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(loop-mediated isothermal amplification, LAMP) ,

(lateral flow dipstick, LFD) , (Ulva
pertusa) LAMP-LFD (internal transcribed spacer, ITS)
8 6 ( ), LAMP
; ) 1 (fluorescein isothiocyanate,

FITC) , LAMP FITC , LFD

LAMP 63°C 50min, LFD 60min
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(loop-mediated isothermal
amplification, LAMP) 2000

LFD
LAMP , LFD ,

(Notomi et al, 2000) PCR , ,
LAMP 6—8 (ISKNV)
. (Ding et al, 2010; , 2014); ,
LAMP Bst DNA
s , ( ,2015)
PCR , DNA
s (rDNA-ITS) 3 1
(Niu et al, 2012; , R LAMP-
Nie et al, 2013; Notomi et al, 2015) LAMP LFD s
(Parida et al, 2008);
LAMP 1
, 1.1
(
(Mori et al, 2001, 2004; Schnetzinger et al,
2013) LAMP-LFD )
LAMP , ,
LAMP (Hiraoka et al, 1998), Duan (2012)
) 1,
(lateral S66 LAMP , ,
flow dipstick, LFD) ,
x1 ZTRIEDERRELS B
Tab.1 Algal species used in LAMP-LFD assay
Ulva pertusa S66
Ulva prolifera XS5 ( ,2011)
Ulva flexuosa SDF12 ( ,2011)
Ulva linza HS42
- Ulva ohnoi Fl4
Heterosigma akashiwo H1 ( ,2006)
Prorocentrum donghaiense NMBjah045 ( , 2006)
Alexandrium tamarense NMBjah048 ( ,2010)
Gyrodinium instriatum NMBjah046 ( ,2010)
Scrippsiella trochoidea NMBjah044 ( ,2010)
1.2 DNA (Thermo Fisher Scientific, )
DNA (
) , DNA 1.3
(Qiagen, Hilden, ) DNA rDNA-ITS (GenBank
50 uL , Nanodrop 2000 HM584747), 3 (
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UpelTS-F3 UpelTS-B3 UpelTS-FIP 5’ (biotin) ,
Upel TS-FIP Upel TS-BIP, UpelTS-HP 5’ (FITC)
UpelTS-LF  UpeITS-LB), LAMP ( 2 , UpelTS-F3  UpelTS-B3 PCR
1) , 1 DNA , 360 bp
UpelTS-HP LFD ( 2, 1 , C )
%2 FLAZE rDNA-ITS F5I8) LAMP-LFD 3|4 #0iR$t 55
Tab.2 The primers and DNA probe targeting rDNA-ITS of U. pertusa used in LAMP-LFD assay
( ) (5'—39
UpelTS-F3 19-mer TAGCCTCACCTGAACTCAG LAMP/PCR
UpelTS-B3 18-mer ACGGATATCTCGGCTCTC LAMP/PCR
UpelTS-FIP(F1c+F2)*  39-mer(Flc:21-mer, F2:18-mer)  CGGCTGAAATACAGAGGCTCGTATCCTTCGTGGCTCACA LAMP
UpelTS-BIP(B1c+B2)  39-mer(Blc:20-mer, B2: 19-mer) GTTATTCCGACGCTGAGGCAGCAGAATTCCGTGAGTCAT LAMP
UpelITS-LF 21-mer TAGGTAGCTCGCTACTCCTAC LAMP
UpelTS-LB 20-mer GTGGTCTCATCCGAAGACTC LAMP
UpelITS-HP 20-mer GCAAGCGCGTGAGGGGTTAT LFD
. UpelTS-FIP 5/ biotin  ;°UpelTS-HP 5’ FITC
828 TAGCCTCACCTGAACTCAGGTCGAATGAATAGTGGGIATCCTTCGTG DNA LAMP
781 GCTCACAGCACGCGACGCCGAGCCTCCGCCGTAGGAGTAGCGAGC ’ LAMP 0.1 mmol/L
736 TACCTACCTAGTCGGGGCCGCGAATGGGCCGCGCGCGAGCCTCTG SYTO 9 (Invitrogen, ),
691 TATTTCAGCCGGCCCGGCTGGCACGGGGGCCAGTGACCGGGGGG RT-Cycler PCR  ( ’
647 GCCAGGTCCACGCE;S%ECGCGTGAGGGGTTAW%EESAEC‘::GCTGAG ) LAMP ( LAMP ),
602 GCAGATGTGGTCTCATCCGAAGACTCGACCGGCAATGTGCGTTCAA
556 AGATTCGATGACTCACGGAATTCTGCAATTCACACTACGTATCGCATT 366 DNA 10
TCGCTGCGTTCTTCATCGTTGCGAGAGCCGAGATATCCGT ’ 3.04x102 3.04x10'  3.04x10"
1 rDNA-ITS LAMP 3.04x107" 3.04x1072 3.04x10°  3.04x10 *pg/uL
e i DA e oxA L
UpelTS-LFc, UpelTS-Blc, UpelTS-B2¢  UpelTS-B3c LAMP ,
UpelTS-LF, UpelTS-B1, UpelTS-B2  UpelTS-B3 , LAMP
1.4 LAMP ; LAMP : 63°C 1min;
LAMP Ding  (2010), 63°C 15s 63°C 45s, 60 ,
(25 uL): UpeITS-F3  UpeITS-B3  0.2umol/L,  03°C45s ;
UpelTS-FIP  UpeITS-BIP  1.6umol/L, UpeITS-LF DNA ,
UpeITS-LB  0.4umol/L, Tris-HCI (pH 8.80) 10 20 30 40 50  60min,
20mmol/L, KCI 10mmol/L, (NH,),SO; 10mmol/L, LAMP 1.5%
MgSO4 6.5mmol/L, dNTPs 1.4mmol/L, betaine ,
0.8mol/L, Triton X-100 0.1%, Bst DNA (New 1.5 LFD LAMP
England BioLabs, ) 8U, DNA biotin LAMP ,
1uL, 25uL 2uL 10pmol/pL UpelTS-HP, 63°C
) Bst 5 min, 80°C Smin ,
DNA 60—65°C, LFD (Milenia GenLine HybriDetect, Milenia
LAMP , 63°C  65°C Biotec, ) , 80uL Buffer
) LAMP (Milenia GenLine HybriDetect, Milenia Biotec, )

