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, LAMP
(lateral flow dipstick, LFD)
, , LAMP
, , LFD
, , LAMP-LFD
, 30%—40%,
(Zhou et LAMP , ,
al, 2018) )
(Jaroenram et al, 2009) (Ding et
, al, 2010) ( ,2017),
/ ( , 2019)
, p ,
3 «C
, ), LAMP ; ,
1 , LAMP-LFD
, PCR ,
1
(Liu et al, 2015; Akhoundi et al, 2017; Schijman, 1.1
2018; Wang et al, 2018; Thompson et al, 2019) ;
, (Neobenedenia melleni)

(Anisakis pegreffii) (Hysterothylacium

(loop-mediated isothermal

amplification, LAMP) PCR
, DNA ,
( 65°C) , 15—60min
(10°—10" )

B >

>

(Mori et al, 2013, 2020; Notomi et al,
2015; Li et al, 2017; Wong et al, 2018; Deng et al,

2019), (Lucchi et al, 2018; Li et
al, 2019; Nzelu et al, 2019) LAMP
, PCR

aduncum), (V. anguillarum

ayu-H080701) ;

(Cryptocaryon irritans) (Yin

et al, 2018) (Enterocytozoon hepatopenaei)
( ,

2016); (Pseudomonas plecoglossicida)

(Huang et al, 2018)
1.2
1.2.1 DNA ,

-80°C ,
DNA (
)D3350-01 (Omega Bio-Tek, USA)

DNA DNA  NanoDrop2000
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, 70ng/pL (Omega Plasmid Mini Kit, USA)
1.2.2 pMD-BT, NanoDrop2000 ,
GenBank p-tubulin , 1.0ng/pL, pMD-BT
Gpl-PF1  Gpl-PRI( 1), [-tubulin (MNS811004)
DNA , p-tubulin 7 , LAMP LAMP
(Omega Gel Extraction ,
Kit, USA) PCR , pMDI19-T Vector , Gpl-F3  Gpl-B3,
, pMD-BT, DH5a Gpl-FIP  Gpl-BIP, Gpl-LF  Gpl-LB (
, 1) , Gpl-FI Gpl-Blc
NCBI (GenBank : MN811004) 1 LAMP Gpl-HP (
F1 RIBEFEIEEH p-rubulin EEFFNE T35 DNA K5 F71
Tab.1 The primers and DNA probes targeting S-tubulin of G. plecoglossi used in this study
(5'—=3)
(bp)
Gpl-PF1 25-mer CACTATATCGGCAACAACCAAAATC PCR 081
Gpl-PR1 21-mer TAGGCTTGAGGGTGGGATATC PCR
Gpl-F3 20-mer GGAAGGTGCTGAACTCATAG LAMP —
Gpl-B3c¢ 19-mer TCAGCATTCAACTGACCAG LAMP —
Gol-FIP* (FletF2) 42-mer (Gpl-F1c:24-mer ACGGTTCAACCACAGTATCAGATG LAMP -
P Gpl-F2:18-mer) GGTACTGGTGCTGGAATG
Gpl-BIP (Blct+B2) 46-mer (Gpl-Blc:25-mer GAGGCACTCTACAATATCTGCTCAA LAMP -
p- Gpl-B2:21-mer) CCGCTCATAACAAGTGATACT
Gpl-LF 22-mer ACGAACACATCATCCTATCAGG LAMP —
Gpl-LB 20-mer TGCCTAATCCTGGTTATGCC LAMP —
Gpl-HP® 19-mer CTTGTTGAAAATGCTGACG LFD —
Gpl-PF2 20-mer GTGGTACTGGTGCTGGAATG PCR 90
Glp-PR2 23-mer GCACAACAGAAAACGAACACATC PCR
.0 Gpl-FIP &' ;0 Gpl-HP 5’
213 TTATAQGGAAGGTGCTGAACTCATAGAAAGTGTAATGGATGTTGTCA
Gol-F3
260 GACGCGAAGCAGAAAAAAGCAATTGCTTACAAGGATTTCAAATAA
305 CACATTCACTTGGAGG"ﬂGGTACTGGTGCTGGAATG|GGTACACTTC
Gpl-F2
357 GAAAATACGAGAGGAGTTTCCTGATAGGATGATGTGTTCGTTTTCT
Gpl-LFc
403 GTTGTGCCTGCGCCGAAATCATCTGATACTGTGGTTGAACCGTATA
Gpl-F1
449 ATGCAACACTTTCGATCCATCAACTTGTTGAAAATGCTGACGAAACA
Gpl-HP
496 TTCTGTATCGATAATGAGGCACTCTACAATATCTGCTCAAAAACACT
Gpl-B1c
543 TAAGTTGCCTAATCCTGGTTATGCCGATTTGAATAGATTAGTATCA
Gpl-LB
590 ITTGTTATGAGCGG|TGTGACTACCTGTTTACGATTC (CTGGTCAGT
Gpl-B2¢ Gpl-B3c
636 |GAATGCTGATTTACGTAAA
1 p-tubulin LAMP-LFD DNA
Fig.1 The primers and DNA probe targeting f-tubulin gene of G. plecoglossi used in LAMP-LFD assay
: LAMP LFD , Gpl-Blc, Gpl-B2c¢, Gpl-B3¢  Gpl-LFc Gpl-B1, Gpl-B2,

