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

Hiroyuki Hasuimoto*, Yuhki MAKABE, Yasuyuki HASEGAWA, Junko SajJiKI and Fumio M1YAMOTO

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 (WtrOI1NE2-5" and Wtr1ONE5-3": 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.
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A4 2O SV S, MR, RREREOR A
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2. RESLUVHRE

2.1 DNA #iH

DNA DOt id A 4 Y Mg s 1 7D+ » P TH B
Genomic-Tip20/G (QIAGEN #&) Z Wz, WE/KIZ
Millipore %! Milli-Q PLUS % & ¢* Milli-RO5 PLUS T
LU 7288k E 121°CT20 04 — b7 L — ZIHE L
rzboEHWE, a7 ¥ 5 —+ (SIGMA &) (ZHEK
IC& D 1mg/mL 782 XL, A@BEELEZLD
Z W7z, Proteinase K 35 & ¢f RNase A & QIAGEN #t
WAV, A FoEr7rva—vBiUOzy /s —VIEH
FHERTE@OBA T W, 70% T ¥/ — VIR ISEE
KT L 72. DNA DA EIEE/KE V72,

2.2 PCR it

PCR K12 13 Ampli Tag GOLD & 10 X PCR buffer
I1/MgCly with ANTPs (7 75 4 KN4 & ¥ 2 F & R
YN v (B ED B & U FastStart High Fidelity PCR
System (T w ¥ a « ¥4 7277 25 4 v 7 21D &H
W7z, DNA O RSN 3 TE B EKR (RREIEE 10
mmol/L Tris/#&, 1 mmol/L EDTA (pH 8.0)) ZH W
fo. Btka v re—nE LT TLVWS YT 2y h— (H
AL TZEMOED HEobtta v re—vs 7L —1©
W,

2.3 BXIKEN

PCR AE# v (7 F Ny 248D 2 W, kBN o
7 7 —IT 13 0.5 X TBE # i (H#&EE 44.5 mmol /L
Tris—Borate, 10 mmol/L EDTA) ZMHW7.. DNA <= —
71 — 1% EZ Load Molecular Ruler 20 bp (/X4 4 5 » K
D 2Mvi. PCRIIGEBLIUFDNA~Y—H—D
TAIAE6X 0 —F o v IEEGE (= Y-V
HOED 2/, DNA OZefhiid 0.5 pg/mL 12755 &

HICPFHM L ez F Vv aTuxA K (L vEbD Y i
&) ZHw.

3. EBHLUHRE

IV — IFM-700G (4 7 4 = (B &ED, & — ~ 7
L — 7 MLS-3780F (# v 3 — (&Y, BEILE
Db 5922 (7 K7 (OB, k& 5 MMS-310 GH
FH LI (O ED, 4 v+ 2 ~N—% —: FMS-100 (BH5L
PRALESA () Y, [EiEFE: F 54 % — &y 2 ALB-221
U 7FFEOED, =427 0F 2 —7@ELH: 1-13 (7 F
7 HOHED, ¥ v F I FH — MT-31 (v = b FF0ED
&), 4 %BEEE: BioSpec-mini (k) BB ERTED,
Y —=<IH¥ A2 55— PCR Express Il (¥ —Fx L7 b
o v, BRIKEIZEE: Mupid-ex (7 F/¥ ¥ 24t
&), FURESIKHE: N) =5 vy —v -5 — (FHFIR
BB B, VA A — VN FASIII MODEL-
TM20 CREFMEEDRD 2H W,

4. PNEMESLIR/NZE DR

MO I NERIC 4 (SEBOBEKENA TREA L
-+ 7 v—7HESE AR T 100°C, 121°C, 131CD
KEE T, ThZh 20 SREMEMALE L 2. 121°C,
Bl CEzhENIMENARRTHL L MV AR, XD
RELEED oA L bV b A OREENERE & U TR
E L fo. S 7oA N R 4 % & T 4°C
THREFL .

