TR A SR IR Sep. 20, 2018, 45(9): 1871-1880

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.170999

TN SFR B E N 5E S L& (Vibrio shilonii)

My BT OB THs M e
(1. FEBL2EBE R AT P ERE R R IR SASE S ZE & M 510301)
2. P EPREBE ST AR N Y S E SR E A T 510301)
B. THEBLABE R EEEMIE AT Y . VPRI IR NS uE 4 M 510301)
4. FEBEBERY: JEET 100049)

B OE: () a5k MBHAONEHRALLE, BELETZERE, HAMBETAT|RGHHR
BB RRIGA R FHMMONEIZRAEZ —, 47 KNG RARHBG AT, 2T 2
KA iz g, [B 6] LT 2 — 45 H 54 B kR A MM BOR B 6 F KK
B 89 I35 R 5 38 (Loop-mediated isothermal amplificaiton, LAMPY&MIHE AR, [ 7 %] vAtkde
WA IR AT KNG AR £, AT T KIKH 49 rpoD (RNA polymerase subunit D)
WAt 6 KR FEY 54, 5 LAMP ARRR Z 540 45 7t fe R S0UE, RS2 LAMP %
wHL PCR A= % A2 & PCR 3 A4 5 ik AT e AT, [ R ] BAmI6) 10 MESH AR T,
T KINA R ERAIANE, 224 E, i 9 PROIE MR R CRE K ABM) R L5 R H W
M, AL E; RN, TESHEESE-LAMP 7 & BRI R A 3.641x10° cps/mL,
LA 5% k78 PCR FF 69 A B EAEH M, £ FH PCR RN RE 69 0.1%; b, i@
AR PNEIF I i KA S A R B, 453 4 E -LAMP 7 i3 i KA S b 46 F KN 6948 ) PR JZ +T
ik 1.3x10° CFU/mL. [4#) 2 56945 % 455 -LAMP 3 R B AR5 6945 F k. RAUE Fo
bk, RBEFTERE. SR, REFRMNE, ENTHIIAGMAEREA LT KINHE
i AR

KRR AR, T KIKE, RNFFRY I
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Detection of Vibrio shilonii by using Loop-mediated isothermal
amplification (LAMP)
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Abstract: [Background] Coral bleaching events occur frequently which causes the coral reef
undergoing severe degeneration in recent years. Disease caused by pathogens is one of the reasons
for coral bleaching. Vibrio shilonii was identified to be a pathogen that is able to infect the coral
Oculina patagonica and cause its bleaching. However, its epidermology remains largely unknown
due to the lack of a rapid diagnostic tool. [Objective] To establish a rapid and simple method for
detection of V. shilonii using Loop-mediated isothermal amplification (LAMP) technique. [Methods]
A set of 6 specific primers based on the target of rpoD sequence was designed for LAMP
amplification. The sensitivity and specification of the primers were tested and conditions for LAMP
amplification were optimized. The products of LAMP were visualized with fluorescent reagent of
calcein and agarose gel electrophoresis respectively. The limitation of the method was compared
with conventional PCR and Real-time PCR. [Results] The result showed that this method can
specifically detect V. shilonii without showing cross-reaction with closely related vibrio species or
other bacteria. The detection limit is visualized with calcein was 3.641x10° cps/mL of the plasmids
carrying rpoD, which was 1 000 times more sensitive than conventional PCR and similar to that of
Real-time PCR method; Meanwhile, this method was shown to be able to directly detect the pathogen
in the seawater with a minimum concentration of 1.3x10* CFU/mL. [Conclusion] Overall, this study
revealed that the method we developed has high specificity and sensitivity for diagnosis of V.
shilonii. It is more sensitive and more convenient than the conventional PCR or real-time PCR.
Therefore, it has the potential to be used for diagnosis in the field.

Keywords: Oculina patagonica, Vibrio shilonii, Loop-mediated isothermal amplification (LAMP)

IR R — N AT, AR RGURRE R 2

LEEERET . RWCRpE 2 Y 2 A AL

HLE P KCE R R AR S R —, HATRHE
A ThREN, A e i AR Z B R
ATAF SR BRI Bl A A SRR AfE A 25 R 8 R A 52
HAM SR, R EAR BRI e . S
P A2 Fh T 880 R AR P G A ) ol 3 i 2
() A 2 0 051 T SO 8 1 A R S i
IR H 3578, SR 5 IR 4P

