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Detection of Wheat as an Allergenic Substance in Food by a Nested PCR Method

Hiroyuki HasHIMOTO*, Yuhki MAKABE, Yasuyuki HASEGAWA, Junko SAJIKI and Fumio MIYAMOTO

Chiba Prefectural Institute of Public Health: 666-2 Nitona-cho, Chuo-ku,
Chiba 260-8715, Japan; * Corresponding author

A nested PCR method was developed for the detection of DNAs extracted from allergenic
substances (here, wheat) in food. Because of DNA fragmentation, detection of wheat-specific DNA
extracted from food, such as retort pouch food, is very difficult. Therefore, to improve the
sensitivity of detection, a nested PCR primer pair (WtrO1NE2-5" and Wtr10NE5-3": amplicon size
97 bp) was newly designed within the region of the PCR products amplified by the official
Japanese primer pair (Wtr01-5" and Wtr10-3"; amplicon size 141 bp) for wheat. Genomic DNAs of
seven kinds of commercial processed foods containing wheat, wheat flour and three kinds of
wheat flours pressure-heated at 100, 121 and 131°C were extracted with a commercial ion-
exchange type kit by modifying the Japanese official method. The nested PCR method involved
two PCR procedures. First, PCR was performed by varying both the PCR reagents and cycling
conditions of the Japanese official method. Second, PCR was performed using the first PCR
products diluted 200-fold with TE buffer. The Japanese official method enabled detection of only
four of the seven kinds of foods and three of the four kinds of flours (one sample was just a trace),
while the nested PCR method detected all seven foods and all four flours. Investigation of the
detectability of the four kinds of wheat flours depending on the size of the amplified fragment
using five primer pairs showed that its size must be kept to less than approximately 100 bp. The
nested PCR method significantly improved the sensitivity of detection of wheat-specific DNA.

(Received August 27, 2007)
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COFERD1-& LT, MEMBMLEIC X 3/NEHRK
DNA OESTFENEZ Shic.

%27 v FPCRIZ#EE L/ 2EOPCRICLY, BRI
JREE &R ED ONDE T &, #IETFHBRZ S
A4 2o EIcHV S h, REEE, HREEOR B
EshTWwWaFiETh s, 4, FEHSIHEIREICE
FB/NEDNAOKRIBEE Z2RE L& 5708, BHE
PCR % —#ek 3 L TFEM L 72 PCR RIGEKRZFIA L,
fAHER L2 25 v FPCRAZ 74 = —%tEHW i %
25 v FPCREOEB%ZRA. 4, NESEMLA
fh, RAHE/NER B X O30 R THIEMBLE %
Tot/NEMICOWVWT, 227 v K PCREDHEAMZ®
Ltk Th, BIFSHERESEONCOTHIET 5.

ERBRAE

1. & #

INEEEMLERE LTHRD Y v+ —, 759 50—,
ANV, E9HA, hHha=, VY——Y, LIV H
v—ERO f7, FRRo/NEORER L L THRO
HINER ARV,

2. HESIURARK

2.1 DNA

DNA OffitHic i3 f 4 Y ZXHKtIE s 1 70+ » b TH B
Genomic-Tip20/G (QIAGEN ##) ZH 7z, #EEKkid
Millipore % Milli-Q PLUS ¥ X ¢ Milli-RO5 PLUS T
FEBLL o8k ZE 121CT20 A — b7 L —THBE L
tbDEEWE. a7 3 57—+ (SIGMA 8D (3EEK
Ik 1mg/mL B3 X5 ICHEBL, AEBELLLD
%\ 7. Proteinase K £ & U RNase A |3 QIAGEN #t
BIAZHW, AV 7o LTI —ABLIUOTY / —IVIiZH
HMETEMOBEZRH VL, 70% T ¥/ — VIEKIZEE
KTHHBIL 72. DNA DI IZBEEKE AW 1.

