Table 5. Soybean DNA and lysate concentration
effects on Ct values and copy numbers measured for
Lel by using Leln02-3'-a -immobilized tubes

Sample amount Ctvalue  Copy number
Soybean DNA
10 ng 358 £ 04 17 25
100 ng 323 = 02 174 + 28
1000 ng 290 £ 04 1677 + 493
Soybean lysate
1% 5.7 £-0.2 22 g3
10% 321 % 0.2 285 + 51
100% 28.7 £ 0.1 3089 + 206

Soybean lysate (50 mg/ml) is defined as 100%.
Data are mean values * SD (n=4).



Table 6. Effect of sample matrices on Ct values and
copy numbers measured for Le/ from 100 ng
soybean DNA using Leln02-3"-a-immobilized tubes

Sample matrix Ctvalue  Copy number
Binding buffer 334+ 03 74 £ 18
Corn extract 333+ 0.7 85 + 35
Wheat extract 329+ 04 106 £ 25

Data are mean values = SD (n=4).
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Table 7. Effect of heat treatment on Ct values and
copy numbers measured for Le/ from soybean

-y

samples using [.e In02-3'-a-immobilized tubes

Heating time Ctvalue  Copy number
0 min 283 £02 3578 + 527
30 min 26.0 £ 0.1 15967 £ 800
60 min 27.0 £ 0.1 8011 % 783

Data are mean values = SD (#=4).



Table 8. GM soybean lysate concentration effects on
Ct values and copy numbers measured for RRS by
using RRS-5'short-s immobilized tubes

Sample amount Ctvalue  Copy number
1% 36.5% 0.6 . 17 %77
10% 334+ 03 143 + 33

100% 295+ 02 2111 + 229

GM soybean lysate (50 mg/ml) is defined as 100%.
Data are mean values £ SD (n=4).



Table 9. Ct values and copy numbers measured for RRS
from certified reference material by using RRS-5'short-s
immobilized tubes

GM amount Ctvalue  Copy number
1% 36.7 £ 0.7 17+ 6
2% 359+ 0.5 30+ 9
5% 347+ 0.3 63 £16

Data are mean values = SD (n=4).
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Food lysate

Target

. DNA 960
I 5

Addition % ? j Washing out
Capuring oligo  —9 I " Realitiine
‘:; ' ‘:C ' PCR

S-Bio®* PrimeSurface® P

plasic b TR
Internal surface Specific Purified
of PCR tube hybridization target DNA

Figure 1. Process for a real-time PCR method using capture oligo-immobilized PCR tube. A
capture oligo is immobilized on the S-Bio® PrimeSurface®-treated PCR tube. Target DNA in food
lysate hybridizes to the capture oligo on the surface of PCR tube. Food matrices are removed by
washing. Purified target DNA in the PCR tube is directly used for real-time PCR.




I( iﬁC(i-("I'A'E'TUT(iA{'C'I'L'('T(kiﬁﬁ AAAGTTACAACTCAATAAGGTTGACGAAAACGGCACCCCAAAACCCTCGTCTCTTGGTC
Upstream

(?(.ti('(‘ CTCTACTCCACCC C(‘AIT CCACATTTGGGACAAAGAAACCGGTAGCGTTGCCAGCTTCGCCGCTTCCTTCAACTTC ACi:

—————
Leln02-§' Lel-Tag
Forward primer | TagMan probe
TTCTATGCCCCTGACACAAAAAGGCTTGCAGATGGG GCCTTCTTTCTCGCACCAATTGACACTAAGCCACAAACACATGC

_ lein023
| Reversc primer )

AGGTTATCTTGGTCTTTTCAACGAAAACGAGTC 'IGG‘I‘GA‘TCAAGTCGT(‘(iCTGTTGAGT'[TGA
Downstream

Figure 2. Position of capture oligos, PCR primers, and probe in Lel. DNA sequences of
capture oligos for Le/ are indicated by open boxes. We used DNA sequences of Le1n02-5' and
Leln02-3' and Lel-Taq as primers, and TagMan probe for real-time PCR for Le/. Amplified
region is shown with a bold line.
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Table 1. List of forward and reverse primers used for multiplex (8-plex) PCR and extension primers
used for an extension reaction on a plastic plate