5. 54 <7—

7oA 2 — 3N 5 LRI E S 54— Y v X g
WKAKREL L., &7 54 <~ -8k 3 TEREEIK T 25
pmol/L DR ICAHHELL, —30CTRIFEL 2.

6. DNA Fi&DFHS

AkEHE I vy — Tl L, HEGEDR S U7 nHEins
BN SRR TR —b L, FARGEORE Lic, @kl
7% PCR T 13 DNA il th 512 2 [0] o & i i RO 28 & %
D, TOEREEREOBBIOAS vF -y —FHWE
Pz & S MRSE (70 rpm) IZZEH L 7z, T NLIAN D RAE X
BHEICHEY, Genomic-Tip20/G Z AW T L /2. #f
Hi DNA /#7413 TE #2 %% < 20 ng/uL ICFHRFESLL, (#
M4 2ET—-30CTHRIELL.

7. PCR &%

7.1 @HiE PCR

PCR WG 13 A& AR /S 1 X PCR &1 (7754 K
NAF VAT LRXY v v (FHED, 0.2 umol/L D7 5 A
<~ — Wtr01-5" (5"-CATCACAATCAACTTATGGTGG-3")
B LU Wtr10-3” (5"-TTTGGGAGTTGAGACGGGTTA-
3’), 0.2 mmol/L dNTP, 1.5 mmol/L MgCls, 0.625 U
Taq polymerase & 75 % & 9 ITEA L, 20 ng/uL IZFHHR
B L 72 DNA /A %2 256 pL A, BE/KICE D 2E%E
25 uL & L, I XToREETniRE L&, 95Cic
10 3R 5, 95°C30 F i, 60°C30Fbf, 72°C30 # R
Z1HA20ELT, 40 %4 2 VOMIRRIGZT - 72,
Z D% T2°CT P RIEmAHRIIG & 1T - 72,
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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)
Wtr01NE2-5" TGGTGGTTGGAATGGTTTAGA 62.4 This study
Wtrl1ONE5-3" 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

Tm=
—10.8+4S+R-In (Ci/4)

—273.15+16.6 log [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 RRARFw FPCRiE

7.2.1 1st PCR

PCR B 3 AR ERE A3 1 X PCR B (9w ¥ a o
TATT ) AT 4 v 7 ZAEED, 04umol/LD7 54 <—
Wtr01-5" % & ¢f Wtr 10-3’, 0.2 mmol /L dNTP, 1.8
mmol/L MgCl,, 1.25 U Taq polymerase & 75 5 X 9 I
RBAEL, 20 ng/uL ICAHFEELL /2 DNA &% 2.5 oL N
Z, BEKICEDLEEZ25uL & L. $XTORKE
TR EG Lk, 95°CIT 245 IR B, 95°C30 R R,
60°C30 O, 72°C30#MRIAZ 144 271 & LT, 40 %4
7V DMIRRIGEIT - 12, % Dtk 72°CT S EHAR MR
JBZFT - 72,

7.2.2 2nd PCR

1st PCR O G % TE i < 200 f5IC AR L 72 &
DEFHHDNA & LTC25uL FH L. # 25 v FPCR
H7 94 <—%& LT WtrOINE2-5” (5"-TGGTGGTTG-
GAATGGTTTAGA-3") % & ' Wirl0NE5-3” (57-GG-
CACGCGGATTGTATATGT-3") 2\ 7z. PCR KRGk
1% 1st PCR & [ERE DR Z W7z, PCR %A 7 vid 4 A
I VEE 2044 2 v & L, ZOftid 1st PCR & [R5k
TiT- 1.

8. BRKENEM

PCR BRLAIRD 75 L %2 6 X 0 — F ¢+ v 7&K 1.5
uL EIREH, PCR AE #vic X 0 0.5 % TBE Bk % ik
vy 77 —&L, 100~135 V OEBFICED 40~50
fEESKEN L 7o, DRENE TR, 05 pug/mL = F Y A
7a <A FIERT 20 gkt L, 0.5X TBE & T 20
S L2k, VA A — DREFEEE I L UV (312

nm) &85 L, Mg/ Yy FERRH L.

