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}®1 POTOACRFOSERICET IWAELSLUDNABE (LU AFLEZA TX Y ME)

0. D. 260/280 DNA #:EE (ng/u L)

Non G 01% 1% Non G 0.1% 1%

A A 1.780 1.780 1.730 70.5 775 98.0
HH B 1.720 1.760 1,700 76.5 72.0 815

B A 1.785 1.730 1.692 108.0 109.0 1125
M B 1.800 1.797 1,730 85.5 106.0 86.5

C i A 1.569 1.818 1.808 215.0 120.0 151.0
it B 1.783 1.824 1.769 140.0 1140 141.5

D s A 1591 1.536 1.618 122.5 1375 123.0
fht B 1.612 1513 1.543 133.0 121.0 142.0

E fE A 1.638 1.673 1.683 116.0 133.0 120.0
B 1.671 1.679 1.669 122.0 71.0 141.0

F A 1,850 2.000 1.840 49.0 451 56.9
fit B 1.760 1.890 1.740 69.5 62.7 63.6

G i A 1.670 1.660 1.630 110.0 125.0 116.0
B 1.620 1.640 1.660 121.0 122.0 105.0

I HhH A 1.830 1.830 1.830 162.0 1155 105.0
HH B 1.850 1.860 1.860 112.0 103.0 97.5

J H A 1.720 1.770 1.730 1717 151.2 139.1
B 1.770 1.730 1.770 154.1 155.7 155.7

L i A 1.789 1.771 1.768 127.0 135.5 1485
B 1.806 1.779 1.750 130.0 1325 157.5

M i A 1.715 1.709 1.721 165.5 149.5 1635
B 1.722 1.729 1.676 1455 153.0 171.0
FoH OME 1.731 1.749 1.724° 123.0 114.2 121.6
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0. D. 260/280 DNA HEEE (ng /u L) H1E

NonG [PLUSO1% |PLUS1%|Y01% | Y1% | NonG |PLUS01% |PLUS1% | Y0.1% | Y1%

A | Al 1830 | 1810 | 1.630 1.780 | 1.620 68.5 81.5 650 | 705 9.5
B | 1820 | 1.780 | 1.720 1.710 | 1.800 87.5 80.0 730 | 70.0 595

B | Hi#tA| 1691 | 1.373 | 1612 1.613 | 1.695 68.5 57.0 540 | 500 50.0
B | 1704 | 1507 | 1.500 1.606 | 1.396 60.5 53.5 540 | 53.0 63.5

C |HHA| 1541 | 1600 | 1.711 1.663 | 1.687 65.5 56.0 770 | 790 70.0
BB | 1824 | 1720 | 1710 1682 | 1.750 83.0 70.5 530 | 74.0 45.5

D |#®A| 158 | 1508 | 1521 1.537 { 1670 91.0 965 | 1065 | 83.0 88.5
M| 1436 | 1427 | 1634 1.411 | 1552 725 835 76.0 | 79.0 104.0

E |fmbAl 1738 | 1671 | 1709 1.676 | 1.659 53.0 66.0 47.0 | 62.0 73.0
BB 1696 | 1.306 | 1.771 1672 | 1678 59.0 64.0 43.0 | 540 50.0

F {®M®A| 1730 | 1710 | L770 1.630 | 1540 | 1420 855 | 102.1 [1045 1295
H#B | 1790 | 1.790 | 1.760 1.830 | 1.800 77.0 73.7 69.7 | 596 63.1

G {MmHEEA| 1530 | 1470 | 1520 1.460 | 1.470 59.0 62.0 61.0 | 51.0 61.0
B | 1500 | 1550 | 1480 1.490 | 1.490 52.0 54.0 500 | 61.0 45.0

H |#EA| 109 | 0970 | 1.090 |-0.230 | 1.100 50.3 35.0 498 | -3.000 | 420
B | 1.090 | 1.000 | 0.980 1,130 | 1.150 49.8 36.5 368 | 405 485

I |fAMA| 1850 | 1.850 | 1.840 1.810 | 1.860 | 111.0 95.5 90.0 |109.5 103.0
EB | 1.850 | 1.850 | 1.800 1.880 | 1.860 | 1000 825 | 116.0 | 825 725