BT BRI 40 T i H R A Fr) SR8 252 1 =5
5 ARERAE L DIRDCT, g AE (T B K
JETF AR A s M AIS G H 4, IR

JRURH 25 Z2 R0 R 25t T ot (k. 341, than
B 5 (0 B s B e oA e 2, s SR
W (Vibrio coralliilyticus) TR AR B R HIIE LT,
] (5 5 ¢ AR OOV g R O A P A g
T3 V5K 0 — i NS L2 30ROk v
[C A (Serratia marcescens)n] 32 g £ I £ (1 B
g3 AR B St B YR (Vibrio shilonii
ATCC BAA-91)/&—FPiisiAn s s, E R A
REAE Y] 20 P ke e A e, SO )
F AR U0 it BRI B S H i 9K (Vibrio
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mediterranei)[F1¥) 5744 , {H RS & 75 o] DL &
SO P 1EIA i AR,

it % PRI B A LI ERE 251 10 4ETRI9E)
Z 55", Toren 1 Banin ZEARYTHL W 1% [
SRS REAE S A O AL, it 2 CQAICERTRY B 21 3
W E 553 B B Y, R T E S A Py
A A T A ) R AR A AL B T R B B R AR
R, e A VEIRIAR Toxin P
bR SR OE AR, R i e
2006 4, Reshef ¢ AR HiE 2 FCHI - AL I 1k
B R GE BT B 1 M 2 A DB, R R
B, IR S AT e s [ B AR B DAREE
NEFREEI AR, S Re ™ A HRHUIMH BO T/ kT
1P, BRSSP N REFE S
NS R R 20 2 AU SR, i IR
PRI R EYO L WA AR RS+
AR, B, SRR . RS S
RNy B TE JEBE

A T E IR P B (Loop-mediated  isothermal
amplification, LAMP)RGI 4% AR JE i H A2~ Tomita
SRR, JEFE PCR (AN 27 Ak i —Flopr Al
B w4 AR B LAMP $R & B LSk E 12
T4 N 8o 7 A A R P R
1 B DB A . ZEMEEET |, LAMP 384
AR AT B EE X4 A I E AR ST T AR AR
JER Sk, W Ge ZPUBF & T —FhLAG KR TR
AL AR AT IR AN B RE G 22 1 S e s R Y
LAMP #0053, W T 88 3 A2 iy [w)
AP A . L 7E NCBI a5 Aot AS [a] iy it 57
[CHR G LA S AR & ) rpoD JE AT XS 43
Ml AR T %[O S L rpoD (RNA
polymerase subunit D)) Ff P &5 B A <1 24 F A ]
iR I SRV N o 2T E L ISR il 5 % N
AT Ay B2 47 B A P s A 00 LA R T 7 S 0 1 A 4 it
HORIHE

1 MRS 3%
1.1 #R
L1.1  SSIE

fiti % FCIER (Vibrio shilonii ATCC BAA-91)I H
F[E RO L, T EEIREE (Vibrio alginolyticus
XSBZ-14)PH iy g KA 2R S 1 0 e
KIGHTFH DHSa JESZZS M A RARA AR AL
FOARAF . BRI IMYKE (Vibrio parahaemolyticus
TF2). Q559K (Vibrio vulnificus TF3). ZERLIKH
(Vibrio cholerae HN375) . 4 B {8 75 75 BR
(Staphylococcus aureus)™ A SZH Z $24E . BROC G
i B (Vibrio owensii DYO05) . #f: JE {r ik & (Vibrio
furnissii), NG (Vibrio campbellii) . W& ZF{FTF
W (Bacillus aerophilus) 7y 25 1 B 1 {5 V2 W2 (14 R
W, JFC T 16S rRNA HER R4 DA R A TR A 3
HEARFERRRIN , B AR SE I = R A o
112 HERE. FERFIFLE

2216E (Marine Broth)¥{AK;7%E, BD A,
TCBS Biflgtiaist | LB iliAss575L | TSB (Tryptic Soy
Broth)iAKE 75, | ARAIAE Y EAABRA A

pClone007 Simple Vector Kit, JMEERLHIL A
Y RA R/ A) 3 Premix Tag. PrimeSTAR Max
Premix (2x). DL2000 DNA Marker, 6xLoading
Buffer, TaKaRa AH]; A RNBHER, | MNEEEY
BHEA BR A Bk F2 AR £ . DNA gifb i
Flfr, BET /A0 Bst 2.0 DNA %4, New England
BioLabs /A &]; Calcein, 10xdNTP Mix, 4T 4Y)
TR A PRA

