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L KPR A R R B RO (R R), B 201306;

2. R EDK PR AV ST BE K TR =S BT, 1 R 430223

FHEE: AMFFTEF XTI TF 95 95 7 (carp edema virus, CEV)FE R 4% 5 H gt FL R Pda 1751, it 2 XTSS9,
VAo o ) 3 ) o 2 R R A A A, B S A R N R R B R BE AL A . MgP R . ANTPs W . SV IR B RN
Want R 25, #. T CEV NS IR Y 1 (loop-mediated isothermal amplification, LAMP)R I 5k, 45 SRR 0,
CEV-LAMP F i i R B iR 62°C, 51 EH & 054 F3/B3 0.2 umol/L, 514 FIP/BIP 1.2 pmol/L, Betaine
0.7 mol/L, Mg?* 8.0 mmol/L, dNTPs 1.2 mmol/L, S i [A] 60 min. 58 77 4 28 U Jie L Uk 5 BB BB 46, 7R SYBR
Green [ ZEGYLRlE, I BASE @ BHT: X N . CEV-LAMP 3 RABUEH, SARKIBR N 10 copies/ul, #H M PCR
DR 100 fi5; CEV-LAMP AR R P08, 588020 38 (KHV) . #LA2 057 11 BY(CyHV-2) . 954% 4L 1 I 5 IR
FEIR B (ISKNV') B2 17555 5 IfILRE S5 25 (SVC V) JG 38 XUV . CEV-LAMP Ji7 FH T+ £ AR AR G 0 25 S e ffy, 7 5 sk,

A Ay B e ) B 3718 W 5 4 BRI ROR S8

KER: BRI EE R AR Pda; IR SRR R ik

FESES: S941 THERARERD: A

il (Cyprinus carpio) & ' [ 5 2 (1) IR /K 77 5
Rz —, 2016 4, P ESEFRA " HIk 349.8 1 t,
25 5 VRKFEH B R 1% e K SR
A B S A, AR, b R X 0R
Az — o 7 AR Y MR —— B o, 2
F 5 FE 6 R0 WL B 48 B (Cyprinus carpio haema-
topterus), i 1 E KL B SRR s T 20
thze 70 AW E IRIE H AR K, JET R mik
80%LA I, 4K}, Murakami %P, Oyamatsu %5
1 Ono 2By 2 Hffy 7 O i kg — Tl o 2 R 3
702013 4F, Way 25708 1 S [ b 38 7 7 40 0
A R ko I 5 R K AE T R . B, R
M7 B E AR ARIRGE TR st
F 2017 AEFERARGE CEV RYLER 8 155 6], Bt
A 85%~90%"" . [F4E, AR YLK th IR |

ks BEA: 2019-02-05; 1&3T HEA: 2019-03-10.

NEHS: 1005-8737-(2019)05-1004-10

WA . I A M B AR N AN B CEV, 77
i g I PR IR T R R B SR g8, &
WORYR, BE2Zbk, i, ARERIMIBE, WEA K8
FOZETR, I PR DR RN AT 45 i 5 5 B 90 925 7 75
PR (KHV)AH R,

T Bk =% CEV 8URMI4NiE &, KR40
MaRE 352 R CEV B 4% AR 32 SRR o L7 2
BE S SEAG I CEV S LI 7k, (R 5%
2%, HFF B H AR N e, FERTK BliE 771
W R R, 1997 4F Oyamatsu 25217 T
2l CEV B PCR Jrik. 2016 4F, 7E PCR JikmY
Heih b, Adamek 2P ST THI CEV Y52 2%
JerE # PCR K ik 267 #4446 PCR X, ANRE
e B IS W TR o IR, i Sr —Fh R B
WHERR . TR RIS Wik, X EETE R 2 87 5 B

EEUH: ERREWRAKATH AR LI S0 H(CARS-45-16); 1 E K 7 Bl 4158 B 3L A BBF L 55 2% L 1 (201 7THY-

ZD1005); #idb8 Bl #1145 H (2015BBA234).
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EHATEZENE L,

