BETHRRA FIE0O(CBHI) L UEIEFHRA Y ¢ 4 1 T (NewLeaf Plus and NewLeaf Y) D HIAAHOEN & NERE

82 Dol THREOESHREAICSUIMAEERSIUONABE (S VAFVESZATXy ME)
0. D. 260/280 DNA i EE (ng /u L) $ility

Non G {PLUS01% |PLUS1% | Y0.1% | Y1% | NonG |PLUSO1% {PLUS1% | Y01% | Y1%
A | $#iAa| 1830 | 1810 | 1.630 1.780 | 1.620 68.5 815 650 | 705 69.5
4B | 1.820 | 1780 | 1.720 1.710 | 1.800 87.5 80.0 73.0 | 70.0 59.5
B | A | 1691 { 1.373 | 1612 1.613 | 1695 68.5 57.0 54.0 | 500 50.0
B | 1.704 | 1507 | 1500 1.606 | 1.396 60.5 53.5 540 | 530 63.5
C | HiHA[ 1541 | 1600 | L1711 1.663 | 1.687 65.5 56.0 770 | 790 70.0
B | 1824 | 1.720 | 1.710 1682 | 1.750 83.0 70.5 530 | 74.0 455
D |#mHA| 158 | 1508 | 1521 1537 | 1.670 91.0 965 | 1065 | 830 885
B | 1436 | 1427 | 1.634 1.411 | 1.552 72.5 835 76.0 | 79.0 104.0
E |##Al 1738 | 1671 | 1709 1676 | 1.659 53.0 66.0 470 | 620 73.0
Bl 169 | 1306 | 1771 1.672 | 1.678 59.0 64.0 430 | 540 50.0
F | #i®HA] 1730 | 1710 | 1770 1.630 | 1540 | 142.0 85.5 | 102.1 {1045 1295
MHB | 1790 | 1790 | 1.760 1.830 | 1.800 770 73.7 697 | 596 63.1
G |#®Al| 1530 | 1470 | 1520 1460 | 1470 59.0 62.0 610 | 510 61.0
MitHB | 1500 | 1.550 | 1.480 1.490 | 1.490 52.0 54.0 500 | 61.0 45.0
H |#Ea| 1090 | 0970 | 1.090 | —-0.230 | 1.100 50.3 35.0 498 | -3000 | 420
H#4B | 1.090 | 1000 | 0.980 1.130 | 1.150 498 365 368 | 405 485
I | A | 1850 | 1.850 | 1.840 1.810 | 1860 | 111.0 95.5 90.0 |1095 103.0
BB | 1.850 | 1850 | 1.800 1.880 | 1.860 | 100.0 825 | 1160 | 825 725
J {#mHA] 1710 | 1770 | 1.830 1.760 | 1.780 97.7 89.2 878 | 709 78.5
MM B | 1.740 | 1760 | 1.810 1.840 | 1.700 | 1142 80.3 | 1004 | 928 89.5
K |#iHA| 1676 | 1.622 | 1.634 1.644 | 1.743 57.0 73.0 67.0 | 740 61.0
ftHB | 1733 | 1.774 | 1.688 1.667 | 1667 52.0 55.0 540 | 60.0 70.0
L | fHA | 1672 | 1.979 | 1.650 1.837 | 1.804 | 163.0 940 | 1155 {1185 138.0
B | 1921 | 1.837 | 1.696 1.832 | 1713 | 1210 | 1185 975 |1145 137.0
M | HiHEA| 1763 | 1.765 | 1.718 1.768 | 1.737 | 1005 75.0 730 | 725 825
M B | 1757 | 1.745 | 1.744 1.756 | 1.724 97.5 82.0 785 | 755 100.0
N |HiHA| 1680 | 179 | 1.670 1.780 | 1.760 48.0 51.0 375 | 480 55.5
Wi B | 1680 | 1.700 | 1.690 1,690 | 1.750 48.0 51.0 330 | 405 42.0
¥ ¥ A 1.665 | 1.630 | 1.639 1.672 | -1.648 80.3 71.5 703 | 722 74.7
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FEOADVESHTEY, YEAMELr AV
DNA fi i DA% Fid 1 $R150 (BP0 H) % B 3 HRPOR T
RENLL, RIFCREREBIUVRETH> 7.
72 NL-P & NL-Y O AR ER TR % 2081357
ool &b, brEaad by
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BIEFHIAA P EOTL(CBHIS) 6 L BETHERL Y + 41 T (Newleaf Plus and Newleaf Y) DB HMAMH O/ER & ALK K

5 SBEEAZLOHENEERE

ER g A b RT3 IFAE(%) x4 EEEE(%)
A 100 100
B 100 100
C 100 100
D 100 100
E 100 100
F 100 100
G 100 100
H 100 100
I 66.7 100
J 100 60
K 100 80
L 100 80
M 100 100
N 100 100

F£6 FITOUREODNAMKEE, 771 v—-8LUPCRIMEEEDIENR
0 ., ctan e
ﬂ%@“ POR HINEEE 5 & UFRIIRS T
S04 A A - A e PCR # 1 £ &
sl VB ¥ lL—F
. 317 - .
E#{b A —h — % P M A—7N% B K
7 TREZ (79 ¥ 5
# (2]
Al = Q| 772272 y7H4t72 | Q| = | — | 7774 FR{F Y AFLXY ¥ | GeneAmp PCR System9700
B} — | Q[ 77yx L7703y 7284F577 1O - | - 17734 Fns4d Y AFLXY v23 | GeneAmp PCR System9700
Cl - |OJtFEYAFL-Hf TV A - | - |Ol7734 F1A4F Y AFLX Y v | GeneAmp PCR System2400
D - |O| 772722 O|-O|7734 FR44YAFALY vy | GeneAmp PCR System3600
El - |Ol¥34+—Vaniy - O - {7734 814G YAFLXY 25 | GeneAmp PCR Systemd700
F| - | O =y #ry—r{GMOH) -1 = ? | EifE TP240
G| - 1O |EfE - O - | 7754 FR4F Y AF ALY 457 | GeneAmp PCR System2400
HO|-|4rEbniey Ol - |- |ElE TP3000
[l - | O |HEsk - 1O| = |7794 kn4F a7 LAY 4287 | GeneAmp PCR System9700
J| - |O|=z=vy#rv-v - O = 77734 R4V AFAXY ¥% | GeneAmp PCR System 9700
K|O] - [7evxsz7nvvrngass [ - |O| - |7794 k5449276 XY 4787 | GeneAmpd700
Ll = |Ol77x=9 s =80 y=VGMORM| O | — | ? |7T7F4 ¥4 ¥ RFLXY x23 7 | GeneAmp PCR System9700
M| - | O lzv#ry—r(CMOE) - = ? |Eil& TP3000
NIO| - |&LiEYAFL LTV A ~ O = 7794 P14 A ¥ AFLLY v 232 | PCR Systemd700

=S

SHMTIEL NL-YBiEE HiZE s, LaL,
NL-Y0.1 %55 00RE AR EHC DTt 1480 2 3k
I DWTNL-YHER 77 1 < — 4 THIGEY L
B S 9, mAAIC 1 ERPI TS TNL-Y 2 ]

EPMES N, E5HIINL-Y 0.1 %8R A RS
DWTNL-PHERA 7S5 4 v = Hw/H BT
1160 2 SN B THEEDAER S . L
L, fitd NL-PHEEZR 75 4 = —xf L w23
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#®3 FUEQICRBREOASNBTHER
b} E R ¥
CBH 351
= — R Non G
754 < —OHH 01% 1%
+ - + - + -
g Zein 28/23 028 28/28 0/28 28/28 0/28
CBH it CaM-Cry9C 4/28 24/28 28/28 0/28 28/28 0/28
CBH &R Cry9C-35Ster 2/4 2/4 28/28 0/28 28/28 0/28
T4 Tl EREOENIEER
W o=E #®HAO#H
NewLeaf Plus NewLeaf Y
5 £ <7 — (ERF Non G
771 = 0.1% 1% 0.1% 1%
+ - + - + - + - + -
¥HAg PSS 28728 0/28 28128 0/28 | 28/28 | 0/28 28/28 0/28 | 2828 | 0/28
Plus & | p-FMV-PLRV 2/28 26/28 | 28/28 0/28 | 2828 | 0/28 2/28 26/28 | 0/28 | 28/28
Plus #Ei2 | PLRVS-PLRV3 | 02 272 21/28 7/28 | 28/28 | 0/28 0/2 2/2 - -
T p-FMV-PVY 0/28 | 28/28 0/28 | 2828 | 0728 | 28/28 | 26/28 2/28 | 27128 1/28
YTEER PVY5-PVY3 - - - - - - 26/26 0/26 | 27/27 0/27