FREE PCR X, J7 ML YR AR A PR A
Al TEIRA RS, PO HRHARRA A &
L, Thermo Fisher Scientific AR ; AIERIR
21X, SCILOGES 2y wl; HIyK{X, Hoefer 2vwl; #t
e A% A 45 , Bio-Rad /A A ; Thermal Cycle Dice Real
Time System I1I, TaKaRa 23] ; 7% 58 K745 5
REEIRIE SRR G A, IR WA S A
FRAF],
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1.2 75
1.2.1 ZHEEELE DNA §952E

GBS BASERERY Vibrio shilonii ATCC BAA-91
Vibrio alginolyticus XSBZ-14 . Vibrio parahaemolyticus
TF2 . Vibrio vulnificus TF3 . Vibrio cholerae HN375
Vibrio owensii DYO05 . Vibrio furnissii . Vibrio
campbellii, Staphylococcus aureus . Bacillus aerophilus
HAE 2216E WAARIREEF, 30 °C. 200 r/min
Rigead i . RAZEB, B 500 uL WK 12 000xg
B0 2 min, £ EIE, A 100 gL KR L& T
/KB, 100 °C 4:J8 % 10 min J& , & T VK | 2 min,
12,000 xg #5.L> 2 min, _FHFRAEAY R, —20 °C
A # o

1.2.2 LAMP $52M5|9%iH 568K
WG GenBank WA Vibrio mediterranei

CECT783" &) rpoD L IH ¥ 45 (B F 5 K
HF542090.1), 7£ NCBI _Fi#17 BLASTn HeXf 43 Hr )5
T rpoD FENMEFRMEX I, M HAAME Primer
Designer & it 6 S&FEFME51Y, 5585519
F3/B3. N5 |4 FIP/BIP #1355 |# LoopF/LoopB, 'L
1 AE L, SIsS T INERNL A D AR A B
YNGIESS '
1.2.3 LAMP #&0A AR E L

PN R RS e 4y B R A T —

rpoD-F

EAL: 25 L SOWAKZ : 10xIsothermal Amplification
Buffer 2.5 ul., 8 U/uL Bst DNA polymerase 1 pL,
100 mmol/L MgSO,4 1.5 puL, 10 mmol/L dANTP Mix
3.5 uL, 40 pmol/L FIP/BIP 1 uL, 10 umol/L F3/B3
0.5 uL, 10 pmol/L LoopF/LoopB 1 pL, 10 mmol/L
MnCl, 1.25 uL, 10 mmol/L #H3H# 4 L, 1 mmol/L
PHELRER 2 pL, Rl Ak DNA 2 L (FIPEXF IR L
2 pL KEKER), KEKAFEE 25 Lo &1
65 °C &JFIRIUN 60 min, 80 °C KiF 10 min.,
FONEERIG , HHWERNERE G EL, SE
I 15%B B IEMERE HLDK 30 min, HIJE 135V, 46
M4 45

x=1 RGNS
Table 1 Primers used for LAMP in the study

EIk/E40 519751

Primers Sequences (5'—3")

F3 AGACGAAGACGACGAAGA

B3 CTTCACTTGACTCATTACCAGT

FIP* GGCTGTCGTAACCATATTCGTTGATGAGG
AAGAGGAAGAAGATACA

BIP* CACATGAGTTGGTCCAAGAAGTCTCGCAT
GATCAGACGCTC

LoopF ACCAGTTGAAGGTCTTGATAGC

LoopB CGCACTTCTATGGATCGTGTA

: *: FIP 5 BIP 435l Flc #1 F2. Blc #1 B2 41,
Note: *: FIP and BIP consist of Flc and F2, Blc and B2
respectively.

F3

241 cagcgactca tatcggttct gagctttctg

aagcggatct ggasgacgaa gacgacgaag
F2

301 acgttgatga agatgacgat agtgaggaag

361 ttgctctaga gaagttcact gogcttcgcea

Flc

421 acgaatatgg ttacgacagc ccacaggtgg

48] ttaaagaatt ccgtctgaca ccaaaacaat

LoopB

aggaagaaga TacCaggratc gaccctgaac
LoopF
atadEtatca agaccttcas ctggttatca
Blc

ctaagtcaca tgagttggtc caagaagtct

ttgatcacct agtgaacgaa ttgcgcactt
B2

541 ctatggatcg tagtacgtact caag:'égcgtc

601 agatgcctaa gaagtctttc attgctgtot

rpoD-R

661 tagatgaagt acttgcctct gacaaacctt

1 &3|89FFIIRRF R EAEREREFFIP R AL E

tgatcatgog tcaagotgtt gaatacgaca
. B3
ttactggtaa tgagtcaagt gaagcttgge

acgcagagaa 2atcaaacgt Cacgasgatg

Figure 1 Sequence of primers and the binding regions of primers
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1.2.4 LAMP £5 10