Gpl-B3

Gpl-LF
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1); S Gpl-FIP 5’ ,
Gpl-HP 5’ ,

Gpl-PF2  Gpl-PR2, PCR

(D
1.2.3 LAMP LAMP Bst DNA
60—65°C, 63°C

65°C 65°C
LAMP , 60min Ding
(2010) LAMP 10mmol/L KClI,

10mmol/L (NH4),SO4, 6.5mmol/L MgSO,, 0.1% Triton
X-100, 20mmol/L Tris-HCI (pH 8.8), 1.4mmol/L dNTPs,
8U Bst DNA (New England Biolabs)
2uL s Gpl-F3  Gpl-B3  0.2pmol/L,
Gpl-FIP  Gpl-BIP  1.6umol/L, Gpl-LF
Gpl-LB  0.4pmol/L , LAMP
EvaGreen s
LAMP , LAMP

LFD

1.5%

1.24 LFD
LAMP ,
(fluorescein isothiocyanate, FITC)
Gpl-HP, (65°C) , Smin
S5pL 100pL LFD buffer (Milenia
Biotec GmbH, Germany) , LFD

s 3—5min,

20pmol

1.2.5 LAMP-LFD

LAMP-LFD s

>

DNA ,  65°C
LAMP 60min LAMP
., LFD ,

Gpl-HP
1.5%

1.2.6 LAMP-LFD
pMD-BT 10 ,
1.0x107% 1.0x107° 1.0x10™* 1.0x10° 1.0x10°°
1.0x1077 , ,
65°C , LAMP
LFD 1.5% ,
Gpl-PF2  Gpl-PR2 , PCR ,

60min

PCR (25uL)
10xPCR buffer, 0.15pL  rTaq DNA

: 2.5uL
(5U/uL)