J [ H®AL] 1710 | 1770 | 1.830 1.760 | 1.780 97.7 89.2 87.8 | 709 78.5
B | 1740 | 1.760 | 1.810 1.840 | 1.700 | 1142 80.3 | 1004 | 9238 89.5

K |#HAl] 1676 | 1622 | 1634 1.644 | 1.743 57.0 73.0 67.0 | 740 61.0
B 1733 | 1774 | 1.688 1.667 | 1.667 52.0 55.0 540 | 60.0 70.0

L | #®a| 1672 | 1979 | 1.650 1.837 | 1804 | 1630 94.0 | 1155 |[1185 138.0
fh#B | 1921 | 1837 | 1.696 1.832 | 1713 { 1210 | 1185 975 |1145 137.0

M | ditAl] 1763 | 1765 | 1718 1.768 | 1.737 | 1005 75.0 730 | 725 825
HMEB | 1757 | 1.745 | 1744 1.756 | 1.724 97.5 82.0 785 | 755 100.0

N [ fBAj 168 | 1790 | 1670 1.780 { 1.760 480 51.0 375 | 480 55.5
MWHB | 1680 | 1.700 | 1690 1.690 | 1.750 48.0 51.0 33.0 | 405 42.0

T ¥ A 1665 | 1.6830 | 1.639 1.672 | -1.648 80.3 715 703 | 72.2 747
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In Japan, 8 lines of genetically modified (GM) potato (2 lines of NewLeaf® potato; NL, 3 lines of NewLeaf
Plus® potate; NLP, and 3 lines of NewLeaf 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 pyrophesphorylase (UGPase) was used as a taxon specific gene. We designed the primer pair to
detect the cryIIIA genes as a screening method for GM potatoes because the gene should be inserted in all 8 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 into NL, NLP, or NLY. In addition, to identify
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 specifically identified using the each primer pair under the same PCR condition.
The detection limits of all the GM potatoes should be approximately 9.1%. Furthermore, the specificity and re-

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

Key words genetically modified potato; detection method; NewLeaf, NewLeaf Plus; NewLeaf Y; vridine 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 year 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 correspondence should be addressed.  e-mail: tawata@nihs.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
Monsanto Co. (St. Louis, MO, U.S.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 SPBT(2-05 line)
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-STBT02, which contains
cryllIA, 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 line) were
transformed with the same plasnﬁd vector, PV-STMT21,
which contains cryllIA, the potato leaf role virus replicase
(PLRVrep) gene, providing of the traits of CPB and PLRV

© 2004 Pharmaceutical Society of Japan
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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.*!*!1? 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;
RBMT135-101, 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 aestivum)
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 pround 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, Japan). 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 sil-
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
10ng/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-
erated a 111 bp amplified fragment.

The cryllIA 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’/CryllIA 01-3' to detect this gene as screening for the GM
potatoes was designed by referring to GenBank Accession
No. X70979 in order to generate a 117 bp amplified frag-
ment. To specifically detect NL, the NL construct-specific
primer pair NL 01-3'/NL 01-3’ was designed in the junction
between the enhanced 35S promoter (e-p-35S) and crylllA
by referring to GenBank Accession No. AF078810 (e-p-
358), and the primer pair generated an amplified fragment of
113 bp. In previous studies,” p-FMV02-5'/PLRV 01-3' had
been designed in the junction between e-p-35S and cryllIA
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 358 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, respec-
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 123bp 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,
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NLY02-01-5'/NLY02-01-3’; NEY15-02 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 164bp, 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 celumn by FASMAC Co., Ltd., (Atsugi, Japan), then
diluted with an appropriate volume of DW to a final concen-
tration of 50 mol/], and stored at —20°C until used. The se-
quences of the designed oligonucleotides in this study are
listed in Table 1.

