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FEE I O 168 s SR K R e BB A AR o HLURATYE IR SETR S e FEARE T E . A SRS GenBank
B SR 4 IR IR $E B (Hematodinium sp) ITSUF AT 1 E5 149, %5 19 RS HAR LR T 6 M ARFR X B, LALES|
YIS T —Fp R T HA SAE R 19 4% R (Loop-mediated isothermal amplification, LAMP) [ IfiL B i3 5 s 12 W7 Jr e, 4%
S IR 25 S I 1% | X o O 30 e ARG LA R S R ARG S I B A AR IR I 2 SRR,
% LAMP $ AR 1) R AU LR B PCR B AR 35 4Bl 9, 43 31138 FH LAMP FIVE B PCR 2 AN 25 173 i A S8 (B 31l 04 7452
I, LAMP J5 35 A6 H B YL 61 25 43, 5 K PCRAS HB A 1] 23 4 o %A R BEAE 65 CHRIR A1 T 45 ~ 60 min 528 H 1)
DNA B4 14, P $z3 1ok PRI IR S 0 =) & 45 7 A A UTTE B 4E SYBR Green 1 Y€ J5 38 B (51K 3 38 7= 1)
TG G PR KA A P W 28 L, 3 Ay 1 B A8 R P I PR A2 T 48 (4t — o fin 468 PRt S T ik, [ P LK™
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SRR MW IAEE R s KR DB ; ITS1FFS1 5 PR SRR 1

HRE S E S S945 SCRRARIZAD: A

A SR Y 1 H AR (Loop-mediated isothermal
amplification, LAMP) J& H 4223 Notomi 45" 2000
A S W — o e PR ™ B R H R, Sy ol T 5
A BE B S PE RO Bst DNA SR 4 B, i i 1 (4
25) e P [0 3 R EO I PR 1Y) 6 /R IX a3
T T A SO I 2 A PR T S R A IR AR A R A R
B TR R R U R E ST
XA BERAR, BRI 2 W T A2 S ShtE 4
PR BE AT A L TR A S A A

1M 5P i #E H (Hematodinium sp.) J& — 28 2 4
PERY S A S, oA I, BT DR =R
(Portunus trituberculatus) .55 2% 75 % (Scylla serrata) %542
TrH FE U B i, 2518 1 R R SR
MR T B RIYZFA T ot e

Yrfm BHA : 2009-08-17; f&1THER: 2010-04-01.

X EHES: 1005-8737-(2010) 05-1028-08

[ AT JET S 2R A S )z ¢
o R SEAR G, RO R I, IR A IR N
FEIE T B (EER T2 i e R S il g L A B A
ARMEIX 43, M3 2 B R 2 W s, H TR A L 1
FH B 4 4% 2 2% (Polymerase chain reaction, PCR),
156 B0 2 W B 3R 56 (Enzyme-linked immunosorbent
assay, ELISA) DL K [A422 0 SGHT AR K5 I B2 A (Indirect
fluorescent antibody technique, IFAT) %5 Z2 Fp ¥4 4= 4y
ESWEARNHZ A A A TR ™ 5 [ e L
SEPCR  IFAT RN 75 o AR i el R X RS
BER LR i, B BB, AR RIS (— AT AE
5 ~ 6 h), R BRI, JEHRIE & 24 A
B FERRAE GenBank HY L & 22 4 1L U1 393 i 1 1TS1 7
FUBETE T 1519 (4 2%), 57 T 100 1L 51 e 8 o 14

ESTR . WiTH AARMEEESIH (Y3080181, Y3080317, Y3090402); Wil RHE T RHIFGE T A SR IR 4535 H (2008F4003 ); #i
VLAARHE T 135 H (2009C32062 )5 $riLAa e 5165 8 1 B [ it (2008) 1305 1.
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LAMP R 573 , 3 LA il O it 6 5 %) 338 PCRAG:
5B E AT T %5 U, B UE T LAMP 45 A 11 59
TR R S N R AU

