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Abstract A real-time turbidimeter loop-mediated isothermal amplification (LAMP) assay was developed for the
rapid, sensitive, and convenient detection of genetically modified (GM) ingredients in soybean products obtained
from local supermarkets in China. Specific primers were designed based on the published sequence of lectin, nos
terminator and endogenous genes of two GM soybean strains (GTS40-3-2 and MON89788). The total genomic
DNA of soybean-made products was extracted by cetyltrimethylammonium bromide (CTAB) method. Then, the
genomic DNA was used as template for LAMP assay. The results showed that this real-time turbidimeter LAMP
assay was specific and sensitive enough to amplify DNA from soybean products. The limit of detection (LOD) of
lectin and MONB89788 was 0.01% (weight of GM soybean/weight of non-GM soybean), roughly equivalent to four
copies of soybean genomic DNA in DNA mixture within one hour; and the LOD of nos and GTS40-3-2 was 0.1%,
roughly equivalent to forty copies of soybean genomic DNA within 1 hour. The sensitivity reaches to 0.01%, which
meets the requirements of the European Union (EU). In practical application, the total detectable ratio in soybean-
made products was the same as that of PCR, suggesting that LAMP method was accurate and sensitive.
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1. Introduction

Agricultural production has grown rapidly in recent
years to fulfill the consumer demand of crops. One
effective method to ease the burden of the increased
demand is to produce genetically modified (GM) crops by
introducing novel traits into crops. Production of GM
crops has increased dramatically worldwide since 1996,

with the cultivate land reaching 1,600,000 km? in 2011 [1].

According to the International Service for the Acquisition
of Agri-biotech Applications (ISAAA), about 10% of the
world’s croplands were cultivated with GM crops [2]. In
2011, there were 29 countries involved in the cultivation
of GM crops. Of note, 50% of GM crops were cultivated
in developing countries. The United States, Brazil, and
Argentina were the three top cultivators of transgenic
crops in 2011 [1]. The introduction of GM crops has
greatly contributed to the increase in crop yields.

However, with the increase of GM crops worldwide,
controversies surrounding GM crops as a public health
concern have emerged. GM crops may cause potential
hazards to human health and environments, such as

incorporation of toxic material or allergens into crops,
dissemination of drug resistance, lowering biological
diversity and other unknown effects [3]. The increasing
public resistance to GM crops has led to the development
of strict regulations and accurate detection for transgenic
elements in agriculture products. The European Union
(EU) has developed clear rules to restrict the proportion of
GM ingredients in agriculture products. The proportion of
GM ingredients in agriculture products should not exceed
0.9%, and products exceeding this limit must be labeled
with GM product to remind consumers [4]. Thus,
developing rapid and accurate detection methods for
genetically modified organisms (GMOSs) in agricultural products
were necessary for safe assessments in crop consumption.

The major analysis methods for identification and
quantification of GM crops were based on nucleic acid
amplification techniques, such as PCR or real-time PCR
[5], with good sensitivity and specificity. These methods
usually can detect event-specific GMOs such as Mon810,
Btll, or GT73. They also can detect genetic elements
such as p35S, tNos, pat, or bar [6-10]. However, these
methods usually require expensive equipments and cost 2
or 3 h to obtain results.
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The recent developed loop-mediated isothermal
amplification (LAMP) method is a relatively simple and
field-adaptable technique [11]. Target DNA is amplified
under isothermal conditions using DNA polymerase with
strand displacement property, and Bacillus
stearothermophilus (Bst) polymerase is often used.
Therefore, sophisticated and expensive thermal cyclers are
not required. The amplification of DNA results in the
formation of magnesium pyrophosphate which appears as
a precipitate as the reaction progresses. The appearance of
this precipitate is used as a sign of a positive reaction. In
addition, LAMP is shown to amplify DNA with high
efficiency, amplifying a few copies of DNA to 10° in less
than 1 hour [11]. Four specific LAMP primers anneal to
six sites of the target sequence [11]. Given that this
method does not require a thermo cycler or sophisticated
training, LAMP would be an alternative detection assay in
both developing and developed countries.