PCR Conditions The reaction mixture for PCR was pre-
pared in a PCR reaction tube. The reaction volume of 25 ul
contained 25ng of genomic DNA, 02mmoll dNTE,

1335

1.5mmol/1 MgCl,, 0.5umol/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 II (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 0.5 min, 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 ul) of each specific PCR were submitted for elec-
trophoresis at a constant voltage (100V) on a 3% TAKARA
L03 agarose gel (TAKARA Co., Ltd., Tokyo, Japan) in the
TAE (40mmol1 Tris—HCl, 40mmol/l acetic acid, and
1 mmol/l EDTA, pH 8.0) buffer solution. After electrophore-

Table 1. List of Primers
Name Sequence (5'—23°) Specificity Amplicon

Al UGPase 01-5" §'-CTC TCC ATA CTC TCT GCT CCT CG-3' Potato U/GFasefsense Potato 11b
UGPase 01-3' 5'-CGG CAT CAG CAG GAG AAA G-3' Potato U/GPase/anti-sense P

B: CryllIA 01-5" 5'-GAA AGC CTA CAA GCT GCA ATC TG-Y' Crylild/sense Crlild 17
CrylllA 01-3° 5'-TCA GGT GTC ACG TAG ATA GTA G-3' CrylilA/anti-sense 4 P

C: NL 01-5' $'-CCT TCG CAA GAC CCT TCC TC-3' p355/sense NealLeaf 13b
NL 0§-3' 5'-CGG TGT TGT TGT CTG CAGlTCA-B' CrylilA/anti-sense P

D: NLP §1.5" 5'-CCC ATT TGA AGG ACA CAG AAA CA-3' pFMV-GmHspl/sense NewLeaf Plus 125b
NLP 01-3’ 5'-AGC GGC ATA TGC GGT AAA TC-3' PLRV-rep/anti-sense P

E: NLY 01-5' 5'-CAA AAT CCC AGT ATC AAA ATT CTT-3 GmHspisense NewLeaf Y 123bp
NLY 01-3° 5'-TGG TTT TGT ATC TTT CTT GTT GCT TC-3’ PV¥-cplanti-sense (3 lines)

F: NLY15-01-5 5'-AAC GCT GCG GAC ATC TAA ATT CA-Y pNOS/sense NewLeaf Y 164 bp
NLY!5-01-3' 5'-TAC CGT TAC CAC TAG CTA CAC T-3' Potato genomic DNA/anti-sense  (SEMT15-15)

G: NLY02-01-5 5'-TGA AAT TCG ACT AAT TAC AAG TTG A-3' Potato genomic DNA/sense NewLeaf Y 86bp
NLY02-01-3' 5'-GCA TCG ATC GTG AAG TTT CTC AT-3' pNOS/anti-sense (SEMT15-02)

H:  NLYI01-01-5' 5'-ATG GCT CGT ACCTTG TTG ATT G-¥ pFMV/sense NewLeaf Y 150bp
NLY101-01-3" 5'-AGG TCA AAG TTA AAA TGA AAC ATG-3' Potato genomic DNA/anti-sense  (RBMT15-1¢1)

A, for confirmation 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
detection of NLY, F; for identification of NLY-SEMT15-15 line, G; for identification of NLY-SEMT15-02 line, H; for identification of NLY-RBMT15-101 line.

(A)
*1st Exon: First transcriptional region of UGPase gene
5 = TATA 1st Exon* 3
UGPase 01.5" e UG Pase 01-3*
Structure of s gene encoding UGPase in petato was shownby Borovkovet al. (Gene. 186 (2)293-267, 1997)
(B)
NL] epss oA 3| Nosa' | weru | 355-pro CryliIA
NL 015 P NL W13t e T e LETY ITIA 018" b= Ciy NIA 013
NLP| p.pmv [Hel peaveep [ B[ NOS2 CriiIA Mnbfguti Nosa [ weme NOS-Prs
NLP01-5' P={ NLF 01.3' W
NLY| prmv M=l prrcp |pvrs| e[ voss .’_,.C‘,;"“ rarinssuial NOST' | NPTI | NOS-Pro
L] . p [

NLY 01-5* b= NLY 017
BFMY {—| MOS-Prd FPotato genomic DNA

specific prime r ety for three NLY-lines

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

(A) The structure of a gene encoding UGPase is shown. The primer pair was designed on the first exon of UGPase. (B) Schematic representation of recombinant DNA (-DNA)
introduced into three kinds of genetically modified potatoes (NL, NLP and NLY). The primer pairs were designed in the junction 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 is shown in Table 1.
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sis, the gel was stained in DW containing 0.5 grg/m! ethidium
bromide for 30min and then washed in DW tor 30min. The
gel was photographed using a Chemi-lumi Emage Analyzer
{Chemi-turmi Image Analyzer with *Diana” system as the an-
alyvtical software, Raytest, Germany).