2.2 PCR KI&

PCR J& i< (2 Ampli Tag GOLD & 10 X PCR buffer
1I1/MgCl, with dNTPs (7 754 FNXA # Y X 7 L X
YNy (B8 ¥ X U FastStart High Fidelity PCR
System (@ Ya« ¥4 757 254 v 2 248D %=H
W7z, DNA OFRFARICIE TE Bk (BRAKBE 10
mmol/L Tris/&#, 1 mmol/L EDTA (pH 8.0)) ZHW
fe. v ro—nE LT, LA VYF2 v h— (H
AR TE@ORD) HEoBta v ro -7y 7 Lr—©t
ZHWVT,

2.3 EXikE)

PCR AE# 1L (7 KXy 248D 2L, kB~
7 7 —I213 0.5 X TBE &l ik (F#X IR 44.5 mmol /L
Tris—Borate, 10 mmol/L EDTA) =\ 7:. DNA < —
# — 13 EZ Load Molecular Ruler 20 bp (US4 # 5 v F
FORD 2V, PCRIIGKB LUV DNA R —H —D
TTIAICR6X 0 —F 4 VIBEKE (= Ry Y-V
(BROED ZHW/. DNA OoZfEIiciE 0.5 ug/mL T35 &

HICHEB Lz F VYL TueA N (A vEbo vz vt
&) 2RO

3. BESLUHE

I Y = IFM-700G (4 7 % = (B &D, #+ — + 2
L — 725 MLS-3780F (4~ 3 — (B &D, BHIE
LB 5922 (7 K4 (BORD, #]kE 5 #: MMS-310 CGE
FHALZEBEOED, 1 v+ 2~—%—: FMS-100 (T
FALSS MR (KR B, iR K54 % — E,52 ALB-221
A 7FHEOED, <4 70F 2— 70 1-13 (7 £
yHEPHBD, ¥ v F IFH— MT-31 (¥~ FRZEGED
&), 4 EEE: BioSpec-mini (k) B #IfERTHED,
$—<H% 42 5—: PCR Express Il (#+—Fx L 7 b
o vs), EBXKEEE: Mupidex (7 F /v v 24
&), YIUIRE S N) -yt —v 2 —Hh— (GEFR
FEORD, Y4 2 — VR E: FASIII MODEL-
TM20 CHEE®OERD 2RV

4. IEMEBLE/NZROFER

RO/ NERIC 4 fEEROBE/KEZMA TRAL,
A—+2 v—THEBREHRWVTI00C, 121°C, 131CD
BIRET, ThZh 20 SREMEMBAEE L 2. 1217C,
BlICRzhZThIEMRBRRTHS L bV RS, £
REHEZED I L bV BFOREMEEERE & LT
E L7, %L oI mBVLE NERY I ER 4 5 £ T 4°C
THREL .

5. 7o4v—

T34 2 — 3L 5 LERREE S SAF -V e
WEABRERIEELE. 87 514 < —1Aik\d TE{EEK T 25
pmol/L OBEICHIGARIL, —30°CTHREL.

6. DNA BHOHER

AEHT Y vy — TR L, FARGEDRE U, InEma
HU/NER (JAEEE TR I L L, ARG E L, @5
#: PCR T (3 DNA i Hi B 1< 2 [8] o #5 & R IG5 b %
D, ZOBEEREOBBLUOA vFa—y—2H
2 & S MERIG (70 rpm) ICEE L. 2 hDIADOBRIER
BHIEICHEY, Genomic-Tip20/G ZH W T L7-. i
! DNA 7A# (3 TE #2@&# T 20 ng/uL I FRIFRIL, (#
T 5% T—30CTRIEL -

7. PCR &4

7.1 &A% PCR

PCR Gk 13 B AR B A5 1 X PCR Bl (7751 K
WAFVYRATFLXY ¢85 (BED, 0.2umol/LDT 54
<— Wtr01-5" (5"-CATCACAATCAACTTATGGTGG-3)
B & U Wtr10-3’ (5"-TTTGGGAGTTGAGACGGGTTA-
3’), 0.2 mmol/L dNTP, 1.5 mmol/L MgCl,, 0.625 U
Taq polymerase & 75 % X 5 IZR& L, 20 ng/uL IZHR
FB/IL 7- DNA B % 25 uL A, BHEKIcL 2B%
25uL & L7, I XTCoOAKETHRE LR 95CIc
10 3[R B, 95°C30 # i, 60°C30 # i, 72°C30 # R
Z1HA420ELT, 40 44 2 VORIERIGEIT - 7-.
Z Dk 72°C7 Sy BAHRRIG 21T - 72,