(TaKaRa, ), 2uL dNTPs (2.5mmol/pL), 1pL
Gpl-PF2 (10pmol/uL), 1pL  Gpl-PR2 (10pmol/uL),
2uL : 94°C
3min; 30 94°C 30s, 56°C 30s,
72°C Imin; 72°C 10min 1.5%
DNA ,
1.0x107% 1.0x107° 1.0x10™* 1.0x107°
1.0x10°° 1.0x107  1.0x10°® ,
, 65°C LAMP
60min LFD 1.5%
1.2.7 LAMP-LFD
DNA ,65°C LAMP ,
20 30 35 40 45 50  60min,
LAMP LFD
1.5%
1.2.8 LAMP-LFD
PCR ,
DNA , 65°C
LAMP , 1.2.7
LFD 1.5%
1.2.9
(
)100mg , ,
ImL , 1.0x10° 1.0x10'
1.0x10* 1.0x10° 1.0x10*
, DNA
( ) D3350-01 (Omega Bio-Tek, USA)
DNA, 50uL
ddH,0 PCR  LAMP
( )
2.1 LAMP
1.0x10™" (7ng/pL)
DNA , 7 LAMP
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, LAMP , DNA , 1.0x1072
“S” ( 2a)’ . LAMP
, 0.7ng/pL (1.0x107 )
R P4=P5<P2<P3<P7<P1<P6; DNA R LAMP R LFD
, P5>P4~P1=P3>P7> , ( 3c),
P6>P2; “S” s P4 P5 P7 P1
( 2a) , ( 3a,3b) 8
s DNA , LFD
( 2a) ; ( 3c),
, , ( 3a,3b)
P4 , 2.3 LAMP-LFD
P4 1 1 1.0x102—1.0x10"7 pMD-BT
R LAMP-LFD
131
12t a
1} gt = NC
10} M Gp
i i
o g} 6f _ Eh
% 7} it 5L WAp
o 6t o Ha
1{:< R 4+ Va
2 5 SO
2 4} B 3l Pa
an
3r ool
2 -
1 & 1t
% 10 20 30 40 50 60 of : R L .
180918 (min) 0 10 20 30 40 50 60
b b PS5 b 7I8ANIE (min)
bp M NC Gp Nm Ci Eh Ap Ha Va Pp Pa
3000
1000 —
500
100
c
sk —
2 LAMP .
Fig.2 Selection of optimal primers for use in the LAMP IR
reaction
7 s P1—P7 LAMP a. LAMP
; b. LAMP ; P1—P7.
7 ; M. GeneRuler 100bp plus DNA Ladder (Fermentas, USA); 3 LAMP(a,b) LAMP-LFD (c)
NC. DNA  ddH,0 Fig.3 Specificity test qf LAMP (a, b) and LAMP—LFD (c) for
detection of G. plecoglossi
a,b ¢ DNA N
2.2 LAMP-LFD LAMP a. LAMP ; b. LAMP
6 ;¢c. LFD M. ; NC. Gp, Nm,
Ci, Eh, Ap, Ha, Va,Pp  Pa
’ , , (
DNA, DNA) DNA
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, 1.0x107°—1.0x107>

, LAMP-LFD pMD-BT
, “§” 1.0x107° , 2.0fg/uL
( 4a) LAMP Gpl-HP Gpl-PF2/Gpl-PR2 PCR ,
, LFD ,LFD 1.0x10°—1.0x1072
( 4c), ( 4b) ,
1.0x107 | “0” ( 4d), 1.0x107
, ( 4a), LFD Gpl-PF2/Gpl-PR2 PCR
( 4c), ( 4b) 2.0fg/uL  pMD-BT
a
ol mNC
W 1.0%107
8r11.0x10° -
71 M1.0x107
1.0%x10
% 6 M1.0x10°
8 sl 1.0x10
R 4l
3
2_
1.
O- 1 1 1 1 1 1
0 10 20 30 40 50 60
i 4E8V1E) (min)
¢ § & 8 & & .8
S T e
Fs—
L —
100
4 LAMP-LFD
Fig.4 Sensitivity of LAMP-LFD to detect plasmid standards
:a. LAMP ; b. LAMP ;c. LFD s d. PCR M. s NC.
1.0x107%—1.0x107". LAMP  LAMP-LFD 1.0x10°°,  2.0fg/uL,
1.0x10°°,  2.0fg/uL
1.0x102—1.0x107" DNA (50,
, LAMP , LAMP ( 5b) , LAMP-LFD
LFD , DNA 1.0x107*
1.0x102—1.0x107* DNA , 14pg/uL
S ( 5a) LAMP 2.4 LAMP-LFD
Gpl-HP LFD , LFD LAMP-LFD LAMP
( 50), , , LAMP
( 5b) 1.0x10°—1.0x10°°% | (Zhou et al, 2014)
“0” ) (  5a), LFD

PCR

>
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a12 BNG LAMP 45min
11t H1.0x107 a
10t I 1.0x10°

M 1.0x10*
9 1.0x107

i gl 1 1.0x10°

& ;L m1.0x107

R 1.0x10°

K 6

K5

< 4

3
2
1t - 41
0 - n n L
0 10 20 30 40 50 60
#1868 (min)
b S 8 8 8 8 88 Fimsk—|
N N AITE
+ + + o + +
bp Q \.Q+ \9 '\9 \9 0 Q

