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[\](Nested Polymerase Chain Reaction)2&cdVWXYZ[\]<ef�
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�;m�n�o6p (Biosmart Allin 1.0 GMO
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��$%&'(K�)| CAMV 35S �� }~� 150bp DNA �� ���<s

CAMV 35S �� ��<�WS� 35S 1/35S 2 � 2& 35S-F/ 35S-R� <�l!
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À��Á�Â���^sÃLÄÅ�ÆÇ���%ÈÉ¿Ê�:
�HLÄÅ�ÆÇL?ªV

�%7Ë 5Ì�ÍÎoÏ:
ÄÅ(Ë Roundup Ready soybean)?ª� 7Ì�ÍÐ:
ÆÇ(Ë BT-176)
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/ÛV�6ÜÝ�ÞßÚ 17Óàá"?ªV�(â 1)6

� 1. ��������	
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Table1. Samples of maize and soybean seeds prepared for transgenic crops detection

Sample no. Crop Import/ Local origin Source Remark

1 Soybean Local origin #1 Supermarket Non-GMO labeling

2 Soybean Local origin #2 Supermarket Non-GMO labeling

3 Soybean Local origin #3 Supermarket �

4 Soybean Import #1 CGPRDIz GMOz

5 Soybean Import #2 CGPRDI GMO

6 Maize Import #3 CGPRDI GMO

7 Maize Import #4 CGPRDI GMO

8 Maize Import #5 CGPRDI GMO

9 Maize Tainung no.2 TARIz inbreed Non-GMO

10 Maize Tainung no.3 TARI inbreed Non-GMO

11 Maize Import #6 CGPRDI GMO

12 Maize Import #7 CGPRDI GMO

13 Maize Import #8 CGPRDI GMO

14 Maize Import #9 CGPRDI GMO

15 Soybean Import #10 CGPRDI GMO

16 Soybean Import #11 CGPRDI GMO

17 Soybean Import #12 CGPRDI GMO
Z abbreviation, GMO:genetically modified oganism；CGPRDI:China Grain Products Research and Development Institute；

TARI:Taiwan Agricultural Research Institute.
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��������� (Polymerase Chain Reaction, PCR)������������ (Nested

Polymerase Chain Reaction, Nested PCR)���� 
�������!"�#$%
 CAMV 35S &

'!( DNA)*(Meyer 1999+Lipp et al. 1999),Nested PCR��#-.�/012
����3�

PCR 
4567�89:(Kuiper 1999)+; PCR�<=>? CAMV 35S &'!(@A(Wolf et al.

2000)-�BCD
E!FG��-.HIJK�LM,

DNA�������NO	

PQRST�!UV-.��W 50~80mg
"�-X4 Wizard
TM

Genomic DNA Purification System(Promega, Madison, WI)YWizard
®
Magnetic DNA Purification

System(Promega)-�� Premier Excell Pure
TM

Plant/Fungi Genomic DNA Kit Z-[�\]( DNA(

^W567-FG DNA ^W,^W_
 DNA `� Spectrophotometer � OD260
a^W�bc-d

e.��fgJbc8 80ng/hl-ij�8 PCR��(kl-�FG PCR�<.HIJLM,

�	
��35S l/35S 2�� 35S-F/35S-Rm7E!-n>? Wolf Zo( 2000)	
 CAMV 35S&

'!$pq
CDE!,35S l@A8 5’GCT CCT ACA AAT GCC ATC A3’+35S 2@A8 5’GAT AGT

GGG ATT GTG GGT CA5’,r 35S-FE!J@A8 5’ CCT ACA AAT GCC ATC ATT GCG A3’+35S-R

@A8 5’GGG TCT TGC GAA GGA TAG TG 5’,

CAMV 35S �
	� PCR���PCR��stu8 25hl-v% 1 unit Taq polymerase (Roche-

Fast Start)Y1wPCR buffer (10 mM KCl+50 mM Tris-HCl-pH 8.3+5 mM (NH4)2SO4 )Y1.5 mM MgCl2Y

200 hM dNTPY0.5 hM primer � 100 ng template DNA,PCR ��xy8 Perkin Elmer Cetus

Thermal Cycler 9600-��zc{|} CAMV 35S &'!�B(E!@A
 Tm~��pa���

(�)35S 1/ 35S 2E! �95� 5 ����+95� 20�- 57� 40�-72� 1 ��-FG 40 �+

�� 72� 3 ��+���Be��� 4�,�(m)35S-F/ 35S-RE!�94� 10 ����+95� 25

�- 62� 30�-72� 45�-FG 50 �+�� 72� 7 ��+���Be��� 4�,�

CAMV 35S �
	� Nested PCR ���Nested PCRn4��F��(C��-����%��

����-��X4��(E!7FG������4+ e-���� PCR 3��8k¡-pq

��v¢(£E!7-`FG�m� PCR��,¤��¥t¦§�I¨(kl DNAFG�m� PCR

��-2©ª3«I¬­a(]®¯3�,

Nested PCR�<n�����3�	
4
567(Biosmart Allin 1.0 GMO Screening System)