February 2008

* 27y F PCR#EZAVIARPORERME (NE) OBl 25

Table 1. List of PCR primers

Primer name Sequence (5'-3) T\ value? Reference
Tria05-5 GGTGGTTGGAATGGTTTAGAGG 61.3 This study
Tria04-3’ GGGATCGTCGATGTTCACACT 64.6 This study
Tria09-5 ACCACTTCGTCAAGTGAGGTC 61.6 This study
Tria06-3’ CACGAGGTTCGATTACACGAC 62.8 This study
Wtr01-5" CATCACAATCAACTTATGGTGG 60.1 Footnote No. 4
Wtr10-3’ TTTGGGAGTTGAGACGGGTTA 63.9 Footnote No. 4
Tria04-5 ATCTCAGGCAGGGCCATATC 63.6 This study
Tria05-3" TAAGGATGGGGAACGTTTGG 62.3 This study
DX5-5’ GCCTAGCAACCTTCACAATC 59.7 6), 7)

DX5-3’ GAAACCTGCTGCGGACAAG 64.3 6), 7)
WtrOINE2-5 TGGTGGTTGGAATGGTTTAGA 62.4 This study
Wtr1ONE5-3’ GGCACGCGGATTGTATATGT 63.0 This study
CP03-5" CGGACGAGAATAAAGATAGAGT 56.6 8)

CP03-3’ TTTTGGGGATAGAGGGACTTGA 64.1 8)
Plant01-5" AAAACCGGTCTTCGGGTATC 62.3 9)
Plant01-3’ TTCCAGTGGGGACAGCTATG 63.4 9)

a) Nearest neighbor method.
1,0004H

Tn=
—10.8+4S+R-1n (Ci/4)

—273.15+16.6log [Na']

AH (kcal/mol): sum of nearest-neighbor enthalpy changes.
AS (kcal/mol-K): sum of nearest-neighbor entropy changes.

R (cal/deg-mol): gas constant=1.987.

C, (mol/L): total concentration of oligonucleotide (calculated as 0.2 umol/L).
[Na '] (mol/L): concentration of [Na'] (calculated as 50 mmol/L).

72 RZAXFy K PCRi%

7.2.1 1st PCR

PCR SR (3 B IBEEAS 1 X PCR $B K (O oy & a .
TATI I RT 497 2B, 04umol/LDT 514 <—
Wtr01-5’ % & ¢ Wtr 10-3’, 0.2 mmol /L dNTP, 1.8
mmol/L MgCl,, 1.25 U Taq polymerase & 75 5 & 9 I
B&L, 20 ng/uL AR L 72 DNA i#m# % 2.5 uL i
Z, WEKcELBEZ25uL & L. $XRTORK%E
+2RE L2tk 95C i 25 R B, 95°C30 F R,
60°C30 ¥[8, 72°C30#MRI%E 144 20 E LT, 40 44
7 VOB IGEIT - 12, % D% 72°CT7 SRR MIER
JE%ELT - 12,

7.2.2 2nd PCR

1st PCR O itk % TE R E# T 200 fFicHmR L2 b
DEHFRDNA & LT 25uL LA %27 v FPCR
A7 54 <—%t& LT WtrOINE2-5' (5-TGGTGGTTG-
GAATGGTTTAGA-3") H & & Wtr IONE5-3” (5'-GG-
CACGCGGATTGTATATGT-3") Z M\ 7z. PCR It
13 1st PCR &[ElfkO#RKEH W7z, PCR %4 7 Vi A4
7 VEE 2094 7 vE L, ZDOfthid 1st PCR & [EIS#:
TIT> 7.

8. BRKEIEM

PCR RIGAHE D 75 uL % 6 X 0 — 7 4 v 7&K 1.5
L EiR&%, PCR AE #Vic & 0 0.5 % TBE & % vk
BNy 77—, L, 100~135VDOEBFITL D 40~50
SIERIKE L 7. KEIE TR, 05ug/mL T F VY A
7oA FIEKRT 20 5fEget L, 0.5X TBE &K T 20
SR L ik, vA A — URBIREEBIc L b UV (312