A 5 SR P 14 (loop-mediated isothermal
amplification, LAMP)J&—F AN i1 il BV AT 5 sl
i DNA S, JF7E 1 h Z2AIHE 58 DNA
H 3 It S g P R BT I ek B AR
JZ 4 RS U SYBR Green 1 i WLEE iz o 1K £ B
AR b ] B I S N 25 R . HAT, AT E R
PP ARIEE S . Sh B2 DL R B i 4 A
I RE T EZENEMN, e g2 AT 7k
b, FEAARE BRI, 2004 4, Kono 2!
W LAMP J7 3k B T % IF 1 B 25 & A9 B
(WSSV) BRI, Bl I 32 B R A 32 7 1A 7K A 3
Wy S5 %) ARG Iy S0 R R

A 5 B 0T L b o A R A AR G B ]
P4a [1] 751 (GenBank, MH645915), #3117 M X} 4%
SPEGI Y, X ROV EE . B e LA
dNTPs ¥ £ 55 2 S8k, #5727 CEV 3
I G ARG RT I i, A L b 1 3 37 e
W 5BIGZE T HOREEA

1 HESHE

1.1

L1l R E  EREREACR AL AR R BH T
BIm T . REEHR X AR SR A S, g 5~
10 cm; ft RS S - 38 b i DUA 22 2K il i 8 7
5%, PRK 5~10 cm, PCR K5l CEV 45 B .
e g TS g s KRR N TR 1 A, KR
25°C, LA, TORE AR

1.1.2 iXFE5FEH  HE DNA SRBULH & (Viral
DNA Kit), b B0 & I (Plasmid Mini Kit I)
B B Omega 23 w); BRARMEEER DNA gifblalifi
7 & (Wizard SV Gel and PCR Clean-up Sys-
tem) ., JCAZMRMEF/K (nuclease-free water) ) Promega
IS E P A2 DHSa W A bR i
H; Bst (Bacillus stearothermophilus)DNA 3% &
fiff . 10xThermo Pol Reaction Buffer & MgSO4#Jk
NEW ENGLAND 73wl ft; SYBR Green I 4 H
Invitrogen 2\ Fl; ANTPs F/1 Betaine *A Sigma 23 7] 7=
1.1.3 FENFHFEE 8B O L (Beckman-
Coulter); %5M3J6)EE 1T (Eppendorf); PCR #744

{¥(Biometra); ChemiDoc XRS+#&EHKE W% £ 5t (BIO-
RAD); HLPKAL(E™); 1T %A 94 2 AH(ESCO).
1.2 FHik

1.2.1 CEV-LAMP 5|#iZit5&/K MRy a¢
i 955 % 75 B 1 4 % 3k [ P4a ORF 7 4
(MH645915), Fl|H Primer Explorer 5.0 7E£&Hf4:
Wit 2 XPRERET Y, Eh 1 XFNEIY FIP.
BIP il 1 %4514 F3. B3 (£ 1), 514 H
BhA PR A R R A .

®1 AKWMREAASIHFS

Tab.1 Nucleotide sequences of the primers
used in the study

J¥51(5'-3")

sequence(5'-3")

EIE7ER

primer name
F3 CAATGTTGAAGCTGCTGAT
B3 TCTGTAAGTAGTAGTTCTTGGAT

GCTTTTGTTGCACTAGGATATGAAATAATCAAC
AACTGCGAACC

ATTGCTGGAGCTGGAAAAGGGAATTGGATCAT
TTTCTACTGACA

FIP

BIP

122 BREARKRBGERE PlatrERNHEE B
300 mg AEGERALNEE L, ARG, IR
DNA #2HOLH & BOREZR . LIRIUY CEV
TRREAZ IR B, L PCR LB AN A )Y 1
CEV J N4 A gt L H Pda J B, F=¥ R/
4 1248 bp, FFBHPEFE 52 I8 DNA ik [R5
S UL BT U I . 4E4L)5 Y PCR P2 2%
VIS T 24K pMD19-T |, P44k % DH50 &
TN, FEENE R R (Amp) LB B [E 4K
R A), 37 CR R G SR, BRI £
TR YR, e PR, % B DU R D R
FATBR AT HEATIT o W7 245 52805 51 FL XA A
F MR A TY KRR SR, BAIBTR. DNA $2E
WA G RIE L ok, A BB DNA 548y
SO EE TN E R, 5 2 Ok PE DL BN B
PEDUBOT IR MR B, DRAE T-20°C kKA 25 H .