FG
-J#�����stu8 50hl-v% 1 unit Taq polymerase (Roch- Fast StartYPromega

Taq-buffer B)Y 40hl Allin Mix 1 (v% 35S &'! °	
E!Y dNTPR PCR buffer) -�±² 400

ng template DNA+�m���n���� PCR3�-W 1hl ³���kl-`±² 49hl Allin Mix

2`FGm���- ��´�µ#­�¶· internal control(Zein ��)-24�¸
 PCR��-¹º

»�¼½3�«B
�!,����zc{|��pa���(�) Nested PCR������95� 3 �

���+95� 30�- 55� 40�-FG 40 �+�� 72� 3 ��+���Be��� 4�,�(m)

Nested PCR �m����95� 1 ����+95� 45 �- 50� 40 �-72� 30 �-FG 45 �+

�� 72� 3 ��+���Be��� 4�,�

DNA ���¾\]��������;��
 DNA - W 12hl ±² 6 ¿(ÀÁÂÃµ (6

wloading buffer�0.25% bromophenol blue � xylene cyanol-40% w/v sucrose)-�% 2.0% agarose

R 1.25 %Neu-Sev 3�1 agarose
Ät-� 0.5X TBE buffer#FGÀÁ-ÀÁÅÆ8 Cosmo, Mupid-2-

ÀÇ 100 È­-ÀÁÉÊË 25Ì30 ��-LÍeÎ� 0.5 mg/ml ( ethidium bromide #ÏÐ 20-30
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��
������������� DNA �������� !"#$%� IS 2000 Digital

Imaging System (Alpha Innotech Corporation)�&'()*+,-./0 CAMV 35S 123 0 DNA

���45

� �

DNA�������

678*+,-09:!;<=>?@AB 50~80mg () DNA 0CD��EFGH DNA CD

IJ(Promega / Wizard® Genomic DNA Purification KitKPromega /Wizard® Magnetic DNA Purification

System for FoodKPremier Excel Pure Plant/Fungi Genomic DNA Kit)0 DNALMNOP�QRGH

DNACDIJSTUVWCDX;<N9:H3AB0 DNA5CDX0 DNA
6 Spectrophotometer

4YZ OD260[\�]^Z DNAPQR_ 2µg ~4 µg5`abc�4 DNABdQR�GHCDIJ

TUeXBdfg0 DNA�h6 Wizard® Genomic DNA Purification Kit 0Bdig5jCDkl0

m.nop
q_ 1~4rn�h6 Wizard® Magnetic DNA Purification System for Food sl 1rn�

_itn(u 2)5CDvwp_ 25xy 100x0o�hZ�p6 Wizard® Genomic DNA Purification Kit

sl 25x0vwiz(u 2)5

� 2. DNA���������� DNA	
��


Table 2. Different DNA extraction kits and the comparisons of their quality

DNA Extraction Kit Quality
Time

(Hours)

Cost

(NT dollars/sample)

Promega / Wizard® Genomic

DNA Purification Kit Good 2 25

Promega /Wizard® Magnetic

DNA Purification System (food) Fine 1 150

Premier ExcelPure

Plant/Fungi Genomic DNA Kit Fine 4 60

CAMV 35S �	
� PCR�


{ CAMV 35S 123*+| 5’N 3’}~0����V 35S 1/35S 2 �3S(35S 1��_ 5’GCT

CCT ACA AAT GCC ATC A3’K35S 2��_ 5’GAT AGT GGG ATT GTG GGT CA5’)K6! 35S-F/

35S-R�3S (35S-F�3Z��_ 5’ CCT ACA AAT GCC ATC ATT GCG A3’K35S-R��_ 5’ GGG

TCT TGC GAA GGA TAG TG 5’)5�V0 35S 1/35S 2 �36! 35S-F/ 35S-R�3� PCR��QR�

U
q4X*+,-9:!;<AB� CAMV 35S 123*+0 195bp DNA ��(� 1)6! 207bp

0 DNA��(� 2)�Z� PAB_ positive control�6 Biosmart Allin 1.0 GMO Screening System k

�0��S(8 80ng DNA /µlK0.5% each, Round up Ready® soybean and BT-176 maize)K�� 1,2_�

*+,-9:��� 3,4,14,15,16 �*+,-9:ABK�� 9,10 p_�*+,-;<���

6,7,8,11,12,13p�*+,-;<AB5� 35S 1/35S 2 �30 PCRbc��QR���k�*+,-

9:!;<H3ABk�X0 DNA(��AB���3,4,14,15,16,6,7,8,11,12,13)TU
q�� 195bp

DNA��(� 1)K� 35S-F/ 35S-R�30 PCRbc��QR�k�*+,-ABp�� 207bp0 DNA

��(� 2)K`����*+,-0AB(1,2, 9,10)pT����@��5
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� 1. � CAMV 35S�������	 (35S 1/35S 2) 
���
����������������

Fig. 1. Surveyed GMO samples by using PCR with CAMV 35S promoter specific sequence as primers

(35S 1/35S 2).

