
� �� �

����� PCR�����	��
����	 
�
� 
��

�� 19� 8� 27
���

� � � �� � � � � ����� ����� � � � �

Detection of Wheat as an Allergenic Substance in Food by a Nested 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 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 di$cult. Therefore, to improve the
sensitivity of detection, a nested PCR primer pair (Wtr01NE2-5� and Wtr10NE5-3�: amplicon size
97 bp) was newly designed within the region of the PCR products amplified by the o$cial
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� were extracted with a commercial ion-
exchange type kit by modifying the Japanese o$cial method. The nested PCR method involved
two PCR procedures. First, PCR was performed by varying both the PCR reagents and cycling
conditions of the Japanese o$cial method. Second, PCR was performed using the first PCR
products diluted 200-fold with TE bu#er. The Japanese o$cial 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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� � � �
1. � �
��D&
E'(���P0�Q�RB	 Q@�SB	
'TU	 VW%X	 ASYZ	 [B\B]	 ^_`_S
^B8�.�� a�	 �b1����234���P0�
56��*8�.��

2. ���	
��
2.1 DNA�

DNA�7���*cUd(89e*?�R�_23�

Genomic-Tip20/G fQIAGEN:;g8�.�� <h=�
Millipore:;Milli-Q PLUS6
FMilli-RO5 PLUS2
>;��?@=8 121i2 20	jcB_Q^Bk<h�
�l�8�.�� a-mn@Bo fSIGMA:;g �<h=
�
� 1 mg/mL�,�
W�A;�	 Jp<h��l�
8�.�� Proteinase K6
F RNase A � QIAGEN:
;8�.	 *[?Yq`m`rB`6
FsetB`�B
u@CEvfwg;8�.�� 70xsetB`�=�<h
=2A;��� DNA�����<h=8�.��

2.2 PCR��
PCR�"��Ampli Taq GOLD & 10yPCR bu#er

II / MgCl2 with dNTPs fm?@*�z*c{��|+
]}TUfwg;g 6
F FastStart High Fidelity PCR

System fY�{~�)*m�t����Q�:;g 8�
.�� DNA��DA;�� TE�E= f��FG
 10

mmol/L Tris/��	 1 mmol/L EDTA (pH 8.0)g 8�.
�� H�rU_YB`���	 m^`�U���SB fI
J�"Evfwg;g KL�H�rU_YB`�U?^B_
8�.��

2.3 ����
PCR AE�` fm�zU�:;g 8�.	 �Mz�
��B�� 0.5yTBE�E= f�FG
 44.5 mmol / L

Tris�Borate, 10 mmol/L EDTAg 8�.�� DNAAB
SB� EZ Load Molecular Ruler 20 bp fz*c@��
fwg;g 8�.�� PCR�"=6
F DNAABSB�
m?@*�� 6yYB��U��E= fZ��U]BU
fwg;g8�.�� DNA�NO�� 0.5 mg/mL�,�


W�A;��s�]�|kYA*� f*U�_Y]�U:
;g 8�.��

3. ���	
��
n`�B� IFM-700 G f*�eZfwg;g	 cB_Q
^Bk<h�� MLS-3780F f�U�Bfwg;g	 P��
Q�� 5922 fQ�efwg;g	 R�W�� MMS-310 fS
�����fwg;g	 *UR~�BeB� FMS-100 fS�
����fwg;g	 ��T� �@*�B z�ALB-221

f*�Rfwg;g	 A*QY�~Bk�Q�� 1-13 fQ�
efwg;g	 e��nR�B� MT-31 f¡A_¢£fwg
;g	 	uu
¤� BioSpec-mini ffwgUV;>W;g	
�BA`�*Q@B� PCR Express II f�B s^Q_
YU:;g	 X¥�MYZ� Mupid-ex fm�zU�:
;g	 �`R�W�� �¦B)U�B{�BSB fSB¢
£fwg;g	 �`*§B]¨[YZ� FAS-III MODEL-

TM20 fS\]^fwg;g 8�.��
4. ��������� !"
P0�56��*� 4_`a�<h=8
��©ª�	
cB_Q^Bk<h�8�.� 100i	 121i	 131i�
��
2	 V�«� 20	j
�
������ 121i	
131i�V�«�
�
�'(23�^_`_'(	 
�
bc�8$%�¬*^_`_'(�­h���
���d
e��� A;��
�
�����*�®�O�a2 4i
2bc���

5. #$%&'
?@*AB�¯fS@|>;(8�@*°B]}TU:
�ª"±g��� �?@*AB�=� TE�E=2 25

mmol/L�G
��DA;�	 ²30i2bc���
6. DNA(� !"
%1�n`�B2*³�	 A;%1���� 
�
��
���*���Fh´�µ:��	 A;%1���� ��
� PCR2� DNA7�i� 2��jZ
��"�3�
�	 ��k>8R�W�6
F*UR~�BeB8�.�
R�W
��" (70 rpm)�l¶��� V�·¸�k>�
����m.	 Genomic-Tip20/G8�.�7���� 7
� DNA�=� TE�E=2 20 ng/mL��DA;�	 ®
�O�a2²30i2bc���

7. PCR)*
7.1 +,� PCR

PCR�"=��FG
� 1yPCR�E= fm?@*�
z*c{��|+]}TUfwg;g	 0.2 mmol/L�?@*
ABWtr01-5� (5�-CATCACAATCAACTTATGGTGG-3�)
6
FWtr10-3� (5�-TTTGGGAGTTGAGACGGGTTA-

3 �)	 0.2 mmol / L dNTP, 1.5 mmol / L MgCl2, 0.625 U

Taq polymerase�,�
W�©ª�	 20 ng/mL��D
A;�� DNA�=8 2.5 mL
�	 <h=�
�na8
25 mL���� O¹��%=8o	©ª��´	 95i�
10	jbº	 95i30pj	 60i30pj	 72i30pj
8 1�*Q`���	 40�*Q`�qr�"8HI��
V�´ 72i7	j�Fst�"8HI��
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7.2 ����� PCR�
7.2.1 1st PCR

PCR��������	 1
PCR��� 
�����
��������������� 0.4 mmol/L !"�#$
Wtr 01-5 �%&'Wtr 10-3 �, 0.2 mmol / L dNTP, 1.8

mmol/L MgCl2, 1.25 U Taq polymerase()*&+,
-./� 20 ng/mL,012�/3 DNA4�5 2.5 mL6
7� 89:,&;<�5 25 mL(/3= >?@ A�5
BC-./3D� 95E, 2CFGH� 95E30IF�
60E30IF� 72E30IF5 1J��K(/@� 40J�
�K LM��5NO3= P D 72E7CF��QR�
�5NO3=

7.2.2 2nd PCR

1st PCR ���5 TE���S 200T,01/3U
 5VW DNA(/@ 2.5 mLXY/3= Z���[ PCR

Y!"�#$\(/@Wtr01NE2-5� (5�-TGGTGGTTG-

GAATGGTTTAGA- 3 �)%&'Wtr 10 NE 5-3 � (5 � -GG-

CACGCGGATTGTATATGT-3�)5Y]3= PCR���
� 1st PCR(^_ `a5Y]3= PCRJ��K�J�
�Kb5 20J��K(/� P c� 1st PCR(^de
SNO3=

8. ��	
��
PCR��4� 7.5 mL5 6
�$f�g���� 1.5

mL(-.D� PCR AEhK,&; 0.5
TBE���5i
jk�lm$(/� 100n135 V opq,&; 40n50

CFprij/3= ij�sD� 0.5 mg/mLtuvwx
y�#�[4�S 20CFz{/� 0.5
TBE���S 20

CF|{/3D� hK�}$v~���,&;UV (312

nm)5��/� LMkg[5��/3=


������
1. ��������
Z���[ PCRY!"�#$\���� PCR ��
��Y!"�#$\	�a��3 triticin precursor��
� ������ (GenBankTM Accession No. S62630:

1567 bp)5�,� ��� PCR !"�#$\,&;LM
��*�� (1,171n1,311 bp) �� ���� Primer

3�55Y]@� !"�#$ J��� 18n27 bp� Tm�
� 57n63E� GC�� 20n80�S��/3=  3� Tria

04-5 �, Tria 04-3 �, Tria 05-3 �, Tria 05-5 ��^��� 
1,100n1,400 bp ¡¢��!"�#$ J��� 20n
22 bp� Tm�� 60n65E� GC�� 50n60�S��/�
Tria09-5�, Tria06-3��^��� <����!"�#$
 J��� 20n22 bp� Tm�� 59n61E� GC�� 50

n60�S��/3= £¤ ����Y!"�#$\(/
@� ��� PCR !"�#$\ (Wtr01-5�, Wtr10-3�)%
&'£�6), 7) !"�#$\ (DX5-5�, DX5-3�)5Y]3=
¥¦��Y!"�#$\(/@� ��� PCR !"�
#$\ (CP03-5�, CP03-3�)8)%&'§¨�	�a/3!"
�#$\ (Plant01-5�, Plant01-3�)9)5Y]3= XY/3!
"�#$ ©ª5 Table 1,«>=  3� ¬!"�#$
5`­.®¯3!"�#$\ °± (No. 1n8)(LMk
g[²5 Table 2,«>=

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

Table 1. List of PCR primers

Primer name Sequence (5��3�) Tm valuea) 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
Wtr10NE5-3� 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.

