods, specific primers and a probe
for a real-time PCR assay were designed to produce a short
amplicon (70bp) based on the detected transgenic construct
sequence. Also, to prevent false-negative results using real-
time PCR, the PRSV-SC detection method was designed to
generate a target amplicon shorter than the endogenous pa-
paya Chy detection method (amplicon size 72bp). The primers
were designed to amplify the region between the transgenic
vector backbone and the CP gene sequence. The probe (SC-P)
was designed to target the site of the CP gene’s start codon
(Fig. 24). :

The real-time PCR assay for PRSV-SC detection confirmed
that the dried papaya was positive for PRSV-SC, producing
Ct values of 23.48 and 23.34 with a threshold value of 0.2
in a duplicate test (Fig. 2C). Endogenous Chy detection was
positive for all samples, with Ct values of 21.27 and 21.28 for
the dried papaya and 20.77 and 20.87 for the non-GM papaya
(Sunset), each with a threshold value of 0.2 in a duplicate test
(Figs. 2B, C). No amplification signals were obtained from
the non-template control, from genomic DNA derived from
14 other crops (maize, rice, soybean, flax, canola, chickpea,
wheat, sugarbeet, cottonseed, potato, papaya, tomato, egg-
plant, and green pepper), or from other GM papaya lines, such
as 55~1 (Hawaii) and PRSV-YK (Taiwan), using the developed
PRSV-SC detection method (data not shown). These results
indicated that the method is specific for detecting PRSV-SC.

In the present study, as a result of monitoring processed
foods for contamination with unauthorized GM papaya, we
found a dried papaya product containing a transgenic vector
construct for the expression of PRSV’s CP gene, which was
cloned from isolates in Thailand. A novel construct-specific
real-time PCR detection method was developed for detecting
PRSV-SC. Because the genetic background of PRSV-SC was
unknown, it was not possible to estimate the content level of
PRSV-SC in the papaya product. Further studies are underway
to determine the PRSV-SC detection limits of the real-time
PCR, and whether the qualitative PCR method using the p323/
p324 primer set can function as an initial screening for the
presence of GM papaya in foods.
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Abstract

The onset and exacerbation of food allergies in children has recently been increasing. To investigate the correlation between the
development of milk allergies and epicutaneous sensitization with milk allergens, we determined the amount of milk allergens in
cosmetics and quasi-drugs used for skin care. The amount of asi-casein and B-lactoglobulin was determined in 29 products using
immunochromatography and enzyme-linked immunosorbent assay.

In 9 of the 29 products, the levels of asi-casein and B-lactoglobulin were quantified in the range of 7.1-18,810 pg/g and more than
the limit of detection (LOD) to 10,429 ng/g, respectively. Both asi-casein (7.1-18,810 pg/g) and B-lactoglobulin (4.4-10,429 ng/g)
were detected in 5 products that displayed unfractionated milk ingredients such as yogurt or dried nonfat milk on the labels. On
the other hand, B-lactoglobulin was detected in only 2 of 15 products (6.6 pg/g and 6.9 pg/g) that displayed whey fraction on the
label. In addition, the amount of asi-casein was less than LOD in 23 products that displayed whey, casein, or nonprotein fraction
on the labels. According to these results, the levels of asi-casein and B-lactoglobulin tend to be influenced by the forms of milk
ingredients.

Thus, these analyses revealed that 31% of randomly selected products contained detectable levels of agi-casein and $-lactoglobulin.
Moreover, 4 of the 9 allergen-positive products, including soap, lotion, and bath powder, were recommended for infant use. Our study
provides the first data regarding cosmetics containing allergens and the development of food allergy. These results suggest that the

continuous use of cosmetics containing milk allergens may induce epicutaneous sensitization with milk allergens.

Keywords :$L7 LV v & 737 E, asi-casein, B-lactoglobuline £ A&/ 7 T~ + 75 7 4 —, ELISA
milk allergens, as1-casein, B-lactoglobulin, immunochromatography, ELISA
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D7D, DB BIAEW T LV F - D8 EY T T5
LTI F = —F~DFER LB T DO Rt ek
EZHN b

EREREREME O~ FFIERBENT VADEN
TESTHY, BERIVILETLH L, FHOT 3
7 BTG (pH 4.6) THYA VG LERS (K
IAWES) (50 oA, AL AR 8y 5
D 80% &b, —HFIHEMAIIE, Iy
SEZMNTNT IV, 7Y METNVT IV RIET O
TIUv RERRAL S SVANEENTYS Y, FAHO
FETULNF vy R HE LT HEA VSIS TR
23.6 kD @ usi-casein 25, FLIFH 312134 F i 183 kD @
B-lactoglobulin Z¥HIHILT 5 Y,

AEDEY T LVF - SHEOERIE, BEALH 5\ idik
HAEDPODEMT LT ¥ 5 2282 B X BRI e 35
BREBIZEEZLNTWDE Y, LPLARDLRETIE, LY
BOEWTLVF-OSEE, BIROE A £ RE%R
B & OEMERE E ORISR S I, BT LA s
SN BEDORB AL EM T LV - IEO—HTHAZ &
AR ENT VA 9,

BERESEERLAEROEER. BRSTE0AER
FERLIEFFREREMFRINDEY T LIV F - DORESR
BlAs, AN PO. R 200 BN FEY Ho0E
EREEW R THRESNTY S, B2, ks o s
FHREFHRBEAROMWEN R EHE, NETETRMEE
WL LI E BT T 74 T% L — SN s SN HHIL,
BERGHAREE 2072 1720,

ACHESRIIEERERIC LD SRS FRRPBESNTEY),. £h
IZHEU TSSO ER OB EHET LSRR L
T2, fbhEdh, B RIITAE T AL 328,50
BE\e EBEMELTAEGALTIHI TINT] TAEA ]

[hxA] [F—INh] RELFERINDS D, L7 LAY
2F N EOWERE I LU TOSERBIGILIB ST WAV,

RFICBNT, BLAFAYEA N #RE2ED £
®EAE S THERE(LM R EERI R, EICHEARS
O—ar, 0BEROHTLNT VI NI ETH D,
asi-casein 33 LU B-lactoglobulin IZ2WT, A4/ 70< b
TTA—NCEBT VNG Yy bRV ZEH L enzyme-
linked immunosorbent assay (ELISA) {2 X 5EEZITVy, 2L
ZEMEETHAX L TRERIIEENBAT IS V5
NOBOEN, BN EREALPITLEI LR AN, T
7ow AT VN 28 00 BOREBAEDTREIZOWTE
217,

I MRAE

1. &

HEHNDA— =B LU v 7 —Fy MZBWTIB B AR
HRER, A -o—vary . 2)-2xEUEBEBLIUHE
ZORE - REH o HE. ABRH 7TERO, 26 HF AL

MES B LU 3 BB OEIERIME AL (Table 1)o 29 2
m 1 BRI RO HE R LTV L5 0% ERL
7zo TRTCOBFIIGAREAOCHESBETTHE L
R E TV BH18 ).

A SN T B IR BRE R  #i) . AFLa3I Ny
G, 3=V Q). I—7VMNE &),
FSrg (138, STy Q8. kG @EsE
A4 QB KA Na (1 85, I G#L
g FLEE QEA). 010 EETH o, 2 FHEY EoIL

A E EME S LTV AR 7 BLEIFEL 12

2. AL/ AT NITST 4 —

asi-Casein 3 & UF B-lactoglobulin D& Bk, 7L v o v
TAY An/7awhF b MEE (BREES L2,
056682, KIA 056718, TU=NLEEAEH) #HWTH
ELM. BEORMEL Ty MAEB LT T ha—icfEs
Too FRTHE, B g2 FEL. Fv MIBOFEHML
WEMAT20 mLIZ%5L9RHELA (pH6O ~8.0). IF
Y- HWTERIIHE - RE Licth 20 HI—EIEHEL
DD, 100CDFBARBEHT 60 HMEL 720 FARKTEIRIZ
EHIE, 4C, 4000 rpm. 20 FFHE LS HERIT, ER
EUN L7z EHEEAM (JIS P3801: 5 7 A, HEEIEK) T
WL, WERARHELTRV. RERRE»HET T2
EORE 2TV, FERERLI