Vibrio shilonii ATCC BAA-91 . Vibrio alginolyticus
XSBZ-14 . Vibrio parahaemolyticus TF2 . Vibrio
vulnificus TF3 | Vibrio cholerae HN375 | Vibrio owensii
DYO05 .
Staphylococcus aureus. Bacillus aerophilus 3t 10 ¥R
FAFHUE 1.2.3 A7 1 LAMP A 7 12514 Vibrio
shilonii BIFESME, FETFLLE 10 PRANG A IEH A E
17 LAMP 6, SOSAA R AR AR IR] 1.2.30
1.2.5 LAMP REUZRN

Hi GenBank HVAAIIY Vibrio mediterranei 1
rpoD FEH ¥4 (& 55 HF542090.1), A Primer
Primer 5 F BRSPS | Y04 rpoD-F/rpoD-R , #]
FH Primer Express 3.0.1 #3196 E i PCR 5| #y%t
QrpoD1-F/QrpoDI1-R (3 2), 5145 i) M EERLHIL
A AAT RS 5

DUt % RN DNA st , JET-46 2 g iy
Z141%} tpoD-F/rpoD-R PCR 3 34—BR/INA 425 bp
I, 91432 LAMP KI5 v R #E 51 . PCR
S & 95.0 °C S min; 95°C20s, 55°C20s,
72°C30's, 30 ME¥; 72 °C 10 min,

il DNA #iify [ G4 PCR 97347 Wy it Ay
b33 BB, KL 5ERES pClone007 Simple
Vector 1, F4#E 2 J5ikL pClone007-rpoD, $KJ5%%
B KA DHSa ', FE0 100 mg/mL 28R
BRUER LB A ERRIBCCRE, A G100
MI13F/M13R i# i % PCR KAl &5 H i B B
My, MPKUE,

*2 BHFRKREEFKAEER PCRSIY

Table 2 Primers used to construct recombinant plasmid
and real-time PCR in the study

Vibrio furnissii . Vibrio campbellii .

GIL/E4iS GiL7)s 2l

Primers Sequences (5'—3")
rpoD-F CTGAGCTTTCTGAAGCGGA
rpoD-R GTCAGAGGCAAGTACTTC
MI13F TGTAAAACGACGGCCAGT
MI3R CAGGAAACAGCTATGACC
QrpoDI-F  TCGACCCTGAACTTGCTCTAGAG
QrpoDI-R  ACCTGTGGGCTGTCGTAACC

W ) 5 SR AE A Y B 2H T ORGSR, T BURL
PEBOAF] & BT KL pClone007-rpoD, H N
90 ng/uL . HAE A X IR R A ¥ DBk
3.641x10" cps/mL. ¥t pClone007-rpoD T ZH Jii ki
PR G K AT T i A ) AS (] 9k B 198 JBORCATE Sy
P HBIAR , W31 10710 cps/mL, BHHEXT
HRAS I JC R A AR TORE . 70 I # #L PCR  LAMP
MH e PCR ¥k, MM 1.5%3UIEHHEERL L Ik
S G H B PCR 1 LAMP 93625 5L, IR 4w 3
Tl 75 ) RABUE
1.2.6 BKEEREN

SRAE I FRIAGT B T K 50 mL. %
[CINA BAA-91 #:F1 % TSB A SR E 574
%, P PTRAE M A T2 [N BAA-9L
PEATANTRI AR BE RS - (1) REA R A 25 A T
100 pL 2351746 T TCBS S TG (2)
[F] I 1 mL &R BRI 3 T /K I DNA,
B 2 pL DNA 25 LAMP $ 38k, BBk iE
M3 APAT . TERASRT, WSSO P B
A, FERI 1.5%3 IR HHEE IS i ik S e 3 e 4l 2R
1.2.7 LAMP ¥ 3825 R

LAMP 4" 45 Rl AR A BUAR R 18 (A5
A PR IR SN I B e Ak, BRSO ™)
s, MR BN g B eAh, R
P ] I BEE AL DRI S S5 5 B Sy ™
PR IR G R EBR A, M50 .

2 WRE
2.1 LAMP &N ER R R H5F AN

LAMP § WA, A5 ek RVOL B Ak
B &5 R Bos, 11 DY HRBF, 2AT Vibrio
shilonii FEF 4] DNA S BLsz4 @, FIW R FHEE,
HAth 10 DXFREESY, 439028 Vibrio alginolyticus
XSBZ-14 . Vibrio parahaemolyticus TF2 . Vibrio
vulnificus TF3 . Vibrio cholerae HN375 . Vibrio
campbellii, Vibrio owensii DYO05. Vibrio furnissii.