nm) ZME5 L, HEiE/ Y K2R L7

BREIUEE

1. 754 2—0%H

%25 v FPCRHAZ 54 < —xti@%% PCR 0/
BHE 7 5 14 < — X HBERL & 17z triticin precursor i#{z
F O EREE Y] 1EH (GenBank™ Accession No. S62630:
1567 bp) ki, @HEEPCR D7 54 = —xfc & 0 HEIE
SN A8 (1,171~1,311 bp) ® AR DB A 5 Primer
SKEHANWT, 54 2—DH% A X2 18~27 bp, Tn il
13 57~63°C, GC% (3 20~80% Tkt L 7z. %7z, Tria
04-5’, Tria04-3’, Tria 05-3’, Tria 05-5 |3 [6] /& fz F @
1,100~1,400 bp Q&P 5754 = —DH 1 X3 20~
22 bp, TwmfH(3 60~65°C, GC% |z 50~60% THxEtL,
Tria09-5’, Tria06-3" (i [a @iz T D LHEE» 57 51 < —
DY A4 X3 20~22 bp, TnfElZ 59~61°C, GC% i 50
~60% CTixit L7c. EFO/NERIEA T 54 < —xf& L
T, WHIEPCR ® 754 < —x (Wtr01-5/, Wtr10-3') £
L UBEHS "D 7 5 1 = —xt (DX5-5', DX5-3") 2\ 7.
EYBRHE 7594 = —xt& LT, @EEPCROT 5 4
< —%} (CP03-5, CP03-3')® B L UEH SBER LT 5
4 = —%t (Plant01-5", Plant01-3")® ZH W7z, EHA LA 7
54 <—D—&E% Table 1 Ic/R9. FtH, 8754 ~<—
EHlAEGDELT 51 < —XDOES (No. 1~8) & HiFE/~
v FE% Table 2 IZ/RY.

*5 http://frodo.wi.mit.edu/cgi-bin/primer3/primer3_www.
cgi (2007/03/27 16:00)
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Table 2. Primer pair number for detection of
wheat-specific DNA and size of amplicon
obtained by PCR

No. Primer pair Amplicon size (bp)

1 Tria05-5"+ Tria04-3’ 66

2 Tria09-5"+ Tria06-3’ 113

3 Wtr01-5"+Wtr10-3’ 141

4 Tria04-5"+ Tria05-3’ 209

5 DX5-5"+DX5-3" 450

6 Wtr0INE2-5"+Wtrl0NE5-3’ 97

T CP03-5"+CP03-3’ 124

8 Plant01-5"+Plant01-3" 161

2. DNA B#&+$® DNA BRE

INFTEEOT- LEERHBICK VT, Aivaldst
MEMBBRERROL ML A L— 35K St L
DNA DR 1 2~11 ng/uL LIEWITIKBETH - 7-.
#Z 7T, DNANEOEWL Vv kA1 L—2HWT, @5
HEOMHE & ARG THO B RO BRET &2 iT - &
Z A, BT DNA B 11 ng/ul ThH -7 L
PP AL—IZBVT, AMETHVHMEHETIE 59
ng/uL OIEMBF LN, Fh, EEOHNNFF, )V
TBLUA Ly YR EOREYD Sl L DNA KB W T
b, [ARICINEDE EASR SN, DNA XEOE I,
DNA f i o #iE RSS2 IR & IR RKIGICEE T %
ZEicky, MEICHWS G2RBRER, a-7 I 7 —¥BX
0¥ Proteinase K & &k & oL RGIITOH, AE
ORIGHERFE LIz sk B b EEREsn., NES
BMLEMR7HE ROBE/NEK S X OIMEMBLEE/NE
¥y 3 it DNA 2R ORIEFER % Table 3 IT/RT.
DNA 7A#& @ 230 nm, 260 nm, 280 nm ¥ &£ ¥ 320 nm
OWHEZBIFEL, 320 nm OBSEEE Ny 7759 v K
& LCERIEL, 260 nm OWIEED S DNA B 4
BHiL7.. DNA OfiE%2HES 5708, 260/280 nm @

WHEE S v BEORAE, 260/230 nm O
W o2 HEs L oREEY OB ZFEM L 72, fhi DNA ok
FEREHIZ, 260/280 nm A5 1.84~1.99, 260,/230 nm S
2.04~4.25 OHFTH - 7o, il DNA #E 13 59~2,480
ng/uL OHFFETH - 7. WFNOHHH DNA ITB W T b,
$RIE LT A2BETHS 20ng/uL Ll ETHY, *
TeRNEHIC B WTIR Y V32 BB X B EORME I3
Y (R0 TN