Sample no. 1, 2 are non-GM soybean�Sample no. 3, 4, 14, 15, 16 are GM soybean� Sample no. 9, 10 are non-GM

maize�Sample no.6, 7, 8, 11, 12, 13 are GM maize. Lanes M: size marker (100 ladder of promega). P: Positive control .

� 2. � CAMV 35S�������	 (35S-F / 35S-R) 
���
����������������

Fig. 2. Surveyed GMO samples by using PCR with CAMV 35S promoter specific sequence as primers (35S-F/35S-R).

Sample no. 1,2 are non-GM soybean�Sample no. 3, 4, 14, 15, 16 are GM soybean� Sample no. 9, 10 are non-GM

maize�Sample no.6, 7, 8, 11, 12, 13 are GM maize. Lanes M: size marker (100 ladder of promega). P: Positive control.

Nest-PCR ��������	
��


�����
����	
���� (Biosmart Allin 1.0 GMO Screening System)�����

Nest-PCR ��� ����!"#$%
&'()*+,-./
01 DNA 234 400ng(PCR .
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/>?@ 50µl)�A 200ng(PCR./>?@ 25µl)�BCDEF'
&'GH�I-JKL
E���

�$%#!"M�5
 CAMV 35S NOP��QRK 150bp DNA ST(U 3)(

Nest PCR��GHV����M�
WX�Y Biosmart Allin 1.0 GMO Screening System Z[�


\]#GH^_`�WXa�b5ZDE
cd\e��f4 278bp ( Zein 
���ghi4

Maize )�217bp ( Zein
��� DNAhi4 Internal Control)�150bp ( CAMV35 NOP�� ) �118bp

( Lectin
�� )(Nest PCRUj5kl 1,2, 4m����!"�kl 10n4m����$%M��

Bop 150bp
 DNA STqgrkl 3,4,54����!"M��6,7,8,124����$%M��s

150bptuvCEwxy
\e(

� 3. � Biosmart Allin 1.0�������	
��
����� CAMV 35S�������

Fig. 3. Surveying maize and soybean GMO sample by Biosmart Allin 1.0 GMO Screen system for CAMV 35S promoter with

nested PCR. Sample no. 1, 2 are non-GM soybean �Samples no. 3, 4, 5 are GM soybean�Sample no. 10 is non-GM

maize�Samples no. 6, 7, 8, 12 are GM Maize� Lanes P: positive control� M: size marker (100 ladder of promega).

� �

������KL
�z{�|�V��}~���
9:��q��
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����������L
����g����#g�����������
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��¡¢£�¤¥¦§./(Polymerase Chain Reaction, PCR)�̈ ©ª« PCR(Gachet 1999)¬Nested PCR

(Meyer 1999)V Real-Time PCR­q;®��¯°±��4��
��(Rogan et al. 1999)¡¢¤¥¦

G²³´µ��� (Enzyme-linked immunosorbent assay, ELISA)�A¶�·¸��� (Western blot



��������	
��
�� 15

analysis)����������������
������	
� !"#$%&'() (Schreiber

1999)�*+ CAMV 35S ,-./0
1.2345 PCR 
6789:;� ��<=
 PCR >?

(Multiplex PCR)�@AB�����CD�EF
,-.(promoter)GHI.(terminator)G67��

(selection gene)!JK�L
�M��(target gene)��/0NO
1.�!23 Nested PCR@P=�

�����
QR�ST�PCRUVW��X*Y+&'=ZG&'[\]^_`Gabcd�>.