Target Orientation Sequence (5'-3") Reference
Lel Forward GCCCTCTACTCCACCCCCA 8
Reverse GCCCATCTGCAAGCCTTTTT 8
Extension® AGCTTCGCCGCTTCCTTCAACTTCAC 8
RRS Forward CCTTTAGGATTTCAGCATCAGTGG 8
Reverse GACTTGTCGCCGGAAATG 8
Extension® CGCAACCGCCCGCAAATCC 8
SSIIb Forward CTCCCAATCCTTTGACATCTGC 8
Reverse TCGATTTCTCTCTTGGTGACAGG 8
Extension® GCAATGCAAAACGCAACGAGTGGGGG This study
Event176 Forward TGTTCACCAGCAGCAACCAG 8
Reverse ACTCCACTTTGTGCAGAACAGATCT 8
Extension® TCGATGTGGTAGTCGGTCACGTCGG 8"
Mon810 Forward GATGCCTTCTCCCTAGTGTTGA 8
Reverse GGATGCACTCGTTGATGTTTG 8
Extension® TTGTTGTCCATGGCCGCTTGGTATCT gb
Btl1 Forward ACATTTAATACGCGATAGAAAAC 4
Reverse ACACCTACAGATTTTAGACCAAG 4
Extension® TATGTTACTAGATCTGGGCCTCGTG 4
GA21 Forward GAAGCCTCGGCAACGTCA 8
Reverse ATCCGGTTGGAAAGCGACTT 8
Extension® CGGCCATGCACCGGATCCTT gb
T25 Forward GCCAGTTAGGCCAGTTACCCA 8
Reverse TGAGCGAAACCCTATAAGAACCCT 8
Extension® TGCAGGCATGCCCGCTGAAATC 8

* Modification with amino linkers at the 5' end due to immobilization of the extension primer
on a plastic plate.
P Use of complement sequence of the reference.
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Target PCR Biotin DNA
product labeling polymerase
nucleotide +

dNTP
R N R

-

Chromogenic reaction
Extension primer  —P |- using avidin and biotin
complex - alkaline

phosphatase system

S-Bio* PrimeSurface® P

Plastic > AT RN
Extension primer Specific Extension
on plastic plate hybridization reaction

Figure 1. Process for primer extension on a plastic plate. An extension primer is immobilized on the S-
Bio® PrimeSurface®-treated plastic plate. Target PCR product amplified by multiplex PCR hybridizes to
the primer, Extension and incorporation of biotin-dUTP are carried out by DNA polymerase. The
extension reaction is optically detected by an avidin and biotin complex - alkaline phosphatase system.
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Figure 2. Detection of GMO genes using multiplex (8-plex) PCR coupled with primer extension. (A)
Layout of the extension primer-immobilized plastic plate. The sequences of the primer are given in
Table 1. (B) Image of the primer extension reaction of non-GM soybean, GM soybean (Roundup Ready
soybean), non-GM maize and GM maize (Event176, Mon810, Bt11, GA21 and T25). The GMO
contents of the samples are | and 5%, except for 4.3% GAZ21. In the case of T25, the percentages
indicate the percentages of GM DNA relative to non-GM DNA. The positive signals appear as gray

. spots. The dots in upper corners denote the position of the plate.
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A new real-time PCR method using capturing oligo- addition, the DNA extraction step is thought 10 be
immobilized PCR tubes s described. This method was difficult 10 automate and downscale o a small sample
used to detect specific genes for soybean and pm:dcull}r volume.
modified (GM) soybean in food i Ina d It is possible to avoid these problems by using the
reaction using soybean genomic DNA and a capturing hybridization-bead method. The bead method can
oligo for the lectin gene (Lel) immuobilized on the tube, reduce the total detection time, remove inhibitors of
we examined the effects of such hybridization conditions the PCR amplification reaction, and remove excess non-
as the location, length, and amount of the capluring target DNA.' However, the hybridization bead method

