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Detection of Allergenic Substances in Foods by a Multiplex PCR Method

Hiroyuki H6H=>BDID�, Yuhki M6@67:, Yasuyuki H6H:<6L6,
Junko S6?>@> and Fumio M>N6BDID

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 o$cial method were applied to the specific
detection of plant DNA. A primer pair of Plant01-5� and Plant01-3� (amplicon size; 161 bp) was the
most suitable for the specific detection of plant DNA. M-PCR was performed to detect the specific
DNAs of allergenic substances using four primer pairs, a pair of Plant01-5� and Plant01-3�, and
three pairs for allergenic components described in the Japanese o$cial 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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1. � �
��23��,+4���� � 56 789!":;
�#$<#%���� =>%&�,+?@5��A B�
�� 56'CD� 8
E56 B��� 56'CD� ()FA
G� B��� $<#'CD� *H��. B$<#'CD� 7
89I�J�K B��'CD %����

2� �	
��
+,�LM�
� DNA)��NOPQ�- BCP03N
OPQ�D� �� DNA)��NOPQ�- BWtr01, Wtr

10NOPQ�D� 56 DNA)��NOPQ�- BFAG

19, FAG22NOPQ�D� $<# DNA)��NOPQ�
- Bagg04, agg05NOPQ�D 789����R�
S
TUV DNA (mtDNA)W.X� CoxIW.XYZ/01�
(GenBankTM Accession No. X14409 : 5265 bp)%Z�2
[,�
� DNA)��NOPQ�- BPlant01\04NO
PQ�-D %���� ]NOPQ��^OP_�K`aS
b�c3d4,�e5fOg67&%���� ]NOP
Q��/0�89hST:% Table 1�C1�

3. �
�����
3.1 DNA��
DNA�;���PiSjk<lmPN�no�!��

Genomic-Tip20/G BQIAGENBpD7D %���� =q>
�Milliporeb7Milli-Q PLUS789Milli-RO5 PLUS

!67,�?@>% 121r! 20Asi��tu� =q
,�
�%���� a-VRO�v BSIGMABpD7D �=
q>�8	 1 mg/mL���8��B7,� wx=q,�

�%���� ProteinaseK789 RNaseA � QIAGEN

BpD7%��� PINyz{V{
�{789|m}�{
�C~@DBpD7%���� 70�|m}�{E��=q
>!B7,�� DNA�E���=q>%����

3.2 PCR�����M-PCR��
PCR����Ampli Taq GOLD&10�PCR bu#er II/

MgCl2 with dNTPs BVNOPThPi���g�K`
aSBpD7D %��� M-PCR����Multiplex PCR

KIT BQIAGENBpD7D %���� DNA���B7��
TE�F� B]�GHI 10 mmol / L Tris /Y�� 1

mmol/L EDTA (pH8.0)D %����
PCR����]NOPQ�� TE�F�!E�,� 25

mmol/L�HI���B7,�� M-PCR�����cN
OPQ�E� B100 mmol/L� ]NOPQ��HI 12.5

mmol/LD �� Plant01-5�, Plant01-3�, Wtr01-5�, Wtr10-

3�, FAG19-5�, FAG22-3�, agg04-5789 agg05-3�� 8

��NOPQ��]�% TE�F�!E�,� 100 mmol/

L�HI���8��B7,��� ]E�%JK�*�c
,+B7,�� PCR�]NOPQ�E�789M-PCR

��cNOPQ�E���30r!LM,��
3.3 ����
15��UVtU{VRT�{ �e-aK�{� BV��
BpD7D� Tris�Glycine�F� B�GHI 25 mmol / L

Tris� 192 mmol/L GlycineD %���� DNAQ�f�
� EZ Load Molecular Ruler 20 bp BhPiOoTBpD
7D %���� PCR���� M-PCR���789 DNA

Q�f��VNOP�� 6�y���S^�F� B�o�
SK�SBpD7D %���� DNA�NO�� 0.5 mg/mL

���8��B7,�|�K�g yQPT BPS��y
K�SBpD7D %����

4. �������
R{��� IFM-700 G BP�m�BpD7D� P��Q
 � 5922 Bt¡mBpD7D� ¢£R� TOP��¤h�
ALB-221 BP�nBpD7D� QPty��� �Q � 1-

13 Bt¡mBpD7D� mo�Rn��� MT-31 B¥Q�¦
§BpDb7D� A~~I[� BioSpec-mini BST7�U
BpD7D� ��Q{�PtO�� PCR Express II B��¤
|ut�ySBpD7D� V¨©WXY� AE-6500� AE-

8450 BV��BpD7D� �{Z�� � ªU�«S��
���f� B[C¦§BpD7D� �{P¬�K�\XY�
FAS-III MODEL-TM2 B[]^_BpD7D %����

5. DNA��� !
�� � 56 �­®¯`a%°±�� 4�&%B7²
��,�� #$<#789=>%&�R{��! ³,�
B7²��,�� ]B7²� 2 g�*�+� +,��b�
Genomic-Tip20/G%��+;�,�� ��� 56� 78
9$<#�;� DNAE�% 20 ng/mL���B7,� c
® DNA
,´�]�JK�c DNAE�%	
�7,
�� =>%&�;� DNA�5.µ. 20 ng/mL���B
7,�� ��B7,� DNA�¶�1�·!�30r�L
M,��

6. PCR���M-PCR"#
6.1 PCR"#
PCR�����GHI� 1�PCR�F� BVNOPT
hPi���g�K`aSBpD7D� 0.2 mmol/LNOP
Q�� 0.2 mmol/L dNTP� 1.5 mmol/L MgCl2� 0.625

U Taq polymerase���8���c,� 20 ng/mL��
�B7,� DNAE�% 2.5 mL=¸� =q>�8	dK
% 25 mL�,�� 1G+�²�%eA�c,��� ¹f
�º�¯���� 95r� 10AsL»� 95r 30gs�
60r 30gs� 72r 30gs% 1�Pt{�,+� 40�
Pt{�89��%°��� 5�� 72r 7As�Ghi
��%°���

6.2 M-PCR"#
M-PCR�����GHI� 1 � Multiplex PCR

Master Mix BQIAGENBpD7D� 1.6 mmol/L�cNOP

Multiplex PCR�%���%&j���23��)�October 2007 133
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��������	
�� 20 ng/mL
 DNA��� 2.5

mL��� �����
 RNase-free water������
25 mL���� ���
�����	
���� ��
�
� 
�!� 95"� 10�#	$��� 95" 30
#�
60" 30
#� 72" 30
#� 1%&'(���� 40%
&'(
��
)�*$�� +
� 72" 7�#,-��

)�*$��

7. ������
PCR
)�
 7.5 mL� 6./�012345� 1.5 mL

�	
�� 156789'8(9:;<(��� Tris/Gly-

cine45��=�>�?@���� <(AB�� 1�C
�� 20 mA
������ 70�#�D=���� =�
-��� 0.5 mg/mLEFGHIJ/�&;��K 20�#
���� Tris/Glycine45�K 20�#������ <
(&L�GM������ UV (312 nm)�NO�� ��
>2;�P����

��	
��

1. DNA���� DNA��
DNA�Q���
 DNA� 
!�RS� Table 2�
T���

DNA��
 230 nm� 260 nm� 280 nmU�V 320

nm
WX �!��� 320 nm
WX �>�'3YH
2;"���Z[#$�� 260 nm
WX \] DNA�
 �[Q��� DNA
^ �P����!� 260 nm/

280 nm
WX %\]_2`'a
��� 260 nm/230

nm
WX %\]&'�b
(c)
��*d��� W
X %e� 260 nm/280 nmf 1.71g1.95� 260 nm/230

nmf 0.94g2.45
+hKC$�� ,-ij�k� U�
V.lC]mKe 260 nm/230 nm
WX %f 0.94U
�V 1.80KC�� (c)
	/fno�!]m�f� +
mpq
�0Ke(c)e�!]m�\$��

2. ��������
2.1 �� DNA���������� 
123
AY&��4�5k�M-PCRKe� ��>2
;6e7)K 124 bp� r8K 141 bp� +sK 127 bp�

9t:Ke 95 bpKC�� ;uvQ��w
� 1<
�
D=�Ke7)�+s
 3 bpx
�=f>y?KC��5�
+zK� r8� +s� U�V9t:
��>2;��=y
?���>2;6���� 160g180 bp
+hK7)
DNAvQ5AY&��4�@��A����
123
7) DNAvQ5AY&��4e Corythoph-

ora alta
BCD DNA (cpDNA){�|��� TrnL}E
~� TrnF}E~#
FG�H�\]A��m�k�3), 5)�
�\�� z
I}E~e7)�Uk�JK�BCD
}E
~KC�z�\]� ��L�M��� �	N�m�k�
H�KC�f� I}E~#
FG�H�eO�fP���
Q 
�RK��ST
U/����bf&��]m�k
�6)g9)�
�V� mtDNAe��
	N��%�W��� <�I

DNA� cpDNA�%�� �XC��
���Yf&k�
! DNA
�Q�Zf�k���]m�� +zK�
mtDNA}E~H��5k�7)vQ5
AY&��4�
44A���� AY&��
A��e Primer3�6�5k�
A�[����AY&��
%&�e 20g22 bp� Tm"
e 57g64"� GC6e 50g606����

2.2 !�����"#	$% Tm&�'(
123
7)� r8� +s� U�V9t:vQ5
�A
Y&��4U�V\�]f�]��7) DNAvQ5AY
&��4
 Tm"� Table 3�T���

PCRKe,^
���S�_��!�eAY&��4
;�
 Tm"���;`�A���JafC�� Tm"e
AY&��
��bc�
)��
�� � AY&��6
�+
 5� �b\]� Wallace310)� 6G¡C311)�
,¢d��43 £NN3¤12), 13) �b
�[¥����[
�m�f� �[¥��$�P�����w
f&k� zm
]
�[¥
�¦�NN3e��
bc��� pq�e