Inter-Laboratory Studies Inter-laboratory studies, in
which 6 laboratories participated, were orpantzed by the Na-
tional Institute of Health and Sciences (NIHS) to verify the
detection methods. We prepared 24 separate tubes containing
200mg test-samples for twoe Japanese varieties, and the 6
lines of GM potato described above. The homogeneities of
the samples were confirmed by the methods using specific
primer pairs with the 3 tubes selected randomly for each
sample at the NIHS. The blind samples were designed as a
pair of blind duplicates including O and 100% NL-Bt-6, NL-
SPBT02-05, NLP-RBMT21-350, NLY-RBMT15-101, NLY-
SEMTI13-02, and NLY-SENT13-15. The blank samples, two
Japanese conventional varieties, were used to confirm
whether the tests were performed correctly without false-
positive results. A total of 16 tebes containing blind samples.
a solution of 8 primer pairs (5 ggmol/l cach), and the experi-
mental protocol were supplied to the 6 labs from the NIHS.

RESULTS AND DISCUSSION

Evaluation of the Validity of Extracted DNA for PCR
To avoid a falsc-negative result, it is important to confirm the
validity of the extracted DNA tor PCR. Therefore, the primer
pair, UGPase 01-5"/UGPase 01-3°, was designed as the ana-
tytical control to evaluate the validity of the potato DNA for
PCR. We performed the PCR with DNAs extracted from 11
kinds of potatoes including the GM and non-GM potatoes to
¢xamine the conservation of the UGPase gene among the
potato varieties. As shown in Fig. 2A, all of the potato DNAs
generated a T1-bp amplified fragment with almost the same
intensity, whereas no fragments were amplified from the
tomato, cgg plant, maize, wheat and soy DNAs. These results
suggested that PCR using the primer pair should specifically
detect the DNA extracted from potato. The method to iden-
tity the potato DNA has been reported by Jaccaud er af'?
They designed the primer pairs to detect the patatine gene
which is encoded by a multigene family. In their method,
however, the amplified fragments were generated from the
potato, tomato and tobacco using the primer pair for identifi-
cation of the patatine gene. In contrast, we showed that PCR
using the designed primer pair, UGPase 01-5°/UGPase 91-3°,
zenerated no amplified fragments in the tomato and egg plant
which belong to the Solanacese taxonomic family (Fig. 2A,
lanes 13 and 14). These resubts suggest that potato DNA
should be more stably detected with high speciticity and the
validity of the extracted potato DNA for PCR would be as-
sessed by PCR wsing the UGPase 01-57UGPase 01-3°
primer pair.

Specificity of Screening Method for the Detection of
GM Potatoes  Screening imethods for the detection of the
GM crops including soy and maize have already been re-
ported.™!" The DNA sequences of the 35S promoter and the
terminator sequence of the nopaline synthase gene from
Agrobucterium tumefaciens (NOS terminator), which were
commonly and frequently used to regulate the expression of
a gene in the various GM crops, were selected to design the
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Arrowheads indicate the expeeted POR amplificd feagersts. The primer pairs UG-
Pase O01-8%0GPase 01-37 (A and CrylITA 03-5CryllA G8-3° (15 Lanes | and 1Y,
HOG-bp fadder size standard; fene 2, no0-GM potate (Russet Burbank i; lane 3, pon-GM
potatn (Superior: lane 3. non-GM potwo ¢Shepodv): Tane §, non GM putate {Dan-
syaka): Tame 6, nun-GA potato Cvay queeni: lane TONL OSPRTO2-05) Line 8 N1 (8-
o tane 9, NLPORBMU21-330); Line 10, NLY (SEMEVS-E5j fane FIONLY (RBMT1S-
FOLE Tane 120 NLY (SEMTES-G2); Tane 13, tomatu; done 14, epp plan lane 13, maise
fane [6, o Jane E7 wheat; Tane 18, negative control (no template DNA),