Bacillus aerophilus . Staphylococcus aureus V) N AT
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XPRRCSINTCIEK), P IgHE Y JoE @ g, Sk
FEHE, FIWT R (B 2A), BERH DR A2 R 5
N, 1L AP Nh, HA Vibrio shilonii BYFER
21 DNA 23 LAMP FERPEERIR S50, THHAth 9 F
ATE FIBAVERT BE AR W LAMP 45 SRR 4670 (%]
2B). SEEAERE, T rpoD FENE ) LAMP
KT EERT Vibrio shilonii HA5 55 B4 Tk o
2.2 LAMP REERMEER

WA AL rpoD FE R AT ALFOR, K50
LAMP J7 ik R0k, R 592 it PCR LUK
i PCR 17 R LA i S B 25 5L s , LAMP
XF 10 175 2 F B R DNA SRARKGIIR H 10° %
UI(E 3A. B), 5965 PCR JiiAH1 24 (K 3D),
A HH#E PCR U 1 000 £5(1l 30).
2.3 BIKFERE ML

K AL SRR N T Vibrio shilonii ATCC
BAA-91 DAl & BIAUARE S o 2 A4, WRE R

1.3x10" CFU/mL, [ 4 BRI A T RERBURE i
WMIZER . N 4 s, LAMP 2R AKRE S P g
il R ¥ A 1.3x10° CFU/mL, 4 3 AR T
1.3x10" CFU/mL WG, 5 IkEs R —%k
(& 4),
3 WwESR

B 11 Ak T A ™ T R R R A 4 Rk
(fee e, FUE R T A S R ATy, Hop
P 200 B | A ) 5 B 2 B R A I A T 1 A S B A
IR A KA A — AN T R PO i Ak
AEAK,, AR B S e RIS IR T
WHASOR I R fEE, H% FRIKEVE N 2O f1ik
BB ORI 21, HURY 15 VO AT
WFFNSW ORI oA R, Ry e ek
U RS HAHERRELT RS TR AR I A
Xof Y A1 3 A PR G 0 L2 R T 97 S 1 A LA

El2 LAMP 2 MHENERE R B BLERA)FEIEIKERB)
Figure 2 The product specificity of LAMP viualized with Calcein (A) and agarose gel electrophoresis (B)
: M: 100 bp DNA ladder; 1: HiZ%'FRORE; 2. BFEEOREE; 3. mAMINE; 4. QM5IE; S EGLINE; 6: RRINE; 7: B

Note: M: 100 bp DNA ladder; 1: Vibrio shilonii ATCC BAA-91; 2: Vibrio alginolyticus XSBZ-14; 3: Vibrio parahaemolyticus TF2; 4: Vibrio
vulnificus TF3; 5: Vibrio cholerae HN375; 6: Vibrio campbellii; 7: Vibrio owensii DYO0S5; 8: Bacillus aerophilus; 9: Vibrio furnissii; 10:

Staphylococcus aureus; N: Negative control.
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A 10% 10" 10" 10° 10® 107 10° 10° 10* 10° 10? 100 N

¥ W i
u’. =7

B M 102 10" 10 10° 10% 107 10° 10° 10* 10° 10> 10" N

55 Amplification plot

W W
S L O
T T T

Fluorescence (primary curve)
—_— = NN
S W © W

wn
T

(=]
T

|
W
o

2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Cycles

B3 LAMP REERMIEARFREBLERWA). BREKERB). M PCREROFIFILEE PCR £R(D)
Figure 3 The detection sensitivity of LAMP (A and B), comparison to conventional PCR (C) and real-time PCR (D)
e N: BAPEXTE#; M: Marker DL2000.

Note: N: Negative control; M: Marker DL2000.
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1.3x10°

1.3x10?

1.3x10! N

&4 EKERENGEEFELNERAQ)FRIKEKER®B)

Figure 4 The detection limit directly from sea water visualized with Calcein (A) and agarose gel electrophoresis (B)

Note: M: Marker DL2000; N: Negative control.