Recently, LAMP was used to detect GMO crops,
yielding specific and sensitive results. By targeting event-
specific sequences for transgenic MS8 and RF3 oilseed
rape, transgenic element CaMV35S and nopaline synthase
terminator (nos), Lee developed a LAMP protocol
combined with gel electrophoresis analysis for the
detection of GM oilseed rape, with the detection limit
reaching 0.01% [12] (Lee et al. 2009). An optimized
visual LAMP method for the detection of two GM
soybean events, GTS40-3-2 and MON89788, was
reported [13]. Moreover, Liu reported a LAMP method for
the detection of 35s epsps in GM soybean, of which the
detection limit was 10-fold higher than that of nested PCR
[14]. Chen developed a LAMP method to detect specific
GMOs, based on the event-specific sequences, in seven
GM maize events. The detection limit of this method
reached four copies of the maize haploid genomic DNA
[15]. Positive LAMP results can be easily observed both
by gel electrophoresis or by the naked eye through a color
change of the reaction mixture with SYBR green |
insertion. However, there are still some disadvantages in
result observation by these methods. For instance, it is
difficult to determine the LAMP results when the amount
of LAMP products is very low. Moreover, the tube cap
has to be opened to add SYBR green | to the LAMP
products after reaction, which may easily cause aerosol
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pollution. Hence, it is urgent to develop a simpler, more
sensitive, and more accurate LAMP method for the
detection of GMOs.

In this study, we developed a real-time turbidimeter-
LAMP method for rapid and sensitive detection of
endogenous soybean gene lectin, nos terminator in two
soybean strains, GTS40-3-2 and MON89788, which are in
processed soybean products. To our knowledge, this
report is the first practical application of the real time
LAMP method in process soybean products detection.

2. Materials and Methods

2.1. Materials

Roundup Ready soybean, GM soybean (GTS40-3-2,
MON89788), non-GM soybean, (GM rice, BT63, KF6,
GM maize MON89034, BT176, MON810) were provided
by Guangdong Entry-exit Inspection and Quarantine
Bureau (Guangzhou, China). Non-GM wheat, maize, rice
and oilseed rape, bean curd, bean curd skin, soy milk
powder, soybean oil, fermented bean curd, fermented
soybeans, and soy sauce were purchased from local
supermarkets.

2.2. DNA extraction

All agricultural food samples were homogenized with a
Waring blender. DNA  was  extracted by
cetyltrimethylammonium bromide (CTAB) method [16].
The DNA concentration was measured based on UV
absorption at 260nm, while DNA purity was evaluated on
the basis of the UV absorption value ratio at 260/280 nm.

2.3. Primer design

All primers were designed by using the specific online
software Primer Explorer V3 (http://primerexplorer.jp/
elamp3.0.0/index.html) and synthesized by Invitrogen Co.
Ltd. (Shanghai, China). The primers (F3, B3, FIP, and BIP)
of each target (lectin, nos for GTS40-3-2 and MON89788)
were designed based on the corresponding specific
sequences. The primer sequences used in this work were
listed in Table 1.

Table 1. LAMP primers used in this study

Gene primer Sequence (5’ to 3°)
lectin F3 GCCGAAGCAACCAAACATG
B3 GGGGCATAGAAGGTGAAGTT
FIP TGGGGTGCCGTTTTCGTCAACGAGACGCTATTGTGACCTCC
BIP CTCTACTCCACCCCCATCCACAAAGGAAGCGGCGAAGCT
nos F3 CTCGTTCAAACATTTGGCA
B3 GCGCTATATTTTGTTTTCTATCG
FIP ACATGCTTAACGTAATTCAACAGAAGATTGAATCCTGTTGCCG
BIP TGCATGACGTTATTTATGAGATGGCGTATTAAATGTATAATTGCGGGA
GTS 40-3-2 F3 GGAGTAGTACACTCACCAGT
B3 GCATTCGAGCTTCTTCAC
FIP ACAACGAGAAGCTATATGTAGATGCGACCCTAATAGGCAACAGC
BIP CAAAACTATTTGGGATCGGAGAAGAGAACTTCTCGACGATGGC
MON89788 F3 AGCGCTTCAATCGTGGTT
B3 TGCATGTGCTGGAACAGT
FIP AGAAGCTTGATAACGCGGCCGCGGGAAACGACAATCTGATCC
BIP CAGGTCCTGCTCGAGTGGAATGGAGACTCTGTACCCTGA