3. ELISA

B-Lactoglobulin |37 LV4" > 71 ®ELISA 45L¥v k (7
U= LRRAEH) | asi-casein (£E 1) J- 7 FASPEK 4% % J&
MEEF Y b RILBEFY N (HEAY) GRREHK
HALZERIZERD #HVWCHELZ, SEOMEIEIE Fv M
HRELA7Oba— Mol Bl ThE, 1 g DHEET
2L, REHRREA A TEIRT 12 BEIRE HRML. ¥
A ET T 20 mL 1275 X FELL/2 (pH6.0 ~ 8.0)0
HEDOFFEBE R TE5IZ 20 AL, WERsHEL
oo WY1 727 L — ) —%— (EMax®, Molecular
devices, Sunnyvale, CA) fER L. WOLEZHEL. &
FHEAR > ST T2 AR 21TV, FOFHEZH
EHEE OBIEME L7z,

HisE HEE OBEIEE (X ng/mL) I[SHEBOFRERLL
T20 5 SHICHIEROMFEERL LT 20 Fr ik,
BAT2#—L. HEEE 1 g4V 0F 0 HIBELLT,
Y pg/g #EHLA, UTICHEERXZRT KA,

Y pg/g = X ng/ml x 20 (FIEROFREE) x 20 (h
RrOFREEE) X 1/1000 (A

m ##EXR

1. AL/ 707 570 —ICLB0H
FLERESZEMEET5 20 8RERAELT 14/7
O 7574 —12L 5% agi-casein, B-lactoglobulin D H %

— 420 —



HARR{LE

455 (HE{RER). Vol 21(3), 2014 157

Toleo BRHLZNZFNOF Y PORMNLEICLLE, &
HRRFUIMF v hebis, EREREEH-VOTLLS V¥
VITEE 2 uglg EENT WA,

osi-Casein (X, FLAEAEETIIAGE A-11 D 1 84,
— R B R TIERTA V=7 B-1 BLU B2, T ARy
B-11. A#BH B-15 D4 RO s #E,ASHBEBEINT,
HE2ZE 2 THEM LA, EE s HRRBRABIORES
. ESI—FAABE B-14 ot Ehz, KRG
D, 20 B g, AGEH 1 #Rr et 6 A lbERBL
PEEZ/R LY asi-casein DSz (Table 1)

B-Lactoglobulin . FLYRAHETEZLEF I v T
AL, U= a3y AT BIUARA A1l O 3EERL, —K
AR TIERFI V=7 B2, 7=/ A%y B-11, BLUA
B B-15 O 3 Bah bR ENz, BEEEZTESTL
7oA, o6 BBIIRBRIIRE SN, SHI—HEAA
BH B-14 LGB HAABE A-10 D 2 B LY, BRHEER
W E BN LE N N ENIz, BASHTIZLD,
20 B, FLGRANT 4 BEE &L s RO R B LY

Table 1.

EEEFRI R LD B-lactoglobulin 2SMEH Sz (Table 1),

INEDORERIZLD, 20 BT 9 BAE NS ggi-casein &
B-lactoglobulin DT H. #HB\VNIWTNHADAT LIV V¥
VRTEPBHRENTz, Fio MENSEB SN B
TR S B G2 2 B dH o7z (A-10: B-lactoglobulin.
B-14 : agi-casein. B-lactoglobulin)e ZDHMEE LT, &F
NTWEAT LY V8 37 B, BRI NET
Hotzll, HHNTEFDOBEMFEC L0 EEHEEIZE
FI 3, eSO — LAt HTH o722 &8
EZ 5N,

2. ELISA IC &3 0#R

ELISA I &1 29 B FEH D asi-casein 3 L U8 B-lactoglobulin
rEEL. M¥Fyhebll, EERRIIEMGELEEH:
DDT LN Y5280 B8 031 pglg Tho70

asi-Casein (&, ALLEA 1B R &L 5 #a (AL
B-1. B-2, B-11, B-15) »bEESNZ TNLNOEGIC
BIIsEHEEIT. FLYEHRSE LTARH A-1175718,800

BRI DR R ENIALH R - BERNRICEEINDTLVT 7 30 BO5HTER

osi-casein
A /271 < ELISA
NI T4— (ugle)

B-lactoglobulin
AA5/70<  ELISA
FTTTA— (ugle)

fLRRs IGO0 W T 2 L2

A-1 EH vy T— 8/12 AV E S ~ - LOD + + 6.6

A2 Z2HY vy T — 5/13 RTA (4H) - - LOD - - LOD

A3 EHV YT — 16 /24 RIA (43) - - LOD - - LOD
| a4 NRY=T 10 /25 F—IWME (=7 Vb 2FR) - - LOD - - LOD
z}; A5 AV EV—T (BIEEHG) RIA  FIMTZ) VI - - wp - - LoD
| A6 EE? 3/1 FLEE (F2L) - - LOD - - LOD
| AT 8/23 FIA - - LoD + 6.9

A-8 13 /45 AV EDN -~ - LOD - - LOD

LAY ‘ g __Lop

A LAHANF L

B-1 RIA (FE) AFAINY (HRE)

B-2 R =7 8,9/20 AIA (HFF) AFAINT ()

B-3 YT — 10 /22 i1V e

B-4 Ty T — 9/19 ks fgaEA >~

B-5 RF1V—7 11/20 S 7))y (43)

B-6 EF4)—7 3/7 ZLRE (430)

B-7 RKFEg V=7 11/26 FLRE (450)

B-8 o—3 3 4/21 KA
o | B9 O—ay 8/35 RIA
g; B-10 RFL 7Y —A 17 /27 RIA (43)

B-11 T ARy 9/25 EE/SIN

B-12 AT —=FATE 25/30 AIA (FFF)

B-13 ‘)/7’7‘)——A 16 /23 FIA (45)

Big o . 810/22 ARAY (IF?L) RIA G -

BIS 6,8/ : ;

Bl6. gy s

B gm0 siop 0 zL%}’&' <¢;L>

B8  ABH e B (3

LOQ: EEMER (0 31 pug/g). LOD : MHBEFRLT
FLDBEAOEHATHEREL TS 11 BRI

DWTIHET A1 25 ALL &L, FITSRORWELTRIIC

DWW B-1 6 B-18 & L7

BRI LTRERRGOIDOIEELL L7z ERLEOFIALIZAFOILTH S,
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pglg —MEHERELTRTF Y7 B-1 23 7.1 pgle. L
RTF4 V=T B2 705544 pgle. 7xA Ay 7 B-11 1 569
ug/g. AHHI B-15 13 487 pglg Tdh -7z (Table 1) o

B-lactoglobulin i+, FLADWEIAT 3 MR Z & 8 G (A-1,
A-7. A-11, B-1, B-2. B-11, B-l4, B-15) 2»bE R H S
bNlze TNHSHMADIEB-1 DR, AL /70X TT
T4 =TEBBEN TRV, o> 7 BGIE3< TR s
NTWizo S5 L /70T N7 T 74 =TI OHBIAH
R#ECdH o7z FLAR A A-101E. ERBRAER (<031
pgle) s WAL L& LTSNz 2o 20 i
MHBARLUT Chotze FREE. JLDEHEE S v 7—
A-1756.6 nglg. RE—U—a» AT 7569 uglg THo72,
—ERARATIEBIBLYB2ORT V=T RENEN
74 uglg & 44 nglg THo72e EHIB-11 DT ARy 778
1240 uglg Th o720 —HHABHID B-14 B LU B-15 ldwv
T 1.3 pglg DHEBRYRWE TH o725 LA ABH]
A-1113 10,429 pgleg DEEEEIH L7z (Table 1o

INLOREFICLY, 29 BE P, FLLRmEIT4 BEE
U IBEB O MBLUEEEI G LD as-casein.
B-lactoglobulin DT i, & AWV TFNrDILT LIS~
F U EHP ELISA KD EN., 2055 8 BN
13 pg/g D Lo EREEE, ERINCEEDIL, &
HIKIREE R asi-casein i EL R LB RIE— AR TV —
7 B-1 D 7.1 pglg TH Y. B-lactoglobulin Tl — fix FH A
#| B-14,15 @ 1.3 pglg TH o720 F 72, agi-casein 77 18,810
ug/g L RO EIRE R R LI HLSIR B H A1 OBF .
B-lactoglobulin b 10,429 pg/g L EVMEZRL ., FELT7 LV
VE B DER SN

