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Abstract

In order to supplement the lack of molecular biological detection methods of infectious pancreatic
necrosis virus (IPNV), the nucleotide sequence encoding A-fragment polypeptide in GenBank IPNV
genome was used as the target sequence in this study. A pair of RT-LAMP (reverse transcription
loop-mediated isothermal amplification) inner primers and a pair of RT-LAMP outer primers were
designed for six regions of the target sequence. The IPNV RT-LAMP detection technology was estab-
lished by optimizing the reaction conditions of RT-LAMP, such as annealing temperature and reac-
tion time, and sensitivity test and specificity test were carried out. The test results showed that the
best reaction conditions of IPNV RT-LAMP were annealing temperature 62°C and reaction time 45
min by optimizing the reaction conditions. The specificity test showed that this method only had
amplification reaction with IPNV and no cross reaction with other aquatic animal pathogens, which
indicated that this method had good specificity. The sensitivity test showed that this method can
detect IPNV RNA with a low limit of 0.01 pg RNA, and its detection sensitivity is 100 times higher
than that of the conventional PCR method, indicating that this technology has high sensitivity. The
results show that the IPNV RT-LAMP technology established in this study has strong specificity, high
sensitivity, simple operation and fast response, and can be judged by the naked eye. This method
is particularly suitable for the field and field detection and diagnosis of infectious pancreatic ne-
crosis disease, and provides an important technical means for the detection and monitoring of in-
fectious pancreatic necrosis disease.

Keywords

Infectious Pancreatic Necrosis Virus (IPNV), Isothermal Amplification,
Reverse Transcription Loop-Mediated Isothermal Amplification (RT-LAMP), Detection

CERAER .

SCESIH: HERE, WiNk, JEYete, TR, S & QR BRSO SR Y PREAS I BRI ST 5 R D] K
1T, 2020, 7(2): 100-106. DOI: 10.12677/0jfr.2020.72014


http://www.hanspub.org/journal/ojfr
https://doi.org/10.12677/ojfr.2020.72014
https://doi.org/10.12677/ojfr.2020.72014
http://www.hanspub.org

TR %

& 3314 R B SR TE R B 3 i 4 IR A T AR Y
EIx5MNH

EEEY, 1 B, R, F XL X2 &

KRR RBAS L, LT KiE
SR ERRIEERILTFERAR, LT KiE
Email: "zhaohuijun1215@126.com

Wehs HiH: 202046 H2H; FHHEM: 20200F6 H21H; KA i H: 20204F6H28H

HE

NI £ Yotk fE A PR FE % B (Infectious pancreatic necrosis virus, IPNV) 2744 224600 F B )
AR, AW LLGenbank IPNVEFH H4RIZAN BREREANBERFIINERS, 43t BRFEFIR
64Xt T 13X RT-LAMP N 5| #) 2 15 RT-LAMPS+ 3[4 . EidtR4LRT-LAMP 7 K38 KB . RN
BRI RN A, [FIRTEAT T R RE K7 ALK, B TIPNV RT-LAMPRTIE AR .. KL RN
B RPN, RBXKEEAN62C. KM EN45 minkf NIPNV RT-LAMPE: £ & . 444
RRERRERNZAERSBERREIPNVAEY RN, SHEAVKESIVRELRL XK, REZEFERE
FRIFHERE, REMERRERZHTIERBHNIPNV RNAKMEIE50.01 pg RNA, HAHNRSERY
FMPCRAERI1004%, RPAFEAREEBEHREE. RBLERRE, KRB KIPNV RT-LAMPE AR
BRiR. SR, BRERME. RMBGE, TEIRBRHESER, ZhEEHER T1& 3R R 5
RS KB AN S2 8T, Nfe gt BRATSR SRR MR I B IR T EE B ARAF R

K §Eia
A YL ERE R SR R, &EY I, RT-LAMP, A&
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1. 5|

