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Detection of Allergenic Substances in Foods by a Multiplex PCR Method

Hiroyuki HasHiMoTo", Yuhki MAKABE, Yasuyuki HASEGAWA,
Junko Sajiki and Fumio M1YAMOTO

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

A multiplex PCR (M-PCR) method was developed for the detection of DNAs of plant and three
allergenic substances (wheat, buckwheat, and peanut) in foods. Genomic DNAs were extracted
from allergenic substances with a commercial ion-exchange type kit. Four primer pairs suitable
for the specific detection of plant DNA were designed to establish a M-PCR method detecting
simultaneously the specific DNAs of plant and allergenic substances. Our four designed primer
pairs and the primer pair described in the Japanese official method were applied to the specific
detection of plant DNA. A primer pair of Plant01-5" and Plant01-3’ (amplicon size; 161 bp) was the
most suitable for the specific detection of plant DNA. M-PCR was performed to detect the specific
DNAs of allergenic substances using four primer pairs, a pair of Plant01-5" and Plant01-3’, and
three pairs for allergenic components described in the Japanese official method. The four specific
PCR bands were simultaneously amplified from genomic DNAs of allergenic substances. The
proposed method is simple, rapid and inexpensive.
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74 <—=), NEDNAKMAHT 714 < —xf (Wtr01, Wtr
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mmol/L EDTA (pH8.0)) % F\7-.
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Table 2. Spectrophotometric analysis of extracted DNAs?

Ratio

Sample Concentration
260 nm,/280 nm” 260 nm/230 nm® of DNA (ng/uL)
Wheat 1.95 2.45 1,200
Buckwheat 1.88 2.00 620
Peanut 1.84 2.32 92
Somen 1.90 2.36 1,860
Yomogi-soba 1.92 2.33 2,920
Nanbu-senbei 1.71 0.94 1,460
Age-arare 1.94 1.80 63
Sausage 191 2.45 496

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

b) Criterion: 1.2-2.5
c) Criterion: =2.0

v -5 EIICIRAL, 20 ng/ul ® DNA Ak % 2.5
uL Nz, #* v b RfTD RNase-free water I2 & ) &8 %
25ul & L7z, IXTORMKETHIRE Lk, BROIE
PEALD 7212 95°CIT 10 iR » 7%, 95°C 30 Fb ]
60°C 30 #f, 72°C 30 MElZ 1447 v& LT, 409
4 7 VORI EIT - 2. £ D% 72°C 7 7 Rl AisE
RS2 1T - 2.
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PCR IR D 75 uL % 6 X v — 7 ¢ v 7§k 1.6 L
LIRAG%, 16% R 72 )T 3 KT LY Tris/Gly-
cine BER AUk Ny 7 » =& L, T L— K 1B
72 20 mA OEEFTRIC KL D 70 rfIESIKE) Lo TKkE)
BT, 0bug/mL TF Y9 A70<A FiAHKT 20 5/
gett L, Tris/Glycine # 1 < 20 /oL L 721, &
WA A — DREEEE I L 0 UV (312 nm) ZRE5H L, B8
Ny REHERL 1.
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DNA /&# @ 230 nm, 260 nm, 280 nm ¥ & U8 320
nm OWSEEEZHIE L, 320 nm OWSLEEE /Ny 7 75w
VREE U TRERIEL, 260 nm OGRS S DNA i
A% MH L7, DNA OfEZMiE 3 57, 260 nm/
280 nm OWSEE N 5 4 vy EDE%, 260 nm/230
nm OWHEEEH & 2 Hlis & oMY OB A FEE L /2. %
SeEEERIE, 260 nm/280 nm A8 1.71~1.95, 260 nm/230
nm A% 0.94~245 OHFFHTH - 72. AN, B X
U d 5Tl 260 nm/230 nm OWSEEAS 0.94 B
KU 1.80 TH Y, MY ORAPETRD SNIH, T
NLA DT IS S ish - e

2. 754 v—nigst

2.1 #EY DNAKRHERTS 4 v —0D3%:

WD 7 54 <~ =2\ M-PCR T3, Hlg/ x>
N ERHEYI T 124 bp, /NET 141 bp, %X T 127 bp,

HBALETIZ 95 bp TH D, [FEFRET 258, @HOHE
SUKEN TR & 213D 3 bp ZD BN AAIRET H 5™
ZIT, INE T, BXUEIBEOHEIE N K EoEE]
B EEIE N FE & LT, 160~180 bp @ &l THEY)
DNA BB 7 54 = =287 Ic3E L 7-.

WHIEOREY) DNA M H 7 5 4 <= — %t & Corythoph-
ora alta DIELFA DNA (cpDNA) LB 5 Tral &z
+& TroF B FEOIFEERED St s Tv 599,
LaL, COMEET YIS W T A EERR D&
TTHBT LMD, MYBEABATEELEFEINTVS
SHIk T B 208, MEEFRIOIFRERH I ERNIKE <,
HEALOEFE THEARS DA P KL ENZC AT
30~9),

—77, mtDNA Z3EHOHREME & k&<, 7/ A
DNA % cpDNA &1, ffifddb 7z o a -z unic
ODDONADHIH I RAFTWEEZ SN B £ I T,
mtDNA @z FiREE O CEEREHO 7 5 4 ~ =X %
AWEET L. 794 < —OFEFITIZ Primer3™ 2 W,
WKL LTT 54 v —DH A X1F 20~22 bp, T B
13 57~64°C, GC% (¥ 50~60% & L 7z.