3. HAICEAT2HATRRE ELISAICK B EERRD
ESIED

asi-Casein (37 H 4 » {5312, B-lactoglobulin 13 FLiE H 4
WHET Do £ T OFIRMSTE ELISA I L BE =
HROBRICOWTHET 572012, IERR T RRES
BUCHERSE L7 (Table 2)o 29 BRI SN FLES %
LIL 1L IVD 4207 V=TI L FlgHi. A
FAINY, A=TNIE, ZHAPOMILIN KT HE
IRENTWABEF I, =7V IME, FATA, F7 72
YREFEM S E TN DG ORIV ERINT VD E G
Lo =7, MRS BAEA V5, AEAL CESE
FNDESAFORENT VARG E I &L, $LiE, Lk
EIEF S E WA TH IR HFRENT VLR GE IV
L7720 EHDOINTLENGEFRRL LIIGESN:
B 6 BRI L FOHBH O 5 E DS asi-casein
& B-lactoglobulin DI HDILT LIVT V5 VST BN ER
L, FD 15D 513 B-lactoglobulin AN E R SN0 —H.
AHEWSICEENDEAEER L LG ESNZ 158
b, 2 B DA, B-lactoglobulin EARTERE S,
osi~casein {EFEREN LD o72, T 13 WRITEHL LT
LV vy g BB BIMRAR LT Ch otz HEA VHES
THD [MKGHEDEA V] EFREN W O3 EFH» S
. WThoOEED» 5D asi-casein I H ST, 18 Fo
AERERFLT, MR O B-lactoglobulin 25 &
Nize IEF VMG THLHHNE, FAMEERREINT IV
OSEEPSIEWTNOAT LV vy 2 EhHsh
Lol ZOFRREIZLD., &AM INBAEE
IRLIBIZELTT LN vy vy B & TN AT RS

Table 2. FLICBATAFREGEMB LT LT V5 80K

VAR D2 R2AVE
. actoglobali asi-casein <LOD ¥
Eis ERHS may  osvewem Prlactoglobulin o oelobulin
iR L e e

;B ARLINY 3 P LB 28182

EEPSIAN o 1 (B-11)

-7V MK (L) - BREREL 1 _J 1 (B-15)

G- (3= VT ER) 2 ] 2
R A 9 1 (A-

_— O X U o
AV ED N 3 1(A-D) 2
RLA-F7b7x2) 1 N 1

g ke 2 X 2
Mok EEH ¥4~ Na N 1(A-10)%

#LAg 3| 3

\Y 5 T

L 2| 2
Bt 29 0 4 5 20

9 <LOD : #HBRALIT
5 LOD LhE LOQ LT O R #1572 845 (<031 ng/g)
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{. #¥IZ asi-casein & B-lactoglobulin DI A 4vE £ A1 BE
BERBNZEDIRENTZ, —H FUBES 7EA VES
HDHVILIEF VXV BE SR, BEES T ZRLE G
D, osi-casein. B-lactoglobulin i HLEHEIED 5\ I3H IR
RUTARL

WRIZER RS F ORI DERIBA EFHTFERIZOW
THELL 7z (Table 1)o EZFEERSMG 3 BRI LTS R
BEDIERDOBERI 2 VOB ERLBRI Lz, BETL
1EMER 26 BLRIE, RRESP TR THRIhTWLE
B E 45 A TR SN TWABBRE CHEEL, 7
ROEESTHHIIE. FETEMEE LA EAETIE, B-18
TAXSEIEH, A6 TUBSHRIFBRE HEK
EROFRIEMICH Y, MO LRRAENZVEEZ LN
B, WTROHT LT V8 ST B BHERLU T CHo
Too DIRGERAEA VEEMBELZEETE, wWTho
ATVNT Vo o B BERRAL T Th o745 B3 T
REAFIFEH B4TIORFTHFIFECTHo7zs £
FEAFEE LB T, asi-casein % LELATE WE TR
L7z B2 DAFLI NI DFERH 20 HAHF 9 EFH, B-150
BRI FLOERA 18 WA 8 HHTH o720 asi-casein &
B-lactoglobulin DHFxZ &ML/ B- 11 DT A A3y 7
i, IV IPOERF S B FHIFHTH o/ ZDED
2. BMEOILES OFREMN S LR CHEAT LT V5
IOBEPBEN T WEERH Y, BRIBALSPLTHIT
LIV w5 R ERBRE SN A BRI H Y, BmEEFERIE
RIS PRI RO SN h o7z, TL5, Table 2 127
ENEA, EEFEMEE LR, Iy s A,
S I EE L\ CREHEE SR FEMEE L/ E LS, AT
LV vy o g B EIN/ el e b, JLT LV Y
S BRI, BEFOARTOBBIMRETS L
WA OERAEEIETE L 2 W ERITR SN,

NV E=

AHFRICBNT, AEFEME L L-EEO U SEB LUE
BEARIY, FATVVEF—DOEET ULV VS RIET
5, asi-casein 3 & U B-lactoglobulin D & E B % 5l A
7ro REBIHHROLHRE B LUEERILRTOHALT LS
YEUIRGE RS LMD TORETH B, 29 FFEHD 8
BRIV WTNPOIT VI VI Vs B ERE SN,
F7o, BERFLT. MHERALL D B-lactoglobulin &1
WL 1 8RE SO, AT VVE Uy Ry Ermtani:
NS 20 B 9 BLENT, F DRI 31% Th o7z,

B-14 DABHIED ggi-casein (&, AL/ 7O 5T74—
TIEBHEE R L7225 ELISA CTIRHEEBRFRLT TH -7
REOB ELISA CHHEBRFLUT ThorzZ &, 14771
TSI 74— 2 BOBIEMERITIEELHEEOBR Y —F
FORLAZ LS, B-14 DHEIEREHEAFICIL, RHEERER
FELDIEEIV B2 asi-casein VFEL, AL/ 70T TT
TA—THREENZTEENZER OGN, £z B-1 DKRTFA

v —7H D B-lactoglobulin DIRHFERIL. f1A6/70< ks
T 74 —TIEEM/Zo7275% ELISATI 74 pnglg L EE SR
7zo ELISA DHIERFEOFAEBIZIE, HIRT 12 KM
PLE, iR EOIRE HDBRIZAT I BRIV H 5. ZOBAEIZ
I ARARIM TG TEME LB EF D B-lactoglobulin %4
HTBZ e ML ENTnBE D, —F, 1470~ bhr5
74— OREFENEORELBE T, BHEAKETT 60 75H
DIREBEANCIAHEEIT I ZOLI R HHTHEICLS
BWEPSOF 7 EHMBEOMED, 2 BEOF Y MO
HEEOEY (fA/70<bF 5742 pgle. ELISA:

0.31 pglg) D—RWEEZHNT2,

BER-T—arTid, AMEAH 28R, —KH2E8 R
IDAT VIV U E R EP RIS, IR L3
ERA B asi-casein A% 54.4 ng/g & BB EEE ClRE SN
720 WTNLFRETIHCIEETHL20, BEFRLAME
RIZE 2R EBMEVRE SN, ABHITE. ALSE~D
FREEME L EESN RO A1 55 29 BFEOH T agr-
casein 18,810 pg/g. B-lactoglobulin 10,429 ng/g & \» 9 & &
ERLTz. HRBICEHRTL -0, 81820 g #5HE
200 L OKICERRELIZH A, RERBEIET VLT V5008
ZEEH 1.0 ~2.0 pg/mL %5, ZOEETORERED
ROV TIHL A TIZ VDS, LRI BOKE T
AELELBIBBERELRL TV &ML, #B):ELOFAIC
VAT VNG & ST ORI B b T EDSHERS
N7z ZOEMPHLHFLE. HEVITFAT LV F—BEIC
k. AR, O—ar. ABHIREOERbHEROBENCIE
F A REEASNETH D, T2 Bl DT A A8y 72X,
569 uglg O asi-casein & 1240 pg/g @ B-lactoglobulin 254 H
Shic. BEOHWLE, AYBIERAL2WIEBTFESN
BH, HHAEOERBIIEAT LV VT s BE &Ly
D E S HEM T A IREIC RS, BEAOFERIZ, 85
RINERGEREVEMA PRI H L0, FICEALTL
NE—BEOERERL. EEISUETHLLEEDNS,