3. INEZEEFAMIESRS L UMEMBLENERCXTT

%@%i% PCR DE A M

ZhE T, @ PCR O TAERICXd @AM Ic>
VWTRTZIBSEhTwiEw, 22T, NESENMLA
ih 7 HE, RAFE/NER S X OINE BN 3 &4
W, @Ak PCR O %R L. fE5% Table
41T

it L 72 DNA @ PCR [HEEH 23l 2 1201, #f
YIRIAE 75 1 = —%t No. 7 2T, BEIESRHEICHED
PCR ZFHi L 72 & 2 A, 131°CHUE/NER Ol DNA A
SIEIE NN Y KRB E Wi ot 22T, FEEOHE
% L 7k i 7 5 4 = —%¢ No. 82 % F \ THlHIESR
HICREWPCRZEM L1 & 25, $xToORKOME
DNA 28\ T 161 bp fhiLic FEES N 3 R & 0ig/ v
MoskRita e, DEOERM» S, wWEFhodlit DNA &
BREBICHELIZGETHBEEEZ ONT:.
/INEDNAKRHEHE® 75 4 = —%f No. 312 & v @1
PCRZZEM LT A, VLM L—BLU131CH
BN OMH DNA 5 5 (338IE/ 5 v K2R S hish -
fo. BH1E PCR O&HBEFICB VTS, NEEFBL b
Vb BIEA S 13/N3E DNA ORI REIRETH - 72¥6 2 &
» 5, BfTo@%lE PCR IINEMBE SO —Hic 138/
R < db 5 RS RIE S N fe.

Table 3. Spectrophotometric analysis of extracted DNAs

Ratio
No. Sample Concentration of DNA (ng/uL)
260/280 nm" 260/230 nm®
1 Cookie 1.84 2.04 281
2 Cracker 1.93 22T 1,930
3 Bread (Syokupan) 1.92 2.18 1,360
4 Thin noodle (Somen) 1.90 2.20 2,480
5 Macaroni 1.93 2.29 2,190
6 Sausage 1.90 2.78 199
7 Retort pouch curry 1.88 4.25 59
8 Wheat flour (WF) 1.89 2.29 1,940
9 Steamed WF at 100°C 1.99 2.58 220
10 Steamed WF at 121°C 1.96 2.19 256
11 Steamed WF at 131°C 1.92 3.13 75

a) DNA extractions were carried out by using Genomic-Tip20/G kit (QIAGEN).

b) Criterion: 1.2-2.5
c) Criterion: 22.0

WS, BARDEEERE 84 MIENHHAMEESE,
p. 104 (2002).
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Table 4. Detection of PCR products amplified from extracted DNAs using three kinds of primer-pairs

Plant Wheat
No. Sample CP03% Plant01" Wtr0l+Wtr109

124 bp 161 bp 141 bp
1 Cookie +d - +
2 Cracker + + +
3 Bread (Syokupan) + + -
4 Thin noodle (Somen) + + +
5 Macaroni + + +
6 Sausage + + +
7 Retort pouch curry + + —e
8 Wheat flour (WF) + + +
9 Steamed WF at 100°C + + +
10 Steamed WF at 121°C - + Trd
11 Steamed WF at 131°C = + =

a) Primer pair No. 7
b) Primer pair No. 8
¢) Primer pair No.3
d) +: positive

e) —: negative

f) Tr: trace band

<— 1350 bp
<— 500bp

<— 200 bp

_| < 20bp

Fig. 1. Agarose gel electrophoresis of DNAs extracted from 11 samples

Lanes: M, 20 bp ladder size standard; 1, Cookie; 2, Cracker; 3, Bread (Syokupan); 4, Thin noodle (Somen); 5,
Macaroni; 6, Sausage; 7, Retort pouch curry; 8, Wheat flour (WF); 9, Steamed WF at 100°C; 10, Steamed WF at