Specificity of Potato and GM Potaro Specific Primer Pairs

primer pairs for the screening detection. The primer pair de-
signed for the sequence of the NOS terminator could be used
to detect GM potatoes for the screening purpose because the
DNA sequence of the NOS terminator was commonty intro-
duced in the NL, NLP and NLY (Fig. 1). However, the GM
potatoes and the other GM crops, such as GM maize and GM
soybean, should be undistinguishable using the primer pair
for the NOS terminator because GM maize and GM sovbean
could generally contain the NOS terminator. On the other
hand, a gene encoding crylIA should be introduced into all
lines of NL. NLP and NLY and it has not been reported that
the crvlllA gene was introduced in the other GM crops.
Therefore, the CryIHA 01-57CeyIlIA 01-3" primer pair was
designed on the eryllTA gene for the sereening detection of
the GM potatoes. An amplified fragment (117bp) was
specifically detected from all 6 lines of GM potato used in
this study (Fig. 2B). In contrast, no amplified product was
detected when the DNAs extracted from tomato. epg plant,
maize. wheat, sov, and non-GM potatoes were used as the
template DNA. Two lines of NLP (RBMT21-129 and
RBMT22-82) were not provided from the developer and
could not be used for this study. but the same results would
be expected, because the same target sequence should be in-
troduced into the two lines according to the information de-
scribed in the safety assessment document.

Speciticity of Construct-Specific Methods for NL, NLP
and NLY In NL, the e-p-35Ssequence'” is used to regulate
the expression of the crylllA gene, whereas the nblose-1,5-
bisphosphate carboxylhise small subunit ats1 A promoter (P-
Arab-SSULA)'™ is used to control the cryllIA gene expres-
sion in NLP and NLY. Therefore. the construct-specific
primner pair. NU G1-5/NL 01-3", was designed in the junction
between e«p-338 and cryllJA to specifically detect NL, As
shown in Fig. 3A, two lines of NL, which were trunsformed
with the same plasmid veetor PV-STBTO2, generated 113 bp
amplitied fragments hy PCR. On the other hand, no fragment
was detected in any DNAs including the non-GM and other
GM potatoes. These resufts suggest that the 2 lines of NL
should be specifically detected using the NL O1-5"/NL ¢1-3°
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Fig. 3. Specificity of NL and NLP Construct-Specific Primer Pairs

Arrowheads indicate the expecred PCR aniplificd fragments. The primer pairs NL
fHLSUNLO1-3 (A v and NUP OF-57NEP 01237 (B, See footnotes for Fig, 2.

primer pair.

NLP and NLY contain the 358 promoter sequence of the
Figwort mosaic virus (P-FMV)." and P-FMV regulates the
expression of PLRVrep in NLP and that of PVYep in NLY. If
the primer pairs were designed in the gene encoding
PLRVrep or PVYcep for the detection of NLP and NLY. false-
positive results might be obtained in the potatoes infected by
the viruses. To avoid 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 from different organisms. Therefore. the region be-
tween the feader sequence of heatshock protein isolated from
Glycine max (Hsp 17.9) and the sequence of the PLRVrep
was selected to design the NLP construct-specific primer
pair. NLP OF-3'/NLP 01-3". To design the NLY construct-
specific primer pair, NLY 01-3'/NLY 01-3°, the region be-
tween Hsp 17.9 and PVYcep was selfected as the target se-
quence. An amplified fragment (123 bp) was obtained from
only NLP using the primer pair. NLP 01-3/ NLP 01-3' (Fig.
3B3). Furthermore, an amplified fragment {123 bp) was gener-
ated from only 3 lines of NLY during the specificity exami-
nation of the primer pair. NLY 01-5/NLY 01-3" (Fig. 4A).
For assessment of the sereening method, two lines of NLP
could not be used for the examination. but the sume results
would be obtained because the same target sequence should
be introduced into the other two lines of NLP.