REFFEO DT, £ OM TSN EMEEZHERHL
72 6 Bt 5 B L) asi-casein & B-lactoglobulin O 5
PRESh, BEREDEVEANISH 572, TNODREM
BERELTAFLAINS, BiEHI. IV O=TEE
DERRDVPEHENTV . WFhd, EILEFBEMBEE
L7zob, BIEHIL  AFLAIN SRR LTI
Fets. EHEEELAOO, o3 - NV MNIABRESCER
WKEAREBEOBELELLDOTHY., #nL o5
2fToTWwi, ZORRLY, &froMT N B
B fHLZEATIE, BETEEEHD asi-casein &
B-lactoglobulin \¥AMFRTHA LA L /20~ T T T4~
BLUELISA DHECERBMEN A EHERFLTHELT
VAT BEEATRIE 87z,

—7, AFEESCEENS, GV IO LERG T 58
L7z83—27 NV ME FTA, 97872 v EREMRE TS
15 A5 Cid. 2B LED 6.6 ug/g & 6.9 pg/g & HLERY
{RIBED B-lactoglobulin 2RI S, 58D 13 BLmId IR
RUT CTHolzo ZOMRLY., FLFEITFE LU -ESZEM
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BrE LB THEL B OB, &AW GO
TR TEIGF D B-lactoglobulin 255 fif. ZVE. H Ak
FENBTREHAFHE ROz,

F7o. FLHMS AEA g FLE. FLBEREAOR S L
7223 AT, WThoB 250 asi-casein I ZMH S
Brole FEA VWG UTRHERL . FLEEG. 2

g, FAEOH A, HEA O TH BEIEEETR LY
YL F TR TAHEHARETAZ 8T IRWESIC
HEA VG OREDTRETH B LA EE SN/ —T,
HEA LG ENMARGT IR EA e UTRBLL 22,
MR O T 271 v EOPURIE L ORI, ik
SRR B G EAEE T AT REMESE 2N, &
7ov SNHOFERP O, ALHEmHROIAF R A K
ISR HNIHE LTV AT RS ERETH I LT TEZR

Y—F v T UNF—% i &L L7z Lack 5O 38— M9
1CXBE. FLBROBEMEWGEORFIE. HoHVIEE—F vy A
WG REHRITHBEMILOFANEITIITEIL, -
F oY T U —SHE R L NN LR R IR L

cZEIZEY, BERBEIZL DT LIVF - FIEOW R EATR
mansz M, FEY. THRREZSEEEEFSEY
RAEBVIE T, REEEZFETAURE, BO%S
BRI EAT L7455, SRR BEAF LS HESN LTS
. ARTNVT IV (OVA) P, RWTE—Fvry sy
B 2O RHUEE LCHRE SN, BEBIEO RN L RO E
BOBEKETEDOHEH H HHFEMEATRIE Sz,

EOICEERFANTICED, REOR LB THLHEBOR
N THERERIED & V3 L filaggrin 7O N9 5IE R
T, 7 hE-RRESRN R FERSER SN, RN
D 7R R R L7 MAED filaggrin BEEDTFIET 5 HE)S
wEENL T, HEO—-OTBTHDHPHB T, FHET
P OORY AR THEET LD T NN AR EIR
ERREMEL, BALLIETLARYEHETS L5
NTWB Y, IEHRIRETIIAERBORE ) THREIC LY
PRI RBICIEBNEL 2V B, Filaggrin OREFERIBIZLY
AEBIEAL. JHRPUEE LTRSS, Bk - F A b
A VR, MRREEE D MO KIEDFEINL I LHTR
&gz 30,

RIS L AEM T LV —OSELFEL-RFEN R
BlE LT INES OGS & & O LR O
I & BEIFENE 7 LV F— D FIEFI S E N THIESTw
218330 FAEICBWTE. REARICETRTWN
KGR ALFH, F N8Il 198 L OB 2 HEflA R K &
THREEBAIECLY., NELZETESTERLBI/NEK
FHEBEFEFRT 74 7F 7 — (wheat-dependent exercise-
induced anaphylaxis ; WDEIA) % JE L 72 HF M & &
. HEMELL7 720, kGBI AFKOREELS
%, HERIZIZ0FEOHEAR 30 ~50kD), H5H\d5m
RS ADF 7 PURREEZOMBE, 2&ILh, ByEE
AETHIEDERL o/ I EHHERENT NS D,

—H. ERmEGOT VIV AR R T AR ALBRCAT
BTG P, BEODEYT LIV V5 R BIZONT,

AR SARIRES RIS b LU E R OB, B, 5%
WEBIET LT AL EENT WS, o, TLLVF Y
PERASHIT AW EE LT, {EMER RS DR A~ DR ELILEL
ARME S AEH] - BT R 2 &b L TV BT R ASE
AbN B, BERHEROFRREINLT LT v HEORK
AL & W 2 3L - FUR S EAI ORI LY, BRSO
A7 OEEHASHFRsn L2 eh0, LR TR TS
W ABHER S KBRS OFEM B OB EEN B,
AR LD, ST LIV o o2 Be U EREDIL
e IR R O MG 2 I X AR EED ) AT B
EZLNTz, AW TILERE#MCRE LA, BRI
WAL TILENEZOND, T/, asi
casein. B-lactoglobulin DAADFLT LT 5 87 ERH,
AN R, T R EICERET RO AR T LV VY
ISTBWIOWTHTETHZEPEEN D,

V&

EFE, BYTUVF—BEOAN A LD—HELTH
B RSB AEDSTRIB ENT WD, FAIZIHLLIRIZE
FETVNF - DREE RO OVTE ST
Aol PR 1 #Er &, RS ERAeOERE
1Ak b B LU ESER A 29 BEIIOWT, WHRT v MEA
WCRHTUANF-DEET VLY v F VR0 ETH D asi-
casein & B-lactoglobulin DMIE R B ATze F DGR, FLLD
BHAMREECIREDPOATLLUS VI E 2K
L7z 2096, &froilLanizlszEMEEL
72 5 #5755 B-lactoglobulin 3 & UF asi-casein DT /5 AN
Hahiz, —7%. ILiEE . H¥A VES RS
Mem 32 AR L7z 23 A 3 A0 O LB R RIR &
@ B-lactoglobulin 23 H E 417225, asi-casein (ZHRH IR LL
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Abstract Stacked genetically modified (GM) maize
is increasingly produced; thereby, current event-specific
quantitative real-time polymerase chain reaction (qQPCR)
methods have led to the overestimation of GM organism
(GMO) content compared with the actual weight/weight
percentage of GM organism in maize samples. We devel-
oped a feasible gPCR method in which the GMO content
is calculated based on the quantification of two herbicide-
tolerant trait genes, S5-enolpyruvylshikimate-3-phosphate
synthase from Agrobacterium sp. strain CP4 (cp4epsps)
and phosphinothricin N-acetyl-transferase from Strepromy-
ces viridochromogenes (pat) to quantify the GMO content
in ground grain samples containing stacked GM maize.

Electronic supplementary material The online version of this
article (doi:10.1007/s00217-014-2340-7) contains supplementary
material, which is available to authorized users.

A. Noguchi - H. Akiyama - K. Nakamura - K. Sakata -
R. Teshima - K. Kondo (<)) - T. Nishimaki-Mogami
National Institute of Health Sciences, 1-18-1 Kamiyoga,
Setagaya-ku, Tokyo 158-8501, Japan

e-mail: kondo@nihs.go.jp

A. Noguchi
e-mail: noguchi @nihs.go.jp

Y. Minegishi
Nippon Gene Co. Ltd., 1-5 Kandanishiki-cho, Chiyoda-ku,
Tokyo 101-0054, Japan

J. Mano - R. Takabatake - K. Kitta

National Food Research Institute, National Agriculture and Food
Research Organization, 2-1-12 Kannondai, Tsukuba,

ITbaraki 305-8642, Japan .