22 fTS5A4A7—%CHEF3 Tm EDQLLER

WHEOY), NE, 13, BXOEBEERBAOR S
T4 7 =X BIUEE SOERL 784 DNA A 7 5
4 < —=%tD Ty, fEi% Table 3 IT/R L 7z,

PCR TWHBOBIENRZE2/DITET 74 ==X
GO ThlEx2 ZEEFICRET Z2LEND L. TnlEld
754 < — OEFHR P SAROERE, 7514 v—&K
P OMHBEER P S, Wallace 19, %G+ C Y,
RATHEEEE (NN #1228 i EogtEic X v EtHE
shan, dERICE->TRECELIEAMKZ V. Th
5OFENAD S B, NN R O f RO IR DA

¥ OEAEL, BEEEGR, KEEIT, PR 17 SRR AR
AT El R 2B S SB35 18 [ B Lot ki s -
WFFE%kL p. 32-35 (2006).
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Table 3. 7m values of PCR primers Table 4. Detection of PCR products amplified from
extracted DNAs using 5 kinds of primer-pairs
Tm value
Primer i
hame NN Wallace %G+C P;;“r;ir Wheat Buckwheat Peanut
method? method? method®
CP03-5’ 56.6 62 53.9 ggg:g, Ty Y +
CP03-3’ 64.1 64 55.8
Wtr01-5’ 60.1 62 53.9 gzﬁtgig + " n
Wtr10-3’ 63.9 62 55.6
FAG19-5' 68.8 64 57.6 gzg:g;:g/ + n n
FAG22-3’ 65.6 64 59.5
agg04-5’ 67.1 64 55.8 gzxgg:g, n . _o
agg05-3’ 61.0 64 55.8
Plant01-5’ 62.3 60 55.4 gzg:gig/ + + +
Plant01-3’ 63.4 62 57.5
Plant02-5 62.8 64 57.6 a 1: tfj;‘i:tewb:nd
Plant02-3’ 63.2 62 57.5 - P .
c) —:negative
Plant03-5" 63.1 64 57.6
Plant03-3’ 63.1 64 57.6 Mg 8 e 8 6 F 8 20 al M
Plant04-5’ 63.7 64 57.6 !‘ I<Pl o
’ — : 32; p.
Plant04-3 63.3 64 576 :------=——b—': =‘g3ckw;}(11e§ Plp2)7 bp)
a) Nearest neighbor method = — |~ Peanut (95 bp)
Tm= 1,000AH —9273.15+16.6 log[Na*] o
—10.8+AS+RIn(Ci/4) =" -

b) Wallace method (for oligos< 18 mers)
Thw=2(A+T)+4(G+C)

¢) %G-+C method
Tm=381.5+16.6 log[Na"]+41(G/n+C/n)—500/n

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

(calculate as 0.2 yumol/L)

[Na'] (mol/L): concentration of [Na'] (calculate as 50
mmol/L)

n: length of oligonucleotide

A, T, G and C: number of base

BHERM OB T 2V F —LEWEAEEE L TV 5w,
R b EEESESVHLRE LGHshTws, LiEo
&S, NNEICK D T HOHEHPRKEEEZEZ SN
7c.

BHEOREY) DNA BT 7 54 = —%ITd % CP03 7
FAR—WTDO T [BEDOZEIINNETRTECTHD, =
fo, WHENED/NE, T, BIROEEEREH T 54 <—
WD T EDFIF 32~6.1CT, KEBEMNRLNI, —
77, WY IC/EEL L 22 Plant01~04 7 5 1 = — XT3
T EOEBNNETHRA LITCTENSL, 7514 <2 -FK,
Hig Ny FRICBLWTCOHR LxlER 754 ~—XTh %
EEZ o

2.3 1EY) DNA KRR T 54 v —x3D#E

INE, Z1F, BLUOEMEDHH DNA 28 & L, @
HEOWYIDNAMERE 7514 <~ =368 X CIERIL 2
Plant01~04 7 5 4 = —=x{%2H VT PCR T\, &7 35
A <= —MOWIEAEK L. 57514 <—0DPCRICH

— A

Fig. 1. Effects of annealing temperature (54.1-68.8°C)
on the sensitivity and specificity of a M-PCR
method using 4 primer pairs

M-PCR was performed using 4 primer pairs
(Plant01-5" and Plant01-3’, Wtr01-5" and Wtr10-
3’, FAG19-5" and FAG22-3" and agg04-5" and
agg05-3’) in one tube with M-PCR kit
(QIAGEN). PCR products were analyzed by
polyacrylamide gel electrophoresis.