2.4. LAMP procedure

The LAMP reaction was carried out in a total reaction
volume of 25 ul containing 50 pmol of each primer (FIP

and BIP), 5 pmol of each outer primer (F3 and B3), 1.4
mM deoxynucleoside triphosphates (dNTPs), 0.8 mM
betaine, 0.1% Tween 20, 10 mM (NH,),SO; 8 mM
MgS0O,, 10 mM KCI, 20 mM Tris-HCI (pH 8.0, Sigma-
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Aldrich, China), 8 units of Bst DNA polymerase (New
England Biolabs., Beijing, China), and 2 pl of DNA
template. The LAMP reaction was conducted in a a
Loopamp Real-time Turbidimeter (LA-320C; Eiken
Chemical Co., Ltd., Tokyo, Japan). The mixture was
incubating at 63°C for 60 min, and then the amplified
products were analyzed (Shan et al. 2012).

2.5. Conventional PCR Procedure

In conventional PCR, the 25 pl of reaction mixture
contained PCR buffer, 0.2 mM of each dNTP, 12.5 pmol
of each PCR primer, 0.25 pl (5 U/ul) of Taqg DNA
polymerase (TaKaRa Biotech, Dalian, China) and 2 pl of
DNA template. After denaturation for 5 min at 94°C, the
PCR mixtures were subjected to 30 cycles of amplification
at 94°C for 30 s, 53°C for 45 s and 72°C for 45 s and a
final extension cycle at 72°C for 10 min in a thermal
cycler (ABI 2720; Applied Biosystems, Carlsbad, CA,
USA). The PCR products were electrophoresed on a 1.5%
agarose gel, and the target bands were visualized by
staining with ethidium bromide.

3. Results

3.1. Primer Design and Specificity of LAMP
Assay

One ideal LAMP technique relies on the concurrence of
the Bst DNA polymerase with strand displacement activity
and a set of four specially designed primers capable of
recognizing a total of six distinct regions of the target
DNA. As four specific primers existing, the specificity of
LAMP is much higher than that of conventional PCR [11].
LAMP primers of GTS 40-3-2 event were designed based
on the event-specific sequence of 3’ end of exogenous

integration (Genebank accession code. AJ308515),
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recognizing a target sequence of 193 bp [17]. The
MONB89788 LAMP primers were designed based on
event-specific sequence of 3’end of exogenous integration
to recognize a target sequence of 259 bp (Genebank
accession code. GV597339) [18]. LAMP primers for the
soybean endogenous reference gene were targeted at the
Lectin sequence (Genebank accession code. K00821),
targeting to a target sequence of 207 bp. LAMP primers of
nos sequence (Genebank accession code. AJ308515),
targeting to a target sequence of 203 bp. The detailed
sequences of all LAMP primers used in this study are
listed in Table 1. The optimized conditions of the real-
time LAMP assays were described in “method” section. In
each LAMP reaction, a total of 100 ng of corresponding
plant genomic DNA was used as template.

Lectin is a specific endogenous gene of soybean and
only expressed in non-GM soybean or products sourced
from non-GM soybean. In the specificity test of lectin
detection using LAMP, the typical amplification curve
was only obtained from its positive sample (non GM
soybean). No curve was observed in other types of plant
samples as well as the NTC (Figure 1a). Nos is a marker
gene used for the qualitative screening of GM crops. For
the specificity test of nos detection using LAMP (Figure
1b), the amplification signal can be observed in the
Roundup Ready soybean, GM soybean GTS40-3-2, GM
rice BT63, KF6, and GM maize MON89034; while the
non-GM soybean, GM soybean MON89788, GM maize
BT176 and MONB810 did not show any amplification
signal. Similarly, in the LAMP assays of GTS40-3-2 and
the MONB89788, the expected positive results were only
obtained from the corresponding positive sample (Figure
1c and 1d). In addition, the LAMP assay showed complete
concordance with the conventional PCR method (Figure
le). It took only 30 min for the detection of lectin,
GTS40-3-2 and MON89788 and 20 to 40 min for nos by
using the turbidity real-time LAMP assay.