LRBOZER, 2RBTHB 7S5/ -2
WRER THINREWAFERR S iz 0.1% 45 6T
1.0 BB AREHI D W T, 14 #EBE THRERIC
it 2 GG 28 BE) T XTHEEEEL
CHigashde L L, 0%EEME AR (non-
MR I2owTid, 28 Mfkd 4 KT BV T
CBH#EHA 77 4 = — i & HW/HERCHIREY
AIEE SR, HHBATSAv—ERVLR
ERicBWnwTh, 2RIz TEIEREY RS
I AN

4 TyHMERFETERE LRR

B4R T LN, Vo4 el BEdge L
RRBROKE, 2FHIowTHE TS 4 v -4
Rl R CHEEYAFEER S vz, 0250
RAEE (non-GM) IV T NL-YRIEE 77 4 <
— % & VAR TSR E Y AR & A B
fadro A%, NL-PRIA 774 v —dxHwic
REET 1B 2 SMBHC VL THIGED AR S h

30

7o LAPLINKG 2RI ODWTUNY-PREHE Y
FA T e REET Tk AIEEY
EREENnY, BRI SEETNL-PB L

- NL-YEERHEEEL {HES I,

NL-P 1.0 %8R AREHIDWTI, 283K
NTTRILERA7S A ~—MBLUHEIETS 4~
—Xt CHIEEY AR S L, &M TEL  NL-
PIEEELHIE SN/ LA LRAS, NL-P0.1%
BORAR#IOWTI, NL-PREA7ZS4<
— 5T 28 BT RT CHIBEMAFER S AT
il Db o6F, NL-PHER7SA~—HT
12 4 5200 7 B CHHBEMAMRH S Y, Bk
W3R TR o UNL-PREE LIS i Lo,
NL-P 0.1, LO%EELLRAGE T E b2, NL-Y
BHH 77 4 < - CHIREDIRHE S RE
s T AN .

NL-Y 1.0 %BEEUR AARHI DWW TIX, 18# %
Bl 27 A TNL-YRIH 7 54 = =B LU
NL-YTERRH 77 4 = — 1 CHIREDHTER SN,

—214—



BEEEME  Vol.54, No.4 (2004)
£7 FHO-XAXNERXKEEH
T O — 2 VT Rk B &t
-8 L EE T BhiE
_ o - . . BHD % 8=sh
EIC A—H1—% FOVREE | BRENERT | AfiRe T e
A Gel Mate HERE 2% 35 4 - 20 51 35
B Gel Mate BEEH 2% |45~50% - 304~ 305
C Mupid AV VLT 2% 20 4~ O - -
D Mupid-21 LAY Z YA E 3% 40 4 - 0% 104
E Mupid-21 VA PAV S VAE R 15% 25 4 O - -
F Mupid F RS A4 F 2% 3047 - 104+ 104
G i-Mupid j AV Z AL S 2% 40 4~ - 154 543
H Mupid-21 T K AL 3% | 100V25 4 - LEE | kERTOTCRE
I Mupid AV VAL R 3% 40 5+ - 405 | AKREAZTEFDA
J Mupid-3 Y AN SAT & o 2% 20 ~ 30 4> 155 05
K Mupid O Yl AV VAT 253% | 83049 O - -
L Mupid-3 VAV ST S o 2% 154 O - -
M Mupid-21 VR VAV SAT o 2% 40 4~ - 304 sl
N Mupid-21 F RSN RSLF 25% | #3045 - #1549 #1154
]8 FIAA—VEEBOIESE
A A — DR
TNA A= VIR EE T8 bh AT
&K A—A—% B A—H—%
A AE-6911CX 7 bh— - -
B | Printgraph/Image Saver AE-6905C 7 b= - -
C - - DS-300 7Fay
D Bio Doc-It System UVP LABORATORY PRODUCTS
E - - D5-300L i ol
F - - DS-300 Z7Fal
G FAS-TI LIRSV - -
H Epi-Light UV FA1100 74y aXE AR - -
I - - RB67SD MAMIYA
J EDAS120 Kodak - -
K TN 757 AE-6911CK 7 k= - -
L AE-6905H 7 k- - -
M - - M-085 IRAENAF
N Epi-Light UV FA500 7 A ¥ a R ANRET - -

Bl BUTREEEDSRE ST, ToREHS

DV THIREAMENINL-PRREEE E L S HIE S N7,
B, NL-Y 1.0%EEMURE A E Tk, NL-P#IE
R774~—xCHIgEDITERE R %
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BIEFAME FYEOTY(CBHIS) & & RAIETHRRA V4 4 1 E (Newleaf Plus and NewLeaf Y) DIRMBRA DN £ BER

#9 EBRXKESIUAEHBIOEAOCHE

ZREH, O €~y M P& | 7

P [ & 155 | D] P |a I

E_‘nh ¢ % ?I: -:‘F mi mL | N G % ,?5 K Il
m | B x| Y|y | & | & | AR R |® B
el Elm | 2| e ||t BIR e -
i L+ | B | % | @ H [

i 3 ' B il & s

o %] i

o ool 7 =

4 i

W | B | 3O | J6W | WA | A | B0 | B | B | WA | 9A | WA | BA
AR ER ESEA A IR ARG ED

YRR AR R R R AL R RN RIS
SRz | SR | MhRor | pRE | EA | M | #R | BE | R | BA | XR | &R | 8H
SRR DR | M | My | BAH | EB | AP | ER | S8 | ER | BA |88 | #A
& | #R | B (YA | X8 | AH |5 | B8 | 5H | 5H | BH | &8
| R | g | Ay | BHR | EA |58 | B8 | 2R | BA | ¥R | 98 | #H
$ER | A | shr | ML | A | &L | ZA | SR (98 | 3 | 88 | 88 | A
$har | #Bar | BVH | $EF | EE | FEE | JA | gl 3tA | AR | A | EA | LA
phir | sy | BB | XA | 5H | E5E | A | TR |98 | YA | BA (S | EAR
P ER | BB | XH | ER | N8 | B | SR | ER (95A | BH | A | BA
SR | M | s | MR | HR | HW | B (HA |58 | 3H B | B8 | BA
HE | 3R | HF | &R | £8 | XA | KR | AR | R | #A | HH | KA | £F
| £ | sy | sy | 8 | XA KK | SR | 5 | BH | B | TR | #£8

Z|ZRiC|AR ||~ |T(@mEH(O|C |2 >

2, THO—ASVERKBEGEEERTIS, SV 794 v—xt% AR BT, B—E %M
4 A=V EROERE RS, ERKEBX L)YDFNZFR 2 R0 Tiko THIR/ ¥ FAYMR
URIERSEOLBOFELFIIIRLL Waht, LaL, BRA77 4 v—3hcinig