1 #RETE

L1 BHESEK

LB L = PR TR T T, R o
DRSNS PR AR SEgR AR MEE T FORAT L DP T L 1S 1
B TR A S IR s =Pk 7
WA RO AR N THemie, e
H 2009 4R FAHLIHL X AR AN T F75H et T4
12 EERLH

Bst DNA polymerase large fragment A New England
Biolabs 23 777, DL.2000.,100 bp ladder, dNTP., Tag DNA
RA W N REF LY TRA IR RS A B8
(Betaine ) A Sigma 28 7] 77 fitr; 9¢ 644k} SYBR Green |
NI T HES R AT BRZA #]7 fh; UNTQ-104E 5
SN 4 DNA Sl iaGR @ T LA TAEY TR
AR
1.3 DNA&RREIH &

L B A AR SE S PR A SRR RE R,
100 pL [FEREZS , 8 000 t/min B0 2 min, filLA 470 uL

Tris-ClI% fif DLUIE, I A 25 ul 10%SDS #1115 L4 H i
K (20 mg/mL) 575 55 “COK VR 30 ~ 120 min,
AR S5 SR IE A SRR, /A b 1k, & b
TG ARG /5 OB LR, A 2 F5 1R
B IEK BRI T10AARFINaCl, B —20 °CJi & 30 min LA
1,12 000 t/min &> 10 min, WHEDTTE , 75% LBEDES 1
R UTTE S B TE Bl KA

P T L e T 1 DNA PR
FATE) 7 v 455 B8 DI DNAAEA , SR FH &0 v 1
By YRR TR DNAFEAS , i ol ) B R 41 DNA il 4
AN G R T IE AR IR 1 B 3 $E HUAY TS 1 4
R IR AL 3G A 45 1 DNAREAR Y
T—20 CIRAFEH.
14 3|¥igit

H i GenBank 23 A7 114 1M1 UP 35§ AL ITS1 ¥ 41, >R
FH LAMP 5| W 7E £ 5811 4R A Primer Explorer3 (http: //
venus.netlaboratory.com/partner/lamp/pev1.html), % 11
T H-FIP, H-BIP, H-F3, H-B3 4 5 LAMP5|%), 5|4
FEI 21 8 1, 58 PCR 51 #1F 4 N ITS1-F: 5" —C
TGATTACGTCCCTGCCCTT-3" ; ITSI-R: 5’ ~GCATG
TCGCTGCGTTCTTC-3', 5149 ¥ ik A= T A9 4
ARARA R G

F1 MIPRHEHITS] LAMP § HEH) 5415 51
Tab.1 Nucleotide sequence of LAMP primers for Hematodinium sp. ITS1

519 J¥5 (5" -3")
Primer name Sequence (5" =3")

H-F3 CAAACATTCACCGTGAACCT

H-B3 GGGATGGAGGAGTTCAGTG

H-FIP (Flc+F2)
H-BIP(Blc+B2)

GCTGTAGTAACCAACACGCCG-TTTT-GCCATTAGCTACGACGACTA
ACCTGTCTCTTGCTGGTAGGAG-TTTT-TGTACTACCACCGTACCCTC

CAAACATTCA CCGTGAACCT TAGCCATTAG CTACGACGAC TACTAGCTAG CTACTGAGTG

F,

GGGCGGCGTG TTGGTTACTA CAGCTACTTA CCCGTAGCTG AACTACACAC ACTAGTACCT

F,

GTCTCTTGCT GGTAGGAGAA GTAGCTTCTA CGGGGTGTGA GGGTACGGTG GTAGTACACG

B,
CCTACCACTG AACTCCTCCA TCCC
B;

B,

BT TS 1) (FIP ML BIP) 5SS 14 (F3 F1B3) Bt AR5 1TS1 751
Fig. 1 Nucleotide sequence of partial ITS1 gene and its primer inner (FIP and BIP) and outer (F3 and B3) primers for LAMP
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1.5 LAMP # ¥ &4 R#8L