A ek JE IR PR JE % 7 (Infectious pancreatic necrosis virus, IPNV) 222 i5F b A5 5 5 5 05 5 R A4,
FESERL R RRE 5 e ARG, SECEMAE TR 1] ] R ARG SE R BRI i) — 28 [E AT [2], A
Bt K A sk 5 5 3N, 4% Ytk g R PR JE 9% (infectious pancreatic necrosis, IPN) 248 N3 H, JH7E
— et XA AT, AT EREDKFE RS BT E AR . HET, B A ANHZRE R 1PNV BRI 72
B OAFUEFZ W3], (HRARZ T e K AR [4]. PRIk, FREEESL—FhERXS IPNV PR A2
R HE & B AN BUA B R 1 78, LB B K R BZR FF AT B B b2, T8 380 0 ) 2 3 R R A 2
WATHIH .
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2. MMEHE
2.1 HBHSHF

IPNV (fE4ePEBEIE R0 E) . IHNV (F2 4etE i I 28 B RS0 ) SVCV (B 595 7 ML 5E 7 5% ) -
VHSV (95 5P H I U IRE 95 35) A1 ISA (1% et i A 33 MO05 25 ) N AS 5236 == 40 B AR A7 @ AR RT-LAMP
SONRARF G BRI BB AR A TR A FE

2.2. LAMP 3|¥I89i&it

R4 Genbank IPNV JE[AIZH gt A v BL2 RE AL H LT 51, {§H Primer Explore V3 F1 Primer
Premier 5.0 BAFE X HARFFIM 6 A iE 2 x5 5140, BRI L XH40514, 1 xfW 519, 51PHRiERE
MITREERAT G 5P FIE 1.

Table 1. Primers used for RT-LAMP detection IPNV
7= 1. IPNV RT-LAMP #5034

514 Primer /7% Sequence 5’-3 B KR
IPNV F3 CGCAGGACCTGAAGAAAGC
IPNV B3 TGTGACTCCTTTGGTCACCA
60°C~65C
IPNV FIP GAGCATAGAGACCGGCCGGTACTTCAACTACGGGAGGCTGA
IPNV BIP CGCCACCTTCGAAGGCAGTCCTGGGGGTTCGTTGTTAGG

2.3. LAMP R & fFHafA 1L

IPNV RT-LAMP Rl R FH R Y B AL AE PR ARG BR 2 7] ()i 2 RT-LAMP ORI, #% st
FEEElE, RNAKZRN 25 ul, HIANHIZH BN E 2.

Table 2. Reaction system of IPNV RT-LAMP
% 2. IPNV RT-LAMP & Ri{& %

SRBLEH 5y LA
RT-LAMP % Wi 15 uL
IPNV F3 (5 pmol/uL) 0.8 uL
IPNV B3 (5 pmol/uL) 0.8 uL
IPNV FIP (50 pmol/uL) 124l
IPNV BIP (50 pmol/uL) 124l
BstDNA &8 1L
RNA HER 2L
SR 0.4 uL
Ttz HE H,0 2.6 uL
Total 25 uL

GBI PR R0 IPNV RT-LAMP (947 3855 AEEAT LA, SR FIREAR . AR ML e &, 50
FERFI MG T (60°Cy 61°Cy 62°C. 63°C. 64°CHI65°C)HIRM 60 min, LLHE FtE RN IR E: R
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AHEAENR . AHE R AL E, ERALRYEE N 43 BITE R B 30 min. 45 min. 60 min. 75 min A1 90 min,
DUR R fi s B2 B T

2.4. LAMP &R ¥IE
PIGLERAE ] 3 RO EEAT M .
Jrik Lo SR BREHE SRS R bR A e A
TiE 2: EIE M E TG AR HI T A5 R (9 () .
J7ik 3 LA PN AR AL FI A R
2.5. LAMP B9 R MR IE

Z B AL R FEBGR 7 & 772 (Takara MiniBEST Viral RNA/DNA Extraction Kit Ver. 5.0), $2H(
IPNV (& Gt RAE IR FEIR EE)  IHNV (% Gt s B RS0 E8) . SVCV (B B MUAER £%) . VHSV (i
B304 O O IMRE 5 B) AN ISA (FE Gt fiek f1 ZT M F) B RNA {ENIRAR 3E4T RT-LAMP B, B6E
RT-LAMP 5| #0551
2.6. LAMP B9 R S E 18

HIPNV 80 200 L, $REUFEREE RNA, 1E+H65 R50FRE, BUREANBRERMRER 1 uL A AR AT
RT-LAMP, 71 5E &7 RT-LAMP 375 1210 R AU .

