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—BEFTE K O 245 RNA FH S RT-PCR
QM ER S X N

BOHY, FER, K OB, FRA, HilE,
RBuw, B OB, AAE

(1. B KRBk =54 a0, L 2013065
2. W AR B TR BRL KB T, AR RN B 25 ) ) B ke =,
JmREKFEI R ERARE QLRI E, R 510380)

THE: H AT ACD EH K RNA J& % (largemouth bass birnavirus, LBBV), 52 % 4F %t
LBBV {&k = 2L VP % i+ # 5 1 5 4, 9% £ 410 & pMD-LBBV-VP1, @31 fb PCR K
M, BEGNFENREEERE, BLT A0 EH X RNA R &0 £ KX RT-
PCR 42 3l 77 %, I R A% 7 ot L4 F 2017—2020 45 it £ B9 304 AR A HATR M . £
RER, £ K54 FURL, F2/R2 &tk TR E 4 4 x10 7 mol, 4% 8 K if & 2 4] 4
64.1°C #161.5°C, % 5 X RT-PCR 43§ 35 MEF B, [ LLAR I B 5 UK B A7 4.15 AS/ul
FIUE, RN EIKE N 10°PFU/ML, 5% 1% PCRAEL, REHEH#E T 10000
&, BERNIMAREE, WLBBV HAHREFFMELW, E304 M FRF, F14#
PCR # t FHME A 5 14 4k, A H % h 4.60%, # X RT-PCR # i FH M4 5 28 #% , 46 %
H921%; A LIz iy £ A RT-PCRAG M 7 % R L5 HA R4, AT LBBV I
A B A

REEFE: ko Bg; W RNAJG&; £ K RT-PCR; # il 7 &%

FESES:S941.4

W RNA 3% 5 B} (Birnaviridae) £, 45 € X RNA
JRREIE (Avibirnavirus) . FEHIURNA JREEE (Entomo-
birnavirus), 7K /4= X RNA %% 5 J& (Aquabirnavirus)
B S AG BT 55 7 & (Blosnavirus), Ho g oK A
SN R 7K A2 B RNA i B & 5 8 5 S0 228
XU RNA f#ERH CRA G YL E BRI SENT 5 (infec-
tious pancreatic necrosis virus, IPNV) 5 4% Je P ik
[BNE 75 ageA (infectious bursal disease virus, IBDV)“]O
AR IE TR WAL R, BAR 55~65 nm, o
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XRkFRERRD: A

. A5k, WEERmR . s R, X AR AN
JERPY SR 2 LTS BEXUBE RNA R AR, A T BLf
& 2 AN TFHk ) EHE (ORF), K ORF Zfis—4> 105~
120 ku #8845 11 (NH,-pVP2-VP4-VP3-COOH),
/N ORF % 5% — A 15~27 ku 19 & H (VP5)P, B
BT —1 ORF, %ifih—">94ku iy VP1 &, R
O RNA ) RNA REG B, iR R LEE
M, BEEEIRSE, A R 3k = 8] )7 51 [6]
w20 LIk, K 7= B A RNA 5 8 95 4
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9 1] BUIAE, & — MBI B BT RNA 57 §L 20 RT-PCR R 7 1k i1 57 M v ] 1585

BRI o 1960 A [ 5N E UM KA IR LL B (Salve-
linus fontinalis) /735 H IPNV, Bl 5 % B0 B 78 tH
REHIRAT, BCAZERPERK s A, 1986
A, 1P KT 85 (Oncorhynchus mykiss) 37 8 3 %
KT IR A Gl PR R SR SRR, B S AR L
T PN ST, B AR T R IR 95%.