oligo, and the incubation time and ¥ Under 15 not used directly in real-time PCR as the beads block
optimized conditions, the cum' nwnber of Lel was the optical path. Ideally, the number of tube-to-tube
determined In & from fers should be kept 10 4 minimum to avoid the loss
soybean genomic DNA and nybun lysate (DNA 10— of template and decrease the risk of contamination
1000 ng, r= 0, !'9'. lyl.k 1=-100%, r = 0.99). The copy A “single-ube method” has recenily been developed,
ber of a R p Ready soyb tRﬁ'Sl gmr !ru in which nucleic acid extraction, amplification, and
also fully d iin a detection are carried out in a single ube.**! This method
manner (1-100%, r = 0.99) from GM wybnn lysate, is rapid and requires few pulati Single-tube

using PCR tnbes with an immobilized capturing oligo real-time PCR methods, using an aluminum oxide filter

for the transgene. Our datw indi that this is a rapid and u heated guanidine solution, have also been

and simple method lo determine specific genes for atiempted.’* However, these extraction processes re-

soybean and GM soybean in food matrices. quired special handling, such as pressure filtration and

dry evaporation of samples. In addition, these method:

Key words: DNA cxtraction; genetically modified or- could extract wial DNA from a sample but could not

ganismi; hybridization; polymersse chain specifically isolate targer DNA.

reaction; single-tube method We describe in this report a novel single-tube method

using hybridization as shown in Fig. 1. We focused on a

Molecular genctic methods lte widely used 10 dﬂu“l unique plastic surface :mal.mcnl which provides a unique

microbial path i dified org biocompatible phospholipid polymer and a functional

(GMOs), and food nllams A.mun; these methods, the ester moiety w0 lently hmd the i site for

polymeruse chain reaction (PCR) technique is the most unino-o!igonuclemides." A capturing oligonucleotide
commonly used. Real-time PCR Is a useful tool for can be immobilized on the surface-treated PCR twbe.

obtaining precise and guantitative information, Huw- We developed in the present study a novel, simple, and
ever, DNA extrection hods are time-c g qm:ﬁc real-time PCR method using capturing oligo-
often including column-based steps and precipitati bilized PCR tubes. The method detected target

and centrifugation steps with toxic organic solvents, In DNA in food matrices in a concentration-dependent

" To whem corespondence shoald e sddrossed. Tel +81-798-45.9982; Fan: +81.798-41-2797: E-mail. hariks @ mukogaws-u ac_jp
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Fig. L. Process for a Keal-Time PCR Method Living o Capruning Oligo-lmmobilized PCR Tube.

A cay oligo is i

bilized on the S-Bio®™ PrimeSurface™.wreated PCR uhe. Target DNA in 4 food lysate is hybridized 1o the capturing

oligo on the surface of the PCR tibe. Food matrices are removed by washing. Purified target DNA in the PCH tube is directly used for resl-time

PCR

manner. This study focused on the detection of soybean,
which is an allergenic food, and is often also 1 GMO.
Initially, the hybridizat for soybean
genomic DNA and soybean lysate were examined by
using the species-specific lectin gene, Lel, as the
capturing oligo immobilized on the PCR tube. Finally,
concentration-dependent detection of the ransgene in
Roundup Ready soybean (RRS) from genetically modi-
fied (GM) soybean lysate was examined by using an
RRS capturing oligo immobilized on the PCR tube.

Materials and Methods

Materials. Soybean, wheat flour, and comn flour were
purchased from a local market in Hyogo, Japan. Round-
up Ready soybean seeds were kindly provided by
Monsanto (MO, USA). Soybeans were ground 1o a
powder (AM-3, Nihon Seiki Seisakusho Company,
Tokyo, Japan). Certified reference materiuls containing
1, 2 und 5% Roundup Ready soybean were p
from Fluka (Buchs, Switzerland).