EREELUEBR

1. 7’547 —0D%:s

* 25w FPCRH 754 = —%tid@%A1E: PCR O/ %
MHEH 7 5 4 < =% DMERK & 7172 triticin precursor &1z
T DIEEE 15 (GenBank™ Accession No. S62630:
1567 bp) ZHkiz, @I PCR O 7 5 4 < —%hic & b Baig
SN B (1,171 ~1,311 bp) D NI DO FCLF 2> 5 Primer
SBEHWT, 754 3—DH% A X 18~27 bp, TwfH
13 57~63°C, GC%320~80% Ti%il L 7. %7, Tria
04-5’, Tria 04-3’, Tria 05-3, Tria 05-5" |3 [[] i& = F D
1,100~1,400 bp OHPHN 57 54 = —DH A4 X3 20~
22 bp, T fE L 60~65°C, GC%l¥ 50~60% Tl L,
Tria09-5", Tria06-3" F[EE L F O RN 67 54 v —
DH A X3 20~22 bp, T flild 59~61°C, GC% (F 50
~60% Cikit L7c. BEFO/NEREH 7 54 ~— % & L
T, WHAEPCR D7 54 < —xt (Wtr01-57, Wtr10-3")
FOBERS "D 7 5 4 < —xf (DX5-5', DX5-3) Z .
HEYMEH 754 <~ —%& U<, @AEPCRD T 5 A
< —Xf (CP03-5", CP03-3")® B L UEHODMER L1275
14 = —%t (Plant01-5, Plant01-3")% ZH W/, {EH L7
54 <w—0—8% Table 1 It/Rd. Ft, BS54~ —
EHAEGDERL T T4 < =X DES No. 1~8) &g/~
v RE% Table 2 IT/R 7.

* http://frodo.wimit.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 Wtr01NE2-5"+Wtr1ONE5-3’ 97
7 CP03-5"+CP03-3’ 124
8 Plant01-5"+Plant01-3" 161

2. DNA A&+ ®D DNA BE

INFTEEOWT-» LFEREFAEICE VT, Bovaldss
MEMBGREESO L VAL — 33K S L 7
DNA DEREF 2~11 ng/ul EIFEFITREETH - 1.
Z 2T, DNAINEDE WL bV b A L —ZHWT, @A
EOHIHEE & AR T O 7ot R O iR 21T - 7o &
A, @EHEETEME DNA EED 11 ng/ul. Th > 7z v
PP AL—IZBWT, RBETHW AT 59
ng/uL OWEMNE SN, Fiz, FEHOKNFF, ) v
TBROA LY VB EORYP S L DNAITBWT
b, FFICNEDE ESR S, DNA IKED EE,
DNA fh i o FE BB 2R & 5 INERISICZE 4 5
CTEicky, MV 3 G2 RBEK, a-T 7 —€E &
U¥ Proteinase K & &K & oL TIRMICITO N, Bk
ORIGHENRH Lz Ltk 3 b RSN, NES
AINTEG7HE ROBE/NER S X OINENELER N
¥ 3 FE D DNA R O flER R % Table 3 1Z/R9.
DNA /A ® 230 nm, 260 nm, 280 nm 5 X ¥ 320 nm
DO ZME L, 320 nm OEEE Ny 7 75w v K
& L CREMIEL, 260 nm QUL & DNA %
B L7.. DNA OHE %R %729, 260/280 nm O

W S & v EOE%, 260/230 nm OIEE
s & 2 1s & OAKEY) D B A M L 7o, fliH DNA ol
JERE FE, 260/280 nm A3 1.84~1.99, 260,/230 nm A3
2.04~4.25 OFPHTH - 7. il DNA B 1E 59~2,480
ng/uL OHEHIPFHTH - 72. LT O DNA ITB W T b,
BHRE L CHiT 31 Th 5 20ng/uL VI ETHy, %
OIS B WTIR Y v X7 EHB L OB ORI
SNEH -t

