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Table 1. List of primers

Primer Sequence Reference

3552A  5-ATGACGCACAATCCCACTATC-3' This study, 1
CTP5A 5-GGCTGTAGCCACTGATGCTGA-3' This study, 1
EPSPS 3' 5-GGCAGCCTTCGTATCGGAGAGTTC-3' This study, 1
Lel n-5' 5-GCCCTCTACTCCACCCCCATCC-3' 3,5
Lel n-3' 5-GCCCATCTGCAAGCCTTTTTGTG-3' 3,5
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Fig. 1. Schematic diagram of transgene and designed PCR primers
for RRS (A) and PCR products amplified from RRS by PCR and
nested PCR technique (B). (A) Arrows indicate the position and
direction of PCR primers using for detection of RRS in this study. The
expected sizes of PCR products are indicated in parentheses. (B)
Agarose gel electrophoresis of PCR products amplified by primers of
35S2A and EPSPS-3' primers and RRS DNA as template DNA (lane
2) and primers of 35S2A and CTP5A and 1.7kb-PCR products as
template DNA by nested PCR analysis (lane 1), respectively. PCR
products (10 ) were analyzed on a 1.5% (w/v) agarose gel containing
0.5 pg/ml of ethidium bromide. M indicates 1-kb DNA ladder (Gibco
BRL).
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Fig. 2. Sensitivity analysis of PCR for detection of various amounts
of RRS (A) and RRS sprouts (B). PCR products amplified from
soybean and soybean sprout DNA containing various amounts of RRS
using primer pairs of 3582A-CTP5A (I), Lel n-5-Le! n-3' (IC), and
two primer pairs (III) of (I) and (IC). (A) Lane 1: non GM soybean,
lanes 2-12: 0.01%, 0.05%, 0.1%, 0.5%, 1%, 2%, 5%, 10%, 20% and
100% RRS, respectively, M: 1-kb DNA ladder. (B) Lane 1: non GM
soybean sprouts, lanes 2-12: 0.01%, 0.05%, 0.1%, 0.5%, 1%, 2%, 3%,
4%, 5%, 10%, and 100% RRS sprouts, respectively, M: 1-kb DNA
ladder.
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Fig. 3. Homology of nucleotide sequences of PCR products
amplified from RRS. (A) and (B) show the homology of nucleotide
sequences of the cauliflower mosaic virus 35S promoter (GenBank
accession number AF140604) and the chloroplast transit peptide
derived from the Perunia hybrida EPSPS (GenBank accession number
M21084), respectively. Upper sequences indicate the nucleotide
sequences of PCR products analyzed in this study. The shadowed
boxes indicate the oligonucleotide sequences of 35S2A- and CTP5A-
primers for detection of RRS.
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Fig. 4. Glyphosate-tolerance test. (A) The RRS and non-RRS plants
were grown for 2 days (I), 5 days (II), 7 days (II), and 10 days (IV)
after spray with 1% (w/v) glyphosate. (B) RRS (left) and Non-RRS
(right) sprouts were grown for 10 days after transplantation to soil-pot
and sprayed with 1% (w/v) glyphosate and grown for further 10 days.
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Fig. 5. Detection of RRS among soybeans imported from USA. (A)
Positive control of RRS (left) and imported soybean plants (right) were
monitored by glyphosate-tolerance test. (B) PCR analysis of
glyphosate-tolerant plants. Lane 1-21: glyphosate-tolerant soybean
plants, lane 22: Hwanggum, lane 23: Eunha. (C) PCR analysis of
imported soybean from USA. DNAs were extracted from each grain of
Hanjin-, Full beauty- and Nachanari-imported soybeans. Lane 1:
Hwanggum, lane 2: Eunha, lane 3-20: Hadrian, lane 21-39: Full
beauty, lane 40-56, M: 1-kb DNA ladder.
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Table 2. Characteristics of soybeans imported from USA

Soybean Hilum color (%)
Normal seed 100-seed Moisture Germination -
Variety percentage (%)  weight (g) content (%)  percentage (%) Black Brogvnlnght Yellow
rown
Hanjin 81.7 14.6 104 78 77 23 0
Import Full Beauty 98.7 162 10.6 90 75 25 0
Nachanari 94.3 15.2 114 82 74 26 0
Domestic Hwanggum 100 250 9.7 100 0 Q 100
Eunha 100 120 9.2 100 0 0 100
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Fig. 6. Hilum color of soybean imported from USA. (A) Black. (B)
Brown. (C) Light brown. (D) Yellow.
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Detection Methods for Genetically Modified Soybeans

Young-Mi Kim*, Seong-Han Sohn, Soon-Il Jeong', Mun-Sup Yoon’, Tae-San Kim and Yong-Hwan Park (Division
of plant Biotechnology, *Division of Genetic Resources, National Institute of Agricultural Biotechnology, Kyeonggi-do
441-100, Korea; ‘Experiment and Research Institute, National Agricultural Products Quality Management Service,

Seoul 150-043, Korea)

Abstract: Along with the worldwide rapid increase of the cultivation area and commercial production of genetically
modified (GM) crops, the amount of GM grains imported to Korea has also been increasing. Roundup-Ready
soybean (RRS) was introduced with 5-enolpyruvyl shikimate-3-phosphate synthase (EPSPS) gene derived from
Agrobacterium CP4 to confer the resistance to herbicide, glyphosate. In this study, we tried to develop PCR-based
analytical method to detection the presence of RRS among non-GM soybeans. In order to detect RRS specifically,
oligonucleotide primers were specifically designed based on the nucleotide sequence of EPSPS transgene. Qualitative
PCR method was established and its specificity and accuracy were confirmed by analysing the nucleotide sequence
of PCR DNA fragments. Bioassay was also conducted by spraying glyphosate at seedling stage. Survived individuals
showed obvious resistance to Roundup Ready, however all of non-GM seedlings died in two weeks after spray.
Conclusively, the highly selective detection systems for RRS were successfully established by both PCR using
specitfic primers to EPSPS transgene and bioassay using the herbicide resistance of RRS. In addition to, the imported
soybean showed to be mixed to several varieties regarding to 100-seed weight and hilum color.

Key words: genetically modified soybean, herbicide-tolerance, glyphosate, bioassay, PCR, qualitative analysis
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