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has been increasingly applied in the genetic detection of transgenic crops and
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Abstract: Loop-mediated isothermal amplification

microorganisms in recent years. In orderto improve the detection eﬁiciency of related inspection agencies for transgenic products and speed up
the clearance of imported and exported agricultural products and foods, LAMP was combined with a microfluidic chip for the first time to
simultaneously detect ten genetic recombinant elements, including P-CAMV35s, T-NOS, NPT, BAR, PAT, CrylAc, EPSPSI, EPSPSI],

FMV35s, and GA-Hra, in samples-at 65°C. The limit-of detection could reach 0.5% (m/m), and the detection of transgenic ingredients in the

sample could be completed with one sample loading. This method had a good specificity, a high sensitivity, and a short detection time, and the

amplification signals could be acquire real time using software. The detection results for actual samples indicated that all the results were
consistent those obtained by the real-time polymerase chain reaction (PCR) standard method. The microfluidic chip developed in this study
for LA(can used. for the inspection of transgenic ingredients in common agricultural products (soybean, corn, rice, cotton, etc.), and
provides a rapid, sensitive, and high-throughput technical platform for the qualitative detection of transgenic products.
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Table 1 Primers for LAMP detection of genetically modified organisms
AR VEN Vel
18S rDNA-F3 ATCGGCTAACTCTGTGCCAGCA gy
18S rDNA-B3 ATTCCCTCTGCCCCTACCGTA
185 DNA 18S rDNA-FIP AAGCCACCTACAGACGCTTTACGC?GCGG TACAGAGGATGCAAG

18S rDNA-BIP AAGTCCGCCGTCAAATCCCAGACTCCAGCTTGGTAGTTTCC G
18S rDNA-Lf CCCAATCATTCCGGATAACG y
18S rDNA-Lb GGGCTCAACCCTGGACAGG

P-CaMV35S-F3 CTCCTCGGATTCCATTGC

P-CaMV35S-B3
P-CaMV35S-FIP

GTCTTGCGAAGGATAGTGG
GGCAGAGGC TTCAACGAGG GTGGCTCCTACAA

P-CaMV358
P-CaMV35S-BIP CACGAGGAGCATCGTGGAAAGTC GAGATATCACATC
P-CaMV35S-Lf TTTCCTTTATCGCAATGATGGC
P-CaMV35S-Lb AGAAGACGTTCCAACCACG
T-NOS-F3 GATCGT CATTTGGCA
T-NOS-B3 GATGAC TGCGATAA
T-NOS-FIP CAIC CGTAATTCAACAGAACTTAAGATTGAATCCTGTTGCCGG
TNOS T-NOS-BIP TGGGTITTTATGATTAGAGTCCCGCAATTTATCCTAGTTTGCGCGCTATA
T-NOS-Lf TTATATGATAATCATCGCAAGACCG
T-NOS-Lb CGCAATTATACATTTAATACGCGATAG
CTCGACGTTGTCACTGAAG
TGATGCTCTTCGTCCAGA
p N TAGCCGGATCAAGCGTATGCTCATCTCACCTTGCTCCT