FyEOa Y 0%RBHCBWTHENR> T 1@8y FARLATWRWI EBLIURERRT
ME oM EE D> TT 7y — X RREERRBEORSMELERy MEAFOEAH I
BEFASLLIS, BREHZOLIII VA A TR TwdZ s, EFKEHCBREARONY
— VIR LY S MEERRTEP, HOH, ¥ TEEMAI Y 35— v LTS ThE
~y ME, PCREEE VoL A, & HAE L DEEZ b, NL-P 0.1 %8R A
BnoRBREOFENHLZLARALLEL HEHZIDOWTHE, NL-PHBH7 74 v—31Tit
Too TOTEDRE, BoTHELHESNIIER 28 HE R T THEEYFHER S Tk b
ik, MEERRERP YAy MHELHHETHIE b5, NL-PHEEZA 774 < —XTid 4 #
mrravyii—variibrkErbh, E 7 SE THIEEDAURE Sy, RARAIC 3R
HPCRIEIZBWTELWHRELRADITHE, W Til- TRt IES N, ThLEDOFHIEIREIC |
EEMREORK ML LTI, GREROLH FELEGHAT 74— EeERHT S 4 < —
(LA EEZ Bz, B B BIEROEE Y K L RICER

— Y v 4 ERFHIBWT non-GM &L 6 LTwahEEZ N, TABEELLIEED
U2 NL-Y 0.1 % 5EIAE A 3R C 2T NL-P #uitd 3%, 0.1% NL-Y Thito TR L HIE 1 80
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BEFHERA FYEODY(CBHIS 5 LUSREFHRA ¥ + # 1 E(NewlLeaf Plus and Newleaf ¥) DB HBEHNOEYN L BEER

OB AOEEANEETSH Y, Mi THRES :

HOMEAR & D SRR b5 15D A &

X OERANTIEL Z 2 b7 ERLRADIHAY, AGREASREE
MEFFROIEEIH LR TR SERA b 0 Tf
R D £ LS S S E A R B
B RO M TR RN LT T, 28
KRR, TP 13 SR SR IRl &1
EDERLE L, F 8RR SR
P R RN e L £ 5,

z £ X M

1) BEEEERE232T AL, RNDEORKEEN—FRE" FRI12FE5A18

2) EAREREIS AR DNAFFCHERRFIEMDOREHEEOFRE” FRI12E5A 10

3) BEAHMEEXRARRETERAMARE IS MR DNARMECRAERORETEIDWT” FRIIE

3278

4) BEEHMHEEERALRREEENARE 1585 MBI DNABFCHESNREFELC2WT(—HKE)"
FR13E5H25H

5) MRS, SHBF, MARTHT, BEREH, BHREE, il i XERH D AREEFHE, 4,281
288(2003)

6) Trapmann, 8., Schimme!, H., Kramer, G.N. ; Production of certified reference materials for the detection of
genetically modified organisms, J. AOAC Int., 85, 775-779(2002)

7} Kuribara, H., Shindo, Y., Matsuoka, T., Takubo, K., Futo, S., Aoki, N., Hirano, T., Akiyama, H., Geda, Y., Toyoda,
M., Hino, A. ; Novel reference molecules for quantitation of genetically modified maize and soybean, J. A0AC
Int, 85, 1077-1089(2002)

8) Thompson, M., Wood, R.: International harmonized protocol for proﬁciency testing of (chemical) analytical
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9) Official methods of analysis of AOAC international{2000) 17th Ed., AOAC international, Gaithersburg, MD,
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In Japan, 8 lines of geneticafly modified (GM) potato (2 lines of NewLeaf® patato; NL, 3 lines of NewLeaf
Plus® potato; NLP, and 3 lines of NewLeafl Y® potato; NLY) have already been authorized as safe for use In foods
and feeds. We have developed polymerase chain reaction (PCR) methods for the qualitative detection of the GM
potatoes for the screening and the identification of NL, NLP and NLY. The gene encoding uridine diphosphate
(UDP)-glucose pyrophosphorytase (UGPase) was used as a taxon specific gene. We designed the primer pair to
detect the crylIIA genes as a screening method for GM potatoes because the gene should be inserted in all § lines
of the GM potatoes. For identification of NL, NLP and NLY, we further designed three specific primer pairs for
the different recombinant DNAs (r-DNA) specifically introduced inte NL, NLP, or NLY. In addition, to ideatify
the 3 lines of NLY that have been introduced with the same r-DNA, the three line-specific primer pairs for the
border sequence between the r-DNA and genomic DNA of NLY 3 lines were designed. Six lines of GM potato
used as the test material were specificatly identified using the each primer pair under the same PCR condition.
The detection limits of all the GM potatoes should be 2pproximately 0.1%. Furthermore, the specificity and re-

producibility of the methods were confirmed in a six-lsboratory collaborative study.

Key words  genetically modified potato; detection method; NewLeaf; NewLeaf Plus; NewLeaf Y: uridine diphosphate (UDP}-

glucose pyrophosphorylase {UGPase)

Many kinds of genetically modified (GM) crops, which in-
clude GM soy, maize, rapeseed, cotton and potato, have al-
ready been developed and the cultivated acreage of these
crops has continued to grow vear by year. It was reported that
the global area of GM crops for 2003 was 67.7 million
hectares with a growth rate of 15% compared to that in 2002,
This growth is estimated to rapidly increase, since the plant-
ing has been spread all over the world in addition to the na-
tions such as United States (U.S.) and Canada.” On the other
hand, public concern has been raised in terms of food safety
and environmental effects of the GM crops. Especially, con-
sumers are concerned about the negative effects of GM food
on their health by their consumption and scientific informa-
tion has been strongly required.? Therefore, many govern-
ments have now been considering regulations for the use and
implementing a labeling system for GM crops as food and
feed. Thus, new labeling systems have been introduced for
GM foods in the European Union (EU), Australia, Korea,
Japan and other countries,

The commercialization of fifty-five lines of safety-as-
sessed GM crops including soy, maize, potato, rapeseed, cot-
ton and sugar beet, have already been approved by the Min-
istry of Health, Labour and Welfare (HMLW) in Japan. To
monitor the labeling system, it is necessary to develop reli-
able and practical methods for the detection and identifica-
tion of GM crops. The polymerase chain reaction (PCR) is
one of the widely used systems for the quantitative or quali-

* To whom cerrespondence should be addressed.  e-mail: tawataZinihs.go jp

tative detection of GM crops and we also have previously re-
ported PCR methods for the detection of GM soy, maize, pa-
paya and potatoes.*—'?

The tetraploid cultivated potato (Solanum tuberosum) is
one of the world’s four major crops and an important feed-
stuff, but it is easily infected by many kinds of pests and
pathogens.'” Therefore, molecular biology techniques has
been attempted to improve the potato varieties which ended
with the breeding of GM potatoes commercialized by the
Maonsanto Co. (St. Louis, MO, U.5.A.). In Japan, two lines of
NewLeaf™ potato (NL), three lines of NewLeaf Plus® potato
(NLP) and three lines of NewLeaf Y® potato (NLY) have
been approved by HMLW for human food consumption by
July 2003. The information provided by the Monsanto Co.
showed that (a) two lines of NL (Bt-6 and SPBT02-05 linc)
were transformed with the same plasmid vector, PV-STBTO02,
which contains cryllIA derived from Bacillus thuringiensis
subsp. tenebrionis, providing of the trait of Colorado potato
beetle (CPB) resistance, (b} three lines of NLY (RBMT15-
101, SEMT15-15 and SEMT15-02 line) were transformed
with the same plasmid vector, PV.-STBTO02, which contains
crylllA, Potato virus Y coat protein (PVYcp) gene providing
of the traits of CPB and PVY resistance, (c) two of three
lines of NLP (RBMT21-129 and RBMT21-350 {ine) were
transformed with the same plasmid vector, PV-STMT21,
which contains crylllA, the potato leaf role virus replicase
(PLRVrep) gene, providing of the traits of CPB and PLRV
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resistance, and (d) the other one (RBMT22-82) was trans-
formed with the plasmid vector, PV-STMT22, which con-
tains crylllA, PLRVrep, and CP4-epsps genes, providing of
the traits of CPB, PLRV resistance and herbicide tolerance,
respectively. The detection methods based on PCR for GM
potatoes have been reported.'®'2) To verify the labeling and
identify of the lines, however, further reliable and practicable
detection methods for the GM potatoes are required.