3. INEZEEMIESRS L CINEMEBLEBNERICXTT

3 @EHMi% PCR OERMH

INF T, WHEPCR OMTEMICHT 28 Mk
VWTRPHBRETEh TV, 2T, NESEINTA
G TR, R/ NER B K O INBLER NEE g 3 i A
MW, @Ak PCR o PEZ 8 L 7. #55% Table
4 1TRT.

i L7 DNA @ PCR BHEFHEH 253 5 7o i, HH
YT 7 5 4 = —3%f No. 7 2 H\W T, @AIESEICRE L
PCR 2% L7z & T A, 131°CHE/NER DHIH DNA
SIIHE/ Ny RIS NE -1, £TT, ELEOSHIE
Ak L 7o HEYIRR 77 5 4 < — 3%t No. 89 % WL Casss
FRICHEVWPCR 2 L7 & 2 A, +XTOEKE OHH
DNA 2B\ T 161 bp fHTIc FEE N 2 E S iElE/ ~ ~
Fostth e e, DLEofER» S, Wi ofhit DNA &
MREICHELIEETH S EFEZ ONT.

INEDNAWKEHOD 7 5 4 = —% No. 81T & b %Nk
PCRZEML/7zET A, LEVEAHL—BLU131°CHL
HUNZERY OHH DNA 70 5 38N v RS S sk -
fo. EHIEPCR O&MMRERIcB VW T, /NEEF L b
U BIE D 513/ E DNA OIS AR[FETH - 72¥6 2 &
5, HfTO@EHNE PCR G HIHEMAE S O —HB1iC 148
¥t < b 2 algEME R S L7z,

Table 3. Spectrophotometric analysis of extracted DNAs

No. Sample Ratio Concentration of DNA (ng/uL)
260,/280 nm" 260/230 nm®

1 Cookie 1.84 2.04 281
2 Cracker 1.93 2.27 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
¢) Criterion: =2.0

LS, BARREE SR 84 I HAHE 5HE,
p. 104 (2002).
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Table 4. Detection of PCR products amplified from extracted DNAs using three kinds of primer-pairs

No. Sample CP03?

Plant Wheat

Plant01" Wtr01+ Wtr109

124 bp

161 bp 141 bp

+
&

Cookie

Cracker

Bread (Syokupan)
Thin noodle (Somen)
Macaroni

Sausage

Retort pouch curry

Wheat flour (WF)

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

— O O ~N O O R W N~
I+ ++ |+ +++++

—_ —

T e e i

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

|+ 201bp

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. INTHIE(C K ZEMEHR DNA & L U/hE DNA
DIESFE

KEEAMTESTIEINTOEIC X 5 K5 DNA OK5)
TALDHRE SN TWB9 PCRETIE, filll L 72 DNA
M7 54 <=k D EIEE N 2L 0 b3 <KDL
LTWES, iRzt tEZ NS, T L
» 5, MR DNA OS> FLOBES L ORI~ 5
4 = =X DHE/ N v FROFEIT DNA HOF G2
PZEBENEREL >TVS,
INEEEMTESTE, MITLEIC X %/N DNA DX
DAL TCHETEh TV, 22T, A5
RANESHEINTAEMSTE, RWUE/NER S X OInEn
AL/ NZ2R) 3 FlA» Sl L 72 DNA Z2H W C, EBXIKE
& PCR T & O/]NE DNA OIESFAb % - L 72.

41 BRKENC &K BIESTFLOFTE

DNA O &5 T LA BXIKEIC & 0 3 L 7 #5 5 % Fig.
1IT/RT.

