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Notomi  (2000)
4
) , Bst DNA
(60—65°C) (0.5—1h) DNA,
(Lateral flow dipstick, LFD)
LAMP-LFD LAMP
FIP LF
DNA ,
LAMP , LFD ,
( ,2016)
DNA ITS
3 1 s
LAMP-LFD ,
1
1.1
7
LAMP-LFD ,
1
/2 s 18—27mol/
(m*:s), 22°C, 23—25 , 12h ,
s 3

(Kiatpathomchai et al, 2008)

%1 FT LAMP-LFD 75 &4 955
Tab.1  Algal species for assay

Alexandrium tamarense NMBjah048
Odontellacf sinensis NMBguh018
P. donghaiense NMBRah03-2
Gymnodinium spp. NMBjah053
Skeletonema costatum NMBguh004-2
Karenia mikimotoi NMBjah049
Heterosigma askashiwo NMBjah0552
K. veneficum NMBjah047
1.2 DNA
DNA DNA
(Takara) s
, RNase A (10mg/mL)
Proteinase K (20mg/mL) 56°C
30min DNA , 50pL
DNA 1%
-20°C DNA
Eppendorf biophotometer ,
3 )
DNA
1.3 ITS
DNA ,

For: 5'-GTCGTCGACGTAGGTGAACCTGCAGAA
GGATCA; Rev: 5-CCTGCAGTCGACATATGCTTAA

ATTCAGCAGG( , 2004)
ITS (50uL): dNTPs (0.25mmol/L)
2uL, 10xPCR Buffer 2.50uL, 5U/uL rTag DNA
0.25uL, 0.20pmol/L, IpL,
1 94°C Smin;
35 1 94°C 40s, 55°C 45s, 72°C
60s; 72°C 10min 1%
PCR
(Takara pmd19-T Vector),
«C )
1.4 LAMP
BLAST , GenBank
IN595869.1 100%,
ITS , 646bp
Primerexplore

V5 (http://primerexplorer.jp/e/)
(Piepenburg et al, 2006, Kaewphinit et al, 2013;
Khunthong et al, 2013; Wang et al, 2013; Sun et al,
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49
2014) LAMP (Pd-F3, Pd-B3)
3 , Pd-F3/Pd-B3 , Pd-LF Pd-FIP
Pd-FIP/Pd-BIP Pd-LF/Pd-LB LAMP 5’
, 2 1 PCR « )

%& 2 LAMP-LFD 7335400 %8 JR B35 09 51 AR &t 5 51
Tab.2 Designed primers and DNA probe for the detection of P. donghaiense in LAMP-LFD assay

( ) (5'—3")
Pd-F3 19 GTCGTCGACGTAGGTGAAC
Pd-B3 18 CACTGGCAGCAAGGACAA
Pd-FIP* 41 CCACCCAGATCCTCACCAACTG-CTGCAGAAGGATCACTCGC
Pd-BIP 40 TGGAGATAGCATCGATGCCCCC-GCCCAGAAGACGGTCTGA
Pd-LF* 22 ACAATGAATCAAATGGGTGCGT
Pd-LB 20 CGGATACTCGAGGGCAGCAA
Pd-LF*: 5’ ; PA-FIP*: 5'
1.5 PCR 61 63 65°C
LAMP (Pd-F3/Pd-B3) PCR LAMP ,
DNA PCR
(50uL): dNTPs (0.25mmol/L) 2uL, 5U/uL rTaqg DNA 1.7 LFD LAMP (LAMP-LFD)
0.25uL, 10xPCR Buffer 2.50uL, LAMP
0.20pmol/L, IuL, Pd-FIP-bio  FITC
P 94°C Smin; 35 1 94°C Ppd-LF-fitc LAMP Pd-FIP
40s, 55°C 40s, 72°C  40s; PA-LF SuL
,72°C 10min(  ,2012) 1% 50uL Buffer , LFD
3min, ( , 2016; )
[GTCGTCGACGTAGGTGAACICTGCAGAAGGATCACTCGC LFD
Pd-LF Pd-FIP
[ACGCACCCATTTGATTCATTGTIGAATAACAGTTGGTGAG] ’
Pd-BIP ( , 2015),
IGATCTGGGTGGIGGATGGAGATAGCATCGATGCCCCCATG LED (Milenia
Pd-LB Pd-BIP . _
CGGATACTCGAGGGCAGCAAGCCAGGCTCAGACCGTCT GenLine Hybri Detect)
AAAAAAAAAAAA PdBS 1.8 PCR LAMP LAMP-LFD
[[CTGGGCTTGTCCTTGCTGCCAGTG
1 LAMP-LFD 7
Fig.1 The diagram of designed primers of P. donghaiense used DNA
in LAMP-LFD assay ’
LAMP
1.6 LAMP LFD
DNA(4.7x
10ng/pL) , LAMP ( LAMP (F3/B3) ,
) LAMP LAMP 8 DNA PCR
(20pL), Pd-FIP/Pd-BIP (50pL): 5U/pL rTag DNA 0.25uL,
1.6umol/L, Pd-F3/Pd-B3 0.2umol/L, dNTPs (0.25mmol/L) 2uL, 10xPCR Buffer 2.50uL,
Pd-LF/Pd-LB  0.4pmol/L, BEQ2 10pL, 0.20pmol/L, DNA 1puL,
2uL DNA, PCR
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Fig.2  Geographic location of the field for sampling
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Fig.3 Optimization of LAMP reaction conditions
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, PCR R
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7 ;
LFD
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s 5 s
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Fig.4 Comparison in the specificity of LAMP (a), PCR (b), LAMP-LFD (c) for detection of P. donghaiense
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Fig.5 Comparison in the sensitivity of LAMP (a), PCR (b), LAMP-LFD (c) for detection of P. donghaiense
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Fig.6 LAMP-LFD for detection of field samples
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RAPID DETECTION OF PROROCENTRUM DONGHAIENSE BASED ON
LOOP-MEDIATED ISOTHERMAL AMPLIFICATION COMBINED WITH LATERAL
FLOW DIPSTICK

Z0U Yi-Xin, HUANG Hai-Long, QIAO Long-Liang, DANG Chen-Yang, PANG Jian-Hu,
LU Pei-Wen, WANG Jia-Qi, ZHU Peng
(Key Laboratory of Applied Marine Biotechnology, Ningbo University, Ningbo 315211, China)

Abstract On the basis of the loop-mediated isothermal amplification (LAMP) combined with a lateral flow dipstick
(LFD), we established a rapid method to detect Prorocentrum donghaiense. A DNA probe labeled by fluorescein
isothiocyanate (FITC) and forward inner primer biotinylated were designed specifically to identify the target gene. The
hybridization of biotinylated LAMP product and the FITC-labeled probe in combination with LFD (lateral flow dipstick)
were able to be detected visibly. The optimization conditions were 63°C for 30min, saving nearly 2h if by PCR. The results
show that the new method is highly specific, and no characteristic amplification was observed when taking other common
red tide algae species as a template. The detection limit was 47pg/uL of P. donghaiense genomic DNA, which is 10 times
lower than the conventional PCR using primers Pd-F3/Pd-B3. Therefore, LAMP-LFD can detect P. donghaiense efficiently
and specifically, depend less on the equipment, and presents results in good visualization; and it may become a
conventional method to detect and monitor red tide.

Key words Prorocentrum donghaiense; loop-mediated isothermal amplification (LAMP); lateral flow dipstick
(LFD); quick detection