\ NPTI[-BIP
( NPTIL-Lf

CCATTCGACCACCAAGCGACATCCTGATCGACAAGACC
TTGCATCAGCCATGATGGATA

NPT II-Lb CGTACTCGGATGGAAGCC

BAR-F3 CCGAGTCGACCGTGTACGTCTCC

BAR-B3 GGGCATATCTGAGCGCCTCGT

BAR-FIP GTGCCTCCAGGGACTTCAGCAGTTACCACCAGCGGACGGGACTG
BAR BAR-BIP GGGCTTCAAGAGCGTGGTCGCAAGCGCACGTTCGGGTCGTTG

BAR-Lf GTGGGTGTAGAGTGTGGAGC

BAR-Lb GTCATCGGGCTGCCCAA

PAT-F3 GCCACAAACACCACAAGAGTGGA

PAT PAT-B3 GCGCCTCCATAGACTTAAGCAAA

PAT-FIP GCCCAGCGTAAGCAATACCAGCAAGATAGATACCCTTGGTTGGTTG

TR
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PAT-BIP CTGGAAGGCTAGGAACGCTTACGAGGCCCAACCTTTGATGCCTATG
PAT-Lf GCCACAACACCCTCAACCTCA
PAT-Lb TGGACAGTTGAGAGTACTGTTTACG
CrylA-F3 GAGCAGCTGATCAACCAGCGGATCGA
CrylA-B3 GGAACTTGGTAGTTCTGGACTGCGA
CrylA-FIP TCGGCTTCCCACTCTCGGAAGAGTTCGCCAGGAACCAGGCCATC
Crylae CrylA-BIP AACCCAGCCCTCCGCGAGGATAGCTGTGGTCAAGGCGCTGTTC
CrylA-Lf CTCTGCGTAGATTTGGTAGAGATTGCT | 4
CrylA-Lb ATGCGTATCCAATTCAACGACAT
EPSPS I-F3 GTCACGGTGCCGGAAGACC
EPSPS I-B3 CCATTGAGCTTGAGGCCATTGG ;
EPSPS I-FIP CTTCCGCGAAGGCGGCGTTTTCGCCTCEGATGATCGAC
EPSPSI EPSPS I-BIP GGCGACCGTGATGAACGGTTTTCCGAGA
EPSPS I-Lf GCGACAGCGAGAATCGGATA ’
EPSPS I-Lb GGAAGAACTCCGCGTCAAGG
EPSPS II-F3 CTATGCAAGCTATGGGTGCCAGA
EPSPS 11-B3 CGACCCATTGGACGCTTAGTGA
EPSPS II-FIP CGAGAGGAGCCTCAGGAGCAAGGTCCGTAAGGAAGGTGATACTTGGA
EpSPS Il EPSPS II-BIP GTAACGCTG CTGGTTGCCG GTCACCAATGAAAGTGCTATCG
EPSPS II-Lf AGTCCACCGTTACCAACATCATCA
EPSPS II-Lb TGGGTCTTGTTGGTGFTTACGA
FMV35S-F3 CGAAGACTTAAAGTTAGTGGGCATC
FMV35S-B3 GAG”I"G TGTCAGGACAGCTC
FMV35S-FIP GCC TGCACCATTCCTTTGTCAACATCGAGCAGCTGGCT
FMV335 FMV35S-BIP GC GCATCTTTGCCTTTCCACGTTATTTTGTTCCCCAC
FMV35S-Lf TTTG GG}ICCCCACAAGC
FMV35S-Lb GCAAAGATAAAGCAGATTCCTCTAG
GM-HRA-F3 AGGTACTAACTCTAGGCTTGTTGTGC
GAGAGCGTGGTTGGGTTTGG
GM-H CGGGTGGTTCTGGAAGCGGTTGCAGTTTTTGAAGTATAACCATGCCAC

X\

GM-HRA-Lb

CTTCCTCTTCACACCCCACCTTCCTTGAGGGTTTGATGAGAGAGAGGGAG

TGGCCGCCATTGTGTTGT
CCAAACGCATTACTAGATCCACC
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at fixed final concentrations
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Table 4 Results of the accuracy test of the chip
LAMP #2077 %
o Ak Birfi
ey KA CaMV35s BAR  PAT Coyl  EPSPS  EPSPS  FMV OM- SEABATE
Ac I 35s Hra
1 A + + - + + + 5 4 —%
2 XE + + - + + + - —%
3 P A + + - + + + - —%
4 Rz + + - + + * - —%
5 A + + - + + + - —5
6 XE + + - + + + —x
7 XE + + - - Y 4 4+ T —5
8 Xx= + + - INS ™ /N - —%%
9  X= + + - + + i + - —5
10 XE + + - = + @ + - —5f
11 XE + + - + | + + - —5k
12 XE + + - - + + + - —5
13 K& + + - + + + - —5
14 P A + + ¢ + + + - —5
15 XE + + N + + + - —5
16 XE + + - + + + - —5f
17 XE + + + + + + - —5f
18 XE + + + + + + - —5f
19 Xz + + + + + + - —5
20 XE + - - + + + - —5f
21 K& - - - - - - T %
2 K= - - - - - - - —5
23 K& - - - - - - - —5
24 K= - - . . ) . .
2 - - - + + - —%
26 &i - - + - - - —%
27 fz.' - - - - - - —%
28 XK= - - - - - - —%
29 K& 5 - - - - - —5
&

30 XE + - - - - - —%%
31 i + - + _ - _ —
32 315, + - + _ - _ —5
33 AR + - + - - - —%
34 i + - + - R _ —%
35 ARdL - - - - _ - —%%
36 Kk - - - - - - %

TR
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37 KK - - - - - - - - - —%
38 Kk - + - - - - _ - + —%
39 KoK - + - - - - _ _ _ —%
40 KK - - - - - - - - - —
41 EY N + + - - + + _ + _ —%%
42 EY'3 + + - - + + _ + _ —z
43 EY + + - - + + _ + _ —5
44 2k - + ; ; ; ; ; ; v %
45 K + - - - + _ - _ . —%
46 B2k + + + - - - - - - —5
47 E2k + - + + - - - 3 - —5
48 2k - + + - - - - - —5
49 EX + - + - - - . —%%
50  ®k - + - - . . 4 5
S T I B ¥ S B |