INEEEMTASTE, MEEMTAEI N7 » F—,
75y h—, BN VEBIUOKE N TS NS

DA, ¥HB=TIEESDT D DNA PHIKRHZ CEEL T
Wi, —, IEmaWE sy —+«—Y, LhILED
L —Tld, ZhZ4 300 bp Ll E, 200 bp Ll E® DNA
FIEEASHERS NS - T,

O InEVILER NZ2HY T 13 100°C, 121°C, 131°CHLUE D IE
IZ DNA O bhsitE A, 131°CHALEET I3 180 bp VL L
D DNA 313 & A RSN - 12,

oy F =0Ty H— 15 EOREBENN TP I35 200~
300°CHEEOSEE TEMS L0, 55T @ DNA »tk
B2 CEEL TV, —F, IEmBE sy —
= URL MV L —B X OINEMEBLENE B O
121°C, 131°CHLEE T X 200 bp LI LD &4 1 DNA 3 H
SN -t LLEo#ER» 5, DNA oS FLiEnT
BEX O GIIEMBOEENKRE O EARBS N 4
[FEET L 72 30E T3 131°CAUIR NEB Dl b S IR+
HAENY

42 MIBRICHTDIEHEFIERE/ N FROBET

T &R Sl L7z DNA BEE I Tl Tnd
7, 150 bp IFTD DNA AL TWA EEZ STV
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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)

Amplicon size (bp)

Z,
o

Sample
66 bp

113 bp

141 bp 209 bp 450 bp

Cookie +2
Cracker

Bread (Syokupan)
Thin noodle (Somen)
Macaroni

Sausage

Retort pouch curry

|+ + 4+ + +

|+ ++ + + +
|+ +++ ++
I+ +++ ++

L+ 4+ 4+

Wheat flour (WF)

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

— O O ~N O O & W N~

+ 4+ + +

+ +
|+ +
|+ +

++++
,%
’_1(')

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

B9 2D tzh, BAEPCRD 7 54 < =413 95~
141 bp OHIFHTEE TSN TWA. L L, 141 bp OHIE
Ny FEZFESEAEPCR D7 54 < =% No. 3 #H L
reEHcB 0T, MEMAE SNV bV L =8B &
O 131°CHLFR/ NNy D /N DNA (3 HAAIRET B - 72,
Z T, BEMTANCEY 2R &7 218ig/ v K
EamEr L.

754 < —%E Table 2 @ No. 1~5 12/ L 72#0gE N~
FEDRN 3 66, 113, 141, 209 35 £ U 450 bp ® 5 %%
Wi, 7754 < —=%tLIA O 5 138 %0 PCR ITHE -
72, #E5 % Table 5 1T/~

REEEN TSNy v F—, 759 h—, BNUVEBX
DIKE O SN TR S Nz 2 9 DA, v Hh =TT~
TOT 54 <= THRIEATGETH - 7. L L, IS
MBS 7oy — & — Y Tl3 450 bp OEEIE /N~ R SRR
TRETH o1z, Fl, LAV AL—TRIRTDT 574
< =W THIARARET H - 7. —7, RWUBE/NERB L O
100 CHLE/ NEM TIZT RTD T 54 ~ = TR ARET
H o 1M, 121°CHIE/NER T3 66~141 bp, 131°CULE
INERTIE 66~113 bp OHFFHO VIR N~ F D & h5h
HEh, s REBHEIE Y FEBHARRETH -
7.

VI bEofEEREMN S, vV =20 Tams &
O mALE NE o R I RFAEIE Y FRIEBBL A
113bpUUFTH -7l &6, 7754 2—X3EBLT
100 bp LN TG 2 T EERNEHFZ S,

5. ®ZXFw FPCRIEICLBHEHE

INEEBIMTASS K CIHEMBVLEL N2 % W T
HIFR AR N v FROME 21T>7c&TA, LIV bR
L—IZBWTIREIE NV FEA 66 bp ICHTELLESIC
BOWTHMEARETH > 7. £/, 7514 ~%—%FNo. 6
ARWCEAEB LR 2T v K PCR D 1st PCR &4
kARSI E T A, BHETRREAAEETH