ARSI E X EE FCIRERY rpoD FERBETT 6 4%
B PES 1Y), ITTRIE T LAMP J2 o7 %R Sk Fi R
B, AW T B E TSR AL Bst
DNA R4, f#75 LAMP ] ATEZHR A T B
N o it RN A, LAMP HH AL PCR 5
1 000 f%5(% 3B, C), HAH5SEE R PCR 4 [HR
TR, FRAIAGIBR R AT 1A %) 3.641x10° cps/mL (& 3B
D); BLAb, AL AT SR KRR S A & B, LAMP
XF U K RE o R %R SIR B A A B BE W] 3k
1.3x10> CFU/mL, HA7 5 HAWBIESE & 1 24 Ak R
JEPY R AR K B F R (R B AT LAMP
LRl NE S & Rl S =AU Ny NS 0 VU
SRR 3 RNk, B L PCR FIZGE & PCR
T AR B 51 1Y PCR AL, 11 LAMP (X F5 —ME ik
KR, BRAERT PR (8, DRIEAE ik 3 Rl Jr ik
o LAMP 376 557 41 307955 JaE R AS I v d5e LA 3

T LAMP B8RSSR 1) 6 4> X 1T
4 FERL1Y, BEERRBSGE, B 2 34519

675 DNA G BRCRRRIG . LAMP 34 411
I 9 FE AT i EEAR TN T | 26 B PSR R v
TR . LAMP i FE, Bl DNA KA,
TR —FP R IR 2 7, MRS 5
KRR A5 BTEITNE . DIER) ™ A5 iR
JOLR I B AR AR, R e R AL ST P A i SR
B, ik B IR S — e W B, AT A
HLVKIE BURE St B 4500 S5 R R — P
R, TERR BT AAAERTEA KA O . BB LAMP [
BT, PAPER N STE R IR BER AR, 555
BERR L PR T, AR R ] B &
5, HIEANFR O RseskE, ARSmkd,
TTHEROVRZFANA 2 pL 1 mmol/L FF5 B4 K Fl
1.25 uL 10 mmol/L ) MnCl,, #4552 Ik Z 4%
WIATREATIFSONAE , ATk AR B : 4G
I, BHEWMEEEEAR, wn] HE R A,

ZE L FTIR , ARRESEFTEE ST 1 LAMP kil 4 A K
DR EER . REBUE S . Rk, @R TR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WESs: N FERY G ROARPEH A it 2 [N R (Vibrio shilonii)

1879

VERIBSL A 25K, il T Se B 2 22 i EF SN B )
Hoa 1 A PRI

REFERENCES

(1]

[10]

[11]

[12]

Zhao MX, Yu KF, Zhang QM. Review on coral reefs
biodiversity and ecological function[J]. Acta Ecologica Sinica,
2006, 26(1): 186-194 (in Chinese)

SR, ATk, TR MIAE I A ) 2 e e AR TS
INRE[I]. 2524, 2006, 26(1): 186-194

Wang LR, Zhao HT. The general characteristics of the coral reef
ecosystem[J]. Chinese Journal of Ecology, 2001, 20(6): 41-45
(in Chinese)

o, BgEE. ML S RN — R R[] AR,
2001, 20(6): 41-45

Ben-Haim Y, Thompson FL, Thompson CC, et al. Vibrio
coralliilyticus sp. nov., a temperature-dependent pathogen of
the coral Pocillopora damicornis[J]. International Journal of
Systematic & Evolutionary Microbiology, 2003, 53(1): 309-315
Li S, Yu KF. Recent development in coral reef bleaching
research[J]. Acta Ecologica Sinica, 27(5): 2059-2069 (in
Chinese)

A, Rl MBIk AT oY B R I]. B, 2007,
27(5): 2059-2069

Zhao J. The severe phenomenon of coral reef bleaching in the
world[J]. Ecological Economy, 2016, 32(8): 2-5 (in Chinese)
X, ERIMBIRE LB G E D). R, 2016, 32(8):
2-5

Ben-Haim Y,
Temperature-regulated bleaching and

Zicherman-Keren M, Rosenberg E.
lysis of the coral
pathogen  Vibrio
coralliilyticus[J]. Applied and Environmental Microbiology,
2003, 69(7): 4236-4242

Anthony KRN, Connolly SR, Hoegh-Guldberg O. Bleaching,
energetics, and coral mortality risk: Effects of temperature,

Pocillopora damicornis by the novel

light, and sediment regime[J]. Limnology and Oceanography,
2007, 52(2): 716-726

Hoegh-Guldberg O. Climate change, coral bleaching and the
future of the world’s coral reefs[J]. Marine and Freshwater
Research, 1999, 50(8): 839-866

Bally M, Garrabou J. Thermodependent bacterial pathogens and
mass mortalities in temperate benthic communities: a new case
of emerging disease linked to climate change[J]. Global Change
Biology, 2007, 13(10): 2078-2088

Vezzulli L, Colwell RR, Pruzzo C. Ocean warming and spread
of pathogenic Vibrios in the aquatic environment[J]. Microbial
Ecology, 2013, 65(4): 817-825