3. BREIHL
3.1. LAMP 75 7&K R i B O 22

X IPNV RT-LAMP & S FEEATAAL,  MORRETE A S N L 8wl AT B Fvk, HIUkZE Rk
B, 7F 60°C~65C 135 FE 5 Bl Y , 4 fiF HL vk 25415 7E 62 °C I e (1] 1) o DAL T af DA 32 62°C /2 IPNV RT-LAMP
1) f5 3 I N

M: DL2000 Marker; 1: 60C; 2: 61C; 3: 62C; 4: 63°C; 5: 64°C; 6: 65C.

Figure 1. Electrophoresis map for the IPNV RT-LAMP product for 60 min
[ 1. IPNV RT-LAMP ZiRE 1% 60 min BALEIKEER

3.2. LAMP 753% R B B B0 T =

1E 62°CIEILZMET, 43 AT A RN ) IPNV RT-LAMP 856, RMNERG, &5y
HEAT R IR 4T, R WE 2 Fros, 7E 45~90 min BRIFEE N, WEEE IERIREHME 4, (H IPNV
RT-LAMP Jx N 2675 Fe 2= R A 45 min B BT =42 59 . R 52 IPNV RT-LAMP [ N B e fFE46 N 62°ClEIR
JZ ML 45 min.
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M: DL2000 Marker; 1: 30 min; 2: 45 min; 3: 60 min; 4: 75min; 5: 90 min,

Figure 2. Determination of the optimal time for the RT-LAMP
2. IPNV RT-LAMP % Rz B E] A9 1L

3.3. RT-LAMP R & RHAEHE

Jiik 1 I BRI A A B IG ) 8 wL BT B FIK, RAMREE LSS, SR RURE
FLH PG, 7 B UL BB B 2 R S HON A, BIPEXSREA,  RON IS R SRR s A 5 3G 2671

T 2: @I SR DB 1 45 R (FOE B BIE) : 18R S H I RUEE DNA (dsDNA) 44k} Pico
Green, BHPEFES T, SSE M NI E RS OTE, BRI, SNSRI S s v b (.8t

J5iE 3 BRI BE AR A RIS A A ROV SN 65°C, M S FF A I %) B JE i Loopamp it BEAX
(% HARZRLF A2 5. LA-320C; 24 JLiEN ED (P4 650 mm), £t 28 6 B A,
T B 5 YE [ A X 45(55°C~70°C) DG EE(65°C~90°C), M E IR Ay 6 AP S S, SR A6l 60 734

LAMP 3t 2 {50k il P& AL 1] 3(C) (BEAL KR 1 A PEME SN s BEAAAR 2 DRI B s 22 S A BE P4 3
MR B AR N AL, R RS 1S, AR B AT IR A Sk ().

B 1 ASBHERE AT —ANBA AR B AL S () RT-LAMP SRR HEAT S B, 33t P = Fd o v sk 1)
5E RT-LAMP Sz 455 (45 Fan el 3). S55R%M, HIX =F7775H % RT-LAMP 4 84724, Ha5 g —
B, BH R M 2 TR DX A4 B R, AT DAEIX =R VAR RT-LAMP 3788 45 S ) 52 (1) 7772

RN

i

¥

1 2 -
i <t = ™\

B R 3]
1: BHYEXHHR; 2. FHMExTH C: LAMPH: S0k 0 12 fe

Figure 3. Result determination of IPNV RT-LAMP
[ 3. IPNV RT-LAMP 5 R¥IE
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3.4. LAMP 3|¥tA & Pa04F R IE

PRI IPNV (f5 e PE TSR FERR 25)  IHNV (15 4e P i 28 B 3R P09 35) . SVCV (81595 #). VHSV (R
BEME H PR OIS 7)) A ISA (% etttk £ 2T MUAERT 88) ) RNA AFENBR AT RT-LAMP M, #E4T
RT-LAMP ik, 450K MH, 1% LAMP SIWA G AN IPNV 47 THEE MY 14, 5HARRE
TSN, R 4.

M: Maker DL2000; 1: IPNV; 2: IHNV: 3: SVCV; 4: VHSV; 5: ISA; 6: Negative control.