D, *AF v K PCREED Ist PCRIZBWVTH /N KA
PABE CHIEMHE Lr > 72, 22T, FricicfEk L7z 2 %
59 FPCRAZ 54 <—x%ZM\W/x 27 v NPCRE
ZikA T,

5.1 1st PCR
INEEEMTAMMB X CIIEELER N2k Sl L
7211 7D DNA ZH W THEHAEPCRB LU R X7 v K
PCRE#E®D 1st PCR 217> 7. Btka v ro—vELC7
VIWVE Y F 2w h—fgoBtay ha—vsr v 7L —k
ZHW, Az v+ v — L (Non-template control) & L
TDNADEFN TV WVEEKE R W/, @AE: PCR
DR A Fig. 2A 1T, £ X7 v F PCR D 1st PCR Off
% Fig. 2BIC/R L7z, #BHIFEPCR Tldv v b A L —
B LU ISICHUENER BRI ARTIRE T H - 7o, % R
7 v K PCRE® 1st PCR Tl3fitiaJgEcdh -7z, T
& LT, PCRITHW 32 @ANEDRIE 5 Fast-
Start High Fidelity PCR System IZZ 84 % & & THAlE
R Lz b0 EHERS L.

5.2 2nd PCR

Ist PCRIZBWT, T XTOHE OMHAARE L 75 -
f2hs, LRV s B L — B KO 131 CHLE NE R EIE O HE R
NYRFEAHETHD, fEROMENNETH - =T
T, 1lst PCR OUGE % E#FAL & LT 2nd PCR % %
L7zE A, T+ 2 b3y FREEBRE SN =+
Mooy KOG Ist PCR TERALAET 54 v =D
WEBLEZ ONT Y, TOFEERKREE S 720I1T Ist
PCR KItite % TE #E&rik T 200 127 H L, 2nd PCR %
FEhi L 7. §58E % Fig. 2C 12789, 2nd PCR T34 X T
DOikkb» HYEIE N v R ABIHBRICHEE S N, BENITHIE AJRE
El ot Fi, TLWAE VYT 2o h—fEDOBM 2 v b
O— 5 Y7L — A 2nd PCRICBEWTHRHATRETH -
2l EMS, X ATy FPCREDEEZ v ro—vE L
THHBIEETH 5 T LR S LTz,
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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

I * 2 T v F PCRIZEGMRHBENSEETH 5
72, WEOPCREFEILENT/ o3 vy Ix—va v
DOfERIESIENdT 5 b0 EEZ 5N TWA, fli DNA ©
Bk, PCRAAFEDRAFE, 1st PCR RILAE DR
BERR I3 OERZIL S BN D 5. A& D%
Mok A RS B 2, RE 0BT & F i Non-
template control B8 L UG a v ra - A HWS I &
NEEELEZEZIOLNS.

¥ & &

* A7 v K PCR % H W IcHERME ONZ2) O
A HEST L7z,

DNA O HBRA & 75 2 g N v FREMKRET Lo & T
B, 734 —%tdBBLZ 100bp LR THET B &
WEREEZ Otz £, /NEDNA ORSFALIZERE
OFRZBEX O bIIHEMBDEENKE VT EAVRB S N,

BT D @A PCR TlE— O IIFEMAE &7 & TR
REJFETH > 12h8, AT » FPCRE®D Ist PCRICTLD
g N Y FIRRIAE TR b 205 alEEE 12 - 7. 72,
Ist PCR KB =86 E LT % 25 v K PCRED 2nd
PCR 2#FEHiLtc & T A, T XToOHUE-CHHRE S HEE -/~ v
RO RTRE & 78 - e

SAfE Lz 2 25 » F PCR i, INFEINEVILE I X
D EREITESFLL 72 DNA B W T bR TARETH - 7=
TEDD, BEONMTARBLUEZL DL MV A, ~
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3.

1B, KRPFFEO IR AAREREAEFEEE 93 [2E
ey (2007 fE5 A, HED cBLWTHELE

X

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-]277 (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

afik Vol 49, No. 1

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.,
Iijima, 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, J.,

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).