R TR SCHik A B 22 J5 95 L SCHR, R FH 25 ulL
LAMP J 1 f& &, H 42 5 0.8 pmol/L FIP A BIP,
0.2 umol/L A F3 #1B3,1.6 umol/L A ANTP, 0.8 mol/L
M & 2 B, 8 mmol/L K MgS0,,20 mmol/L [t Tris-HCI
(pH 8.8),10 mmol/L KC1,10 mmol/L (NH,),S0,,0.1%
Triton X-100, 1 LAY DNAKIHR, 8 U Bst DNA 57
VTR A WIAE 65 “CHiRL T 60 min, 5z )5 80 °C 10 min 2%
1E R, 1.8% 37 i W5 58 J HL UK . LA Bst DNA 2R & fiff
T A4 N TR 65 CAE A LAMPY™ B8R, 43 3R
15 min .30 min 45 min .60 min .90 min £ &y 52 )i 5[],
MR SR 2 25 S ]
1.6 LAMP REEIIE

L AN GRS TS 1 541 Tk 5 A vk i N
1 ng/uL, 1056 B2 i ¢, U4 A ¢ J32 73 J0il 48k DNA
AR, 4T LAMP S A1 E AL PCR 473 2, LMAP
SN A4 Z8 RS S A R RiT; PCR U R 25 pLAA &R
5 10 mol/L Tris-HCI (pH 8.3),50 mol/L KClI, 1.5 mol/L
MgCl,,0.2 mol/L. ANTP,0.2 pmol/L ITS1-F,0.2 pmol/
L ITSI-R, B # 1 uL.,0.25 ul Tag DNA 58 45 Bi; 2 )
2511094 °C FAEYE S min; 94 CAEPE45 5,55 CHE M
455,72 °C ZEfH 1 min, L3546 255 % J5 72 °C ZE fd
7 min, 1% HAEHHEEIC L UKW SR ZE R
1.7 LAMP4RMHI81IE

FHLMAP J5 47 BB DR B B R fge 7 R =
PR B8 § E A S (AR — PR T8 DNA FEAR, )
TRFR NSRRI, KO EE R
1.8 LAMP# &R BN

4 LAMP Js [0 5 I 5] 250>, PRI FR 2 WL 558 S i
BRI B EUTIE; 505 ) LAMP N A
AHEAFISYBR Green I, 3 i3 [z I & 9 6 2 (.28
b ELEZ R R T
1.9 &GRSR

iE B SR ST I LAMP 5 B 3% 5 PCR X
2006-2009 4R A 1 RF LU b X 25 45311 R SEALLI 151 K2
3 {3 fidt R S A A 7 L B0 T O R A . BEATLERC L 53 I
PRAE & (1) DN A RS 10 f55 0 BERR RS, SR 5 43 BIAE N

R, AT LAMP FIH L PCR 43
2 HBRE5AM

2.1 LAMP 7 ERIEIL

PIASTIFFE BETT ) LAMP 4553055 | 404 184 1fi. O 3
i DNAFEAR, 55 B R K R BRAR [ B XS R 43
BIBLS WL S FE A T 1.8% BN Wi s i ik , 435 SR
PHAE A 7= 1 22 B0 1 KIS [R] R RRAE PR IR 2%
L BT BRI 1, F YK EE S S, I B I S
PRI ZH DNA 7 2R PR PERR AR S50, LUIKAE R B
PEXT R AR = A 4507, R W LA LAMP 5 | RES A 34
S 10 B 5 5 B DNAAEAS LUK SR LRI 2A . 7E 65 C
FCREHRE R, KW 15 min 30 min A H A AEPERRIR
7, N 45 min HF 4R IR SR D1 (I812B), B
FE 60 min A ELAY SO ]
2.2 LAMP#R14

TEIBCHA, 3 Fh = PitR 5B [ DNA FEAS K =)
P 18 DNA FEASSK B0 0F LAMP A9 47 50, LMAP )2
LA Z8 RIS 2% 4 T T 465 2%, of B9 3 4 P DNA A
A LAMP 4" 14 52 BE 1 SR i A Y oy Y f 71
U AR R SR =R T DNAFEA
Py AR N (F13),
2.3 LMAP RE