In the present study, we designed seven primer pairs for
screening, construct-specific, and line-specific detection and
developed the condition of PCR to perform the test under the
same conditions using all the primer pairs. To design the
line-specific primer pairs, we focused on the junction se-
quences between the recombinant DNA (r-DNA) and potato
genomic DNA as the target sequence to distinguish the spe-
cific one from the GM limes that was transformed with the
same plasmid vector. The specificities and sensitivities were
examined using reference materials provided by the Mon-
santo Company. The specificity and reproducibility of the
methods were then confirmed by an inter-laboratory study.

MATERIALS AND METHODS

Reference Potato Materials and Other Crops Freeze-
dried powder of six lines of GM potato (NL potatoes; Bt-6
and SPBT02-05, NLP potato; RBMT21-350, NLY potatoes;
RBMT15-101, SEMT15-02 and SEMT15-15 line) and three
varieties of non-GM potato (Shepody, Russet Burbank and
Superior), which were conventional varieties used for the
transformation, were kindly provided by the Monsanto Co.
through the Department of Food Safety, Pharmaceutical and
Food Safety Bureau of MHLW. Japanese conventional potato
varieties (Dansyaku and May queen), egg plant (Solanum
melongena), tomato (Lycopersicum esculentum), maize (Zea
mays), soy {Glycine max} and wheat (Triticum aestivurn)
were purchased from a local market.

Preparation of Test Samples Dehydrated Japanese con-
ventional potatoes, the provided powders of the non-GM
potato varieties and GM potatoes were ground with the
0.2mm sieve ring using an Ultra-Centrifugal Mill ZM100
(Retsch GmbH, Haan Germany) and freeze-dried for 24h
using an FD-81 freeze dryer (Tokyo Rikakikai Co., Ltd,,
Tokyo, lapan). To evaluate our screening and construct-spe-
cific methods, three mixing levels of the potato-powder sam-
ples containing 0, 0.1 and 1.0% of each NL-Bt-6, NLP-
RBMT21-350, and NLY-SEMT15-15 lines were prepared,
according to a previous study.' In this study, we selected the
Bt-6, RBMT21-350, and SEMT15-15 lines as the representa-
tive line for each NL, NLP and NLY by referring to the
acreage in the U.S. in 2000 and 2001. Six mixing levels of
potato-genomic DNA samples containing 0, 0.05, 0.1, 0.5,
1.0, and 5.0% of each SEMTI15-15, SEMT15-02, and
RBMT15-101 line were also prepared to evaluate our line-
specific methods. Because the amount of the three lines of
NLY, which was provided by Monsanto, was not enough to
prepare the powder samples, the genomic DNA samples were
used for the evaluation. For the preparation of both the pow-
der and genomic DNA samples, Dansyaku was used as a
non-GM material. Other crops were also well ground by the
Ultra-Centrifugal Mill ZM100 or Grindomix GM 100
(Retsch) and used for the test samples.

Vol. 27, No. 9

Extraction and Purification of Genomic DNA Ge-
nomic DNAs were extracted from soy and maize using a sii-
ica-gel membrane-type kit (DNeasy Plant Maxi; QIAGEN
GmbH, Hilden, Germany) according to a previous study.®
Genomic DNAs were extracted from the other crops includ-
ing potatoes using a silica-gel membrane-type kit (DNeasy
Plant Mini; QIAGEN) according to a previous study.” The
DNA concentration in the solutions was determined by mea-
suring the UV absorption at 260 nm using an ND-1000 spec-
trophotometer (NanoDrop Technologies Inc., Rockland, DE).
The purity of the extracted DNA was evaluated using the
ratio of 260/280 nm and the ratio was between 1.7 and 2.0 for
most of the test samples. The extracted DNA was diluted
with an appropriate volume of DW to a final concentration of
10 ng/ul, and stored at —20°C until used. These DNA sam-
ples were used for the subsequent PCR analysis.

Oligonucleotide Primers Eight primer pairs, in which
the primer pair to detect a potato taxon specific gene was in-
cluded, were designed for the qualitative detection of the GM
potatoes (Table 1). The primer pair UGPase 01-5"/UGPase
01-3' to detect a gene encoding uridine diphosphate (UDP)-
glucose pyrophosphorylase (UGPase) that was reported as a
single copy gene of potato,'”” was designed on the first exon
by referring to GenBank Accession No. U20345 which gen-
crated a 111 bp amplified fragment.

The erylllA gene from Bacillus thuringiensis should be
introduced into all 8 lines of the GM potatoes conferring re-
sistance to the CPB pest.'” The primer pair CryllIA 01-
5'/CrylllA 01-3° to detect this gene as screening for the GM
potatoes was designed by referring to GenBank Accession
Neo. X70979 in order to generate a 117bp amplified frag-
ment. To specifically detect NL, the NL construct-specific
primer pair NL 01-5'/NL 01-3' was designed in the junction
between the enhanced 35S promoter (e-p-358) and crylllA
by referring to GenBank Accession No. AF078810 (e-p-
358), and the primer pair generated an amplified fragment of
113bp. In previous studies,” p-FMV02-5'/PLRV 01-3' had
been designed in the junction between e-p-355 and crylllA
for the construct-specific detection of NLP and generated a
234 bp amplification fragment. Moreover, p-FMV05-5'/PVY
02-3" had been designed in the junction between the 355 pro-
moter sequence of the figwort mosaic virus (P-FMV) and
PVYcp for the construct-specific detection of NLY and gen-
erated a 225bp amplified fragment.'” NLP and NLY were
specifically detected using these two primer pairs, tespec-
tively, but the efficiencies of the PCR should be low because
the amplified fragments were weakly detected in the potato-
powder samples containing 0.1% of both the NLP and
NLY."¥ In this study, we aimed to develop more reliable and
practical detection methods by re-designing the primer pairs
for the construct-specific detection of NLP and NLY. The
primer pairs NLP 01-5"/NLP 01-3' and NLY 01-5'/NLY 01-
3’ were designed in the internal sequences of the PCR prod-
ucts generated by the primer pairs, p-FMV02-5/PLRV 01-3’
and p-FMV05-5"/PVY 02-3', to increase the PCR efficien-
cies while keeping the specificities. These primer pairs gen-
erate a 125bp and 123 bp of amplified fragments, respec-
tively.

To identify three lines of NLY that have been transformed
with the same plasmid vector, the NLY line-specific prim-
ers  (NLY15-01-5"/NLY15-01-3"; NLY15-15 line specific,

—220—



September 2004

NLY02-01-5°/NLY02-01-3"; NLY15-02 line specific and
NLY101-01-5"/NLY101-01-3’; NLY15-101 line specific)
were designed in each of the border sequences between r-
DNA and the genomic DNA by referring to the DNA se-
quence information described in the safety assessment docu-
ment submitted from the developer. These primer pairs gen-
erate 164 bp, 86bp and 150bp amplified fragments, respec-
tively. The locations of each targeted sequence are shown in
Fig. 1.

The primers were synthesized and purified on a reversed-
phase column by FASMAC Co., Ltd., (Atsugi, Japan), then
diluted with an appropriate valume of DW to a final concen-
tration of 50 gmol/l, and stored at —20 °C until used. The se-
quences of the designed oligonucleotides in this study are
listed in Table 1.

PCR Cenditions The reaction mixture for PCR was pre-
pared in a2 PCR reaction tube. The reaction volume of 25 ul
contained 25ng of genomic DNA, 0.2mmol1 dNTP

1335

1.5mmol/l MgCl,, 0.5 umol/l of 5" and 3° primers and
0.625-units AmpliTaq Gold (Applied Biosystems, Foster
City, CA, US.A). The reactions were buffered with PCR
buffer 11 (Applied Biosystems) and amplified in a thermal cy-
cler (GeneAmp PCR System 9700; Applied Biosystems) ac-
cording to the following PCR step-cycle program: pre-incu-
bation at 95 °C for 10 min, denaturation at 95 °C for 0.5 min,
annealing at 60°C for 0.5min, and extension at 72°C for
0.5 min. The cycle was repeated 40 times followed by a final
extension at 72 °C for 7 min.