ML —

LAMP-LFD

5 DNA

Fig.5 Sensitivity of LAMP-LFD to detect genomic DNA of G.

plecoglossi
:a. LAMP ; b. LAMP ;C.
LFD M. ;NC. 3 1.0x102—1.0x10°%,
gDNA; LAMP  LAMP-LFD gDNA
1.0x107%,  14.0pg/uL
DNA ) LAMP S
LAMP
20 30 35min LFD
(  6a, 6b);
40min , LFD
; 45min , LFD
40min
; 50 60min ,LFD
45min

ML —
6 LAMP
Fig.6 Time optimization of LAMP assay for detection of
Glugea plecoglossi
:a. LAMP ;b. LFD M. s NC.
; 1.0x107% 1.0x10™ DNA,
7.0pg/uL
2.5 LAMP-LFD
1.0x10™*
DNA , 65°C LAMP
45min, PCR
, LAMP-LFD ,
LAMP ,
“gr ’
( 7a); LFD
(  7b, Tc); ,
(  7a, 7b, 7o), LAMP-LFD
2.6 LAMP-LFD
R DNA,
LAMP-LFD PCR ,
1.0x10*  1.0x10° 1.0x10* 1.0x10' ,
LAMP-LFD PCR
; 1 100mg
, LAMP-LFD  PCR
(2 , LAMP-LFD

100 lg 04 /
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P

I mne
8r M 1.0x10™ >
M 1.0x10°
77 1.0x10* ’ ’
it 6 5
g
:
2 4t , LAMP-LFD ,
23t
2 F
1 I -
% 10 20 30 40 5 60
#7I86Y18) (min) \ \ \ PCR
RS
QS A0 A0 Q Q Q
b A 9+\ A 9+'\'\ 9+'\ &O c A 9+'\ A 9+'\ A 9+\ $O 1989 N B1 5
DNA (Burg et al,
puRs —- 1989) PCR s 529bp
R 640fg DNA, B1
wns — R 5.12fg DNA (Fallahi et al,
2014a) R PCR
Nikaeen (2005) hsp70
7 LAMP (a,b) LAMP-LFD (c) PCR ,
Fig.7 Reproducibility of LAMP (a, b) and LAMP-LFD (c) of ’
detection for G. plecoglossi Mero (2017)
:a. LAMP; b. ;¢c. LAMP-LFD M. ; NC. PCR ,
; 1.0x107 1.0x107* DNA, .
14.0pg/uL 0.1ng/mL DNA Njiru (2005)
1(ITS1) R
3 PCR s
10—100pg DNA Hong (2017)
DNA R
s PCR S 0.1ng
> 5 > DNA LAMP S
> s LAMP s
2016—2018 430 R S
LAMP (Sotiriadou et al, 2008; Fallahi et al,
&2 LAMP-LFD N ESRBERATSRNEEMARKER
Tab.2 Detection of Glugea plecoglossi from artificial-contaminated liver samples of P. altivelis by LAMP-LFD assays
) (CFU/mL)
1.0 x 10°* 1.0 x 10° 1.0 x 107 1.0 x 10 1.0 x 10° 0
+ + + + - -
LAMP-LFD + + + + _ _
+ + + + - -
+ + + + - -
PCR + + + + - -
+ + + + - -
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2014b; Durand et al, 2020) Zhang (2009) 529bp
LAMP ,
Ipg/pL DNA; Lin  (2012) Kong
(2012) Ipg/pL
0.6fg DNA; Qu (2013) 18S
rRNA RT-LAMP , lg
1 ;  Lalle (2018)
529bp , LAMP
,  50g
25 ; Varlet-Marie (2018) LAMP
5 Karanis  (2007)
60kDa ,
LAMP , 400fg/uL DNA
0.1 ; Plutzer (2010) LAMP
, 10L
1 Njiru
(2008b) (RIME)
(SRA) , 2 LAMP
, 0.001 /mL 1 /mL
Thekisoe (2007) DNA  5.8S-ITS2
18S RNA VSG RoTat 1.2 ,
LAMP ,
1fg DNA 0.01 Hayashida
(2015) , LMAP ,
, RIME 18S rRNA
SRA 0.01 0.1 1
DNA , Karthikeyan (2017)
(EHP) DNA ,
3—10 ; Sathish (2018)
(SSU) , LAMP ,
10 / LAMP-LFD
2.0fg/ul P DNA,
14.0pg/ulL DNA,
, LAMP
15—60min ,
Zhang  (2009) 529bp
LAMP ,