HF ITS 1 20 J3 kL HE AT 104355 6 B e B 5 1 A
LAMP 2 7 IR, 25 5% 7R, LAMP ARG £ dpe {1 A
MRV JEE Ry 107°, 47 38 7= vk P 5 A Uk 3 A S M AR
/N (L AA); 1T 5 B PCRAG I B e AEASEAR Ve i 4y 1072
(1 4B), 7T U ifit 5359 45 ek, LAMP AG 77 32 1) S A7 LE
3 PCR 7285 105
24 LAMP ¥ & E MM 25 R

LMAP [ 1) il 7= W) S i B B 2 L) 1 00
Pre] AT AAE , BHMEAE AT 0L A auivE , D1
XTREAE TCAEAE A& . A SYBR Green |5, FHTE
PG AR R, B SN s € (115,
2.5 IR mIGMZESR

iz B3R ST I LAMP Y ¥ 1 E B8 PCR X
2006-2009 4R 1) 25 453 5 L Hi DX P s A B AL 191)
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bp M 1 2 bp M 1 2 3 4 5

11500 1500
1989 1000
7 900
&0 70
200 200

A B

P2 I GR35 48ty LAMP RGN Jy i ) T
A LGP L LAMP 3525 5 . M: 100 bp DNA B4 12 ISP HE LU LAMP 795 2: LAMP BAYEXT . B.ASIRIE ] BE il 5F 3 4 s LAMP
P HAZESE . M 100 bp DNA AR¥E4>F5E; 12 15 min; 2: 30 min; 3: 45 min; 4: 60 min; 5: 90 min.
Fig. 2 Establishment of LAMP method for Hematodinium sp. detection
A. LAMP products of Hematodinium sp.. M: 100 bp DNA marker; Lane 1: LAMP products of Hematodinium sp.; Lane 2: negative control. B. LAMP
products of Hematodinium sp. at different time M : 100 bp DNA marker. Lane 1-5: LAMP carried out for 15 min,30 min,45 min, 60 min and 90 min,

respectively.

I3 MLBR IRt LAMP FF5 g b S
M: 100 bp DNA A5fES>FH; 1.2 MOPIREEI; 3. JRET; 4. (@H =Yo7, 5. Bl 6. B L.
Fig. 3 Specificity of LAMP for Hematodinium sp. detection
M: 100 bp DNA marker; Lanes 1,2: genomic DNA purified from Hematodinium sp. from diseased crab; Lane3: genomic DNA purified from Vibrio; Lane
4: genomic DNA purified from healthy Portunus trituberculatus; Lane 5: genomic DNA purified from Nosema from diseased crab; Lane 6: genomic DNA

purified from the flagellate from diseased crab.

13 0oy A FRE A R ARG, Forp LAMP Jy vAAG R WREE 19 107, 11 K PCRAG I 14 o AP AR AR i 4y Dt
Itk RS B8] 25 15, R PCR A H SR g 191 23 14, TR Y 107 (1 6),

3 iy feiE o A fifE FH LAMP 5325 R B PCR ASH I 85 2R 4

SRBIPE; 2009 4 AU REAS T 2 43 BEALR BIIAE 5 LAMP

R 5 5 oA B, PCRAGI 45 5 4 B, &5 5% . 3% 1B 353 1 U f g K R 52 28 1 B A A
2. BEHLBO By REEAR DNABIHL 10/ R, Hofd VB AW AT Y AR )1, B 1931 4F Chatton
By GEHL, LAMPAG I (9 i MM e 8 o SRR AR. 51 i A A o R 2 0 g A a0 3% 0 R e