63°C,

1.5mL , SuL s
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Smin, 500mL s s
FITC biotin Duan (2012)
, FITC 250mL 1.2
biotin ; DNA, LAMP-LFD  PCR
FITC
1.6 LAMP-LFD 2
(U. prolifera) XS5 (U. flexuosa) 2.1 LAMP
SDF12 (U. linza) HS42 U. ohnoi FJ4 63°C , DNA
, (Heterosigma LAMP ,
akashiwo) H1 (Prorocentrum donghaiense) 3.04x10°pg/uL  3.04x10*pg/uL
NMBjah045 (Alexandrium tamarense) ( 2A),
NMBjah048 (Gyrodinium instriatum) ( 2A), 17—33min ( 2A,2B),
NMBjah046 (Scrippsiella trochoidea) ( 2B) 50min
NMBjah044 , LAMP-LFD ( 2A)
(3.04x10°pg/pL) DNA , LAMP
1.0x10%pg/uL, 30min
1.5% LFD , 40min
1.7 LAMP-LFD ( 20 DNA
S66 6 (3.04x10%pg/uL) , 40min
DNA (3.04x10°—3.04x10 *pg/uL) , , 50min
LAMP ( 2D), (
, 1.5% LFD 2A) , LAMP
50min
6 DNA , 2.2 LAMP-LFD
UpelTS-F3 UpelTS-B3 , PCR 9
25uL PCR , : 10xPCR Buffer 2.5uL, DNA(1.00x10%pg/pL) ,
dNTPs (0.25mmol/L) 2pL, 0.2umol/L UpelTS-F3 1uL, LAMP ,
0.2umol/L UpelTS-B3 1uL, 5U/uL r7Tag DNA 63°C 50min , DNA
(TaKaRa, s )0.25uL, NDA 1pL, LAMP , 15min «“g»
25ulL PCR : ( 3A),
94°C 2min; 94°C 30s, 52°C 30s, 72°C 30s, 30 ( 3B),LFD
; 72°C 10min 1.5% ( 30); 9 DNA
; ; (
1.8 LAMP-LFD 3A), ( 3B),
S66, 3 , LFD ( 30,
1.2 DNA,
LAMP-LFD , 2.3 LAMP-LFD
, LAMP , , DNA
1.5% LFD 3.04x10 2 pg/uL
1.9 ( 4A),LFD
17 ( 4B);
100 , 400mL 3.04x10 pg/uL

B
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A B
. 357
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. e E 30 y=3.1917x+15.474 7‘/7‘/
- 3.04%10? % 25- R?=0.9993
g - 3.04x10' 2 201
;a*?é - 3.04x10° b
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Fig.2 Time optimization of LAMP for detection of U. pertusa
A: DNA LAMP I NC, DNA. B: ( ) DNA
.C: (3.04x10? pg/uL) DNA , LAMP .D: (3.04x10°?
pg/uL) DNA , LAMP

s

A B
M Upe Ufl Ulf Uoh Upr Ata Gin Hak Pdo Str NC
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Ufl Pdo
= UIf Str
- Uoh ~NC
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Fig.3 Specificity test of LAMP (A, B) and LAMP-LFD (C) for detection of U. pertusa
Upe, S66; Ufl, SDF12; Uli, HS42; Uoh, Ulva ohnoi FJ4; Upr, XS5; Ata, NMB;jah048; Gin,
NMBjah046; Hak, H1; Pdo, NMBjah045; Str, NMBjah044; NC,
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KM