Specificity of Line-Specific Methods for NLY  In Japan,
two lines of NLY (NLY-SEMT15-15 and RBMTLS-101 line)
were approved tn April 2003 and the NLY-SEMT15-02 line
was approved in July 2003, Therefore. it was necessary to
identify the unapproved NLY-SEMTI15-02 line until the
safety asscssment was finished. As shown in Figs. 3A and
4A, the same size PCR-amplified fragment was obtained
from the three lines of NLY. which were transformed with the
same plasmid vector, using the construct-specific methods.
To identify the three lines. the specific region of cach NLY
should be selected to design the primer pair. Therefore, the
border scquences between the r-DNA and potato genomic
DNAs were selected as the NLY line-specific region, The
NLY line-specific printers. NLY 15-01-8"/NLY15-01-3", NLY
02-01-5NLY02-01-3" and NLY101-0]-5NLY101-01.3",
were specitically designed on the NLY15-15, NLY 15-02 and

(VE

1223bp B
—y N
(1)

164 bp
—_

()

150 bp
—

)y

86 bp
-

Fig. 4. Speafianty of NLY Construct- and Line-Specific Primer Pairs

Avrowheads sedicate the expeceed POR amplificd fragments. The primer pairs NEY
EL3TNLY G123 {A) NIYIS 018 NLYLS 04-3° (B, NLY 101 015-NEX 101 03-3°
U and NLYS2 018 NLYO2 01-3 (1), See footnoles for Fig. 2,

NLY15-101 line, respectively. and PCR uwsing the corre-
spending primer pairs generated a 164 bp, 86bp and 150 bp
of amplified fragment from the specific lings, respectively
(Figs. 4B, C. D). These results suggested that the border se-
quence between the integrated r-DNA and plant genomic
IDNA should be critical for examining the line-specitic detee-
tion methods. The hine-specific methods for GM potatoces
have not been reported yet, though the line-specific methods
for other GM crops have been reported ™% When some GM
crops. which contain the same r-DNA. might be bred in the
near future, these findings will kelp to develop the detection
method with high specificity and reliability.

Sensitivities of the Methods  We examined the sensitivi-
ties of the sereening and construct-specitic detection methods
with the potato-powder mixing samples containing 0.0.1 and
L.O% of'the NL-Bt-6. NLP-RBBT21-350 and NLY-SEMT{3-
I3 line. respectively. Twenty-five ng of extracted genomic
DNAs from the samples were amplified by PCR, and all of
the target sequences were clearly detected in the 0.1% and
L.0% powder samples (Fig. SA) 1t has been reported that the
amount of unreplicated haploid genome (ie., the 1C value)
of potato is 088 pe.™ On the basis of the 10 value, 28.4
copies of the haploid GM potato genome were caleulated 1o
be present in the reaction tube prepared for a (.1% potato-
powder sample, since 25 pg of genomic DNA derived from
cach GM potate should be contained in the reaction tube,
Furthermore, one or more copivs of the target sequences are
presented in cach 1etraploid genome of the NL-Bt-b, NLP-
RBBT21.350 and NLY-SEMT15-13 line according to the in-
formation provided by Monsanto. Therefore, at least, 7.1
copies of the target sequences should be contained in the re-
action tube, Theoretically, a copy of the target sequence
could be amplified by PCR. In {act, the specitic amplified
fragments were detected in the 0.058% samples prepared by
twice dituting the DINAs extracted from the 0.1% powder
samples with non-GM potato DNA (data not shown). The
potato-powder samples with a concentration less than 0.1%
were not used for the examination since it was ditficult to
correctly prepare the samples. However, GM-potatoes might
be detected in the lower concentrated samples using screen-
ing and construct-specific detection methods. We further ex-
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amined the sensitivity of the NLY line-specific detection
methods using potato-DNA samples containing 0, 0.05, 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-SEMT15-15
and RBMT15-101 line-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-
SEMTI15-02 was detected in the 0.5% sample. These results
suggested that the detection limits of NLY-SEMTI35-15,
RBMTI15-101 should be 0.05%, whereas the detection limit

{A)
B CrINA D1 and CryTIABED

NL 025" and A5 01

NLP OF-5" and NI 7013

NLY 0148 and NLY 81°

UGPuse 015 nd | GPawe 01-°

(B)