121°C; 11, Steamed WF at 131°C

4. MMITAEICKZFREMEBEZE DNA &L U/NEDNA
DIESFE
REEEMLARTIIMIALEIC X 3 KT DNA OES
FALBME SN TV B9, PCR#ETIE, i L7 DNA
M7 54 <= —Rc kv IEIESh 3L » bE L ES L
LTWEIBA, RiiR#EcnsEEIONE. DL
5, BHENR DNA OESFLoRER L CRHAT 5
1 = =Xt OE/ N v FEOKEZ DNA RO R[EH %
LPEHBELEREL->TVS,
INEEEMLAR T, MBI X 3/ DNA OfK
[FEHBHHIBREF I TORY, 22T, MTIAEOR
BANEEEMLASTE ROUE/NERE & CINEM
BT/ NEF 3 FlA» Sl L 7c DNA 2T, BXKE)
& PCR T & 0/ DNA OIESFb %314 L 7-.
4.1 BRKENIC &K BIESFLOFEME
DNA D& L2 BXKE < £ 0 34l L 72§52 % Fig.
1IZ/RY.
INEEFEMLARTI, BIENTABEI 7 v +—,
759 h—, BNVEBIUKEYZEMTAEI NI Z S

WA, THo=TREEDTO DNA BHIEKNZEFELT
Wiz, —74, IEMBE sy —&—2, Vbbb A
L—TI, #Hh %4300 bpLllt, 200 bp Ll E® DNA
FEEALHERINE - 1,

HOFE AN/ NERY T 13 100°C, 121°C, 131°CALE DA
I DNA DIES F{bhstE A, 131°CHLE T3 180 bp LI E
@D DNA R iZEAEHEREI N - 1.

7 F =005y Hh—11EOREEM T I3ER 200~
300°CEEOHRE TEMS 505, &5 D DNA »ih
BHEZCEELTWER, —4, MEMBMEI iz —
=YL bV NH L —BLOMEMBLENER O
121°C, 131°CALIE T3 200 bp Ll EDE45rF DNA 3t
shtihpote. YUbokEE,» S, DNA OESF LRI
BEX D SIEMBAOEELSKEV EhRBE NI, 4
[E#RET L 72308 T3 131°CIUE NERY D i b SR I B T
ftLTutz.

4.2 MIBRICHITIRERFEIE/ NV FROBKE

ILESH» St L2 DNA BEEIESFELTVS
75, 1560 bp LFDO DNA BEFLTVEREEZ SN TW
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Table 5. Detection of PCR products amplified from extracted DNAs using five kinds of

primer-pairs shown in Table 2 (No. 1-5)

z
°

Amplicon size (bp)

Sample
66 bp

113 bp

141 bp 209 bp 450 bp

Cookie bt
Cracker

Bread (Syokupan)
Thin noodle (Somen)
Macaroni

Sausage

Retort pouch curry

I+ 4+ + + +

|+ + + + + +
I+ 4+ ++++
|+ 4+ + + +

L o 4 4 o4

Wheat flour (WF)

Steamed WF at 100°C
Steamed WF at 121°C
Steamed WF at 131°C

— O ©O N OO e WD~

—
+ + + +

$ 4 b
24+
b
I+ +

|
I
|

a) +: positive
b) —: negative
¢) Tr: trace band

200 zotd, BHIEPCRO T 54 < —xfid 95~
141 bp &P TEF N TV S, L, 141 bp OHEiE
Ny FEZFESBEHEPCR D7 54 < —%t No. 3 2 HW
feEhcB VT, MEMBMESI AL PV L—B &
U 131°CALE/NER /N DNA (IR ETRET & - 7e.
22T, BEMTARICBT 2RERR L5 2H80E/ v F
RAMETL 7.

75 4 < —xfl2 Table 2 ® No. 1~5 IZ/R L &g/~
FEDRL 3 66, 113, 141, 209 38 & 1450 bp ® 55t %
Huwie., 754 = —LADOEH LB PCRICHE -
1o, fEE%A Table 5 IZ/RT.

REgEIN TS Wtz v ¥ —, 259 h—, BNvEBEX
DK RN TR S Wic 2 DA, wHo=TIFTN
TO7 54 ==t TRIHAEETH > 72, LA L, IEME
MIEE Nty —+— Y Tld 450 bp DIEIE/ Y~ FOSBHAR
ARETH -1z, Fh, LIV P HIL—TRIRTOT 54
<= TRIEARAIRETH - 1. —F, RUE/NEBRE LU
100°CHLE/NERY TR T XTD T 54 = — X TRIHFJRET
H - 1o, 121°CHLEE/NERY T3 66~141 bp, 131°CALEE
INERTIE 66~113 bp OEIFHDKL W IEIE/ N > K DA DR
Hah, sk KEEHEIE v FIBREAATRETH -
1z