Tm³
1,000DH

´10.8µDSµR�ln (Ct/4)
´273.15µ16.6 log [Naµ]

DH (kcal/mol): sum of nearest-neighbor enthalpy changes.
DS (kcal/mol�K): sum of nearest-neighbor entropy changes.
R (cal/deg�mol): gas constant³1.987.
Ct (mol/L): total concentration of oligonucleotide (calculated as 0.2 mmol/L).
[Naµ] (mol/L): concentration of [Naµ] (calculated as 50 mmol/L).

Z���[ PCR�5Y]3·¸¹ ºo»¼� 
���  ��February 2008 25



2. DNA���� DNA��
��������	
��
������� �����
���������� ! "�# 3$�%�&'(�
DNA��)* 2+11 ng/mL,�-�.�)�/
�0
1��� DNA2��.�� ! "�#3���� 45
	�&'	,
�6����&'	��7893	
�,
�:� 45	�*&' DNA�)� 11 ng/mL�/
��
 ! "�#����� 
�6����&'	�* 59

ng/mL�2��;���0 ��� ����<==� >?
@�ABC�?DEF�G
%�&'(� DNA����
H� I��2��JK�L���0 DNA2��JK*�
DNA&'M�NO�P�Q3R,S�P�Q��TUV
�,�AW� &'���V G2XYZ� a-[\]#^�A
B Proteinase K,$�,�_��`�a�	b�� $�
��Qc�JK(��,�AVH�,def��0 g�h
��i�� 7j� �k�g���AB����k�g�
� 3j�&' DNA�)�lmnG3 Table 3�oU0

DNA�Z� 230 nm, 260 nm, 280 nm�AB 320 nm

�pq)3lm(� 320 nm�pq)3<rst]u?v
w,(�xy�z(� 260 nm�pq)%� DNA�)3
y'(�0 DNA�{)3|}UV�~� 260/280 nm�

pq)�%��?�s���3� 260/230 nm�pq)
�%���EF���
��3��(�0 &' DNA�p
q)�*� 260/280 nm� 1.84+1.99, 260/230 nm�
2.04+4.25����/
�0 &' DNA�)* 59+2,480

ng/mL����/
�0 ����&' DNA����H�
��,(���UV�)�/V 20 ng/mL�K�/W� �
�pq)�����*�?�s��AB�����*}~
��E%
�0

3. ��	
��
����������������
���� PCR��� 
����� 45	 PCR��i����UV��c��
��*���89f���E�0 1��� g�h��i�
� 7j� �k�g���AB����k�g�� 3j3
���� 45	 PCR���c3|}(�0 nG3 Table

4�oU0
&'(� DNA� PCR����3��UV�~�� �

8'��]��#�No. 73���� 45	�����
PCR3��(�,�:� 131�k�g���&' DNA%
�*��<?v�8'f�E%
�0 1��� �����
�(��
8'��]��#� No. 89)3���45	�
���� PCR3��(�,�:� U���$��&'
DNA���� 161 bp ��! f�V¡f���<?
v�8'f��0 �K�nG%�� ����&' DNAH
8���(����/V,¢£���0
g� DNA8'���]��#�No. 3�AW45	

PCR3��(�,�:� � ! "�#�AB 131�k
�g���&' DNA%�*��<?v�8'f�E%

�0 45	 PCR���89M����H� g�h�� 
! ¤�%�*g� DNA�8'�"¥#�/
��6�,
%�� ¦	�45	 PCR*�������§$�*��
¨©�/V¥#c�oªf��0

�6 «¬�� ­
��®¯°±² 84³°´µ¶±µ¶%·¸�
p. 104 (2002)0

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�¹Tria04-3� 66
2 Tria09-5�¹Tria06-3� 113
3 Wtr01-5�¹Wtr10-3� 141
4 Tria04-5�¹Tria05-3� 209
5 DX5-5�¹DX5-3� 450
6 Wtr01NE2-5�¹Wtr10NE5-3� 97
7 CP03-5�¹CP03-3� 124
8 Plant01-5�¹Plant01-3� 161

Table 3. Spectrophotometric analysis of extracted DNAs a)

No. Sample
Ratio

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

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� 1.99 2.58 220

10 Steamed WF at 121� 1.96 2.19 256
11 Steamed WF at 131� 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: º2.0

�®¼ Vol. 49, No. 126



4. ��������	
�� DNA
���� DNA

�����
��������	
����
���� DNA���
����������10)� PCR�	
� � !" DNA

�#$%&'(
�)*+���,-�)./0����
!��"12� 3 �45
6�789:��� ;�;7
<:� 3 (= DNA������>?@�A3 B#$
%&'(�*+CDEF�GH
 DNA3 �IJKLM
�NO6OP76Q����
RS������	
� ����
��RS DNA��
����T�
3U����6�� V;	� �����W
6�RS������ 7X� Y��RSZ@�A�[�
\��RSZ 3X<:� !" DNAKB��� ]^_`
7 PCR
�)RS DNA�����Kab!"�

4.1 ��������������
DNA�����K]^_`
�)ab!"cdK Fig.