1.2.3 CEV-LAMP #& A EMEL R RME R
R4 RAESI AR, A5 RNRE . N
ST WY E H ] . ANTPs ¥R . Mg Hk i . Betaine
W RN B B R A S B TAE . Jrh RON IR E
3 60°C . 61°C. 62°C. 63°C. 64°C. 65C; [&5E
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ARS8 0.2 pmol/L, N E1H1435 K 0.4 pmol/L
0.8 umol/L, 1.2 pmol/L . 1.6 umol/L. 2.0 pmol/L
2.4 umol/L; dNTPs ¥ & 43 5°A 0.8 mmol/L .
1.0 mmol/L., 1.2 mmol/L . 1.4 mmol/L . 1.6 mmol/L .
1.8 mmol/L; Mg V435124 0. 2.0 mmol/L .
4.0 mmol/L . 6.0 mmol/L . 8.0 mmol/L . 10.0 mmol/L;
Betaine ¥ E /%5 0. 0.5 mol/L. 0.7 mol/L.
0.9 mol/L. 1.1 mol/L. 1.5 mol/L, A H] 45
>~ 20 min . 30 min.40 min. 50 min.60 min.70 min,
FH TCA% R B /KA Ry B X B Sy S8 iR B 5 pL
P E 2%BX N M B R v vk A I, 51 1 &
T e A BN R
1.2.4 CEV-LAMP ¥ i#7=#8#N k5T
HE LAMP FOW S8R B S pl 7371 248 2.0%
BRREAH BRI F UK A, T B R R G R,
e ) PR ) LAMP BRI 45HE, 4558 BHE;
AT AT, G5 R B

AL S E BN S R ) SO AE R I A
1000xSYBR Green 12 uL, & 1~5 min J5 WKL,
R, GRBR GRS M, Rz, &R
EAER /N R N U] 5
1.2.5 CEV-LAMP By ] Viral DNA Kit
AR R 92 % T (KHV) . 880 92 5 75 11
(CyHV-2) . 8% Ge P 4 B IR 5895 B (ISKN'V) S fi
JRERBLAY DNA, Trizol 4 U F 7 75 10 7 75
(SVCV)HJ RNA Jf #4700 %% 5% . Bt Lk RE DNA
K cDNA FENASAR, D e B A A VR Ay [ # %)
&, S CEV-LAMP J5 i A T4 S pEAG
1.2.6 CEV-LAMP 5 LAMP HIRBE #i2
W EA R, CEV B R MILEEN Pda HITE
R B oK EAT 10 A% B0 E R R, U R Uk B
10° copies/uL . 10
10° copies/puL | 10* copies/uL | 10° copies/puL |

copies/uL . 10* copies/pL .

10° copies/puL | 10 copies/uL | 108 copies/puL |
10° copies/uL. 10" copies/uL. 4rHIHL 1 uL JFk:
PRt DNA VRN EAT CEV-LAMP FIH R
PCR (UL F3. B3 £ PCR 314y #4600, Ho 45
AR 7 1 R R

1.2.7 CEV-LAMP 7E1RiE# &2 7F phk 5 1Y
B  H CEV-LAMP 3EFIH B PCR vA X AT g

FEPHT . R BT A IR X 3 /) A 7 A
YR BERURYL CEV 1Y SR BERE A SEAT AT
PCR 59 iy iR By R A R R AR,
ERGIHFS): 5-GCTGTTGCAACCATTTGAGA-
3, RIS ¥ S 5'-TGCAGGTTGCTCCTAA
TCCT-3',

2 HERE5HH
2.1 CEV ZZEBGHRBEERE Pla trERBFEE
5 F 4%

X} CEV ¥ 8E [ g i 5L M Pda & 4l Jookr 47 5
HBEGR e, 5 91T 7% PCR 1, 45 R W
7% PCR #3472 1) K /N K 1248 bp., INJF45 FE3 1,
PF S5 H I F5E 8 LAMELETT
A5 BRI AY) SO B SR 400 pg/mL, 283154, ki
W By 8.7x10'° copies/uL .