3 gEip .
AR T3 R B A N 53, AXBRSZ = N L1
SN, RIS AN 2. (RIS %
SER R ) LAMP AU LE S, PCR 2R TE itk
L . AR T A PERY SRR, N [4]
TE R (A3 BE R R A R s me s B, B IRSEI T —IK
RERIBASIN 10 AN WAL SRR o, ﬁfuiﬁﬁ‘
Pl EREE AR A, 76 30 min LLYED
IMZER, K IRIES] 0.5%; HASRG &Y
RAESCA MR R 1/2~ 1350 kKRS T Rl il
A, AT N SRR (80% K. 85%
K, 90% KK 100%3H1= AN 0% M e 54 )\ I B [l
BRI, A JE DR R i A B A TR R
AT & AH AT FH - 5 PR P
WIANE FH T BE Rk oy 2 FEFR TR T & [6]

[1] Clive James.2015 FA&ERAEYIH AL FEREDIRE kAL K 8
AN EAY THESE2016,36(4):1-11
Clive James. Global status of commercialized biotech/GM [8]
crops: 2015 [J]. China Biotechnology, 2016, 36(4): 1-11

[2] Cantelmo N F, Von Pinho R G, Von Pinho 1V, et al. Detection

of transgenic events in maize using immunochromatographic
strip test and conventional PCR [J]. Ciéncia E Agrotecnologia, 9]
2013, 37(5): 404-409

302

Tao C, Zhang Q, Na F, et al. Development of a colloidal gold
immunochromatographic strip assay for simple and fast

detection_of human o-lactalbumin in genetically modified

cow mil& Journal of Dairy Science, 2015, 99(3):
1773-1779

Kamle S, Ojha A, Kumar A. Development of enzyme-linked
immunosorbent assay for the detection of bt protein in
transgenic cotton [M]. Humana Press, 2011, 2(2): 118-125
B S GRAE Je A AL B I R CrylAc
XA S0 ELISA JAEEN [T] AR R, 2014,10:
257-262

LV Xue-feii, ZHOU Xiao-ping, MAN Yan, et al
Double-antibody sandwich elisa for the quantitative detection
of CrylAc protein in transgenic plants [J]. Modern Food
Science and Technology, 2014, 30(10): 257-262

SN/T 2705-2010, W ik H e R BRI 2 S 5 PCR
SEVEARSITVA(S]

SN/T 2705-2010, Protocol of the Real-time Fluorescence
qualitative polymerase chain reaction for detecting
genetically modified plant components in condiments [S]
Notomi T, Okayama H, Masubuchi H, et al. Loop-mediated
isothermal amplification of DNA [J]. Nucleic Acids Research,
2000, 28(12): 63

Randhawa G J, Singh M, Morisset D, et al. Loop-mediated
isothermal amplification: Rapid visual and real-time methods
for detection of genetically modified crops [J]. Agric. Food
Chem., 2013, 61(47): 11338-11346

Li F, Yan W, Long L, et al. Development and application of

loop-mediated isothermal amplification assays for rapid



MK EmBHL

Modern Food Science and Technology

2017, Vol.33, No.6

(10]

(11]

visual detection of cry2Ab and cry3A genes in
genetically-modified crops [J]. International Journal of
Molecular Sciences, 2014, 15(9): 15109-21

SRR G200, TS0, S P B 2L R K S Cpd-epsps 2
RIRIE R ) LAMP A0 5 VAT A (R37,2015,41(3):
86-92

ZHU Lin-feng, PENG Huan, HUANG Wen-kun, et al. Rapid
and simple detection of Cp4-epsps gene in
glyphosate-resistant soybean by loop-mediated isothermal
amplification [J]. Plant Protection, 2015, 41(3): 86-92

SN/T 3767-2014, H F1 6 ity P SE LR 7y P14 S 45 G 48
(LAMP) &I 7774(S]

SN/T 3767-2014, Loop-mediated isothermal amplification

detection method for genetically modified components in

Qo

[12]

[13]

[14]

food for export [S]

B, FE G, 2 K S IR B i vy R A PR B TV
SR RG] 65 541,2012,32(2):213-220
HUANG Guo-liang, TIAN Hao, LI Zhi-yong, et al. Study of
high sensitive and fast detection to trace sample and portable
system [J]. Acta Optica Sinica, 2012, 32(2): 213-220

Huang G Deng C, Zhu J S, et al. Digital imaging scanning
system and biomedical applications for biochips [J]. Journal
of Biomedical Optics, 2008, 13(3): 034006

SN/T 1204-2003, L4/ e A0 7 ity Hpudele S TR 7 S0 ¢
J6 PCR SE PERGS 7S]

SN/T 1204-2003, Protocol of the real-time detecting

genetically modified plants and their derived products [S]

303