Time{min})

Time{min)

Figure 1. Specificity of real-time turbidimeter LAMP assay. a. Amplification curves of lectin primer set, NO. 1: Positive, NO. 2-6: GM-soybean, -
wheat, -maize, -rice, oilseed rape; b. Amplification curves of nos primer set, NO. 1: Positive, NO. 2-10: Roundup Ready soybean, GTS40-3-2, BT63,
KF6, MONB89304, non GM-soybean, MON89788, BT176, MON810; c. Amplification curves of GTS40-3-2 primer set, NO. 1: Positive, NO. 2-9:
GTS40-3-2, MON89788, BT63, KF6, MON89304, BT176, MON810, non GM-soybean; d. Amplification curves of MON89788 primer set, NO. 1:
negative, NO. 2-9: MON89788, GTS40-3-2, BT63, KF6, MON89304, BT176, MONB810, non GM-soybean. e. The electrophoresis gel of lectin gene
expression in different samples, Lane 1-6: non-GM soybean, GM soybean, GM wheat, GM maize, GM rice, oilseed rape
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3.2. Sensitivity

To determine the limit of detection (LOD) of our assay
in the detection of lectin, nos, GTS 40-3-2 and
MON89788, the tested samples were prepared by mixing
the GM soybean event with non-GM soybean at various
ratios, including 100%, 10%, 5%, 1%, 0.2%, 0.1% and
0.01% (weight of GM/weight of non-GM). In each
reaction, a total of 100 ng soybean genomic DNA was
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used as amplification template. As shown in Figure 2, the
LOD of lectin and MONB89788 was 0.01%, roughly
equivalent to 4 copies of soybean genomic DNA,; and the
LOD of nos and GTS40-3-2 was 0.1%, roughly equivalent
to 40 copies of soybean genomic DNA. From the
amplification curves, the highest optical signals from the
four LOD detection appeared in different time, 60 min for
lectin, nos and MON89788 and 75 min for GTS40-3-2.
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Figure 2. Sensitivity of LAMP assay: a. Amplification curves of lectin primer set, NO.1-7: 100%, 10%, 1%, 0.2%, 0.1%, 0.01% and 0.001% (the
proportion of non-GM soybean), No. 8: blank; b. Amplification curves of nos primer set, NO.1-7: 100%, 10%, 5%, 1%, 0.2%, 0.1% and 0.01% (the
proportion of Roundup Ready soybean), NO. 8: blank; c. Amplification curves of GTS40-3-2 primer set, NO.1-7: 100%, 10%, 5%, 1%, 0.2%, 0.1% and
0.01% (the proportion of GTS40-3-2 soybean), NO.8: negative; d. Amplification curves of MON89788 primer set, NO.1-7: 100%, 10%, 1%, 0.2%,
0.1%, 0.01% and 0.001% (the proportion of MONB89788 soybean), NO.8: blank

3.3. Detection of Transgenic Ingredients in
Soybean Products

Five microliters of the DNA extracted from soybean
products were mixed with 495 pl distilled water. The
values of OD260/0D280 of the genomic DNA from bean
curd, bean curd skin, soy milk powder, fermented bean
curd and fermented soybeans were between 1.7 and 2.1. It
suggested that the extracted genomic DNA from these
soybean-products was good enough as amplification
template. While the values of OD260/0D280 of the
genomic DNA from soy sauce and soybean oil could not

be detected. Therefore, we could not detect whether
GMOs were included in these two samples.

The results of detection of transgenic ingredients in
soybean products were given in Table 2. For the detection
of lectin, 19 out of 22 tested samples were positive for
lectin, and three soybean oil samples could not be detected.
Three out of 22 tested samples were positive for nos, and
the other samples were negative for nos. The LAMP
detection of GTS40-3-2 in soybean products showed that
2 out of 22 samples were positive for GTS40-3-2 (two soy
milk powders). For the LAMP detection of the
MONB89788, 2 out of 22 samples were positive for
MON89788 (one soy milk powder and one fermented
bean curd).