Agarose Gel Electrophoresis After PCR amplification,
agarose gel electrophoresis of the PCR product was carried
out according to previous studies.”® The amplification prod-
ucts (7.5 #l) of each specific PCR were submitted for elec-
trophoresis at a constant voltage (100 V) on a 3% TAKARA
L03 agarose gel (TAKARA Co., Ltd,, Tokyo, Japan) in the
TAE (40mmol/l Tris—HC!, 40mmol/l acetic acid, and
1 mmol1 EDTA, pH 8.0} buffer solution. After electrophore-

Table 1. Listof Primers
Name Sequence (5'—3") Specificity Amplicon

Al UGPase 01-5' 5'-CTC TCC ATA CTC TCT GCT CCT CG-3 Potato UGPase/sense Potato (b
UGPase 01-3’ 5'-CGG CAT CAG CAG GAG AAA G-Y Potato UGPasefanti-sense ¢ P

B: CrylllA 01-5° 5'-GAA AGC CTA CAA GCT GCA ATC TG-3' Crylild/sense Criild 117b
CryllIA 01-3' $'-TCA GGT GTC ACG TAG ATA GTA G-3' CryllAanti-sense Chls P

C: NL 01-5' 5'-CCT TCG CAA GAC CCT TCC TC-¥ plsS/sense Nealeaf 113bp
NL 61-3' 5-CGG TGT TGT TGT CTG CAG TCA-3' Crylll4/anti-sense

D: NLPO1-5° 5'-CCC ATT TGA AGG ACA CAG AAA CA-Y pFMV-GmHsp/sense

. ' . . . : NewLeaf Plus 125 bp

NLP01-3 5-AGC GGC ATA TGC GGT AAATC-3 PLRV-rep/anti-sense

E: NLY 01-3* 5.CAA AAT CCC AGT ATC AAA ATT CTT-3 GmHspisense Newleaf Y 123bp
NLY 61-3° S-TGGTITTGTATC TITCTT GTT GCT TC-3'  PFYocp/anti-seuse (3 lines)

F: NLY5-01-5° ¥-AAC GCT GCG GAC ATC TAA ATT CA.Y pNOS/sense Newleaf Y 164bp
NLY15-01-3 5'-TAC CGT TAC CAC TAG CTACAC T3 Potato genomic DNA/anti-sense  (SEMT15-15)

G: NLY02-DI-5' 5'-TGA AAT TCG ACT AAT TAC AAG TTG A-3'  Potato genomic DNA/sense Newleafl Y B6bp
NLY02-01-3' §'-GCA TCG ATC GTG AAG TTT CTC AT pNOS/anti-sense (SEMT135-02)

H: NLY 101-01-5" 5-ATG GCT CGT ACC TTG TTG ATT G-3' pFMV/isense NewLeafY 150bp
NLY101-01-3' 5'-AGG TCA AAG TTA AAA TGA AAC ATG-3 Potato genomic DNA/anti-sense  (RBMT15-101)

A,; for corfirmation of validity of the DNA extracted from potato for PCR, B; for screening detection of GM potatoes, C; for detection of NL, D; for detection of NLP, E; for
detecuion of NLY, F; for identification of NLY-SEMT15-15 line, G; for identification of NLY-SEMT15-02 line, H; for identification of NLY.RBMT | 5-§01 fine.

(A) HHHHH -
*lwt Exon: First tramorptional region of UGPase gene
§ = TATA | Ist Exon®* 3
UGPase 01-5* rommd 1'GPase 613"
Swucturs o2 geew encoding UGPase in powsio was shown by Borovkaver af (Gene. 186 (2) 293-297, 1997)
®) Nijepiss » - Crylll4
g EniiIA B3| Nosa | aern | 355Pre Ty
NLOIS = NLOra T nemn . iy A 018 i Cry 114 013
NLP} rormev M%) pravees | B[ noOS CrylliA lmb‘-s‘sl'u‘ NS | wrru NOS e
NLPGI-3" 1 NLP O)-} . j
NLY| rosevitml prvep [evrr| | nosy “,f,.;,”“ ,_ﬂ,;LS:Sl:‘A NOS.¥ | APrHl wsn/.

NLY05-5' P NLY¥ 0"
PV ¢ NOS-Pr Potato genomic DNA
= i

specific prioweraets for three NLY-lines

Fig. 1. Schematic Diagrams of PCR Primers Designed for Three Kinds of Genetically Modified Potatoes

(A) The structere of 2 gene encoding UGPase is shown. The primer pair was designed on the first exon of UGPase, (B) Schematic representation of recombinant DNA (r-DNA)
introduced into three kinds of genctically modified potatoes {(NL, NLP and NLY). The primer parrs were designed in the junctian between the integrated r-DNA and potato genomic
DNA for the specific detection of the 3 lines of NLY. Further information on the location of primers 15 shown in Table 1.
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sis. the pel was staned i DW contaming 0.3 gg'ml ethidium
brontde for 30nun and then washed m DW for 30oun. The
gl was photographed using a Chenu-lumi hnage Analyzer
(Chenmi-lumi Image Analvzer with “Drana™ system as the an-
alviecal software, Raytest, Germany).

Inter-Laboratory Studies  Inter-laboratory studies,
which 6 laboratories participated, were organized by the Na-
tienal Tostitute of Health and Sciences (NIHS) 1o venty the
dutection methods, We prepared 24 separate tubes containimy
200myg test-samples for two Jupanese varieties, and the o
lings of GA potato deseribed abve, The homogencities of
the samples were confirmed by the methods using speaific
primer pairs with the 3 tubes selected randemly for cach
sample at the NIHS. The blind samples were designed as o
pair of blind duplicates including O and 1007« NL-Bt-6, NL-
SPBRTO2-05, NLP-RBMT21-350, NLY-RBMT {5101, NLY-
SEMTI3-02, and NLY-SENTIS-15 The blunk samples. two
lapanese comventional varictics. were used o confirm
whether the tests were perlormed correctly without filse-
positive resultss A totad of 16 tubes contatsing blind samples,
a sofution of 8 primer paies (3 gmol | each)., and the expeni-
mental protocol were supplied o the 6 Jabs fron the NIHS.

RESULTS AND DISCUSSION

Evaluation of the Validity of Extracted DNA for PCR
To avoid a false-negative result, it is important 10 ¢contirm the
validity of the extracted DNA for PCR. Therefore, the pnimer
pair, UGPase 0O1-37UGPase 01-37, was designed as the ana-
Itical control to evaluate the validity of the potato DNA for
PCR. We performed the PCR with IINAs extracted from {1
Kinds of potatoes ncluding the GM and non-GM potatoes 1o
examine the conservation of the UGPase gene amony the
potate saricties. As shown in Fig. 2A. all of the potato DINAs
generatad a FEE-bp amplified fragment with almost the same
intensity, whercas no fragments were amplifted from the
tomato, ceg plant, maize, wheat and xoy IYNAs, These results
suggested that PCR using the primer pair should spectfically
Jeteet the DNA extracted from potate, The method 1o iden-
1ify the potato DNA has been reported by Jaceaud of af ™
Thev desizned the primer pairs to detect the patatine gene
which is encoded by a multigene fumily. In their method,
however, the amplified fragments were generated from the
potato. tomats and tebaceo using the primer pair for idenniti-
cation of the patatine gene. bn contrast. we showed that PCR
using the destgned pramer pair, UGPase 01-37UGPase 01-37,
generated no amphified fragments in the topmato and cge plant
which belong to the Selanaceac taxonomie family (Fig. 2A,
lanes 13 and 14). These results suggest that potato DNA
should be more stably detected with high specificity and the
validity of the extracted potato DNA for PCR would be as-
sessed by PUR wsing the UGPase 01.537UGPase 01-3
POIET Par.