NLYIS-0LS" and NLYI5-013°

- NENTOI-01-5 and VLY 101013

Fig. 5. Sensitivity of the PCR Methods Using the Specific Primer Pairs

CGenomic DNAs extracted from the mixed samples of potato powder containing the
0.0 or 1.0% of some GM potatoes (A) or mixed samples of genomic DNAs containing
various amounts of genomic DNAs extracted from some GM potatoes (B) were ampli-
fied (A)Lanes | and 11, 100- and 200-bp size standard bands of ladder marker; lane 2,
non-GM potata; lanes 3 and 3, potate containing 0.1 or £.0% of NL; lanes 5 and 6,
potato conaining 0.1 or L0% of NLP; lanes 7 and 8, putato contairing 0.1 or 1.0% of
NLY; lane 9, negative control {no template DNA). {B) Lanes 1 and 8. 109 and 200bp
size stanlard bands of ladder marker; lanes 2 10 7, genomic DNAs comtaining 5.0, 1.0,
1.5, 0.1, 0.05% of genomic DNA»s extracted from NLYCSEMT15:15, SEMT 15402, or
RBMT 15-101, respectively: lane 7, pegative control {DNA exviracted from pon-GM
paotato was used as template).

Table 2. Tvpical Results of Inter-laboratory Study

Val. 27, No. 9

of the NLY-SEMT15-02 line-specific method was 0.5%. The
sensitivity of the PCR methods would be affected by various
tactors 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 each line. To increase the sensitivity
of the NLY-SEMT15-02 line-specific method, we would have
1o increase the amount of DNA used for the template, to
change the PCR condition suitable for the method, or to re-
design the primer pair.

Inter-laboratory Study To confirm the specificity and
reproducibility of the methods, we conducted inter-fabora-
tory studies using 100% pure non-GM and GM potato-pow-
der matenials as blind samplcs. The blind samples were pre-
pared as blind duplicates including two Japanese conven-
tional varietics and 6 lines of GM potatoes (NL-Bt-6, NL-
SPBT02-05, NLP-RBMT21[-350, NLY-RBMT15-101, NLY-
SEMTI15-15 and NLY-SEMTI15-02). 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 methodology of the experiment was designed as de-
seribed below. For the screening of the GM potalo, a first
PCR was performed to detect the potato taxon specific gene
and cryllIA 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 to identify NLY. A
fourth PCR was performed for the NLY positive samples to
identify the line of NLY. On the other hand, the NLY nega-
tive-samples was identified as NLP by performing an NLP
construct-specific PCR. Typical results reported by a partici-
pant are 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

Sample
Targets  Primer sets
A B C D E f G H 1 P K L M N 0 P
UGPase HGPase OF-§° + + + + + + + - + + o+ + + + + +
I UGPase 0143
s CIYHIA QLS + + + + + - - + - + o+ + + - +
Crllld cona o1y
. NL 01-57 + - - - ¢ ; + + - - + - -
NL NL 01-3'
NLP 01.5° / + / i ’ i i / + / f f / /
NP Nipoly
, NLY 01-5 i - + + + i - + ! + +
NLY NLY 411-3°
SEMT  NLY02.01.5 i J + - - / i 7 i i - f + -
15-02  NLY02-01-3'
SEMT  NLYI5-01-5' i / - + - / / - - +
15-15  NLY15-01-3
RBMT  NLYI01-0L-% / H - - + i / + - -
[5-[0F  NLY101.01.3'
Judgments NL NLP 1502 [5-15 15-101 Negative Negative NL Negative NL NLP 15-101 Negative NL 15.02 15-15

+postive, — I negative, 2 no test shown. A first POR was performed with UGPase 08-5"UGPase €1-3" and CryTHA O1-87CrylllA 01-3". When the result was positive. 2
second PCR was performed sith NL 01-5NL ¢1-3". If the PCR product was not oblained from the second POR. a third PCR was performed with NLY 01-5NLY 013" A forth
PCR was performed for the NLY-positive samples with NLY 1S 01-3NEY 1S 00-3', NLYEOT 01-3"NLY 101 00-3" and NLY02 01-5"/NLY02 03-3", respectively. On the other hand,
the N1 ¥-repative samples were identified by the PCR with NLP 01-5""NLP 61-37. Two Japanese conventional cultivars were judged as negative.
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Table 3. Judiyments and Percentage of Correct Results tor All Test Samples in Inter-tabormory Study
Judgement
Luboratory
NL NLP NLPIS-1S NLY 1502 NIYIS-HH Pansvaku Mavgeen
I L SRR it - 4+ oA+ - - -
1 R IR S S R AR ey PSRt - ——
1y + b e b i e o Fa A I _—— - - -
iy Rl Ik SRR +oei ot R it - -
v IR TR S e R e + it R -
Vi PO R PRy, R Py R R . e
Percentage of
AN 100 100 100 100 100 Loy 1001
corfeet results
* 47+ % bath of two positive samples were gudged correctly, = -~~~ both of twa negative samples were judped vorrectly. For N+ 44 5o+ + + + showed that all of four