�5 §fgh� ijk¨� ©l2~� mc 17n oVª:«¬
­�®¯°±²p³qr´-s 18µt ¶«¬-±u±·
«¬±¸0� p. 32�35 (2006)�

�6 http://frodo.wi.mit.edu/cgi-bin/primer3/primer3�www.
cgi(2007/03/27 16:00)

Table 2. Spectrophotometric analysis of extracted DNAsa)

Sample
Ratio Concentration

of DNA (ng/mL)260 nm/280 nmb) 260 nm/230 nmc)

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 1.91 2.45 496

a) DNA extractions were carried out using Genomic-Tip20/G kit (QIAGEN).
b) Criterion: 1.2�2.5
c) Criterion: ¹2.0

Multiplex PCR3�5k�vw�
x�»¼0
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��������	
��
�������������
����� �!"�#$%��&'()���* +,�
-%./� NN$01� Tm2�34!�5%�6/)
�*
78$�9: DNA;4<=>?@
ABC� CP03=
>?@
AB� Tm2�DE NN$BE 7.5FBCG� H
�� 78$�IJ� KL� M1NOPQ;4<=>?@

A� Tm2�DE 3.2R6.1FB� STUD!V/)�* W
#� 9:;4<0XY�� Plant01R04=>?@
AE
Tm2�D! NN$B�S 1.1F%I(Z� =>?@
[�
\]^_`[0M���ab,�cU=>?@
ABC�
%�6/)�*

2.3 �� DNA������	
��
�
IJ� KL� M1NOPQ�d4 DNA�ef%�� 7
8$�9: DNA;4<=>?@
AM1NXY��
Plant01R04=>?@
A�<�� PCR�g�� h=>
?@
A�\]�ij��* h=>?@
A� PCR0M

k�\]lm� Table 40no*
78$�9: DNA;4<=>?@
A� Plant01�

Plant02M1N Plant04=>?@
ABE� 3p�q�r
stuv DNA./\]w:!x/)�!� Plant03=>
?@
ABE� OPQ DNA./E\]w:!x/)U
.y�* H�� \]^_`�z{�ij��%-|�
Plant01=>?@
A�<��\]! 3p�q�rst
uv DNA0M����5}BCy�*
+,�lm1G� M-PCR$�9: DNA;4<=>?
@
AE� 3p�q�rstuv DNAB\]!~�BC
G� \]!5}BCy� Plant01=>?@
A%��*

3. M-PCR����
��������
M-PCR$��c��
�_������o���0�
IJ� KL� M1NOPQ��� DNA���<���
M-PCR<��=>?@
��01G�>��_�

Table 3. Tm values of PCR primers

Primer
name

Tm value

NN
methoda)

Wallace
methodb)

%G�C
methodc)

CP03-5� 56.6 62 53.9
CP03-3� 64.1 64 55.8

Wtr01-5� 60.1 62 53.9
Wtr10-3� 63.9 62 55.6

FAG19-5� 68.8 64 57.6
FAG22-3� 65.6 64 59.5

agg04-5� 67.1 64 55.8
agg05-3� 61.0 64 55.8

Plant01-5� 62.3 60 55.4
Plant01-3� 63.4 62 57.5

Plant02-5� 62.8 64 57.6
Plant02-3� 63.2 62 57.5

Plant03-5� 63.1 64 57.6
Plant03-3� 63.1 64 57.6

Plant04-5� 63.7 64 57.6
Plant04-3� 63.3 64 57.6

a) Nearest neighbor method

Tm�
1,000DH

�10.8�DS�Rln(Ct/4)
�273.15�16.6 log[Na�]

b) Wallace method (for oligos�18 mers)
Tm�2(A�T)�4(G�C)

c) %G�C method
Tm�81.5�16.6 log[Na�]�41(G/n�C/n)�500/n

DH (kcal/mol): sum of nearest-neighbor enthalpy changes
DS (kcal/mol�K): sum of nearest-neighbor entropy changes
R (cal/deg�mol): gas constant�1.987
Ct (mol/L): total concentration of oligonucleotide

(calculate as 0.2 mmol/L)
[Na�] (mol/L): concentration of [Na�] (calculate as 50

mmol/L)
n: length of oligonucleotide
A, T, G and C: number of base

Table 4. Detection of PCR products amplified from
extracted DNAs using 5 kinds of primer-pairs

Primer
name

Wheat Buckwheat Peanut

CP03-5�
Tra) �b) �CP03-3�

Plant01-5�
� � �Plant01-3�

Plant02-5�
� � �Plant02-3�

Plant03-5�
� � �c)

Plant03-3�

Plant04-5�
� � �Plant04-3�

a) Tr: trace band
b) �: positive
c) �: negative

Fig. 1. E#ects of annealing temperature (54.1�68.8F)
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, 54.1F;
2, 54.9F; 3, 56.3F; 4, 58.0F; 5, 60.0F; 6, 61.9F;
7, 63.9F; 8, 66.2F; 9, 67.6F; 10, 68.3F; 11,
68.8F*
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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).
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