Speciticity of Screening Method for the Detection of
;M Potatoes  Sereening methods for the detection of the
M crops including sov and maize have already been re-
ported.” ™ The DNA sequences of the 338 promoter and the
termmator sequence of the nopahine synthase pene from
Agrobacrerium nonctecions INOS ferminator), which were

commenly and frequently used to regulate the expression of

a gene in the various GA crops, were selected to design the
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Fig. 2.0 Specifcity of Potate and GM Potato Speaitic Primer Bairs
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pruner pairs for the screening detection. The primer pair de-
stgned for the sequence of the NOS werminator could be used
to detect GM potatoes for the screening purpose because ihe
DNA seguence of the NOS terminator was commonly mtros
duced in the NLoNLP and NLY tFig. 1) However, the GM
potatoes and the other GM crops, such as OGM maize and GM
sevbean, should be undistinguishable using the primer pair
for the NOS terminator because GM maize and GM sovbean
could gencrally contain the NOS terminator. On the other
hand, a gene encading ervillA should be introduced into all
lines of NL. NLP and NLY and 1t has not been reported thint
the envllTA gene was intreduced in the other GM o crops,
Therefore. the CrylHA O1-3°CovIHA 0137 primer pair was
designed o the envllA gene for the sereening detection of
the (M potatoes. An amplitied fragment (117bp) was
specifically detected from afl 6 dnes of GM potato used n
this study (Fig. 2B) In contrast, no amplified product was
detected when the DNAs extructed from tomato, egg plant,
maize. wheat, sov, and non-OM potatees were used as the
template DNAL Two lines of NLP (RBMT2E-129 and
RBMT22-82) were not provided from the developer and
could rot be used for this study, but the same results would

. e expected, because the same target sequence should be in-

troduced into the two lines according 1w the infermation de-
scribed tn the safety assessment document,

Speciticity of Construet-Specific Methods for NLONLP
and NLY  In NL. the ¢-p-33Ssequence’ 18 used o regulate
the expresston of the ervlA gene, whereas the riblose-1.5-
bisphosphate carbovyvlase small subunit atsTA promoter {(P.
Arah-SSUTAP™Y is used to control the ers LA gene expros-
sion i NLP and NLY. Therefore. the construct-specific
primer pair, NLOT-57 N O3 was designed in the junction
between ¢-p-35% and enn OIA o specifically detect NEL As
shown in Frgo 3A, two bries of NL, which were transformed
with the sume plasmid vector PASSTRTO2, generated Habp
amplified tragments by PR On the other hand. ro tragment
was detected inoamy DNAS including the non-GM and other
GM potatoes, These results sugaest that the 2 Lines of NL
should be specifically detected using the NL 01537 NL @i-37
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primer pair.
NLP und NLY comtain the 338 promoter sequence of the
Figwort mosaic virus 1P-FMV) and P-FMV regulates the

expression of PLRVrep in NUP and that of PVYep in NLY. 1f

the primer pairs were designed in the gene encoding
PLRVTep or PVYep for the detection of NLP and NLY. false-
positive results might be obtained in the potatoes infected by
the viruses. To woid the false-positive results that might be
caused in such samples, primer pairs were designed in the
specific sequence available only at the junction region de-
rived rom different organisms, Therefore. the region be-
tween the feader sequence of heatshock protem isolated from
Glyeine max (Hsp 1797 and the sequence of the PLRVrep
was selected to design the NEP construct-specific primer
pair. NLP OL-57NLP 01-3". To design the NLY construet-
specifie primer pair, NLY O1-3NLY 0137, the region be.
tween Hep 17.9 and PVYep was selected as the target se-
quence. An amplfied fragment (123bp) was obtained tfrom
only NLP using the primer pair. NLP 0137 NLP 01-3" (Fig.
3By Furthermuore, an amplified fragment (123bp) was gener-
ated from only 3 hines of NLY during the specificity exami-
nation of the primer pair, NLY 0137 NLY 11237 (Fig. 4A).
For assessment of the sereening method two lines of NLP
could not he used for the examination. but the same resulis
would be obtamed because the same tirget sequence should
beantrodaced into the other two lines of NLP

Speciticity of Line-Specific Methods for NLY  In Japan,
two hines of NIY (NLY-SEMTI5-18 and RBMTU13-1o1 hine)
were approved in Apnl 2003 and the NIN-SEMT13-02 line
wits approved in July 20005, Theretore, it was necessary to
identify the wnapproved NIY-SEFMT15-02 fine unul the
safety assessmend was finshed. As shown in Figs. 3A and
AL the same wre PCR-ampliticd fragment was obtaned
from the three hnes of NLY, which were transformed with the
same plasmid vecton using the comstruct=specitic methods,
To sdenufs the three tines, the specific region of cach NLY
should be selected 1o design the primer pair. Theretore. the
border sequences between the r-]INA and potato. genomie
DNAS were selected ws the NLY hineespecific region. The
NEY hne-specific primers, NLY 1TS01-80NIY15-01-3° NLY
G2-01-55NIY02-01-37 and NIXYTOE-01-5° NLY 106]-01-3".
were specitically designed on the NLY 18215, NLY 1502 und

v
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NLYIE-101 fine, respectively, and PCR wsing the corre-
sponding prinwer pairs generated a 164 bp. X6bp and 150 bp
of amplificd frogment from the specific lines, respectively
(Figs. 4B, C. Dy, These results suggested that the border se-
quence between the integrated r-DNA and plant genomic
DINA should be criteal for examining the line-spevific detec-
von methods. The Tine-speaific methods for GM potatoes
have not been reported set, though the Hne-specific methods
for other GM crops have been reporied 7 When somie GM
crops. which contiin the same r-1DNAL might be bred in the
rear future, these tindings will help to develop the detection
muthod with high specificiy and reliabiliny,

Sensitivities of the Methods  We examined the sensitivi-
tes of the sereening and construct-specific detection methods
with the potto-powder mixing samples containing 0. 0.1 and
1070 of'the NL-Bt-6, NLP-RBBT2 1350 and NLY-SEMT 5.
I3 line. respectivels. Twenty=tive ng of extracted genomic
DNAs from the samples were ampliticd by PCR, and all of
the target sequenees were elearly detected in the 019 and
1o powder samples (g, 3A) 1t has been reported that the
amount of unreplicated haploid genome e the 1C value
of potato ix O.RS pe” On the basis of the 10 wilue. 284
copivs of the haplaid GM potate genome were cafeutated to
he prosent in the reaction tube prepared for a 0.1 potsto-
poswder sample, since 23 py of genomic DINA derived from
cach OM potato showdd be contamed in the reaction tube.
Furthermore, one or maore copies of the target sequences are
prosented in each tetraplotd geneme of the NL-Bi-6. NLP-
RBBT21-350 and NLY-SEMT1S-13 hine according to the -
formation provided by Monsanto, Therefore, at least. 71
vopies of the tarzet sequences should be contamned 1w the re-
actien tube. Theeretcally, a copy of the farget sequence
could be amphiicd by PCR. In fact, the specific ampliticd
fragments were detected in the 0105% samiples preparcd by
wree dituting the DNAs extriacted from the 0.1% powder
~amples with non-GM potato DNA (daty not shown), The
potate-powder samples with o concentration less than 110,
were not used tor the examinanon since it was dithicult o
correctly prepare the samples, However, GApotatoes might
be detected in the tower concentrated samples asing sereen-
g and construct-specific detection methods. We further ox-
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amined the sensitivity of the NLY line-speaific detection
methods using potato-DNA samples containing 0, 0.03, 0.1,
0.5, 1.0 and 5.0% DNAs extracted from the three lines of
NLY. As shown in Fig. 5B, by using the NLY-SEMT135-15
and RBMT135-101 linc-specific methods, the specific ampli-
fied fragments were detected in the 0.05% sample. On the
other hand, the specific amplified fragment for the NLY-
SEMTI135-02 was detected in the 0.5% sample. These results
suggested that the detection limits of NLY-SEMTI5-15.
RBMTI5-101 should be 0.05%, whereas the detection limit