positive samples were judged correctly, because N1 samples were included the two lines o ML as btind duplicates, which can aut he identified using the consireet-specifie method.

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 potatoes.

In summary, detection methods using PCR were developed
for screening and identifying eight lines of GM potato ap-
proved in Japan for human consumption. The highly specific
PCR methods reported in this study are simple and useful for
identifying GM potatoes.
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BAF S A F % OBREFEAEEREOMR
OFHR—', AERALY FRTH® MRS, MEEET, B, ¢
BRL®, ARz (BEEH, 'aXAThAMl, C2EK ‘AKRETY)

(B8] BEESHE - ERY A A F 3 OBEEAERIEE (ELISA) 2 8%T
Bledic, XIXBILESSZE LI V=T v FEEREL, Fic, GOMS EE D
B E1ToT, b bRABHC BT ABRMEELEE LToF BRIz LT LR LE,

[(FE] AEBICELTE MEASLEWHZHHLEE, FROF 4 AR—¥T
WEATDEF VAN —= ) o DT AIFEERUI— Y v S5k
ERT=IZLITERFEARTL, ~FY L CHEHRE, BRI —FY o UESRL,
TAIFA— R oPRk 604 Ima 2 F 0/ ~AXF o TERE L7, TritonX-100
WML, BERA-DRIOEREEELZE, DMSO £MI THEBAL, ELISA
RSB E Uiz, ELISAIC L D IEREES I L TiT o 7=,

[(BRBIUERE] BB UISADI— N o DL TAIFHI—FY v P L DE
BAZLERNBZLITLY, F1A%2 80 (PCDD/Fs, / A k Co-PCBs)
DIV =7 v TREBBRZTADLIIC2Y, BoF0KEUDEL Ly 81iF
Ligote, Fi, HRE (BI) 2¥BE LTELISA & GC/MS &L 2 Lskst
LiceZ s, MEOHET—FILIBFR2EERH 2 Z L MHBH LN, BULFS
A4 X OFMETMEL LTORARNREESRE,

* 1+ Y. Sugawara et al., Chemosphere 46 (2002) 1471-1476
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T — FhLERTAY A X ROBREFMERS I,

[F#] RE—T7—F2RENCCEBEORRBIE GEF, TE, 71—V, & A, HHBH)
FELTERFND T A IF U3 ETW, BEREOHEREZRT Lz, F14 A% 51,
ABEERBBPOIATXUERR2 TS5 —PCB OREHEEENA FTA ) ITELTITW,
HHLR(TEQM A HIZEE L T WHO-TEF(1998)% AV o, B Y Y 0FREH HITE L T,
MERS L LR —T7—-FOEBE&®HN 5~10 » 8 (B 15 » A) Thofcl &, ik, 75
r ADILNAOKRENBLE skg Thofe Z &b, ThiEle LTHEAELE,

[5E%] W9 (AEh75 > B) OEEYLY 01 BERER, 0.061 pg TEQ/kgbw /day (ND=0
THEH) BLT1.2pg TEQkgbw /day (ND=ERTIRME X172 THH) &Aook, ZOEIRBEAER
A4 BREICR U TEDRME 1| BRIERE (TDI : Tolerable Daily Intake) @ 4pg % 4431C
TR TWeZ &2 b, B =T — b0 F 44XV AAARERELICBIC R 2B TR
WwWEExbohs,

Assessment of dietary intake of dioxins from commercial baby foods

Koichi SAITO', Atsuko OHMURA? Mikiko TAKEKUMA?, Rie ITO', Koichi INOUE', Yasuhiko
MATSUKY 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 focods 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 intake
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=L0OQ 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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