3000

1000
500

100

4 LAMP(A) LAMP-LFD(B) PCR(C)
Fig.4 Comparison in detection limit to U. pertusa by LAMP (A), LAMP-LFD (B), and PCR (C)

NC: DNA :3.04x10% —3.04x107: DNA , : pg/uL. LAMP-LFD
3.04x10%pg/pL; LAMP  3.04x10%pg/uL; PCR 3.04x10'pg/uL
(  4A), LFD (  4B), (  3); LAMP-LFD
, LAMP 7ZQ-4 ZQ-5 TD-2 TD-4 S73 S77 S78
( 2A); UpelTS-F3  UpelTS-B3 « 3) PCR
PCR , 3.04x10'pg/uL 7ZQ-4 ZQ-5 TD-2 TD-4 S73 S77 S78

( 40) LAMP-LFD ( 3),
3.04x10°* pg/uL, PCR 1000 3

2.4 LAMP-LFD
, ( 3.04x10 *pg/uL) ,

DNA s 63°C 50min (Hiraoka et al, 2004; Sun et al, 2008)
LAMP , LFD ,
« 95 , (Wang et al, 2015; Zhou et al,
( 5 LAMP-LFD 2015)

2.5 LAMP-LFD ,
17 , (30d )
LAMP-LFD , ,
LAMP-LFD ,
ZQ-5 TD-4 S73 S77 S78 5
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B
Iatiatss
HOMIZE:
5 LAMP(A) LAMP-LFD(B)
Fig.5 Reproducibility of LAMP-LFD(A) and LAMP (B) for detection of U. pertusa
NC: DNA :3.04x1072, DNA s : pg/ulL
£3 FARMWE. LAMP-LFD L& PCR 7735587k ,
e LA AR R 4omin
Tab.3 Detection of U. pertusa from field samples by ’
microscopic examination, LAMP-LFD, and PCR 50min , ( 2D)
LFD , LAMP
LAMP-LFD PCR S5min, LFD
Q-1 - - - 3—>5min, ,
2Q-2 - - - LAMP , 1h
ZQ-3 - - - . LAMP LAMP
7Q-4 — + +
7Q-5 + + +
D1 - - - Ding (2010) ; ,
TD2 _ i i SYTO 9, LAMP
TD3 — — — DNA ,
TD4 + + + , LAMP ( 2B)
S69 — — —
S70 — — — ,
S73 + + + , PCR
S77 * * * Liu  (2012)
S78 * ’ * . 2007—2011
FI-10 — — — _
- B B B , (U. prolifera)
Fl-12 — — — ’
Duan (2012) (ITS)
(rbcL) 5S rDNA
LAMP 1h , R
s LAMP , LAMP )
PCR , Xiao
, , DNA (2013) ITS PCR-RFLP ,
, LAMP 20min Zhao (2015)
(  2A); , 30min PCR-ISSR (PCR-inter-simple sequence
( 20y repeat) ,
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>

Zhang  (2015) (FISH),
PCR ,
5S rDNA
(2012) ITS PCR
10 pg DNA;
rDNA-ITS LAMP-LFD ,
0.1 pg DNA( ,
2015) Chen (2016) PCR
0.5 ng DNA
LAMP-LFD ,
, 3.04x
107 pg/uL DNA, UpelTS-F3
UpelTS-B3 PCR 1000 17
, LAMP-LFD
4
rDNA-ITS
LAMP-LFD
, LFD
s 60min
, 3.04x10*pg/uL
DNA
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DEVELOPMENT OF A NOVEL LAMP-LFD METHOD FOR
RAPID DETECTION OF ULVA PERTUSA

ZHOU Qian-Jin', CHEN Xian-Feng"? ~CAIYi', DUAN Li-Jun?’, DUAN Wei-Jun?,
MIAO Liang', CHEN Jiong'

(1. School of Marine Science, Ningbo University, Ningbo 315211, China; 2. Academy of Inspection and Quarantine, Ningbo 315012,
China)

Abstract We developed a novel LAMP-LFD method for rapid detection of Ulva pertusa based on loop-mediated
isothermal amplification (LAMP) integrated with visual detection by a lateral flow dipstick assay (LFD). Six primers were
designed according to the conserved regions of internal transcribed spacer (ITS) (among the primers, the forward inner
primer was biotinylated) and used in the LAMP assay. In addition, a specific probe was designed based on the conserved
sequence amplified by both outer primers, and labeled by fluorescein isothiocyanate (FITC). The biotinylated LAMP
amplicons were hybridized exclusively with the FITC-labeled probe and detected via LFD. The optimized LAMP assay to
detect U. pertusa was performed at 63 °C for 50 min, and for only 60 min when visualization via LFD is incorporated. The
results demonstrate that LAMP-LFD could specifically detect U. pertusa and no characteristic amplification was observed
when using genomic DNA of other 9 common algal isolates responsible for green tide or red tide. The detection limit using
genomic DNA of U. pertusa was 3.04x10 2 pg/uL, which was 1000 times lower than that of the conventional PCR method
using both outer primers. U. pertusa could be successfully detected from filed samples by LAMP-LFD, which is coincident
with the results obtained by the traditional microscopic examination. Therefore, the LAMP-LFD method is specific,
sensitive, and easy, showing great potential in the rapid detection and routine monitoring of U. pertusa in the eastern coast
of China.

Key words Ulva pertusa; internal transcribed spacer; loop-mediated isothermal amplification; lateral flow

dipstick; detection