VI EDOHERNS, Vb Lr—2BROEINTAESS L
OHNEMBLE NEZ DR HIR AR Y~ FRREBBOU R
113bp UTFTH 1T &m0, 734 2—XN3BBLZE
100 bp IR TH#&ETT B3 2 5B EEZ St

5. RZXFw FPCREICKZHHE

INEEBFINTARSS X OIIEINBWEY N % TR
HIR AR N Y FROBRET2T-7cE A, LhVES
L—ItBOLTIIIE/ N Y FEZ% 66 bp IFRE L 2BAI
BOTHBRIEAAETH 1. £/, 7514 <v—xfNo. 6
AHOTEAEB LU R ZXF v F PCR & 1st PCR &4
Kk ERAICE A, BHIETIREARTFETH

D, %25y FPCRED Ist PCRIZBEWVLT bV KA
B CHIEDLEE L >, £ T, FKER LR X
7y FPCRAZ 4 v —®%ZFHWi%* X7 v FPCR &
N

5.1 1st PCR
INEEFMLEMB X OCIMENBE N D O L
7211 DO DNA %W THEAMEPCRBL PR X T v F
PCR#® 1st PCR #{T- 7. Btka v ro—n & LT7
LWy F ey A —fEBOB I v bo -7y T L—t
ZHWV, B3 v~ b o— v (Non-template control) & L
TDNA OEFN TV WEEKZH WL, @HE PCR
DFERA Fig. 2A 1, % 27w F PCR&®D 1st PCR D
R% Fig. 2Bic/R L. @HIEPCR TV MV b A L —
BLU 11 CHE/NERDBBRHEARFETH - 7o, % X
7 v F PCR &® 1st PCR TRIRHAIGETH -2, T DH
& LT, PCRICAHWV 2R EHEDORIED S Fast-
Start High Fidelity PCR System (CZ &8 4 5 Z & THIE
hEMEE L b0 RSN,

5.2 2nd PCR

Ist PCRIZEWT, T XTOAKOKMAEREE 75 -
1S, L bV kA L — B KT 131 CAERY NEREIE O AR
NY FEAHBETH Y, EROMELKNETH 7. T
T, lst PCR ORIGK ZE#HERI L L T 2nd PCR %%
LElAh, TFR bV FREERESNEZ 2+
FINy FORIIZ Ist PCR TEA LT 54 = =KD
HELEZONILYD, TORELEBRSE L0 1st
PCR XIti#i % TE & < 200 fZic 7R L, 2nd PCR %
EMEL /-, #5E % Fig. 2CIZ/Rd. 2nd PCR TR 4T
DikED SR Y v F SR ICHER S v, BEICHEATRE
Etotz, Fh, TUWE VF 2w h—ftEOBEM T v b
o—lF Y7L — b5 2nd PCRICBVLTHRHARET S -
1ol EmDS, FAFy FPCREDEMz Y vo— & L
TIHEATIRETH 5 T & HEE s r-.



February 2008

%25 v F PCREAZMAVAARPOFEFEME UNE) ot 29

8 9 10 11 12 13 M

A:
B:

| «— 141bp
G

| <—97bp

Fig. 2. Agarose gel electrophoresis of PCR products amplified from DNAs extracted from 13 samples

Arrows indicate the expected PCR amplification products.

A: Japanese official PCR method, primer pair No. 3.
B: Nested PCR (1st PCR) method, primer pair No. 3.
C: Nested PCR (2nd PCR) method, primer pair No. 6.

Lanes: M, 20 bp ladder size standard; 1, Cookie; 2, Cracker; 3, Bread (Syokupan); 4, Thin noodle (So-men); 5,
Macaroni; 6, Sausage; 7, Retort pouch curry; 8, Wheat flour (WF); 9, Steamed WF at 100°C; 10, Steamed WF at
121°C; 11, Steamed WF at 131°C; 12, Positive control; 13, Non-template control

—HEHNT R 2T v F PCREERRHBRELESRETH 5
1o, BEDOPCREICHNNT/oRa v Ix—vay
ofsEiErEnT b0 LEL 50TV, flith DNA ©
Hik\, PCRAEOREHR, 1st PCR RIGHERDHR
B IO OEEETL S BEDND 5. ABRREDOZ
W AR T B oI, KRB o HE & [E H i< Non-
template control 8 X P v bo— Vv EHWE C &
DEELEZIOLNS.