2.2 CEV-LAMP ¥ &R Mk ZB4L

22.1 RMBEHMENL BERNEEN 60C .
61°C. 62°C., 63C., 64°C. 65C, %+ Betaine
0.7 mol/L, Bst DNA R & 8 U, 5|4% F3/B3
0.2 pmol/L, 7| % FIP/BIP 1.2 pmol/L, Mg*
8.0 mmol/L, dNTPs 1.2 mmol/L, #f7A[E 115 E
BEEEY HE . 3G Wy Uk o 45 SR R B 60~65°C
BIGY 3, 62°CHy 3G =Y 5 il W, AR
HR (A 1),

M 1 2 3 4 5 6 7

bp
1000
700
500
400
300
200
100

B 1 EEEXT CEV-LAMP § 83508 (1 52 1
M: DL1000 DNA 4+ i bri#fE; 1: 60°C; 2: 61°C; 3: 62°C;
4:63°C;5:64°C; 6:65C; 7: BHfEXFIE.
Fig.1 Effect of different temperatures on CEV-LAMP amplification
M: DL1000 DNA marker; 1: 60°C; 2: 61°C; 3: 62°C;
4: 63°C; 5: 64°C; 6: 65°C; 7: negative control.
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222 SI¥MKEMRL FEGIWIKE RN
0.2 pmol/L, & 'E W5 WHk 435~ 0.4 pmol/L .
0.8 umol/L, 1.2 pmol/L 1.6 umol/L. 2.0 pmol/L
2.4 pmol/L, & £ & i ¥ & 62°C, Betaine
0.7 mol/L, Bst DNA %4 8 U, Mg™* 8.0 mmol/L,
dNTPs 1.2 mmol/L #4741, ¥ 3%y ik 45
IR, 2~4 JKIE A BRIE W I BRIE 25l 7 2k, 1
TRURH 20 457 o 3 AT IH 2 1028 3 3kl A vk A b e
fER A, ED51Y) F3/B3 0.2 umol/L, FIP/BIP
1.2 pmol/L Ay Ak B4 & (8] 2).

bp
1000
700
500
400
300
200
100

K2 AN B X CEV-LAMP § BRI 1 5% i
M: DL1000 DNA 73 B S5 #E; 1: 0.4 pmol/L;
2: 0.8 pmol/L; 3: 1.2 pmol/L; 4: 1.6 pmol/L;
5:2.0 pmol/L; 6: 2.4 pmol/L; 7: B XTI,
Fig. 2 Effect of primer concentration and ratios on
CEV-LAMP amplification
M: DL1000 DNA marker; 1: 0.4 pumol/L; 2: 0.8 umol/L;
3: 1.2 pmol/L; 4: 1.6 pmol/L; 5: 2.0 pmol/L;
6: 2.4 pmol/L; 7: negative control.

223 Mg RERMEL  BE MR HIh
0 mmol/L . 2.0 mmol/L. 4.0 mmol/L. 6.0 mmol/L.
8.0 mmol/L . 10.0 mmol/L, ¥E#E N RN 62°C,
Betaine 0.7 mol/L, Bst DNA 4T 8 U, 514
F3/B3 0.2 pmol/L, 5| %) FIP/BIP 1.2 umol/L,
dNTPs 1.2 mmol/L #4741 . §"8 Hyf Ik &5
WA 3 s, WLy 2.0~10.0 mmol/L B A7 #
s A, Horh Mg® o 8.0 mmol/L Fi 4 3 A S
FAE, PRI Mg 1 BGE 7 8.0 mmol/L.
2.2.4 dNTPs iREMMEWH &E INTPs WKJEH
W& 0.8 mmol/L. 1.0 mmol/L. 1.2 mmol/L.

1.4 mmol/L. 1.6 mmol/L. 1.8 mmol/L, i&#Hy 1
IRk 62°C, Betaine 0.7 mol/L, Bst DNA X & Jiff
8U, 51 % F3/B3 0.2 pmol/L, 3| % FIP/BIP
1.2 pmol/L, Mg”" 8.0 mmol/L JE4T9 54, 4144y
HLPK 45 SRR, dANTPs HJEAARAT, PSRN
fE, B dNTPs WBERTHE, §735 7950 B b
B, ZEG % EY R R ANTPs BAE: & 1 ]
BN, EECSE 3 VKIEWESN 1.2 mmol/L N
dNTPs 19 feidi W (] 4).

bp
1000
700
500
400
300
200
100

K3 Mg Mk BEXT CEV-LAMP § B R A5 1)
M: DL1000 DNA 435t fit bR 1fE; 1: 0 mmol/L;
2: 2.0 mmol/L; 3: 4.0 mmol/L; 4: 6.0 mmol/L;

5: 8.0 mmol/L; 6: 10.0 mmol/L; 7: B %t &,
Fig. 3 Effects of Mg” concentration on
CEV-LAMP amplification
M: DL1000 DNA marker; 1: 0 mmol/L; 2: 2.0 mmol/L;
3: 4.0 mmol/L; 4: 6.0 mmol/L; 5: 8.0 mmol/L;

6: 10.0 mmol/L; 7: negative control.