Lanes: M, 20 bp ladder size standard; 1, 54.1°C;
2, 54.9°C; 3, 56.3C; 4, 58.0°C; 5, 60.0°C; 6, 61.9C;
7, 63.9°C; 8, 66.2°C; 9, 67.6°C; 10, 68.3°C; 11,
68.8°C.

1F 3 B4iig#kE 4 Table 4 1Z/R9

WA OREY) DNA B 7 5 4 < — %}, Plant01,
Plant02 % £ ¢f Plant04 7 5 4 = =5 T3, 3 HMOHER
MEHSK DNA 7 SISIREY DS 57z 23, Plant03 7° 5
4 = =TI, KB4 DNA 2 & [ZHIREYHE S h i
Mote, Fi, HWiRANY FORKEZLKRL 2L A,
Plant01 7 5 A ~ —xf % Fl W\ 7o 38R AY 3 7 0 & [ ke
R DNA 2B LTIk BIFTH - 7.

DiEofER kb, M-PCRZEDHEY) DNA #HH 7 5 4
~ —=xtE, 3 HEOHFEFMEIHR DNA THEIENFIRET H
D, HIESEFTH -7z Plant0l 754 = —%F& L7,

3. M-PCRED7=—U v BEDES

M-PCRZEOFE@ET =— ) v 7V REEZRES 5 DI,
INZZ, 21, BLUERAEDRS DNARKEH VT,
MPCRABREGE 7 94 v —BRICED 75 Y= b
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Fig. 2. Polyacrylamide gel electrophoresis of PCR products amplified from allergenic substances by a M-PCR method

A: Extracted DNA

Lanes: M, 20 bp ladder size standard; 1, wheat; 2, buckwheat; 3, peanut; 4, wheat and buckwheat; 5, wheat and
peanut; 6, buckwheat and peanut; 7, wheat, buckwheat and peanut; 8, negative control (without DNA).

B: Extracted DNA from processed foods

Lanes, M, 20 bp ladder size standard; 1, Somen (containing wheat and buckwheat); 2, Yomogi-soba (containing
wheat and buckwheat); 3, Nanbu-senbei (containing wheat and peanut); 4, Age-arare (containing peanut); 5,

Sausage (containing wheat).

M-PCR 21T\, &7 54 = — O TN B X OUREE 126t
T57=—1) v REOREETNI. Fig 117 DR
%R

541CHE LU B49CTIERT =— ) v 7 RENHEG Lo
B\, F*S5SA42—DIRTFS54 IV IDED
300 bp AP IR N Y Ml & oA, 56.3~
63.9COFMPEHATIRFHIENZIESD/NY 4 AKfH &
Nt UEOEE»®S, PCROMIESRE TS 4 <—D
SRT 54 I VIR BIEFERIEOMHI A ERE L,
M-PCREICBIT 37 =— 1 v 7IRER 60°CITEE L 7-.

4. M-PCR iEIC & 2HEFEMEIHER DNA O

M-PCR HIE& 7 54 ~ —iaik%E <, @H#ED PCR
T & b M-PCR %17 - 2. 8 DNA & L CREEREAS
DNA &R A Wi, 7z, LA SHH L2 DNA
ZHOWT, MTAES~O®EBEEERDRL 2. SHERE
DNA Ak OfER% Fig. 2A 12, MTASOFER% Fig. 2
B IT/RT.

KRS DNA /AT, THlSh B3y FEOMIE
v REEII L 7 5 DNA ORI K b 2~4 RS iz,
F7, L&A ot Lz DNA 2BV st T, W
TNDODNA LBV TbOAMICGGEHINIERDELD,
2~3 KOG N v FBRIFICHRE SR, ILELNDE
Hid+amafes &z onre.

M-PCR £ TIIEIE/ NV FEBZ L85 E0 0, BHR
PERBEIEIR O Lo, PCREYE, 754 =D
it 5 DNA R, ANTPH, Y954~ —EEBLV
PCR %4 2 W Elc > W TA BB RS L Ebi
3.

¥ & &

M-PCR #: % F W 7o FF B JEA L o [8] 5 i HY v % ST L
72. #7721 mtDNA &% 75 5 M-PCR #1238 L 72 W)
DNABHH 7 514 v —xt%& 4 63%:1 Lic, /NE, 21,
BRLOEEEDFEMEIC S WA 2 L 7SR
Plant01l 7* 5 A = — X34 DNA B 7 5 1 = —xf &
LTHbRFTH - .

Plant0l 75 4 = —%tB L O/NE, £3, HEET 54
< =& W CEAIED PCR 44412 & W M-PCR %17 -
ToRER, FHlS N5y FEOHIE/ S v K387 DNA &
OITE D 2~4 ARt s N, £/, ILARERVE
BEfic kv, MTERNOBEHANAEETH 5 LR S
ni.

ARHEREY, NE, 13, FBIEEOREHRHIATETRE
Thb, fEfE, HE, 32 EICENRPERME O
EEEZOoNSG.

BB, AHEOES T AARE RS 92 [
j#izx (2006 4 10 H, BHD cBVTREL.
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