Hear of the ples. Soybean powder (1 g)
was suspended in 7.5ml of distilled water and auto-
claved (K5-323, Tomy Seiko Co.. Tokyo, Japan) at
110°C for 30 and 60 min (not including the tempermture

increase /decrease time), as described elsewhere®

DNA samples. Genomic DNA was extracted from the
soybean powder by using a silica membrane-type kit
(DNeasy Plant Mini Kit, Qiagen, Hilden, Germany). The
soybean DNA [4ng/ul in a lysis buffer (100 mm Tris
HCI (pH 8.0), 10mwm CaCl,. 0.4 M NaCl, and 0.5% SDS)
with 10mm EDTA] was added to the capturing oligo-
immobilized PCR tube in the experiments optimizing
the hybridization conditions. After hybridization and

washing, the purificd DNA in the PCR tube was
analyzed by real-time PCR. In the concentration-
dependent DNA experiment, 004 and 04ng/pl of
soybean DNA was prepared with a lysis buffer with
10mm EDTA. In the experiment investigating the
effects of food matrices, 4ng/pl of the soybean DNA
solution in 50 mg/ml of the wheat or corn lysate was
added to the capturing oligo-immobilized PCR tube.

Lysate samples. Powdered soybean (50mg) was
added to a 1.5-ml whe. After adding 980l of 400
pg/ml of proteinase K (Sigma, MO, USA), 200 ug/mi
of RNase A (Nacalai Tesque, Kyoto, Japan), and 14
U/pl of a-amylase (Nippon Gene, Tokyo, Japan) in a
lysis buffer, the sample was incubated st 60°C for
60 min with occasional voriexing. After incubating at
95°C for Smin, 20l of 0.5m EDTA was added. The
sample was centrifuged at 13000g for 10min, The
resulting supernatant was used as the 50-mg/ml soybean
lysate sample for the PCR method, using capturing
oligo-immobilized PCR tubes. The lysate sample is
defined as 100% and was diluted 1o 1% and 10% with
the lysis buffer in the experiment to analyze the
concentration effects. Lyvsamtes of wheat and com
(50mg/ml) were prepared in the same way,

Capturing oligo design. The capturing oligo sc-
quences for Le]l were selected from both inside and
ide the PCR amplifi region for Lel (Fig. 2).
The primer and probe sequences for Le/ were selected
from inside the region, and the 64-bp upstream and
89-bp downstream sequences of the PCR amplification
region were selected from outside the region (Table 1),
The sequence of the soybean lectin gene waus obtained
from GenBank (accession no. Gl 170005) and was
reconfirmed by a DNA sequence analysis. The capturing
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Fig. 2. Positions of the Captuting Oligos, PCR Primers. and Probe in Lel.
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DNA sexuences of the capuring oligos for Le/ are indicated by open boxes. We used the DNA sequences of Lelo02-5" and Le)n02-3 2
primers and Lel-Tag as the TagMan probe for real-time PCR for Le). The amplified region bs shown with & bald line

Table 1. Liu of Capruring Oligis

Capruring oligo Orientation
Uprsiream-+* et
Upsiream-a* antiscns
Leln02-4'o sense
Le | n02-3'-a* Entiaeme
Lel-Tag-s* sense
Lel-Tag-a* Antiseme
Le n02-Y'4* sense
LeinlZ-¥a** untisense
Deownstream-«* o
Downstream-o* antiscse
Leln02-3.8{—8 men" antisense
Lalnf2- 3ol +8 mer)* untisemse
S51Ih3.3 utiiscne
RIS shom-+* sense

e Sequence
FNH-OACCCTATTGTGACCTOCTC-Y
F-NH-GAGOAGOTCACAATAGOUTC-Y

“NH;-GOUCTCTACTUCACDOOCA-Y

NH-TOGOGGGTGOACTAGAGOGC-Y

“NHy- AGCTTOGCOUGCTTCCTTCAACTTCAC-Y

“NH-GTOAAGTTGAAGGAAGUGOGCGAAGCT -

“NH-AAAAGGCTTGCAGATGGOC-Y

-NH; -GCCCATCTGCAAGOCTTTT- T

Ny -GTUGTOGCTGTTOAGTTTGA-3

“NH;-TCAAACTCAACAGOGACGAC-Y

S-NHAGCAAGOTTTTT.Y

& NH-OANGGCAAGCCCATCTGUAAGCCTTTT-Y

Y-NH;-GATCAGUTTTGGGTOCGGA- Y

S NH-OCTTTAGGATTTCAGCATCA-Y

-

e

b

"Capturing aligos for Le/ wed b investigate lhe optime location 10 bind targel DNA
*Cagnuring oligon for Le/ weed ur investigute e optimal lengss of the capring vlign