2.2.5 Betaine ik ERI % H Betaine W JE 4>
524 0 mol/L, 0.5 mol/L. 0.7 mol/L. 0.9 mol/L.
1.1 mol/L. 1.5 mol/L, EFY IR 62°C, Bst
DNA R4 8 U, 514 F3/B3 0.2 pumol/L, 5|4
FIP/BIP 1.2 pmol/L, Mg*" 8.0 mmol/L, dNTPs
1.2 mmol/L #EATY 1Y o 434 7™ Wy vl vk 45 2R & B,
W ETLRITE 0~1.5 mol/L Mf 44 B i 1 455 77 A,
1M Betaine ¥ 4 0.7 mol/L B4~ 38 p= ¥y ks B 2%y
IAR, B 0.7 mol/L S Nifk & Betaine 1Y%
L (18] 5)
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bp
1000
700
500 I8
400
300
200
100

Kl 4 dNTPs ¥k X CEV-LAMP 3™ 34 5 5 it 52 )
M: DL1000 DNA 43 J5i fE 45 7; 1: 0.8 mmol/L;
2: 1.0 mmol/L; 3: 1.2 mmol/L; 4: 1.4 mmol/L;
5: 1.6 mmol/L; 6: 1.8 mmol/L; 7: FHMEX} .

Fig. 4 Effect of ANTP concentration on
CEV-LAMP amplification
M: DL1000 DNA marker; 1: 0.8 mmol/L; 2: 1.0 mmol/L;
3: 1.2 mmol/L; 4: 1.4 mmol/L; 5: 1.6 mmol/L;
6: 1.8 mmol/L; 7: negative control.

M 1 2 3 4 5 6 7

bp
1000
700
500
400
300
200
100

5 Betaine & X CEV-LAMP #3420 5 ) R i
M: DL1000 DNA 735 BT & FRi#E; 1: 0 mol/L;
2: 0.5 mol/L; 3: 0.7 mol/L; 4: 0.9 mol/L/L;
5: 1.1 mol/L; 6: 1.5 mol/L; 7: BA44: % JiE.
Fig. 5 Effects of Betaine concentration on
CEV-LAMP amplification
M: DL1000 DNA marker; 1: 0 mol/L; 2: 0.5 mol/L;
3: 0.7 mol/L; 4: 0.9 mol/L; 5: 1.1 mol/L;
6: 1.5 mol/L; 7: negative control.

2.2.6 KEBZBTEBIMRA  BE YR E 5 N
20 min. 30 min, 40 min, 50 min, 60 min, 70 min,
PP 1R E 62°C, Betaine 0.7 mol/L, Bst DNA
R4 8 U, 514 F3/B3 0.2 umol/L, 5|4) FIP/BIP

1.2 umol/L, Mg2+ 8.0 mmol/L, dNTPs 1.2 mmol/L
BEATY G . YOG PR UK S RO B, R R

F 30 min B AR ULYBE 7= W, BRI 451 i AT
5%, 60~70 min &k fse, HZESAHE, Bihe
60 min & CEV-LAMP 5 ] i) s A3 8 B B[R] (8] 6) .

bp
1000 &
700
500
400
300
200

100

K 6 HE[%T CEV-LAMP ¥ 4350 5 152
M: DL1000 DNA 43F Fism b5 E; 1: 20 min; 2: 30 min;

Fig. 6 Effects of time on CEV-LAMP amplification
M: DL1000 DNA marker; 1: 20 min; 2: 30 min; 3: 40 min;

4: 50 min; 5: 60 min; 6: 70 min; 7: negative control.

AU LR SEE A IR, i CEV-LAMP AE
SR Z A 10xThermoPol Reaction Buffer 2.5 L,
Betaine 0.7 mol/L, Bst DNA &7 8 U, 5|4
F3/B3 0.2 pmol/L, 5|%J FIP/BIP 1.2 umol/L, Mg*"
8.0 mmol/L, dNTPs 1.2 mmol/L, #itix DNA 1 pL,
ddH,0 7 uL iR %), T 62°CIEIRY 1 60 min, 4%
J& 80°C K3k 5 min & 11 [ .
2.3 CEV-LAMP B4 21