S. Futo

Fasmac Co., Ltd., 5-1-3 Midorigaoka, Atsugi,
Kanagawa 243-0041, Japan

Published online: 01 October 2014

The GMO contents of two genes were quantified using a
plasmid calibrant and summed for quantification of total
GMO content. The trait-specific method revealed lower
biases for examination of tést samples containing stacked
GM maize compared with the event-specific method. Our
results clearly show that the trait-specific method is not
only simple and cost-effective, but also useful in quantify-
ing the GMO content in ground grain samples containing
stacked GM maize, which are expected to be major events
in the near future. The developed method would be the only
feasible way to conduct the quantification of GMO content
in the ground maize samples containing stacked GM maize
for the verification of the labeling regulation.

Keywords Genetically modified maize - qPCR -
Trait-specific method - Stacked GM maize

Introduction

In recent years, an increasing number of genetically modi-
fied (GM) crops have been developed using recombinant
DNA technology and are widely cultivated as sources of
food and feed in many countries. GM crops have generally
been assessed and authorized for use as food by adminis-
trative authorities. However, the use of GM crops for food
remains controversial among consumers in many countries.
Labeling of GM foods allows consumers to make informed
food choices. Therefore, many countries have mandated
the labeling of foods containing a specified threshold level
of GM crops (0.9 % in the European Union, 3 % in Korea
and 5 % in Japan) [1]. To monitor the content of GM crops
such as maize [2--8], soybean [2—4, 8-10] and other crops
[11-13] in foods, in general, the quantitative real-time pol-
ymerase chain reaction (QPCR) has been used. In several
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countries including Japan, the regulatory threshold levels of
GMO content are evaluated on a weight/weight (w/w) basis
and are calculated based on the GM event-specific DNAs to
taxon-specific DNA ratio measured using qPCR.

Recently, the production of stacked GM maize grains,
with two or more GM events for enhanced production effi-
ciency [14], has been increasing worldwide. The GMO con-
tent of maize samples containing stacked GM maize is gen-
erally overestimated when determined using gPCR methods,
as compared to the actual w/w percentage of GM maize,
because a kernel of stacked GM maize contains the GM-
specific DNAs in proportion to the number of GM events.
To avoid overestimation, we developed an individual ker-
nel detection method that involves multiplex real-time PCR
using the extracted DNA from individual ground maize ker-
nels [15-18]. This detection system has already been imple-
mented in Japan as an official GM maize detection method
[19]. Moreover, a GMO content evaluation method based
on group testing strategy [20-22] was recently developed
[23]. In this method, GMO content is statistically evaluated
based on qualitative PCR for multiple small portions, con-
sisting of 20 maize kernels. However, these methods are not
applicable to ground grain samples such as corn grits, corn
flour and corn meal. Moreover, both methods are time con-
suming and require additional equipment with large sample
numbers. A simpler, time-saving and cost-effective method
is required for roughly quantifying GMO content in maize
samples containing stacked GM maize.

We previously determined the GM maize content
on a kernel basis and the events of GM maize kernels
in non-identity-preserved (IP) maize samples imported
from the USA in 2005 and 2009 using an individual ker-
nel detection system [24, 25]. The main GM maize events
detected in the non-IP maize samples in 2009 were
MON88017, MON810 x MON88017, NK603, MONS10,
TC1507 x DAS59122, MON810 x NK603, TC1507,
DAS59122 and MONR&63. With the exception of single GM
maize events of MON810 and MONS863, these GM maize
events contain a herbicide-tolerant trait gene encoding either
5-enolpyruvylshikimate-3-phosphate synthase from Agro-
bacterium sp. strain CP4 (cp4epsps) or phosphinothricin
N-acetyl-transferase from Streptomyces viridochromoge-
nes (pat) (Supplementary Table S1). Moreover, many other
stacked GM maize events detected in the non-IP maize sam-
ples in 2009 also contain cp4epsps or pat. Thus, we hypoth-
esized that the GMO content in ground maize samples con-
taining stacked GM maize might be quantified from the sum
of pat and cp4epsps contents. This hypothetical method,
termed the trait-specific method, might be applicable to
ground samples, whereas the individual kernel detection
method and the group testing method are applicable only to
kernel samples. Moreover, the hypothetical method for the
determination of trait-specific gene might be also applicable

@ Springer

to kernel samples, with the advantages of easy sample
preparation and enhanced cost-effectiveness. To date, pat
or cpdepsps is used in most GM lines as an herbicide-tol-
erant trait gene. In this study, we developed a trait-specific
method that can quantitate GMO content by measuring only
cpdepsps and pat using qPCR and demonstrated that the
developed method is appropriate for approximate quanti-
fication of GMO content in ground grain samples contain-
ing stacked GM maize by evaluating the performance of the
developed method by quantitating five test samples in com-
parison to the event-specific method.

Materials and methods
Maize materials

The MONS88017, MON810, MONS863, NK603, MON
88017 x MON810, MONS810 x NK603 and non-GM
maize seeds were kindly provided by Monsanto Co. (St.
Louis, MO). Seeds of TC1507 and DAS59122 were kindly
provided by Pioneer Hi-Bred International (Johnston, IA).
The 5 % MONBS810 certified reference material (CRM), 5 %
NK603 CRM and 10 % TC1507 CRM were purchased
from Sigma-Aldrich (St. Louis, MO).

DNA extraction

The maize seeds were ground using a Mixer Mill MM200
(Retsch, Haan, Germany). Genomic DNA was extracted and
purified from 1 g of ground maize powder using a DNeasy
Plant Maxi Kit (QIAGEN, Hilden, Germany) according to
the manufacturer’s instructions, with the following modifi-
cations. Five milliliters of AP1 buffer (QIAGEN) and 10 uL
of 100 mg/mL. RNase (QIAGEN) were added to the sam-
ple and vortexed thoroughly and then incubated at 65 °C
for 1 h. The mixture was incubated at 65 °C for another 1 h
after the addition of 200 WL of Proteinase K (QIAGEN).
During incubation, the mixture was mixed several times by
vortexing the tubes. After incubation, 1.8 mL of AP2 buffer
(QIAGEN) was added to the mixture and vortexed and then
incubated on ice for 15 min. The mixture was centrifuged
at 2,300x g for 15 min at room temperature in a swing-out
rotor, and the supernatant was applied to a QIAshredder
Maxi spin column. The column was centrifuged at 2,300x g
for 5 min at room temperature, and 5.1 mL of AP3/E buffer
(QIAGEN) was added to 3.4 mL of flow-through solution,
followed by vortexing thoroughly. The mixture was applied
to a DNeasy Maxi spin column, followed by centrifuga-
tion at 2,300x g for 5 min at room temperature. The column
was washed with 12 mL of AW buffer (QIAGEN) and then
centrifuged at 2,300x g for 15 min at room temperature. To
elute the DNA, 1 mL of pre-warmed distilled water (65 °C)
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Fig.1 Schematic diagram

of pEC13-3 integrating ten hmg

SSiib ivr

adh

fragments (hmg, SSIIb, ivr,
adh, zein, P35S, cp4epsps, pat,
crylAb and cry3BbI). AmpX,
ampicillin resistance gene. Ori,

origin of replication

AmpR

was added to the column. After incubation at room tempera-
ture for 5 min, the column was centrifuged at 2,300x g for
10 min at room temperature. An equal amount of isopropyl
alcohol was added to the eluted solution, and the mixture
was mixed thoroughly. After incubation at room tempera-
ture for 5 min, the mixture was centrifuged at 12,000x g at
4 °C for 15 min. The pellet was rinsed with 500 wL of 70 %
(v/v) ethanol and centrifuged at 12,000x g at 4 °C for 3 min.
The supernatant was discarded and the precipitate was
dried. The DNA was dissolved in 100 pL of distilled water.

DNA concentrations were determined by measuring UV
absorption at 260 nm with a ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE). Samples were
diluted to 20 ng/uL with sterile distilled water. The extracts
(600 ng) were analyzed by electrophoresis on a 1.0 % aga-
rose gel containing Midori Green Advanced DNA strain
(NIPPON Genetics, Tokyo, Japan).