“Captunag oligo lor the stach ryaduss T proe s mabse (mepative contmd olipol

“Capruring align fr RRS.

oligo sequence for RRS was selected from a PCR primer.
The PCR primer sequence for the starch synthase 1Th
gene (SSHb) described in the previous report was used
as the negative control oligo.®

Preparation of capturing oligo-immobilized PCR
tubes. PCR  tbes were treated with S.Bio®™
PrimeSurface® (Sumi Bakelite, Hyogo, Jupan),
providing a unique biocompatible phospholipid polymer
and a highly active functional ester moiety to covalently
bind the attachment site for amino-modified oligonu-
cleotides under alkaline conditions.” The §-amino-
modified oligo solution (Nippon Gene) was prepared
at 10pm with an alkaline solution, and was added (o
the PCR tube. After incubating for 90 min, the oligo-
immaobilized PCR tube was treated with a 0,1 M sodium
hydroxide solution to block the remaining functional
ester moieties, and then washed with water. To inves-
tigate the effects of different amounts of the capturing
oligo, 0.1 and | pm oligo solutions were also used.

Single-tube real-time PCR. Each sample (25 ul) was
added to the oligo-immobilized PCR tube, After
prebeating at 95°C for Smin, the tube was incubated
at 50°C for 30min. To investigate the ecffects of
incubation temperature and time, incubation was also
carried oul ut 25, 40, and 60°C for 15, 60, and 120 min.
The whe was washed three times with 200l of a
washing buffer (10 mm Tris HCI (pH 8.0), | mm EDTA,
and 0.2 m NaC1). A 25 jl volume of the reaction solution

ning 11ul of i free water, 12.5ul of the
FastStant Universal Probe Master (Roche, IN, USA),
0S5ul of a 10pm probe solution, and 0.5l each of a
25um primer solution was added to the washed tube.
The PCR system for Le/ detection is shown in Fig. 2.
The probe and primer sets had previously been used for
the quantification of GM soybean based on real-ume
PCR." The probe and primer set for RRS were
purchased from Fasmac (Kanagawa, Japan). The real-
time PCR assay was performed by using a 7300 Real-
time PCR system (Applied Biosystems, CA, USA). The
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thermal cycle program for all primers was as follows:
2min ot 50°C, 10min at 95°C, snd subsequent
amplification of the DNA for 40 cycles of 30s at

TableX O Values and Copy Numbers Measured for Lel from
10ng of Soybesn DNA Using Dillereni Capturing Oligos

95°C and 60s at 59°C. A standard curve was prep

from the GM Soybean (RRS) Detection Plasmid Set
(Nippon Gene), and was run on each plate to validate the
method and to determine the eficiency of the reaction
which was taken into account In the final calculations.
The standard curve for cach gene was linear (r > 0.99).

Statistical analysis. Each data value is p
the mean with standard deviation. A linear

analysis of dama for the correlation between Ct values

Capturing oligo €1 value Copy nuniber
Upatream.s MIE03 nxn
Upstream-a 64203 13£4
Lelnli2-&s 1o+03 LEE S 0]
Leln(2-5'-a BOL04 LEY
Lel-Tags M2+02 Lo E Y
Le|-Tag-a WBTL 0 1346
Leln(2-¥-5 JoAx04 123
- Leln02-3'-a 335£032 1016
as Dy W60 [EET
) D MO+02 76+ 10
55Ub3-¥ ND ND
Naone ND ND

and log of DNA or soybean lysate (%) was performed by
the least. hod. The real-time PCR efficiency
was calculated by using the slope of the linear regression
plot acconding to the equation E = 10/=1/%p) 51 A PCR
efficiency (E) of 2.00 corresponds w a doubling of the
copy number per PCR cycle. Analyses were performed
by using Sequence Detection Software version 1.4
(Applied Biosystems) and Excel 2000 (Microsofi,
WA, USA)