Pl CyHV-2, KHV. ISKNV, SVCV. CEV HJ
PHAPEAE DL S (R B ER A DNA  REAS FIRH M % IR AR
A MBI, HELLEH LAMP AR RETT
Poyg, RIKRIINSE SRR, CEV Hi st MRl 4 Y
247, CyHV-2, KHV, ISKNV ., SVCV iX 4
B RR B A AR 5 B IR R B SR
A SYBR Green 1 3445 XA CEV 97314 4]
IO, BT LAMP 5145 H
AR RUR T3 X i, X CEV A R AF I FES
(& 7).
2.4 CEV-LAMP iR &1 &

PR 10 1506 BE R B CEV A% 2R H gt
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& 7 CEV-LAMP 4 546
A, BERELIKZE S, M: DL1000 DNA 4 T i kR #E; 1: CEV; 2: KHV; 3: CyHV-2; 4: ISKNV; 5: SVCV;
6: fREEMEHEEA; 7 FATEXTIR. B. HAOL AR, C. &AME R MZE R
Fig. 7 The specificity of CEV-LAMP detection

A. Gel electrophoresis results; M: DL1000 DNA marker; 1: CEV; 2: KHV; 3: CyHV-2; 4: ISKNV; 5: SVCV;
6: healthy koi sample; 7: negative control. B. natural light detection results; C. UV detection results.

Pda (%) E4H Bk A BiAR, HE &bt n
LAMP KR FATP 1, S50 B, Bk AP Il
BN 10°~10" copies/ul B, AJ 414 kBP9,
ORISR FE DUBCH 10* copies/uL B, 33871t
AU /D, ORI EE DL AR 10" copies/ul BHUA
Y38, PR SYBR Green I YL f 5 S B
LU, BRI DB 10° copies/ul LA
Jeas R B I ICY 1 46717, SYBR Green 1 44 {05
AR, JEDEE RN ™A o Ik, CEV-LAMP J7
P ARG v oM 10 copies/ulL (& 8).
2.5 5E#MPCRELLE

FH F3/B3 590 A [ 4 DL AR o 28 Bk kA 7
HHLPCR 438, HARARAG I B 4 10° copies/uL,
5 CEV-LAMP 0 REE (10 copies/nL)HH L,
L PCR yE A TR 5 DR 2 N ECE A,
TR CEV-LAMP 346G CEV ) RAUE J& %
FL PCR 1) 100 %5 (/& 9).
2.6 CEV-LAMP % il 28 7% 88 # 74X

¥ HI CEV-LAMP 5 FilH #L PCR 2%, X R4 H
TR R BT WA T SRR X Y A
B BER G CEV 1Y U SRR AR SEATAG I 45 51
WoR, W ESEE PHTT . W B T ROR R KX AR
FRHEEE A CEV FHPE(E 10A), 5% # PCR %

45— (& 10B), ik, CEV-LAMP 3 ] T
T s B B 792

5 6 7 8 9 10 11 12

bp
1000
700

500
400
300
200
100

K8 CEV-LAMP 7 53 46 )

A. BEBCHLTKAS R M: DL1000 DNA 535 AR S
1: 10" copies/uL; 2: 10° copies/pL; 3: 10° copies/uL;
4: 107 copies/uL; 5: 10° copies/uL; 6: 10° copies/puL;
7:10* copies/pL; 8: 10° copies/uL; 9: 10 copies/pL;
10: 10" copies/pL; 11: 10° copies/pL;
12: BAPEXSRR. B, SEAMET R g5 5R.

Fig. 8 The sensitivity of CEV-LAMP detection
A. Gel electrophoresis results; M: DL1000 DNA marker;
1: 10" copies/pL; 2:10° copies/uL; 3: 10° copies/pL;
4: 107 copies/uL; 5: 10° copies/pL; 6: 10° copies/uL;
7: 10" copies/puL; 8: 10° copies/uL; 9: 10> copies/pL;
10: 10" copies/pL; 11: 10° copies/pL;

12: negative control. B. UV detection results.
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M1 2 3 4 5 6 7 8 9 10 11 12

&9 H#L PCR Rl 7 i i R S
M: DL1000 DNA 43 i ik fif; 1: 10" copies/pL;
2:10° copies/uL; 3: 10% copies/pL; 4: 107 copies/pL;
5:10° copies/pL; 6: 10° copies/uL; 7: 10* copies/pL;
8: 107 copies/puL; 9: 10% copies/uL; 10: 10" copies/uL;
11: 10° copies/uL; 12: BIPEXS IR,

Fig. 9 The sensitivity of traditional PCR detection
M: DL1000 DNA marker; 1: 10'° copies/uL; 2:10° copies/pL;
3: 10® copies/pL; 4: 107 copies/uL; 5:10° copies/uL;
6: 10° copies/uL; 7: 10* copies/uL; 8: 10° copies/uL;
9: 10? copies/uL; 10: 10" copies/uL;

11: 10° copies/uL; 12: negative control.