Preparation of plasmid DNA

To quantitate the GM maize content, we prepared plasmid
DNA as a calibrant. Ten targeted DNA fragments consisting
of five reference genes [high mobility group protein (hmg,
AJ131373), starch synthase IIb (SSIIb, NM_001111410),
invertase A (ivr, ZMU16123), alcohol dehydrogenase 1 (adh,
X04050) and delta zein protein (zein, FJ557103)] and five
GM genes [cauliflower mosaic virus 35S promoter (P35S,
AB863197), cpdepsps (AY125353), pat (DQ156557) and two
Bt toxins (crylAb; AY326434 and cry3Bbl [26])] were incor-
porated (as shown in Fig. 1) by PCR as described previously
[2] using appropriate primers. The resultant fragment was
ligated into pUC19, and its sequence was confirmed by nucle-
otide sequence analyses and designated as pEC13-3. The cells
of Escherichia coli DH5a were transformed using pEC13-3.
The plasmid was extracted with a Plasmid Mega Kit (QIA-
GEN) and purified by ultracentrifugation with cesium chlo-
ride. The purified pEC13-3 was cut by Ndel, and the resultant
linearized plasmid DNA was purified again by ultracentrifu-
gation with cesium chloride. The copy number of purified
pEC13-3 was estimated as that of SSIIb by qPCR as described
previously [2], and plasmid DNA was diluted with 5 ng/uL
ColE1 plasmid solution in tris-ethylenediaminetetraacetic acid
buffer (Nippon Gene, Tokyo, Japan) to 20, 125, 1,500, 20,000
and 250,000 copies per 2.5 pL.

Table 1 The GM maize event and content (%) of test samples pre-
pared by mixing the ground samples of several GM maize and non-
GM maize

GM maize event Sample number

1 2 3 4 5
MONS88017 2.0 1.3 1.3 1.5 -
MONS810 x MONg8017 - 1.2 1.3 15 3.0
NK603 1.0 0.6 0.7 - -
MONS10 0.9 0.5 0.7 - -

TC1507 x DAS59122 -
MON810 x NK603 -

0.4 0.5 1.0 1.0
0.4 0.5 1.0 1.0

TC1507 0.6 0.3 - - -
DAS59122 0.3 0.2 - - -
MONS863 0.2 0.1 - - -
Total 5.0 5.0 5.0 5.0 5.0

Preparation of test samples

To prepare the five test samples, the ground grain samples
of several GM maize events were mixed with ground non-
GM maize at 5 % (w/w) GMO content (Table 1). Genomic
DNA was extracted from each test sample in three parallels
and diluted to 20 ng/pl. with sterile distilled water.

gPCR assay

gPCR assay was performed by trait- and event-specific
gPCR methods using an ABI PRISM™ 7900HT Sequence
Detection System (Life Technologies, Carlsbad, CA).
For the trait-specific method, five sets of primer pairs and
probe (hmg [27-30], SSIIb [31], ivr [32], adh [32] and
zein [32]) were identical with those in previous reports.
Two sets of primer pairs and probe (cp4epsps and par)
were designed using Primer Express software (Life Tech-
nologies) (Table 2). These sets of primer pairs and probe
were evaluated for PCR efficiency and linearity of cali-
bration curves for each gene in pEC13-3. Trait-specific
quantification was performed by quantitating cp4epsps
and pat in each DNA extracted in three parallels. A 25 puL
volume of the reaction mixture contained 2.5 pl. of tem-
plate DNA, 12.5 pL of TagMan® Universal PCR Mas-
ter Mix (Life Technologies), 0.5 uM of each primer and
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Table 2 Primers and probes used for gPCR assay

Target gene  Accession number  Primer or probe name  Primer or probe sequence (5'-3) Amplicon

size (bp)

reference gene

hmg AJ131373 hmg-F TTGGACTAGAAATCTCGTGCTGA 79
hmg-R GCTACATAGGGAGCCTTGTCCT
hmg-P FAM-CAATCCACACAAACGCACGCGTA-TAMRA

SSIIb NM_001111410 SSIIb3-5' CCAATCCTTTGACATCTGCTCC 114
SSIIb3-3/ GATCAGCTTTGGGTCCGGA
SS1b-P FAM-AGCAAAGTCAGAGCGCTGCAATGCA-TAMRA

ivr ZMU16123 ivr-F CGCTCTGTACAAGCGTGC 135
ivi-R GCAAAGTGTTGTGCTTGGACC
ivr-P FAM-CACGTGAGAATTTCCGTCTACTCGAGCCT-TAMRA

adh X04050 adh-F CGTCGTTTCCCATCTCTTCCTCC 103
adh-R CCACTCCGAGACCCTCAGTC
adh-P FAM-AATCAGGGCTCATTTTCTCGCTCCTCA-TAMRA

zein FJ557103 zein-F GCCATTGGGTACCATGAACC 104
zein-R AGGCCAACAGTTGCTGCAG
zein-P FAM-AGCTTGATGGCGTGTCCGTCCCT-TAMRA

trait gene

cpdepsps AY125353 cp4epsps-F TTCACGGTGCAAGCAGCC 82
cp4epsps-R GACTTGTCGCCGGGAATG
cpdepsps-P FAM-CGCAACCGCCCGCAAATCC-TAMRA

pat DQ156557 pat-F GGCCTTCCAAACGATCCAT 96
pat-R CCATCCACCATGCTTGTATCC
pat-P FAM-ATGAGGCTTTGGGATACACAGCCCG-TAMRA

0.2 uM of probe. PCR conditions were as follows: 2 min
at 50 °C, 95 °C for 10 min followed by 45 cycles of 30 s
at 95 °C and 1 min at 59 °C. Standard curves were cali-
brated using the five concentrations of plasmid DNAs, such
as 20, 125, 1,500, 20,000 and 250,000 copies per reaction.
The no-template control containing 5 ng/uL. ColEl plas-
mid was also prepared as the negative control for analysis.
For event-specific quantification, event-specific sequences
of MONB88017, MONS810, MON863, NK603, TC1507
and DAS 59122 were quantitated in each DNA extracted
in three parallels according to the methods reported by the
European Commission’s Joint Research Centre [27-30,
33, 34]. Standard curves were calibrated by using genomic
DNA extracted from 5 % MONS810 CRM, 5 % NK603
CRM and 10 % TC1507 CRM, and 10 % MON88017, 5 %

Data analysis

For trait-specific quantification, the baseline was set to
cycles 3 through 15 and the ARn threshold for plotting
quantification cycle (C,) values was set to 0.2 during expo-
nential amplification. The PCR efficiency (E, %) of refer-
ence genes was calculated using the slope of the standard
curve according to the following formula:

PCR efficiency (E, %) = [10(“1/81096) - 1] %100 (1)

The ratio of the copy number of Amg and trait gene
(cp4epsps and patr) in GM maize seeds, defined as the
conversion factor (Cy), was calculated using the following
formula:

__ copy number of trait gene in the DNA extracted from GM maize seeds

copy number of hmg in the DNA extracted from GM maize seeds @)

DAS59122 and 10 % MONB863 prepared from ground pow-
ders of GM maize and non-GM maize. Triplicate reactions
for each DNA extracted in three parallels were conducted
using trait- and event-specific gPCR.
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To prevent overestimation of GMO content, we used the
corrected C; value calculated using following formula:

Corrected Cy = Z (Crtiraity X X) 3
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Table 3 The corrected C; calculated from the C; value and the rate of
each GM maize event containing cp4epsps or pat

GM maize event cpdepsps pat

C; x* C; x?
MONB88017 0.30 0.38 - -
MONS810 x MON88017 0.28 0.34 - -
NK603 0.72 0.18 - -
MON810 - - - -
TC1507 x DAS59122 - - 0.61 0.42
MONB810 x NK603 0.71 0.10 - -
TC1507 - - 0.30 0.38
DAS59122 - - 0.29 0.20
MONS63 - - - -
Corrected C¢° 0.41 0.43

? x is the rate of a GM maize event in all main GM maize events con-
taining cp4epsps or pat, which was calculated using the data of GMO
content in the non-IP maize sample imported from the USA in 2009.
The sum of x of all main GM maize events containing cp4epsps or
pat was 1.00

b The corrected C; was calculated from the sum of the prod-
uct of each C; and x as follows: for cp4epsps, the corrected

Coepaepspsy = Crauonssorry (030) X Xovongsory (038) + Cepyonsio
« mongsorny (028) X Xpuonsio x monssoryy (0.34) 4+ Cynkeos

0.72) x xukeos (0-18) + Cymonsio x nreosy (0.71) X Xavonsio
« nkeozy (0.10) = 0.41; for pat, the corrected Ceppy = Cyreiser

x passotzzy (0.61) X Xqeisor x passoizzy (042) + Cyreison
(0.30) x Xmcisory (038) + Cipassorzzy (029) X Xpassorzy
(0.20) = 0.43

where Cyyp) is each C; value for cpdepsps or pat in a GM
maize event containing cp4epsps or pat and x is the rate
of a GM maize event in all main GM maize events con-
taining cp4epsps or pat, which was calculated using the
data of GMO content in the non-IP maize sample imported
from the USA in 2009 [25] (Table 3). The corrected C;
was calculated by summing the product of Cgryy and x
(Ce(irairy X %) for each GM maize event. The GMO content
(%) of a sample for each trait gene was calculated using the
following formula:

copy number of trait gene in the DNA extracted from a sample

GMO content (%) =

Table 4 The PCR efficiencies (E) and linearity (R?) of calibration
curves for five reference genes and two herbicide-tolerant trait genes
in pEC13-3

Target gene E R?