1
ef�
RS������	
� gh������"ijk'�
i$jl'� �mD@�Ano)pq������"Vr

Ms� &ltu	
v��� DNA�wxyz0{|!�
�"� }~� �[�\����"�'�'�� ����l
�'	
� V��� 300 bp��� 200 bp��� DNA


�7s�����6<Q"�
�[�\��RSZ	
 100�, 121�, 131�����

 DNA��������� 131���	
 180 bp��
� DNA
�7s�����6<Q"�
ijk'�i$jl'6��gh����
�� 200�

300�>?�v�?	������� v��� DNA�w
xyz0{|!��"� }~� �[�\����"�'
�'������l�'@�A�[�\��RSZ�
121�, 131���	
 200 bp���v�� DNA
3 
��6<Q"� ���cd<:� DNA�����
��
�?�).�[�\�������;7�e���"� �
�3U!"��	
 131���RSZ��.v?
���
�!��"�

4.2 �����
��� !"#$%&'(��)
����<:� !" DNA
v?
����!���
�� 150 bp� � DNA
{|!���789:���

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

No. Sample

Plant Wheat

CP03a) Plant01b) Wtr01¡Wtr10c)Wtr01¡Wtr10c)

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� ¡ ¡ ¡

10 Steamed WF at 121� ¡ ¡ Trf)

11 Steamed WF at 131� ¢ ¡ ¢

a) Primer pair No. 7
b) Primer pair No. 8
c) Primer pair No.3
d) ¡: positive
e) �: negative
f) Tr: trace band

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�; 10, Steamed WF at
121�; 11, Steamed WF at 131�
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�4), 11)� ����� �	
 PCR���
���� 95�
141 bp������������ ���� 141 bp���
 !"#$%&�	
 PCR���
���No. 3$��
�'()*��� +,+-.����/0102/�*3
4 1315.�678�67 DNA�'9:;<�=>��
�?�� @A+BCD)*E�'9FGHI��� !"
#$'(���
��
���� Table 2� No. 1�5)J���� !
"#�KI� 66, 113, 141, 209*34 450 bp� 5�$
���� ��
���LM�NO��	
 PCR)P>
�� QR$ Table 5)JS�
�T+B.����UVW�� U�V2�� CX!*3
4Y�Z[\+B.�����]�^� �2_`��Sa
����
����'9;<�=>�� ���� +,+-
.����b�c�d�� 450 bp��� !"e'9:
;<�=>�� f�� /0102/���Sa����

����'9:;<�=>�� gh� i.�678*34
1005.�678��Sa����
����'9;<�
=>�e� 1215.�678�� 66�141 bp, 1315.�
678�� 66�113 bp����j��� !"�ke'
9��� ��3ZlmI�� !"�'9:;<�=>
��
Ln�QR�o� /0102/�$p��+BCD*3
4+,+-.�67�'9FG�� !"#�**qr
113 bpLs�=>�?H�o� ��
����**3�
100 bpLs���S�?HetuHvwo���

5. ����� PCR���	
�
67xt+BCD*34+,+-.�678$���'
9FG�� !"#�'($y>�H?z� /0102
/�)*����� !"#$ 66 bp)�{��|})
*��~'9:;<�=>�� f�� ��
��� No. 6

$����	
*34���V" PCR
� 1st PCRNO
)3Z'9$�k�H?z� �	
��'9:;<�=

Z� ���V" PCR
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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)

No. Sample
Amplicon size (bp)

66 bp 113 bp 141 bp 209 bp 450 bp

1 Cookie ¸a) ¸ ¸ ¸ ¸
2 Cracker ¸ ¸ ¸ ¸ ¸
3 Bread (Syokupan) ¸ ¸ ¸ ¸ ¸
4 Thin noodle (Somen) ¸ ¸ ¸ ¸ ¸
5 Macaroni ¸ ¸ ¸ ¸ ¸
6 Sausage ¸ ¸ ¸ ¸ ¹b)

7 Retort pouch curry ¹ ¹ ¹ ¹ ¹

8 Wheat flour (WF) ¸ ¸ ¸ ¸ ¸
9 Steamed WF at 1005 ¸ ¸ ¸ ¸ ¸

10 Steamed WF at 1215 ¸ ¸ Trc) ¹ ¹
11 Steamed WF at 1315 ¸ ¸ ¹ ¹ ¹

a) ¸: positive
b) ¹: negative
c) Tr: trace band
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