3 itig
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bp

1 500

1000
900

&0

500
400
300

200
100

A

bp M 1 2 3 45 6 7

B

4 LAMP FIPCR J5 34500 i 5P 353 85 i SR AR BRIA S
A. LAMP 4552 . M: 100 bp DNA A4S T 17 A3 BIRUSTEYREE 101,10 2,10 °.10° .10 °.10 °. 1077 ng/uL I BUR AR (19 LAMP P24 . B.
PCR JZJW 253 . M 150 bp DNA FRifESr Tt 1-7: 22 BILUBRHRIE N 107 ,107°,107°,10°,10° 10107 ng/uL B BCR AR 1 PCR P47 .
Fig. 4  Sensitivity of Hematodinium sp. detection by LAMP and PCR
A. The amplification results obtained by LAMP. M: 100 bp DNA marker; Lanes 1-7: LAMP carried out using plasmid of 10',10%,10°,10*,10°,10°°
and 107 ng/uL, respectively. B. The amplification results obtained by PCR. M: 150 bp DNA marker; Lanes 1-7: PCR carried out using plasmid of 10",
102,10°,10*,10°,10 ®and 10’ ng/uL, respectively.

K5 LAMP f# H AU
1-3: LAMP SV A SYBR Green 1 4R {; 4: LAMP Y HEBIVER A SYBR Green [ (5.
Fig. 5 Visual inspection of LAMP
1-3: positive LAMP reaction visualized green by adding SYBR Green | ; 4: negative LAMP reaction visualized orange by adding SYBR Green | .

DI, 224 [ AM/F 22 i DX R 45 R FIE | TR
SR 22 INEE R K S R AR AR 1 5 A5 M 1 AT
B A A HUR BRAT  HRAT B S e B IR U A
(Nephrops norvegicus). = (Callinectes sapidus). 1 [
EHE (Chionoecetes bairdi) V) I Wk 5 (C. opilo) &
2 H B LY SS9 2006 4
AR SR T4 1 T T M ot R 2 2 A

ST B A A BRI A I B L
RHME AT, B T H A TE A2 WA ik LA, [
HMNATTIE T 4335 PCR . ELISA DL K IFAT 45 Z F A<
HEWIS W AR BB SE ) R I S R AT R ik
R BE 8 RS0 8 A, T B SR T ]
FLR Y 14 H AR H AR )2 U e T2 1Y T
HZ— BT RAE N (PCR) §b, HAb R Y™
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®2 IfaKHESLAMP M PCR#&MEE R
Tab.2 The LAMP and PCR assay results with clinical samples

FEBRALE PCR LAMP
Collection year + _ + _
2006 5 5 5 5
2007 5 5 5 5
2008 5 5 5 5
2009 8 10 10 10
{8 Healthy 0 3 0 3
TE 7 W BHIEZE R = B EE R  RhBer  MARKE
Note: “+” represents positive; “— represents negative. Figures in the table are individual numbers.
bp bp M 1 2 3 4 5 6 7
1500 1200 §
1000 2(5)8
900 600 - <— 585 bp
700
600 450
200 300
300 t : 150
200 (=1 = I Ba
100

K16 LAMP Fl PCR J5 K Il AR it R U L5
A LAMP 455 . M2 100 bp DNA ARIESFE5 1-7: 283120107 .107.107°.10%,107° 10 ° 107 B R B AR R DNAKES) . B. PCR I BI&S 5 .
M: 150 bp DNA ARUES> Fi5 1-7: 2351210710710 °,10°,10 7,10 ° 10 7 FR B R BRAYIG R DNAFEA .
Fig. 6 Sensitivity of Hematodinium sp. detection by LAMP and PCR
A. The resulis obtained by LAMP. M: 100 bp DNA marker; Lanes1-7: Hematodinium sp. DNA with 10',10%,10,10*,10°,10 %,10 7 delution, respectively.
B. The results obtained by PCR M: 150 bp DNA marker; Lanes1-7: Hematodinium sp. DNA with 10'.10>.10*.10*.10 .10 °.10 " delution, respectively.