K 10 CEV-LAMP (A)F1# #1 PCR (B)X}
o FELRE i P ARG T 45
M: DL1000 DNA 733 J5i AR 10 FCHETTT 0 B SR A AR
2: I A SRR B A 3 T A R R A A
4: FIMEXS R 50 BHMEXT B
Fig. 10 Results of CEV-LAMP (A) and traditional
PCR (B) with diseased koi samples

M: DL1000 DNA maker; 1: diseased koi samples from Tianjin;

2: diseased koi sample from Henan; 3: diseased koi sample
from Hunan; 4: negative control; 5: positive control.

3 it

CEV K& [H 40 4w b5 1Y PAa A% 85 11 2 B0V i s o
Bomk N —MEmEN, 1ERERAKIES
e AR EEREA, E N ERE
(LR CEV 43 F R 5 ik 24 A% B g i 2 [
Pda e ER, (s B 2R R, 1%
P 35 PRI 0 g i PR A 1 ] D3R, A v R
SPRERIPH T, RS AR SRR CEV 2
w5 Pda & 1438, P CEV 4328 1
R Tla BN 106 AT AR S 6 2 1ok o 2R 4 1) 1)
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Establishment of a loop-mediated isothermal amplification assay for
detection of carp edema virus

ZHAI Liwen" %, LIU Wenzhi’, XU Chen’, FAN Yuding®, JIANG Nan’, ZHOU Yong’, ZENG Lingbing" >

1. National Demonstration Center for Experimental Fisheries Science Education (Shanghai Ocean University), Shang-
hai 201306, China;
2. Yangtze River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China

Abstract: Common carp (Cyprinus carpio), the earliest farmed fish in the world, is one of the most important and
economically significant species in freshwater aquaculture in China. In recent years, carp edema virus (CEV) dis-
ease, a newly emerged infectious disease in common carp, has been discovered in many countries, threatening the
healthy development of common carp farming. Due to a lack of CEV-sensitive cell lines, detection of CEV relies
on methods that use electron microscopy and polymerase chain reaction (PCR); however, these methods are not
used universally for clinical diagnosis because they require expensive equipment and a long response time.
Therefore, there is an urgent need to establish a simple, accurate, and rapid diagnostic method to detect CEV.
Loop-mediated isothermal amplification (LAMP) is a novel amplification technique used to produce DNA copies
within 1 h. Furthermore, the results can be judged based on turbidity or by the addition of SYBR Green I to the
reaction products and observation of color change within the reaction system. LAMP technology has played an
important role in human medicine, animal medicine, and food safety, and has gradually been developed for indus-
trialization and commercialization. In this study, two pairs of specific primers were designed based on the con-
served sequence of the gene encoding the CEV nucleus protein, P4a, and a recombinant plasmid was constructed
for use as a standard template for amplification. Then, a LAMP detection method for CEV was established after
optimizing the reaction conditions. The optimal LAMP reaction system for CEV detection included F3/B3 0.2
umol/L, FIP/BIP 1.2 umol/L, betaine 0.7 mol/L, Mg2+ 8.0 mmol/L, and dNTPs 1.2 mmol/L and was performed at
62°C for 60 min. The amplified products included a ladder band on agarose electrophoresis and green products,
which were observed directly by the addition of SYBR Green 1. The sensitivity of the detection method for CEV
was 10 copies/uL, which is 100-fold higher than the traditional PCR method. Moreover, CEV-LAMP was specific
for detecting CEV without cross reaction with other viral genomes, including spring viremia of carp virus, koi
herpesvirus, cyprinid herpesvirus 2, and infection spleen and kidney necrosis virus. This method has been used for
the rapid detection of CEV in diseased koi carp. The results were accurate and reliable, providing an effective and
useful method for the on-site diagnosis of CEV.

Key words: carp edema virus; nucleus protein encoding gene P4a; loop-mediated isothermal amplification; detec-
tion; optimization
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