Mean RSD (%) Mean RSD (%)
Reference gene
Hmg 100.7 2.2 0.9990 0.08
SSIIb 98.7 2.3 0.9980 0.10
Ivr 96.7 2.4 0.9960 0.39
Adh 96.7 32 0.9961 0.13
Zein 97.0 2.0 0.9989 0.06
Trait gene
Cp4epsps 96.7 3.7 0.9992 0.05
Pat 94.7 3.0 0.9992 0.03

Total GMO content was calculated by summing the
GMO content for each event-specific sequence.

Results and discussion
Construction of plasmid DNA

Plasmid pEC13-3 was constructed by tandem integration
of ten PCR products amplified from five reference genes
(hmg, SSIIb, ivr, adh and zein) and five GM genes (P35S,
cp4epsps, pat, crylAb and cry3BblI) (Fig. 1) as a calibrant.
The purified pEC13-3 was diluted to 20, 125, 1,500, 20,000
and 250,000 copies per 2.5 pL, equivalent to 0.12, 0.72,
8.6, 115 and 1,440 ng of genomic DNA of F1 GM maize
seed, respectively, based on the genome size of maize (the
diploid DNA content per nucleus, 5.75 pg/2C) [35]. The
dilution series was sufficient to quantitate GM maize con-
tent from 0.23 to 100 % in 50 ng of genomic DNA.

The PCR efficiencies of reference genes in pEC13-3
were calculated by the designated gPCR system (Table 4).

%100 “)

copy number of img in the DNA extracted from a sample x corrected Cr

Total GMO content was calculated by summing the
GMO content for cp4epsps and pat.

For event-specific quantification, the baseline was set to
cycles 3 through 15 and the ARn threshold for plotting Cy
values was set to 0.1-0.5 during exponential amplification.
The GMO content (%) of a sample for each GM sequence
was calculated using the following formula:

copy number of event-specific sequence in the DNA extracted from a sample

GMO content (%) =

Among the five reference genes, hmg showed the high-
est PCR efficiency [E = 100.7 %, relative standard devi-
ation (RSD) = 2.2 %], followed by SSIIb (98.7 %), zein
(97.0 %), adh (96.7 %) and ivr (96.7 %), with RSD ranging
from 2.0 % to 3.4 %. Moreover, the standard curve of hmg
showed greater linearity (R*> = 0.9990, RSD = 0.08 %)
than that of the other reference genes (0.9960-0.9989),

copy number of endogenous gene in the DNA extracted from a sample

x100 5)
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with RSD ranging from 0.06 to 0.39 %. The relative copy
number of Amg in some GM maize events was compared
to that of SSIIb, which is a standard reference gene of
maize used in Japanese regulation (Supplementary Table
S2), where that of hmg or SSIIb in the non-GM maize was
1.00. The resulting data of quadruplicate reactions showed
that the mean of the relative copy numbers of hmg (1.21,
RSD = 0.6-12.5 %) was lower than that of SSIIb (1.36,
RSD = 4.1-9.6 %). The estimated copy number of SSIIb
in GM maize was higher than non-GM maize as compared
to that of hmg. These results suggest that Aimg is the most
appropriate reference gene for the designated gPCR sys-
tem in this method. On the other hand, the PCR efficien-
cies of the two herbicide-tolerant trait genes, cp4epsps and
pat (96.7 and 94.7 %, respectively), were comparable to the
reference genes (96.7-100.7 %), and both standard curves
of the two genes showed excellent linearity (R* = 0.9992)
(Table 4).

Measurement of conversion factor

To determine the C; value required for the trait-specific
gPCR method, the copy number of Amg and the trait gene
in the genomic DNA extracted from GM maize seed were
each measured. All experiments were repeated three times,
and the mean values were set as the C; value (Table 3). The
C; value from whole seed [Cyeq)] should be a mean value
between the C; value from embryo [Cip,p,)] and that from
endosperm [Cy.pq,)], because the DNA amounts derived
from embryo and endosperm are equivalent in each seed
[36]. In F1 hybrid maize having a single copy of the trait
gene per maize genome, the ideal Cyey, is theoretically
expected to be 0.5, and on the other hand, the ideal Cy,qo)
should be 0.33 or 0.67 in paternally or maternally derived
GM maize events, respectively [31]. As a result, the ideal
Ci(seeq) should be 0.42 or 0.59. In this study, the experimen-
tal C; values for trait genes in GM maize events having a
single copy of transgene per genome were 0.28-0.30. The
C; values for cp4epsps in NK603 and MON810 x NK603
having two copies of cp4epsps per genome [37] were 0.72
and 0.71, respectively. In TC1507 x DAS59122 having
two copies of pat per genome, the C; value for pat was
0.61. The discrepancy between ideal and experimental val-
ues has been previously reported [2, 31] and may be due to
differences in PCR efficiencies resulting from the amount
of non-targeted sequences in plasmid and genomic DNA
[2] or due to differences in the efficiency of DNA extrac-
tion between reference and trait genes [31].

GM maize imported to Japan contains not only single
GM maize events having a single copy of the trait gene per
genome, but also stacked GM maize events having multiple
copies of the trait gene per genome as previously reported
[25]. The corrected C; values for each trait gene were
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required to calculate GMO contents in maize samples con-
taining GM maize events having multiple copies of the trait
gene per genome, because GMO content is overestimated
using the C; value calculated from each GM maize event
having a single copy of the trait gene per genome. There-
fore, the corrected C; value for cp4epsps (0.41), which was
calculated based on each C; value in GM maize events hav-
ing cp4epsps and the rate of a GM maize event determined
from a non-IP maize sample imported from the USA in
2009, was used (Table 3). Similarly, the corrected C; value
for pat (0.43) was used (Table 3).

GMO content in test samples

To approximately quantitate the GMO content in five test
samples (Table 1), which were prepared by mixing the
ground grain samples of several GM maize and non-GM
maize at 5 % (w/w) GMO content (Table 1), we extracted
genomic DNA from each test sample in three parallels
without degradation of DNA (Supplementary Fig. S1) and
performed qPCR assays for trait- and event-specific meth-
ods (Table 5). The trait-specific method results showed
lower RSD (1.3-17.1 %) as compared to those of the event-
specific method (4.1-45.2 %), which is consistent with pre-
viously reported validation studies [28, 38—42]. Moreover,
in the trait-specific method, the biases against theoretical
values, which are calculated on the basis of the copy num-
ber of the trait gene per genome, were positive values for
cp4epsps (3.6-18.6 %) and negative values for pat (—14.8
to —34.2 %). This suggests that the experimental values of
GMO contents for cp4epsps were higher than the theoreti-
cal values, whereas those for pat were lower than the the-
oretical values. On the other hand, the absolute values of
bias against theoretical value for the event-specific method
were much higher (4.5-108.6 %) than those for the trait-
specific method (3.6-34.2 %). In particular, the absolute
values of bias in TC1507 (19.0-108.6 %) were the highest,
followed by DAS59122 (50.3-63.3 %), MON863 (50.0-
60.0 %), MON810 (13.0-39.9 %), NK603 (10.9-34.1 %)
and MONS88017 (4.5-16.5 %). These tendencies toward
high biases were also shown in the previously reported
validation studies [28, 38-42], where the biases were
lower than those in this study. In the absolute values of
total bias against theoretical value, there was little differ-
ence between the trait-specific method (1.2-6.8 %) and the
event-specific method (3.6-21.8 %). These results demon-
strate that the trait-specific method has higher repeatability
and lower bias for each reaction, although the two methods
show similar bias overall.