60min, s

60min; , Kong (2012) Fallahi
(2014b)  Sotiriadou  (2008) Bl
529bp LAMP ,
60min,
LAMP , 60min R
Kong (2012) Fallahi (2014b) LAMP
SYBR Green I )
60min; Lalle (2018)
Zhang (2009) , LFD
LAMP , ;
, (Fallahi et al,
2014b) ; Plutze  (2010)
LAMP ,
60min,
; Ghodrati (2017)
LAMP R 60min;
Njiru  (2008a) LAMP ,
SYTO-9
SYBR Green 1 ,
35min , Sathish
(2018) LAMP ,
45min
LAMP-LFD , 45min,
Smin Smin LFD ,
55min
4
p
LAMP-LFD ,
55min,
45min Smin, LFD
Smin ,
2.0fg/ulL § DNA  14.0pg/uL
DNA, 100
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A LOOP-MEDIATED ISOTHERMAL AMPLIFICATION TECHNIQUE COMBINED
WITH A LATERAL FLOW DIPSTICK FOR THE DETECTION OF GLUGEA
PLECOGLOSSI

KANG Jin-Wei'?, JIN Jing-Lei"?, DUAN Li-Jun"*? ~ZHOU Yan"? MIAO Liang?, ZHOU Qian-Jin"?,
CHEN Jiong"*

(1. State Key Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro-products, Ningbo University,
Ningbo 315211, China; 2. School of Marine Science, Ningbo University, Ningbo 315832, China; 3. Ningbo Haishu District Animal
Husbandry and Veterinary Medicine Technical Management Service Station, Ningbo 315153, China)

Abstract Recently, the farming of fish Plecoglossus altivelis in China is facing severe infection of Glugea plecoglossi.
Therefore, we developed a novel LAMP-LFD method for rapid detection of G. plecoglossi infection based on
loop-mediated isothermal amplification (LAMP) integrated with the visualization on a lateral flow dipstick assay (LFD).
With this method, the f-tubulin gene of G. plecoglossi was targeted, and six primers designed in its conserved regions were
used among them the forward inner primer was biotinylated. A biotinylated LAMP assay was carried out and the amplicon
was hybridized exclusively with fluorescein isothiocyanate (FITC) labeled probe, and then the hybrid product was
visualized on a lateral flow dipstick (LFD). Results demonstrate that this LAMP-LFD method could specifically detect G.
plecoglossi, and no characteristic amplification was observed when using genomic DNA of Neobenedenia melleni,
Cryptocaryon irritans, shrimp tissue with Enterocytozoon hepatopenaei, Anisakis pegreffii, Hysterothylacium aduncum,
Vibrio anguillarum ayu-H080701, Pseudomonas plecoglossicida, and P. altivelis tissue. The optimal conditions of LAMP
assays were 65°C for 45min, followed by Smin hybridization at 65°C and 5min visualization on LFD. Thus, the whole
detection of G. plecoglossi could be completed within 55min. The detection limit of LAMP-LFD was 2.0fg/uL for plasmid
DNA with f-tubulin gene and 14.0pg/uL for G. plecoglossi genome DNA; and it could detect the spores stably from P.
altivelis liver tissue contaminated by G. plecoglossi with an infection intensity of no more than 100 spores/g. In addition,
LAMP-LFD could be used in a simple heating equipment such as water bath to complete nucleic acid amplification and
probe hybridization without expensive instruments. Therefore, the LAMP-LFD method is easy to operate, sensitive,
specific, rapid, and instrument-free, which shows great potential in the routine detection and monitoring of G. plecoglossi.
Key words Glugea plecoglossi; p-tubulin gene; loop-mediated isothermal amplification; lateral flow dipstick;
detection