¥F & ®

* 27 v F PCR k&R W IRERME CNE) otk
AT L 7.

DNA ORHRAR LB 2R~y FEERETLIEC
5, 754 =—i3BBLZ 100bp IFTREST B &
BEMEZEZ SNht. f1, /NE DNA OESFLIEE
DOREX D SINENBOEENKE W EWRBI N,

BT 0@ PCR TR—HOMEMBA TS & TR
KAJEETH > 12h5, XA F v FPCRE®D I1st PCRITL D
HEIE /N v NI RBABECTlE & 2 05 HmlREE 15 - 2. & 74,
Ist PCR Rk =8 & LT%2 X7 v K PCR#® 2nd
PCR Z%FEMiLc & &5, T XTORECHABE S HEIE/ N v
FAskRHHETREL 72 - 7.

AL L7 x 27 v N PCR &3, HIEMBVLEIC &
D EEIESFIL L7 DNA LB W T bRHTEIRETH - 12
EDS, BEOMLAERBLUEZL OV MV FEMR N

ALVMLVFERCBOWTOEHAMELCREEREEEI SN
5.

B, AWREO—HBI3EARRELEFSE 93 BIFM#
& (2007 5 H, HFD cBLWTRERELL.

X ik

1) Takahata, Y. Detection methods for allergic substance
in food by enzyme linked immunosorbent assay (1).
Shokuhin Eiseigaku Zasshi (J. Food Hyg. Soc. Japan),
43, J275-]J277 (2002).

2) Mamegoshi, S. Detection methods for allergic sub-
stance in food by enzyme linked immunosorbent as-
say (2). Shokuhin Eiseigaku Zasshi (J. Food Hyg. Soc.
Japan), 43, J277-J279 (2002).

3) Futo, S. PCR testing for food allergens in food prod-
ucts. Shokuhin Eiseigaku Zassi (J. Food Hyg. Soc.
Japan), 43, J280-]J282 (2002).

4) Hashimoto, H., Makabe, Y. Hasegawa, Y. Sajiki, J.,
Miyamoto, F. Study on the method for detection of
allergenic substance (wheat). Annual Report of Chiba
Institute of Public Health, 54, 53-57 (2005).

5) Brod, F. C. A, Ferrari, C. dos S., Valente, L. L., Arisi, A.
C. M. Nested PCR detection of genetically modified soy-
bean in soybean flour, infant formula and soymilk.
LWT-Food Science and Technology, 40, 748-751
(2007).

6) Anderson, O. D. Greene, F. C. The characterization
and comparative analysis of high-molecular-weight



30

af#rE Vol 49, No. 1

7)

glutenin genes from genomes A and B of hexaploid
bread wheat. Theor. Appl. Genet., 77, 689-700 (1989).
D'ovidio, R., Anderson, O. D. PCR analysis to distin-
guish between alleles of a member of a multigene
family correlated with wheat bread-making quality.
Theor. Appl. Genet., 88, 759-763 (1994).

Watanabe, T., Akiyama, H., Maleki, S., Yamakawa, H,
lijima, K., Yamazaki, F., Matumoto, T., Futo, S., Ara-
kawa, F., Watai, M., Maitani, T. A specific qualitative de-
tection method for peanut (Arachis hypogaea) in foods
using polymerase chain reaction. J. Food Biochem., 30,
215-233 (2006).

Hashimoto, H., Makabe, Y. Hasegawa, Y., Sajiki, ],

10)

11)

Miyamoto, F. Detection of allergenic substances in
foods by a multiplex PCR method. Shokuhin Eisei-
gaku Zassi (J. Food Hyg. Soc. Japan), 48, 132-138
(2007).

Matsuoka, T., Kawashima, Y., Akiyama, H., Miura, H.,
Goda, Y., Sebata, T., Isshiki, K., Toyoda, M., Hino, A. A
detection method for recombinant DNA from geneti-
cally modified soybeans and processed foods contain-
ing them. Shokuhin Eiseigaku Zassi (J. Food Hyg. Soc.
Japan), 40, 149-157 (1999).

Akiyama, H. Notified detection method for allergic sub-
stances. Shokuhin Eiseigaku Zassi (J. Food Hyg. Soc.
Japan), 44, J168-J177 (2003).


http://www.tcpdf.org