A AR UK AGAZ 2 759 18 (Nucleic acid sequence-
based amplification, NASBA) | H F J¥ %1l & i (Self-
sustained sequence replication,3SR) DA S 4% & e 5 R
(Strand displacement amplification, SDA), #f H 75 /b
AR BN AT AT PR (HX SE 05 R R
T SDA SN, HA T R iR B AN s T L3k £8 07 R X
H ) DNA F e B R B TR &, 7 3 2R AN B
HL. 20004F Notomi % ¥ JE 4 T 36 A G 45 L4
3 (Loop-mediated isothermal amplification, LAMP) ¥
AR, LAMP 5 HAWRZ IR B HARAR L, AT LATEAS IR 5%
PER DU Ak R R T T O Tk R
VERTE, SO AT PCR A AERR R B &, R il LAk

1765 CHEIR AR5 , B #A 52 AL M orF
TILAT 0 27 R A B R RS 9 1 PR A 93 T4, H 2000
AEAGE LK, LAMPTESR JEUAIZ IR BE ST AG YT
DA VR A ) 6 e A 40 )3 g P L S AR AE K
FRFHATR LAMP A AL 42 e 2,

1B it ¥ 2 WA R AN R IR 2 408, 3
Hudson F1 Adlard % 21 Ifil 5 36 ¥ HUJE 4] e DNA 751 47
TRSREE A, 70 BE AT LK PCR AR R T 1L 51 3%
HE AR ARG >, ASHESEAIH LAMP 51436314
BT XTI BRI 4 L TTS 1A e 5B T T 1 45
P59 (F3. B3, FIP A1 BIP), H 4% DNA A7 1B 204 bp
193, B R 45 A 42 65 °C 7K 13 60 min, LAMP JZ 37
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SRS, A YA PO AGE Sk AR SYBR
Green |, TR N A4S A, P S AR (0,, 52
85 WL R I N 45 min 2 A7 B A] R RE 45 5 A B
1797 N S NG ER S 128 1L N (R REAT: U i B
J5T kL DNA A AR A 55 7 B¢ S5 43 1 ] T LAMP Fl1 PCR
Ko, &5 5 & B, %3/ PCR HAE K I ] 107 ng/ulL,
LAMP GEK I 2 10°° ng/uL, LAMP (1) R 0% H % 1
PCR & T 4B S, AW o i (9 LAMP )y
N FH G RIS W, 45 59207 7 7T LAKS H 5 B PCR
A BEAGE A B 5 451, 6 W32 LAMP [ 353 19 PCR
R

g5 L s, A 5% #3764 i B9 i B AU LAMP
R 7 EEARAE - T4, 498 B B TR 14> R g
TR AT, T 265 COK I B N #R 60 min, 3 i A
HRAFISYBR Green 17 A5 B2 Ji2 1o R AT 4] i 52 i
S5, 1 LAMP ARG I 7 i R SRS AR XT38 1y 45
Gy THNE 38 1T F FE 2SI 1 D1 it 8 e A
OO SRR AR 7 v L B A 2 W B A B
LMY B

Sk
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Abstract: Dinoflagellate in the genus of Hematodinium is an important parasite of marine crustacean. A rapid,
convenient and reliable Hematodinium detection system was developed by using loop-mediated isothermal
amplification (LAMP) method. A set of four primers including two outer primers and two inner primers were designed
from the first internal transcribed spacer (ITS1) of Hematodinium sp.. LAMP assay amplifies Hematodinium sp.’ s
DNA exiracted from infected crabs under constant temperature of 65 “C within 1 h. The amplification products can
be detected visually by observing whether white deposition comes into being or using SYBR green I dye, which turns
green in the presence of amplified products and remains orange in its absence, or by electrophoresis. The LAMP assay
was found to be 10" fold more sensitive than PCR assay. A comparison between LAMP and PCR assay using 25 clinical
samples showed good correlation. The developed LAMP assay is simple, rapid, cost-effective, specific and highly
sensitive for Hematodinium disease detection. [ Journal of Fishery Sciences of China,2010,17(5): 1028-1035 |
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