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ABSTRACT: Objective To establish a simple visual loop-mediated isothermal amplification (LAMP) detec-
tion method for genetically modified (GM) crops. Methods Under an isothermal condition, Bst DNA po-
lymerase amplified the target sequences utilizing a pair of inner primers that contained sequences of sense and
antisense strands of target DNA and a pair of displacement primers. The reaction mixture and a high concentra-
tion of fluorescent dye SYBR GREEN  were placed together in a specially designed reaction tube and the
reaction results could be visually detected in the closed tube. Results In this experiment, the exogenous ele-
ments nonpaline synthase terminator (7-NOS) and tobacco mosaic virus 35S promoter (P-CaMV'35S), which are
common in GM crops, were detected by LAMP method. Rice event BT63, maize events BT11, MONS863 and
soybean event GTS40-3-2 gave T-NOS positive results, rice event BT63, maize event BT11, MONS810,
MONS863 and soybean event GTS40-3-2 showed P-CaMV35S positive results. The 7-NOS LAMP and
P-CaMV355 LAMP results of non-GM rice, maize and soybean were negative. These results indicate that the
T-NOS and P-CaMV35S LAMP detection methods established in this paper were highly specific. In addition,
through the detection of GM soybean event GTS40-3-2 simulation samples, it was shown that the sensitivity of
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T-NOS LAMP was 0.5%, and the sensitivity of P-CaMV355S LAMP was 0.1%. The detection sensitivity was
high. Conclusion The improved LAMP method has high sensitivity and good specificity, which can be used
for rapid screening of GM crops.
KEY WORDS: loop-mediated isothermal amplification; genetically modified crops; Bst DNA polymerase;
CaMV35S promoter; NOS terminator
1 3|§ LAMP (o1, ’
LAMP s
’ LAMP SYBR GREEN
(ISAAA) , 2011 ’
1.6 , 2010 ’ LAMP
8%, 29
ISAA , 2015, 40 2 2 MRS AEE
(11
’ 690 U 2.1.1 ##
GTS 40-3-2
BT11 MONSI10 ,
’ GTS 40-3-2 3.15%(W/W,
’ 0.16), BT63 CIQ
, R MONS63 CIQ
, 2.1.2 ERMEAEA
, , PCR  (ABI StepOne
Plus), Bst DNA ( ),
LAMP(loop-mediated isothermal amplification) SYBR GREEN (Invitrogen), , HF  (
&) D
2.1.3 DNA #K
, 5,3 DNA
Bst DNA , DNA ( )
, 2.1.4 FadEafremE
LAMP , LAMP GTS
, PCR , , 40-3-2 DNA PCR , s
, LAMP T-NOS P-CaMV35S pMD
, LAMP 18-T (TAKARA) s DH5ax
SARS , (Invitrogen),
[3-61 ’
LAMP , LAMP (Omega)
(http://www.hfbiotech. 10 ng/pL, ( UV-1800)
cn/index.php?categoryid=28) LAMP , . copies/uL= (6.02x10%)x(ng/pLx
, Lee LAMP 107%)/( x660)
", : ", 2.1.5 LAMP 37| 4hi% it B A%,
[°] LAMP LAMP Invitrogen ,
LAMP , Tomita 1 2



3 s LAMP 179
%1 T-NOSLAMP R[i3|# 3 HERS5HMH
T-NOS LAMP
3.1 HRMESN
B3 5'-gatctagtaacatagatgacacc-3' NOS
BIP 5'-cgcaattatacatttaatacgegttttgcgegegataattt
atce-3' CaMV35S , 'NOS  P-CaMV35S§
LB 5'-gaaaacaaaatatagcgcgcaaac-3’
F3 5'-ataaagtttcttaagattgaatcc-3' I-NOS P-
FIP 5’-acccatctcataaataacgtcatgcttttgccggtettge CaMV35S LAMP ( 1
gatgattatc-3'
LF 5'-gcttaacgtaattcaacagaaatt-3' 2), LAMP 5
#2 P-CaMV35S LAMP R34 ’ '
P-CaMV35S LAMP >
T-NOS LAMP
B3 S'-ataaaggaaaggccatcg-3’
BIP 5'-tccacgatgcetectegtttetetgecgacagtgg-3' BT63
LB 5'_gaggtceatetitgge-3' BT11 MONS810 GTS 40-3-2,
F3 5'-aggaagggtcttgcg-3’ ,
5'-gtcttcaaagcaagtggttttggatagtgggattgt
FIP sy CRETTSETRERETS ( 2) P-CaMV35S LAMP
LF 5'-tccactgacgtaaggg-3’ BT63
BT1l MONS810 MONS63 GTS
2.2 LAMP R
40-3-2, ,
LAMP 25 uL, 0.8 mol/L
( 3 GM Crop Datab-

betaine, 20 mmol/L Tri-HCI(pH 8.8), 10 mmol/L KClI,
10 mmol/L (NH4),SO,, 8 mmol/L MgS04, 0.1% Triton

X-100, 1.6 mmol/L dNTP, 0.2 pmol/L , 1.6
pmol/L , 0.8 pmol/L , 8 U Bst DNA
( ), 200 ng
DNA
LAMP ,65 C
60 min, HF ( 1 ,
2 uL 1000xSYBR GREEN 50 uL
, Real-Time
LAMP PCR , 0.5%
SYBR GREEN , FAM

, RT-LAMP 65 ‘C, 1 min, 60

- o —

FEE W (50 pL)

AR (22.5 pL)

B (2 ul)

1 HF
Fig. 1 Schematic diagram of HF tube.

ase(http://cera-gmc.org/index.php?action=gm_crop_dat-

abase) ,

3.2 RS

GTS40-3-2
1% 0.5% 0.1%,
, DNA, T-NOS
P-CaMV35S LAMP T-NOS LAMP
0.5%, P-CaMV35S LAMP
0.1%( 4), PCR (1112]

T-NOS LAMP
P-CaMV35S LAMP ,
LAMP (5

6), , LAMP
8,000 ( 5 6)
4 e
Q-PCR
Q-PCR ,
LAMP



180 3
4
T-NOS LAMP s P-CaMV355S LAMP
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Fig. 4 The detection limit of the LAMP.
The first line is 7-NOS LAMP, the second line is P-CaMV35S LAMP.
The templates of the test are negative control, soybean event
GTS40-3-2 component content of 3.15%, 1%, 0.5%, 0.1%, from left
to right.
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Fig. 3 LAMP specificity detection of exogenous gene
element P-CaMV35S.
1: from left to right, negative control, positive recombinant plasmid;
2: non GM maize, maize events BT11, MON810, MONS863; 3: non
GM soybean, soybean event GTS40-3-2; 4: non GM rice, rice event
BT63.
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Fig. 5 Real-Time LAMP sensitivity detection of exogenous
gene element 7-NOS.
The 10 times gradient dilution of positive recombinant plasmid was
used in this detection. Curves separately represent the positive plas-
mid copy number of 8x10® to 8x10°, and negative control, from left
to right.
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