���23e:
QR�!fgP=h#��% PCR>?ij Nested PCR@ ��% PCR>?�X

kl��e:m��!Jno% GMO<=pq�

�rsktq PCRGNested PCRu Real-Time PCR�	
������
vQw!JYLw�x

uy� DNA 
�z{{|}�~% DNA �z(<=��
���g�l����
��(�.�

�����%�.������J���������z�DNA�����������~ DNA�

zk#� ¡�¢l��45£�¤¥� DNA ¦§��¨����
 DNA © PCR Iª*«¬=


YLw�­ PCRW�®¯*°±��²³ DNA¦§´µu��
¶��;! Wizard®Genomic DNA

¦§�·¨�L¸¹�*²«º»¦§(�¼´)J�¦§�l(25½/y�)�¾¿�! 50~80mg
À�

y��Á*�� 2µg!f
 DNA�Â#Ã PCR@ Nested PCRUVÄÅ�Æ*ÇÈ23 20�!f


PCRUV���

g� Nest PCR>?_`D��!°± CAMV35 ,-.��% 150bpÉÊ!JËÌ�.ÍÎÏÐ

% Lectin��
 118bp ÉÊ�ÑÒµ>.Ó¼|Ô­Õ(¼� 150bp
ÉÊ�!#Ã DNAÖ×�%

2% Agrose ØÙÚQ°±JÛÜ�¢l��£�¤Ý�Þ Agarose ßà�!áâãä
 Agarose J

Neu-Sev3:1
ßà�Ö×IªÆ*!Xy�Då����ÓËuæç(y�èé 1,2u 10)�!J��

��ÓËuæç(èé 3,4,5u 6,7,8,12)�+ 150bp
êë�ìíÛÜîkï(����W��

Wolf���ðñ(2000)òbó����W�D CAMV 35S,-.
ô
�/0õÇî#pö PCR

UV
NO1.��D÷� 35S 1/S 2G35S-F/35S-R�l��øù¶�Zöú�1.�!23æçÓ

Ë����y�
	
����Iªûu Wolf��Iª|ü�>ý*Wþ�!ô
 CAMV 35S,-

.
 195bpu 207bp
ÉÊ�Wolf��Iª�ò�ÿ�� 35S 1/S 21.
 PCRW�� CAMV 35S

,-.
NO
 195bpT��Wþ� åN#wÄ��r� 35S-F/35S-R�Wþ�#
 207bpÉÊ8

�l�� PCRUV
�ú]^£� Fast start polymerase �Iªrsk 35S 1/S 2@ 35S-F/35S-R1.

¨�Õ�Wþ�#Ä��«ê¸¹
N#wJ°±w8� 35S 1/S 21.% PCRIªÐ non-GM%Ó

Ë(y� 2)��LrQ=% 35S ,-. 
 195bpÄ�8�Ð 35S-F/35S-R1.ó non-GMy�ô
;

ëSL	�
T�bó 35S,-.% Nested PCR>?�g�UV�[�% internal control(Zein-217bp


 DNA)�¢�
y�
 PCRW�Õê Zein- 217bpÄ�T8Î�êy�D
 Nested PCRW��ÕW

þ% Lectin��
 118bpÉÊ�óæçy�����2#5QRkï(ð(
������ó��b

ó 35S,-.%ô
r����°±�¢X����(���p@��23 GMOô
´���a��

����R*
 PCR	
<=��*>�¥���(Kuiper 1999)�#(	
(Detection ) i	


y�[kï������>
������#Ã! PCR()�	
ó	(kï«ê CAMV35 ,-.

@!� selector marker (	
��8����(<=(Identification ) <=!!����“��”(ó

	�"#����
y�kï(���R*
“��”�S$Ê%! PCR >?()�&'/0P(1

.!	
S����
y�[
 structure gene()�õuó*��ãó(S��
>?��l+,[

-��./�&Æö(X23
0�)8"¥��(=�(Quantification) (	
y���[����

�>
���#Ã!�� Real-Time PCR�1ú!f��ó������<=%���l��Ð��
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Developing the Techniques for Transgenic Crops

Detection -Detection of Genetically Modified Soybeans

and Maize by 35S Promoter Molecular Marker
1

Jau-Yeuh Wang 2,4, Ming-Jen Fan2 and Chien-Yih Lin3

Summary

Wang, J. Y., M. J. Fan, and C. Y. Lin. 2004. Developing the techniques for transgenic crops detection- detection

of genetically modified soybeans and maize by 35S promoter molecular marker. J. Agric. Res. China 53:9-17.

Biotechnology has enabled the modification of crops in a very precise way thereby improving

productivity and yield. Till 2003 about 78 transgenic crops were through safety evaluated and already

approved. Since that, the problem for discriminating between transgenic crops and non- transgenic crops in

the market was posed. In this study, we used herbicide resistance transgenic soybean and Bacilnus

tumufacisos (Bt) corn as model plants for setup the DNA level detection of transgenic crops. Three

commercial DNA extraction kits were evaluated for DNA quality and PCR efficiency. The results showed

that the Wizard® Genomic DNA Purification Kit can be manipulated easily to obtain DNA with good

quality. The results of transgenic crops detection revealed that Nested PCR �Nest Polymerase Chain

Reaction� analysis based on Biosmart Allin 1.0 GMO Screening System allowed the detection of

transgenic soybean and transgenic corn by CaMV 35S promoter specific gene fragment of 150bp.

Furthermore, the synthesized primers of 35S 1/35S 2 and 35S-F/35S-R also showed very efficient in

detected the CaMV 35S promoter and produced the fragments of 195bp and 207bp respectively.

Key words: Transgenic crops, Detection.
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