Test sample #1 contained only single GM maize events.
Samples #2, #3 and #4 contained both single and stacked
GM maize events, and the highest content of stacked GM
maize events was in sample #4, followed by samples #3
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Table 5 The theoretical value
and experimental value (mean)
of GMO content, relative
standard deviation (RSD) and
bias for trait- and event-specific
methods

Sample number

1 2 3 4 5

Trait-specific method
cp4epsps
Theoretical value (%)* 4.0 4.5 5.0 5.0 5.0
Experimental value (mean, %) 4.3 5.0 5.2 59 52
RSD (%) 139 1.9 13.2 17.1 11.1
Bias of experimental value against theoretical value (%) 8.5 11.9 3.6 18.6 4.1
pat
Theoretical value (%) 0.9 1.3 1.0 2.0 2.0
Experimental value (mean, %) 0.8 1.0 0.7 1.5 1.3
RSD (%) 13 39 4.6 14.8 12.6
Bias of experimental value against theoretical value (%) —14.8 —-25.7 250 268 —342
Total
Theoretical value (%) 4.9 5.8 6.0 7.0 7.0
Experimental value (mean, %) 5.1 6.0 5.9 7.4 6.5
RSD (%) 11.6 2.1 11.9 164 94
Bias of experimental value against theoretical value (%) 4.2 35 —-12 5.6 —6.8
Bias of theoretical value against 5 % (%)° -2.0 16.0 20.0 40.0 40.0
Bias of experimental value against 5 % (%)° 2.1 20.0 18.6 479 30.5
Event-specific method
MON88017
Theoretical value (%) 2.0 25 2.6 3.0 3.0
Experimental value (mean, %) 23 2.4 2.7 32 3.4
RSD (%) 20.2 452 10.5 17.1 19.9
Bias of experimental value against theoretical value (%)  16.5 —4.7 4.5 7.6 14.1
MON810
Theoretical value (%) 0.9 2.1 2.5 2.5 4.0
Experimental value (mean, %) 0.5 1.4 1.8 1.9 3.5
RSD (%) 14.1 6.9 14.6 10.7 7.6
Bias of experimental value against theoretical value (%) —399 —-348 —-289 -226 -—13.0
NK603
Theoretical value (%) 1.0 1.0 12 1.0 1.0
Experimental value (mean, %) 1.2 1.1 15 1.3 12
RSD (%) 7.3 8.1 10.3 44 52
Bias of experimental value against theoretical value (%)  16.0 10.9 21.9 34.1 20.2
TCI1507
Theoretical value (%) 0.6 0.7 0.5 1.0 1.0
Experimental value (mean, %) 13 0.8 0.3 0.7 0.7
RSD (%) 44.0 18.4 6.9 7.1 8.0
Bias of experimental value against theoretical value (%)  108.6 19.0 -332 -27.8 285
DASS59122
Theoretical value (%) 0.3 0.6 0.5 1.0 1.0
Experimental value (mean, %) 0.5 0.9 0.8 1.6 1.6
RSD (%) 9.8 4.1 10.3 7.2 8.3
Bias of experimental value against theoretical value (%)  63.2 512 50.3 56.8 63.3
MONS863
Theoretical value (%) 0.2 0.1 0.0 0.0 0.0
Experimental value (mean, %) 0.3 0.2 0.0 0.0 0.0
RSD (%) 17.5 4.7 - - -
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Table 5 continued

Sample number

1 2 3 4 5

Bias of experimental value against theoretical value (%)  60.0 50.0 - - -

2 This value is calculated

Total
based on the copy number of ora .
transgene per genome Theoretical value (%)
b Bias of theoretical value Experimental value (mean, %)
against 5 % GMO content on a RSD (%)

5.0 7.0 73 8.5 10.0
6.1 6.7 7.0 8.8 10.5
4.8 14.8 4.3 4.9 4.2

wiw basis Bias of experimental value against theoretical value (%)  21.8 -3.6 —3.5 34 4.5
¢ Bias of experimental value Bias of theoretical value against 5 % (%) 0.0 40.0 46.0 70.0 100.0
against 5 % GMO contentona ;¢ o o nerimental value against 5 % (%) 218 350 408 759  109.1

w/w basis

and #2. Test sample #5 contained only stacked GM maize
events. In regard to bias of the experimental value against
5 % (w/w) GMO content, the trait-specific method (2.1—
47.9 %) showed lower bias than the event-specific method
(21.8-109.1 %); specifically, the difference in bias between
the two methods was largest in test sample #5 (30.5 and
109.1 % for trait- and event-specific methods, respec-
tively). These results suggest that the overestimation of the
event-specific method was higher than that of the trait-spe-
cific method in proportion to the content of the stacked GM
maize event. Moreover, these results are consistent with the
bias of theoretical value against 5 % (w/w) GMO content
(—2.0-40.0 % for the trait-specific method and 0-100.0 %
for the event-specific method). These results suggest that
the difference in bias between the two methods was attrib-
uted not only to the accuracy of the method, resulting from
the difference in calibrant, PCR efficiency and so on, but
also to the principle of the method. The uncertainty in
GMO content determined by the trait- and event-specific
methods of the sample containing stacked GM maize
events is largely attributed to sample characteristics, such
as the content and the kind of stacked GM maize events.
Theoretically, the uncertainty in GMO content determined
by the trait-specific method is expected to be smaller than
that determined by the event-specific method, because the
overestimation of the trait-specific method is smaller than
that of the event-specific method. This theory was substan-
tiated by this study. Each test sample was designed accord-
ing to the distribution of GM maize events in the US market
in the past, present and future. Test sample #1, containing
only single GM maize events, was modeled on GM maize
events planted in the past. Test samples #2, #3 and #4, con-
taining single and stacked GM maize grains, were modeled
on GM maize events planted in the present, and sample #5,
containing only stacked GM maize grains, was modeled on
GM maize events to be planted in the future. The results of
this study suggest that the trait-specific method has higher
trueness (GMO content on a w/w basis) than the event-spe-
cific method, especially for the GM maize events planted in
the present and future.
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A drawback of the trait-specific method, if any, is the
possible oversight of single GM maize events having no
cpdepsps and pat, such as MON810 and MON863 (Sup-
plementary Table S1). The National Agricultural Statistics
Service (NASS) reported that the percentage of stacked
GM maize events has consecutively increased from 1 % in
2000 to 71 % in 2013 in the USA [43]. Indeed, our pre-
vious studies showed that the percentage of stacked GM
maize events in non-IP samples imported to Japan from the
USA increased from 12 % in 2005 [24] to 35 % in 2009
[25]. Judging from these data, almost all GM maize is com-
posed of stacked GM maize events, indicating that no sin-
gle GM maize events will be distributed commercially in
the future. In this situation, the potential oversight of sin-
gle GM events having no cp4epsps and pat can be ignored.
The content of single GM maize events having no cp4ep-
sps and pat would be measured from non-IP maize samples
imported into japan in future using the individual kernel
detection method [15]. Furthermore, the corrected C; for
cp4epsps or pat would need to be consecutively updated by
monitoring the GM maize events in non-IP maize samples
imported into Japan, because the rates of the GM maize
events would be predicted to vary every year. In addition,
the trait-specific method can prove GMO content, but not
the existence of stacked GM maize events in maize sample,
whereas the individual kernel detection method enables
identification of stacked GM maize event in a maize kernel
by combining with the event-specific method [17, 18, 44].

In countries evaluating GMO content on a w/w basis,
current event-specific method has the potential to lead to
an excess of the regulatory threshold levels of GMO con-
tent in the ground maize samples containing stacked GM
maize events, even though the actual GMO content is lower
than the regulatory threshold levels. We believe that the
proposed trait-specific method would be the only feasible
way to solve this problem and would be useful not only for
the countries importing maize and requiring the verification
of the labeling regulation on a w/w basis, such as Japan and
Korea, but also for the countries exporting maize, such as
the USA and Brazil.
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