Results and Discussion

DNA is g iy i I by using organic extraction
and silica-membrane column extraction steps. However,
these extraction steps are Lime-consuming and ure
difficult to automate and downscale to a small sample
volume, The hybridization-bead method can resolve
these problems. However, the hybridization-bead
method is not directly used in real-time PCR, and the
numhcr of mbe-to-tube transfers still needs to be
ized \-\'cw loped 0 novel real-time PCR
d using hybri as shown in Fig. 1. In this
study, we first nnilymd the reaction conditions, such as
the capturing oligo design and hybridization conditions,
by using soybean genomic DNA and lysate, We then
used the method to detect GM soybean,

"

Capturing oligo
The design of capturing oligos is an r_umlu.nl l‘aﬂ.ur in

Nowt, 0 olige was mmobilued on the tsbe.
Dt are tacen vuloes & 5D in = 4)
ND. not detected.

camed out with the PCR reagents and thermal cycle
program described in the Materials and Methods section.
The copy number of Le/ in 100 ng of soybean DNA was
9068 + 497 copies (n = 4). Accordingly. the recovery
of soybean DNA by using an Leln02-3"-a-immaobilized
tube was estimated 0 be 1.2%. Le/ could not be
detected by using an S51Ib3-3-immobilized wbe which
was designed 10 capure maize DNA. These resulis
suggest that the oligo orientation and secondary struc-
ture of target DNA are imporam factors for the
selection of capturing oligos. Furthermore, this method
could isolute mrget DNA by specific hybridization 1o the
capturing oligo,

For a DNA microarray probe, the optimal oligonu-
cleotide probe length in a hybridization system is
typically 35- to 70-mer.” We examined the effect of
oligonucleotide length for our method. Among the
examined oligonucleotides, the 19-mer oligonucleotide
gave the highest copy number of Lel (Leln02-3-a
(=8 mer) [11 mer in length], 14 = 4 copies; Leln02-3-a
[19mer in lengthl, 157+ 12 copies: Leln02-3-a
(+8mer) [27mer in length], 32 + 10 copies; n = 4).
Consequently, this length was mruldcrcd 10 be the most

itable. We also investigated the cifcct of different

the specific recovery of trget DNA in a hybridi

system. We i igated the optimal | l‘nr target
DNA, and the effects of its arientation, length and
ion when i bilized on PCR tubes. We

chose capturing oligo sequences from the region
between approximately 100-bp upstream snd down-
stream of the PCR amplification region (Fig. 2). The
capuring oligos were designed by using seq from
several regions and from both orientations (Table 1)
Amaong all the capturing oligos, the highest copy number
n! Lel, 110 & 16 copies, was detected by using Le In02-
3 {I‘able 2). Therefore, Leln02-3'-a was used for all
ybean DNA d ion in this study. For

P DNA was ! from soybean powder

by using a silica membrane-type kit, and was directly
assayed by a general real-time PCR method which was

fons of the capturing oligo i bilized on the
PCR 1ube. The copy number of Lel was comrelated with
Leln02-3"-a concentrations from 0.1 to 10pm (0.1 pm,
2X 1 coples; 1um, 12+4 copies; 10pm, 101 £ 28
copies; n =4). Thus, 10pm was considered to be the
optimal olige concentration for immobilizing on the
PCR tube.

Incubation temperature and time

Temperature is an important factor for hybridization,
and various temperatures from 42 to 65 °C are used with
the hybridization bead methods,''™"? We tested an
incubation temperature from 25 w 60°C. The copy
number of Le/ in an Leln02-3-a-immobilized tube was
successfully detected at 40 to 65 °C, especially at 50°C,
but detection at 25°C was poor (25°C, 40 + 5 copies;
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