(A} 1L 2 3 4 % 678 918

CrllA 818 and (AL ULY

NI GO-S amd MO
NEPOLS amd NP OILLY

SLY 318 and MV 31D

LCPoe 015" snd | GPaw 017

SEVISSLE and N V15000

SEYE0-3 amd NEY U200

NLY V01018 30d V] Y UHDYS

Fig. & Sensitivity of the PCR Methods Using the Specific Primer Pairs

(ienomic DNAs extracted from the mixed samples of potato powder containing the
91 or L a of some GM potaloes {A} or mixed samples of genomic DNAs contiming
varweus amowms of genomue Da A extracted from some GM potatocs (1 wete amph-
ficd (A Lanes §and 10, 110 and 200-hp size standard bands of ladder marker: Tane 2.
om0 potato; Fanes ¥ and 3, potato comtaming 01 or 1. 0% of N1 lames § and 6,
putate contaning 0.1 of 1.U%e of NLP; lanes 7 and ¥, potate cotaenng 0.1 or § 07 of
NLY: lane 9, reganse control tno template INAL (03 Lanes | and ¥, HX and 200:bp
stre standard bands of Ludder marker; kanes 2 10 7, genomic DNAS contaiming 5§43, 1 0,
05,01, G0 of genomic DNAL extracted trom MUY-SEMTS-1S, SEMTLSOC, or
RIBMT 15191, respectinely: lane 7. negating ventral (DNA extracted frum aon-G\
potate was used as template).

Vub 27 N0y

of the NLY-SEMT15-02 line-specific method was (L5%, The
sensitivity of the PCR methods would be affected by various
factors including the copy numbers of the target sequence,
physical character of the primer pair and PCR conditions. For
the line-specific methods, the copy number should not be
corrclated with the sensitivity because a single target se-
quence is presented in cach line. To increase the sensitivity
of the NLY-SEMT135-02 linc-specific method. we would have
10 increase the amount of DNA used for the template, to
change the PCR condition suitable for the method, or o re-
design the primer pair.

Inter-laboratory Study To confirm the specificity and
reproducibility of the methods, we conducted inter-labora-
tory studies using 100% pure non-GM and GM potato-pow-
dur materials as blind samples, The blind samples were pre-
pared as blind duplicates including two Japanese comven-
tional varicties and 6 lines of GM potatoes (NL-Bt-6, NL-
SPBT02-05, NLP-RBMT21-350, NLY-RBMTI15-101, KLY
SEMTI5-15 and NLY-SEMTI{3-02). All participants re-
ceived the protocol, primer solutions, and 16 blind-sample
tubes containing different potato powders. Six laboratories
participated in the studies and analyzed a total of 96 samples.
The methodelogy of the experiment was designed as de-
scribed below. For the screening of the GM potato, a first
PCR was performed to detect the potato taxon specific gene
and cryllHA gene. When the screening result was positive. a
second PCR was performed to identify NL. If the sample was
NL-negative, a third PCR was performed 10 identify NLY, A
fourth PCR was performed for the NLY positive samples to
identify the line of NLY. On the other hand. the KLY nega-
tive-samples was identified as NLP by performing an NLP
construct-specific PCR. Tvpical results reported by a partici-
pant arc shown in Table 2. The results showed that the test
was correctly performed following the designed flow of the
experiment, and no false-negative and -positive results were

Table 2. Typical Resuls of Inter-laberatory Study
Sample
Targets  Primer sets
A B C D f: I G H 1 J K L M N 0 P

LGPase LiGPase 09-5° + + - » + - + - + - + - N + - -
WY EGPase 0143

. CollIADI-S" o+ . ; . _ _ . - e e s ) - - s
ol conia 013

. NLOR-§ + - - - “ - - - -
N NLO1X

o NPUOLS e .

N NLPUL-Y

: NLY 01-5° - s e , - v
MY Ny oy

SEMT  NEYN2-01-5° : . - - - - . -
18- NLYO2-01.3°

SEMT  NLY1S01.87 : : - - - - . .
[5-158 NLY1S-0t.%
RBMT  NLYIO[-H-37 : : - - “

15-101  NLY01-01-3°

NLOONLEP 1502 1505 15101 Nepatne Negarne  NL Negatine NLONLP O IS-100 Negatwe NLO 1202 15.15

Judgments

- postiive, — o ncgatine, ik Test showa. A first PUR was performed with UGPase 03257 UGPase 0343 and CrylEA 0187 CryTHA 0137 When she resuh was pusitive. 2
secund POR was performed with SE LSS0 0137, 1E the PCR product was not obtained from the second PUR, a third POR was perfirmed sorh NXUY 01237 N0V 0123 A forth
PCR was performed for the NIV posiine samples witk NEYTS 01-30NIY TS 013 NLYEOT 018 NLY 10§ 61,3 and NLY02 01-8 NINO2 @137 sevpetivedy O the wther hand
the NLY-nepative samples were wlennficd by the PUR woh XLPQ1-5NLP 0137, Tuo Japanese comentional caltivars were judped as negating
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Table 3 Judpments and Percentage of Correct Results for ALL Test Samples i Inter-luhoratory Study
Sudgement
thnramry e e o e e e o v st e e e
NL NLP NLP1S- )3 NLY 15-02 NLY 15101 Dansviku SMavgeen
I R T S R R - & - F A Y . A
” D Vi T Y .- oo P * r o A - - R e
]“ -y e e - - o+ .- . + . . .. o P—
v LR ke S A Y - s 6 . L
v LRI S SRR e - o Py - 4.
Vi R I NI PR - o LTS - [,
Pereentage of
ST 100 100 0o 1] 1001 14%) 100
correvt results
++ = = bath of two postive samples were pudzed carrectly, = = = both of e negative samples were judped cotrectty, For N+ ¢ o+ = e w3 showed thar sl tour

positive samples were judged correctly, hecause N amples were included the tao haes of ML as Blind duplicates, which can aot e identificd saing the constract-speeitie mythod

reported. In all results reported from the six laboratories,
specific amplified fragments were completely detected in all
test samples and no misjudgments were reported from any
laboratories (Table 3). These results suggest that the pro-
posed methods should be specific and reproducible for the
detection of each line of GM patatoes.

In summary, detection methods using PCR were developed
for screening and identifying cight lines of GM potato ap-
proved in Japan for human consumption. The highly specitic
PCR methods reported in this study are simple and useful for
identifying GM potatoes.
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Assessment of dietary intake of dioxins from commercial baby foods

Koichi SAITO!, Atsuko OHMURA?, Mikiko TAKEKUMA? Rie ITO', Koichi INOUE!, Yasuhiko
MATSUKI? and Hiroyuki NAKAZAWA!

'Department of Analytical Chemistry, Faculty of Pharmaceutical Sciences, Hoshi University, Japan
’Biological Effect Research Group, Saitama Institute of Public Health, Japan

*Institute of Food Hygiene, Japan Food Hygiene Association, Japan

As for the assessment of dietary intake of dioxins from baby foods, we proposed a model food group of the
baby foods. We analyzed dioxins which contaminated in commercial baby foods, and we also designed an
original method for the evaluation of the intake amount of baby foods. Furthermore, assessment of dietary
intake of dioxins from commercial baby foods was attempted. The baby foods were roughly classified in six
food groups (cake, vegetable, fruit, fish, meat, and dairy products), and each group was analyzed, followed
by estimation of the total amount of dioxins. The dioxin analysis was carried out based on the Japanese
official method. When the amount of intake per each body weight was calculated, the weight of a baby was
assumed to be 8kg. Because the average age of babies for the baby foods was 7.5 months old (5-10 months)
and, the weight of the baby of 7.5 months old was reported to be about 8kg. The amount of the daily intzke
of dioxins for a baby (7.5 months old) was 0.061 pg TEQ/kg bw /day (ND = 0) or 1.2 pg TEQ/kg bw /day
(ND =LOQ X 1/2). These values were below the amount of TDI (Tolerable Daily Intake:4 pg TEQ/kg bw
/day) which is regulated in Japan. Therefore, we think that the amount of the daily dioxin intake from
commercial baby foods is not a serious problem at present.
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The Proficiency Testing of Determination of Dioxins in Food