Patterson KL, Porter JW, Ritchie KB, et al. The etiology of
white pox, a lethal disease of the Caribbean elkhorn coral,
Acropora palmata[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2002, 99(13):
8725-8730

Sutherland KP, Ritchie KB. White pox disease of the Caribbean
Elkhorn Coral, Acropora palmate[A]//Rosenberg E, Loya Y.
Coral Health and Disease[M]. Herdelberg, Berlin: Springer,

[
w
—

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

(24]

[25]

2004: 289-300

Sutherland KP, Shaban S, Joyner JL, et al. Human pathogen
shown to cause disease in the threatened eklhorn coral Acropora
palmatalJ]. PLoS One, 2011, 6(8): 23468

Kushmaro A, Banin E, Loya Y, et al. Vibrio shiloi sp. nov., the
causative agent of bleaching of the coral Oculina patagonicalJ].
International Journal of Systematic
Microbiology, 2001, 51(4): 1383-1388
Banin E, Israely T, Kushmaro A, et al. Penetration of the
coral-bleaching bacterium Vibrio
patagonicalJ]. Applied and Environmental Microbiology, 2000,
66(7): 3031-3036

Banin E, Israely T, Fine M, et al. Role of endosymbiotic
zooxanthellae and coral mucus in the adhesion of the
coral-bleaching pathogen Vibrio shiloi to its host[J]. FEMS
Microbiology Letters, 2001, 199(1): 33-37

Fabiano FL, Hoste B, Thompson CC, et al. The coral bleaching
Vibrio shiloi Kushmaro et al. 2001 is a later synonym of Vibrio
mediterranei Pujalte and Garay 1986[J].
Applied Microbiology, 2001, 24(4): 516-519
Rosenberg E, Falkovitz L. The Vibrio shiloi/Oculina
patagonica model system of coral bleaching[J]. Annual Review
of Microbiology, 2004, 58: 143-159

Toren A, Landau L, Kushmaro A, et al. Effect of temperature on
adhesion of Vibrio strain AK—1 to Oculina patagonica and on
coral bleaching[J]. Applied and Environmental Microbiology,
1998, 64(4): 1379-1384

Banin E, Vassilakos D, Orr E, et al. Superoxide dismutase is a
virulence factor produced by the coral bleaching pathogen
Vibrio shiloi[J]. Current Microbiology, 2003, 46(6): 418-422
Reshef L, Koren O, Loya Y, et al. The coral probiotic
hypothesis[J]. 2006, 8(12):
2068-2073

Tomita N, Mori Y, Kanda H, et al. Loop-mediated isothermal
amplification (LAMP) of gene sequences and simple visual
detection of products[J]. Nature Protocols, 2008, 3(5): 877-882
Wang H, Huang Q, Huang JF, et al. Rapid detections of OprD2
gene in Pseudomoas aeruginosa using loop-mediated isothermal

and Evolutionary

shiloi into  Oculina

Systematic and

Environmental Microbiology,

amplification[J]. Chinese Journal of Laboratory Medicine,
2013, 36(6): 543-547 (in Chinese)

FIR, BR, HEE, F. HSRPME OprD2 JEFE IR
SERYIE PG I ORI T[], ARG RS2, 2013,
36(6): 543-547

Xu YM, Zhou DY, Tang F, et al. Design and analysis of LAMP
primers used in differentially detecting Yersinia enterocolitica
and Brucella spp.[J]. Chinese Journal of Laboratory Diagnosis,
2013, 17(1): 19-22 (in Chinese)

W, R, REE, S DRI N i 2 i 5 B IR Bk IR
HSMERE LAMP SIS 5087 (7]. v S22
2F,2013, 17(1): 19-22

Xiao LP. Application and study of LAMP technique in the
detection of Salmonella in infectious diarrhea[J]. Chinese
Journal of Health Laboratory Technology, 2015, 25(24):
4240-4242 (in Chinese)

B IETE. I BORAE R MRS V0 T BRI rb i 1 5 0F

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1880

(DGXYESE

Microbiol. China

[26]

[27]

(28]

[29]

[30]

[31]

[32]

(33]

], W AR A, 2015, 25(24): 4240-4242

Zhou Y, Wang Q, Cai ZH, et al. Loop-mediated isothermal
amplification-based rapid detection for Shigella dysenteriae in
food samples[J]. Microbiology China, 2017, 44(9): 2247-2254
(in Chinese)

JAtg, Jrsk, T, & BN FERY R E AR & &R
P s BTG BA B A (0] Mi%% e, 2017, 4409):
2247-2254