Figure 4. Specificity for detection of IPNV by RT-LAMP
4. 1PNV RT-LAMP #3421t 56

3.5. LAMP 3|$¥1A &80 R BB iR I8

HPHAHIE FE b 5 21 (0 d S S 6 A6 N TR G A SR PO F A R SRR RNA JEAT 18, 10 £i%
MikE RNA 1T RT-LAMP REEVEIRES, IS5 RUNE 5 Fros, BEERR RNA WK RIFEAR, RRIEPE SR
(OFEREBIRTS, ALIASE A BE P () S KRR 10°°, ARZA R BU% A 0.01 pg RNA.

M: Marker DL2000; 1: 10% 2: 107%; 3: 10% 4: 10°% 5: 10 6: 10° 7: 10 8: 10°

Figure 5. Sensitivity for detection of IPNV by RT-LAMP
[ 5. IPNV RT-LAMP )R 8 E K18

3.6. A

WCERTRRA AN PR BARH. B 5. RGBS Y 60 40 FES:, [FIRSRA RT-LAMP J5 i1 B
PCR J7 kAT RN o Al 25 S W3 3.0 25 SR LM - 11 43 K RT-LAMP 7771 PCR J7 AR 35 9 BA 1«
A7 R RE RN BAYE: 1 RES PCRAGINNBAYE, RT-LAMP R AMIM:: 1 3 FE5 4 PCR AN, £
RT-LAMP J7 iRl A A . FHIE AT THE . AR UL RT-LAMP J73E R BN 11/(11 + 1) x 100% =
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91.67%, HFFMEN: 47/(47 + 1) x 100% = 97.92%, S5H L PCR HiLMIFF &% N: (11 + 47)/60 x 100% =
96.67%. XECEHEER B, IPNV RT-LAMP 75k B & B I BRI U, 3 FH T e SR I PR B0 i 25
(RS N % 92 993 12 W

Table 3. Results of clinical samples

= 3. ImRERENLER

RT-PCR J7i%
PR Yikid pst 4
RH 1 11 1 12
RT-LAMP J5i% Bt 1 47 48
B 12 48 60

4. WHgE5%ip

AW TS ER T IPNV (1) RT-LAMP Rl AR, 25645 R 2R, IPNV RT-LAMP 5514 R4,
5 IHNV (5 etk i 2% B R PER 88)« SVCV (BEEI5F) VHSV (9 83 1 H I OMRE 7 25) AT ISA (e 4%
Pt 77 MR T5) A8 X, H 5 HARR IR IPNV (15 Gt R SR 005 35) A 3748 S 0, R U R
7R, IPNV RT-LAMP FoARH R A 0.01 pg IPNV RNA, B & B R, & M T /KA st
LV J I I B9 (R 5 )

76 LAMP ik 2, AL FGREARLE N 1R 35 SN 43 TR P N 4 R A — o S BV RN, 30 T R
AN RS BT o IR IR B s, L LAMP OB A J5URH(ELFE Bst DNA REEE, 5, 2x
RISZEMBRM), IERANIY F3, KIA4M51% B3, IER A 54 FIP KA KN 5149 BIP)SEC T4 Hufbibi
(RNA BR) AR AR 2, A I3 R BAR 2R e G — )5kt e Uik AT LAMP SR, iR
B 5 I AERE R 3G, NI I PR 25 S . RIS R, N LAMP HAR T H IPNV RNA
7E 1.0 pg MR & & . BT /KAZNYDE I R GRe 2L, KSR EIEE RS EA SR, A
FUEESLH) RT-LAMP J775 1) 1.0 pg IPNV RNA itk & & 4B 7 SLhafe it IPNV B ges, b,
FIFHA LAMP J75iE, o RHFRIRE f 1) RNA IREEEAT %S, #0 RNA 185US, BT LAMP KB
BIWT, BESEME TR, SOMPRT ROSCEEE, &SI XA AME R A, FF & T LAMP HiRA &
LA 1) I PR T8 68 PR e, A 425 SR T Je e P € 7 A R AT i T, A ST ARSI IPNV RT-LAMP 7
PEAR SRR RS POEFE. 5T AR L S TR AL R BTSN I A, g
ek BN PR B0 B (A I S5 2 Wil s T B H AR F B

& H
I8 F SRR 5L 6 100 H (20180551285) i [E 52 A4 e J& AHIFIR H (20151K165) (20161K156).
S E 3wk
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