Table 2. LAMP detection results of soybean products

LAMP

Products Number of samples Lectin® Nos+ GTS40-3-2" MONg9788"
Bean curd 3 3 0 0 0
Skin of bean curd 3 3 0 0 0
Soy milk powder 5 5 2 2 1
Soy bean oil 3 0 0 0 0
Fermented soy Bean curd 3 3 1 0 1
Fermented soy Bean 2 2 0 0 0
Soy sauce 3 3 0 0 0
Total 22 19 3 2 2

* LAMP positive result
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In order to compare the sensitivity of the LAMP assay
in soybean products, conventional PCR was performed
with the outer primers F3 and B3. In the PCR assay, 16
out of 22 tested samples were positive for lectin, three
soybean oil and three soy sauce samples could not be
detected by the PCR assay. The PCR results of nos,
GTS40-3-2 and MONB89788 were consistent with those of
LAMP.

4. Discussion

Recently, detection of transgenic soybean by the LAMP
methods has been reported, and most of these methods
needed gel electrophoresis analysis or SYBR Green | for
result record. However, the utility of the LAMP assay may
be hindered by the low sensitivity of gel or SYBR Green |
in the detection of low concentration of target DNA.
Besides, both of the methods described above needed to
open the tube cap for result analysis which may easily
caused aerosol pollution. In order to avoid these
disadvantages, we developed a real-time turbidimeter
LAMP assay for rapid screening of genetically modified
ingredients in processed soybean products in China.
Results suggested that our method could amplify DNA
with high specificity and sensitivity under isothermal
conditions, and the result record was done just at the end
of amplification reaction without need of other steps. The
LAMP method we developed was much quicker, only 20-
60 mins, as compared with 90-120 mins for PCR.
According to the EU regulations, crops or food that
contains more than 0.9% GMOs products should be
labeled with GM to remind consumers [3], and the LOD
of our method was equal to or less than 0.1%, which
meets the EU requirements. The assay sensitivity in our
study was sensitive enough for detection of GMOs in real
applications.

The LAMP reaction can be accelerated, and higher
sensitivity would be expected by using additional primer,
termed loop primer. We tried to added loop primers to a
LAMP reaction at first. However, the incidence of false
positive was increased. Moreover, the complete LAMP
detection system presented here was faster than
conventional PCR method. Although the reaction time of
LAMP assay with loop primers is reduced, it does not
significantly reduce the total assay time. In order to ensure
the accuracy of the assay, we have to omit the loop
primers.

For practical detection, all of the processed soybean
products we chosen in this study are popular traditional
food in China, which is filled with complicated
components such as proteins, polysaccharides and lipids.
These components may inhibit LAMP reaction, therefore,
DNA extraction before LAMP reaction is necessary and
should be well enough to eliminate such impurity from
food samples. Suitable DNA extraction methods in GM
crop analysis must be capable of isolating DNA with high
yield and purity in order to detect even traces of GM
components in subsequent amplification.
Cetyltrimethylammonium bromide (CTAB) were proofed
to be suitable for an optimal chemical pulping of plant
cells, and commonly used for DNA extraction from plant
material [19,20]. In our study, CTAB was chosen to
extract DNA from soybean products, and the results

suggested that the purity of DNA extracted by CTAB
method can satisfy the needs of the LAMP assay. The
possible reason for the failure to detect OD values from
soy sauce and soybean oil samples might be the
contamination of coloring components in DNA samples.
Besides, DNA may have also been destroyed by high-
temperature, high-pressure and other special processing.
The results indicated that further optimization of the DNA
extraction methods that suitable for highly processed food
samples were still required in order to extract trace
amounts of DNA in processed food.

The GTS40-3-2 and MON89788-positive results of the
three soybean products indicated that the soybean
products from local supermarkets in China contain
transgenic elements. China is in the process of labeling
imported GM crops (soybean and oilseed rape) [21], and
several GM soybean events such as RRS, MON89788 and
GTS40-3-2 have been approved in China. The number of
approved GM soybean events is expected to steadily
increase, and specific analytical methods for novel GM
events or a screening method for GM soybean events will
be required. Here, we successfully established a rapid and
efficient assay for the detection of GM elements in
processed soybean products using the LAMP assay.
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