Ding WC, Hu JR, Shi YH, et al. Establishment of loop-mediated
isothermal amplification for detection of Vibrio alginolyticus[J].
Journal of Molecular Cell Biology, 2009, 42(1): 70-76 (in
Chinese)

T, WIfEEE, WL, . A SERY I BOR PG
DB 23T 4R AE 4R, 2009, 42(1): 70-76
Zhang YY, Ye Q, Wang ZR, et al. Preliminary exploration of
loop-mediated isothermal amplification based on cox2 gene of
Echinococcus granulosus[J]. Chinese Journal of Parasitology
and Parasitic Diseases, 2017, 35(2): 169-172 (in Chinese)
SKHLHE, MHAE, FIESR, 5. FET cox2 FEDNRYAMALBIERS:
A SR AN 5 R AR SE )], Hh AR A e S A
A E 2R, 2017, 35(2): 169-172

Ponce C, Kaczorowski F, Perpoint T, et al. Diagnostic accuracy
amplification (LAMP) for
screening patients with imported malaria in a non-endemic
setting[J]. Parasite, 2017, 24: 53

Sharma V, Chaudhry D, Kaushik S. Evaluation of clinical
applicability of reverse transcription-loop-mediated isothermal

of loop-mediated isothermal

amplification assay for detection and subtyping of Influenza a
viruses[J]. Journal of Virological Methods, 2018, 253: 18-25

Ge YY, Zhou Q, Zhao KC, et al. Detection of influenza viruses
by coupling multiplex reverse-transcription loop-mediated
isothermal amplification with cascade invasive reaction using
nanoparticles as a sensor[J]. International Journal of
Nanomedicine, 2017, 2017(12): 2654-2656

Xie ZY, Ke SW, Hu CQ, et al. First characterization of bacterial
pathogen, Vibrio alginolyticus, for Porites andrewsi White
syndrome in the South China Sea[J]. PloS One, 2013, 8(9): 75425

Tian YS, Chen T, Huang W, et al. A new L-type lectin

(34]

[35]

[36]

[37]

[38]

[39]

(LVLTLC1) from the shrimp Litopenaeus vannamei facilitates
the clearance of Vibrio harveyi[J]. Fish and Shellfish
Immunology, 2018, 73: 185-191
Pang YS, Xie ZX, Xie LJ, et al. Development and application of
visual loop mediated isothermal amplification (LAMP) assay
for shrimp (Penacus orientalis) White spot syndrome virus[J].
Journal of Agricultural Biotechnology, 2013, 21(8): 1002-1008
(in Chinese)
PEMER, W), WAL, . XTAF RS AR R AT AL
A S 551 (LAMP) R I 5 A @S S M []. ARl A
P AR FR, 2013, 21(8): 1002-1008
Tarazona E, Lucena T, Arahal DR, et al. Multilocus sequence
analysis of putative Vibrio mediterranei strains and description
of Vibrio thalassae sp. mnov.[J].
Microbiology, 2014, 37(5): 320-328
Zhao Z, Ren CH, Jiang X, et al.
specificity and sensitivity for IHHNV detection between
Real-time PCR and LAMP methods[J]. Acta Hydrobiologica
Sinica, 2010, 34(5): 984-989 (in Chinese)
B, AERAE, VL, 55 SOLER PCR 5 LAMP il
THHNV A9 45 S 4 2 S0k LU [0). K AR ZE W24 4ie, 2010,
34(5): 984-989
Huang LY, Yu KF. Review on coral disease: types, ecological

Systematic and Applied

Comparative study of

influences and the relationships with environmental factors[J].
Acta Ecologica Sinica, 2010, 30(5): 1328-1340 (in Chinese)
WISHE, Ry, MBIEE I FERW | ABGELILESH
BERICR[T]. B, 2010, 30(5): 1328-1340

Mekata T, Sudhakaran R, Kono T, et al. Real-time reverse
transcription loop-mediated isothermal amplification for rapid
detection of yellow head virus in shrimp[J].
Virological Methods, 2009, 162(1/2): 81-87
Zhang YW, Li XN, Guo PP, et al. Fluorescent reagent in detection
of porcine reproductive and respiratory syndrome virus by
Loop-mediated isothermal amplification (LAMP)[J]. Journal of
Agricultural Biotechnology, 2010, 18(3)' 508-513 (in Chinese)
SKRERHR, ZEEYE, Wy, & PR R AN FERY Y

(LAMP) K5 I % 5 5 W W 255 A A 35 i R (D). Rk A=
FAR2:4R, 2010, 18(3): 508-513

Journal of

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