Rieko Matsuda', Tomoaki Tsutsumi', Masatake Toyoda?, Tamio Maitani'

'National Institute of Health Sciences, Tokyo
2 )issen Womens University, Hino

Introduction

Food intake is the main route of human dioxin exposure, making the
determination of dioxins in food indispensable for risk assessment and risk
management of dioxins. The uncertainty of analytical results, however, can be very
great because of the low concentration of the analytes and complicated cleanup
procedures. The risk assessment of dioxins based on analytical results also suffers
from a similar degree of uncertainty. The Ministry of Health, Labor and Welfare of
Japan has published “Guideline for the Determination of Dioxins in Food” to
standardize the analytical procedures. The guideline contains the quality assurance
procedures to obtain reliable analytical results and recommends participation in the
relevant proficiency testing scheme. The proficiency testing provides the fair
evaluation of the analytical results. The central science laboratory in England and
the food and drug safety center in Japan offer the proficiency testing on food. The
National Institute of Health Sciences of Japan (NIHS) also has carried out
proficiency testing of dioxins in food since 1998 to assure the quality of analytical
results for dioxins. In this presentation we will show the results of 5 rounds of
proficiency testing.

Methods and Materials
Samples The samples used in the proficiency testing are listed in Table 1, Table 1
also shows the number of participants and the TEQ of each sample.

BCR CRM607 and BCR RM 534 were prepared by the European
Commission’s Institute for Reference Materials and Measurements. Eleven certified
value for PCDDs and PCDFs were given to CRM607. Eleven values were assigned
for PCDDs and PCDFs in RM534 although not certified. CARP-1 was prepared by
the National Research Council of Canada. Eighteen concentrations are certified,
including PCBs. The custom-prepared standard solutions containing native PCDDs,

ORGANOHALLOGEN COMPOUNDS - Volume 66 (2004) 576
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PCDFs and PCBs were prepared by Wellington Laboratories (Canada).

Other samples (freeze-dried fish and freeze-dried spinach) were prepared by
the Japan Food Research Laboratories. The homogeneity of the samples was
verified by the Japan Food Research Laboratories and the NIHS.

Analytical methods All participants determined dioxins by HRGC/HRMS as
stipulated in the “Guideline for the Determination of Dioxins in Food”.

Statistical analysis The mean and the standard deviation (SD) of the concentrations
reported for each compound from the participants were calculated. There was the
possibility of outlyers, but the application of tests for outlyers such as the Grubbs
test was not advisable due to the small number of participants. The robust mean and
the robust SD were then calculated using algorithm A'. The RSDs of TEQ in Table
1 were calculated from the robust mean and the robust SD. Examples of the
statistical results are shown in Table 2. One participant reported a very high
concentration of OCDD. This outlying high value lead to the high mean (2.85 pg/g)
and the large SD (6.33 pg/g). The robust mean and SD of the same data were 0.67
pg/g and 0.25 pg/g, respectively, after the effect of the outlyer was eliminated. The
z-Score of each participant was calculated using the robust mean and robust SD.
The techniques of participants who gave a z-score of more than 3 or less than -3
were regarded as unsatisfactory, and review of their analytical procedures was
recommended.

Results and Discussion

Year 1998 A CRM was used to verify the trueness of the results. The participants
used the same standard solution, provided by the NIHS. The mean values of the
results reported for two isomers were out of the confidence intervals of the certified
values. All the results reported by two participants fell within the 95% confidence
interval of the certified value. The other 4 participants reported results outside the
95% confidence interval but *the number of the outlying results was only 1-3.
Reproducibility calculated from the 6 participants was 2.8-48 % RSD for each
isomer and 6.6 % RSD for total TEQ.

Year 1999 The same CRM was used to compare the results with those in 1998.
Many reports suggested that fish is the main route of dioxin intake, making the

reliability of analysis of dioxins in fish crucial’>. CARP-1 was then included in the
proficiency testing. One plausible reason for poor reproducibility was the difference
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among the standard solutions used by the participants. Mixed standard solutions of
PCDDs, PCDFs and PCBs were used to estimate the variation in standard solutions
among the participants.

For 6 isomers, the mean of participants was outside the confidence intervals
of the certified values. The reproducibility for CRM607 (TEQ) was 11% RSD and
larger than that in 1998. The decline in analytical performance probably arose from
the difference between standard solutions. In 1998, all participants performed the
determinations using the same standard solution. In 1999, each participant used
their own standard solution. The number of participants increased to 15 in 1999,
and inexperienced laboratories were included. This explains the increase in RSD.

The difference in the mean of the reported value for the mixed standard
solution sample and the stated concentration was below 10%. The reproducibility of
the standard solution sample was 8-15 RSD %. Bavel reported the RSDs of reported
values of participants in proficiency testing in which a standard solution was used’.
The RSDs after removing the outlyers were, with one exception, 10-17%. These
results are similar to ours. The analysis of the solution required no cleanup
procedure and the results were expected to represent the variability of the standard
solutions of participants. According to the manufacturer’s statement, the range of
standard solution concentration is £ 5%, corresponding to an RSD of 2.9%. The
higher reproducibility suggested other causes, such as the change in the
concentration of the internal standards due to unsuitable storage conditions.

The mean of the reported values for CARP-1 was within the confidence
interval of the certified value. The reproducibility of TEQ was 8.0% RSD. The TEQ
of CARP-1 was 79 pg/g and was fairly large compared with the CRM607 (3.3). The
large TEQ of CARP-1 led to its small reproducibility RSD.

Year 2000 Another RM and a standard solution with different isomer
concentrations were used. The mean of the reported value for the RM was lower
than the reference value for all compounds with reference values. The
reproducibility of RM534 (TEQ) was 18% RSD. The reason for this poor
reproducibility was not clear. The bias and reproducibility of the mixed standard
solution sample were comparable to those in 1999. Differences in the standard
solution used by the participants could not explain the large negative bias or large
RSD.

ORGANOHALOGEN COMPOUNDS — Volume 66 (2004) 578
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Year 2001 As mentioned above, dioxin intake from marine fish is of great concern,
and the use was requested of samples from wild polluted marine fish. The TEQ of
CARP-1 is higher than that of wild fish, so it did not seem appropriate for
proficiency testing aiming at the assurance of quality for analysis of common foods.
Because no appropriate samples made of marine fish were available, we attempted
the preparation of our own samples. Since 1998, no vegetable samples had been
used in the proficiency testing, in spite of public concern about the contamination of
leaf vegetables by dioxins.* For assurance of the performance of the vegetable
analysis, a sample made of spinach was also prepared. Both samples were
confirmed to be homogeneous and were thus suitable for proficiency testing, The
reproducibilities of TEQ for the fish sample and spinach sample were 10% and
30%, respectively. The TEQ of the spinach sample was quite low (0.34 pg/g) at
1/20 of that of the fish sample. The large RSD was not extraordinary taking the low
TEQ into consideration.

Year 2002 Another marine fish sample was prepared from grey mullet. Grey mullet
contain more fat than sea bass and require further cleanup procedures. The results
are likely to represent the actual analytical performance. The reproducibility was
7.1% RSD and comparable to the result of CARP-1.

The results of 5 rounds of proficiency testing revealed several problems with the
determination of dioxins in foods. The variability of the standard solution is of
major importance. Periodical confirmation of the validity of the standard by the use
of CRM or by participation in proficiency testing is strongly recommended.

Although the TEQ of sea bass or grey mullet samples was about 1/10 of that
of CARP-1, the reproducibility RSDs were comparable. These results show that
repeated participation in proficiency testing improves the analytical skills of the
laboratories. It is clear that for proficiency testing, the use of samples representing
actual foods is preferable. Our attempted production of samples led to sufficiently
homogeneous samples of fish and vegetables that could be prepared by freeze-
drying. This technique opens the possibility of preparing samples from a variety of
foods, leading to enhanced the effectiveness of proficiency testing.
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