i BE AN 7 ¥ 3 B A Sy 9O (immun-
ofluorescence assay, IFA). BEBEHEEN KN AE (enz-
yme linked immunosorbent assay, ELISA) LA f 3T
PCR (R Tk, Ui i 53 -5 5 Wi 5% SR (reverse
transcription-polymerasechainreaction, RT-PCR), 3£
76 6 B PCR(quantitative real-time PCR, gPCR).
W SR 55 RYHY (reverse tranion loop-medi-
ated isothermal amplification, RT-LAMP), H:H IFA |
ELISA A1 %f T PCR J7 i e I R R 42K, HZ
T8 %058 . RT-LAMP H T A 75 ZERR IR A
a, WIS G BRI, H R R P P O H I
i), RT-PCR. qPCR JJEEi& & 546 5 A0, H
i qPCR R # 2P . L . R S, HH
TG T BERR IR AL RS, HRI AR 2% 4K
w5, UL RT-PCRAE I )7z . & [K RT-PCR
Je At RT-PCR p 5L L, 38— xF 51 #2847 2 K
Pou, LRSS 1SR ARRE R Y Y, R —
PR AS . e S Pk L 2 R R D Tk
H T, X IPNV 2 £ @3 T RT-PCR”, [T
RT-PCR!'™, RT-qPCR", RT-LAMP', RT-PCR-
ELISA"™ Jz ELISA™ &4 75 %

K OB & (Micropterus salmoides), FJ& T fiF
J& H (Perciformes) i & 1 %} (Centvarchidae) 22 fifi
J& (Micropterus). PR SE AN, JCHLEIR], &
FEE, B RIRAKAIE AT E AT
AR5 R T PR Sy 2 2 g A5 ) 1 AR 7R JC 5 A
T AL A R, A S BT B AUEE RNA,
R TR SE 0 R I, L S B BRAE R O A A K
N 1 (1 7B 1= R v A S s o =7
% R R B 5 X RNA #5 #¢ (largemouth bass birna-

virus, LBBV). HTi, M A&A X T LBBV 1yl
JrikiRiE . W, ARSEEEXT LBBV, LUH vP1
TRSFIF 5 A, a7 50 RT-PCR & i 77 vk,
VI A A 12975 75 10 L 300 00 I A R 7 4 S AL R 5
R F B

1 MRS A

1.1 SEIe#t Rt

% (Siniperca chuatsi) ik 2L 2L 240 il & (Chinese
perch brain cell line, CPB) AN SZ5 % A7 AR A7,
{1 B 111 (Epinephelus sp.) ¥ & 35 L J% % (nervous
necrosis virus, NNV). #f5{CIRIRE: (Siniperca chuatsi
rhabdovirus, SCRV). % 52 (tilapia lake virus,
TiLV)., K255 RNA %5 75 5 i AR SC 50 2= 0 55
PRAE . S 215 RNA IR BULH & 3 T KRR
AR AL ABRZAE] ;. TRIzol 357 T35 &
Invitrogen’s 7 ; Evo M-MLV RT for PCR Kit /2 %
SR & B T R AR TREA PR A
Green Tag Mix W FI T Fd 5% i MEE 2 W) BBy
AR E M % % BT H 0 B IR h 5% v TR
(PBS). L-15#5#%3E | MLy . M & A A1 Hanks
W H T3 [H Gibeo A 7], PCRAX . HEMKE AL Ik AL
B4 [ 3& [ BIO-RAD 227

1.2 Sl 546K

4% LBBV 1 B 15 Befi~F /741, FIH Primer
premier 5.0 X4, it VP 514 (T Bk A )
5HRT-PCR 519 (£ 1) 519551 B2 Gene-
Bank i#17 blastn FeX§ 5347, #1254 5 [ 90RE =A%
2SR B ARG RA A A .

1.3 RNARRENSREEFR

I LBBV Ji% # & ¥ 500 uL, {di H] TRIzol 1
$2 B #F RNA, Nanodrop 2000 43 ¢ Y6 J& H il
RNA ¥, ¥4 RNA &k 500 ng, ffi ] Evo

%=1 EIX RT-PCRFTFAZEIRSI4
Tab.1 Primers used in nested RT-PCR

ClEvER A& ST HI(5'—3") I8 BRI op
primers name usage sequence(5'—3") product size

VPI-F JRORL 7 TACGACCTACCACTACTCA 1419
VPI-R plasmids construction CTCGTTTCTGACAATGGTG

F1 N CAGAAGGACCGATTCAACTCACT 418

R1 the first amplification CTCTGGTGAGGAGGTAGTAGGCAA

F2 29 CCTGTCGTGCGGGCTCCTATT 339

R2 the second amplification CTCTTTGTGGCGTTGGCTTCG
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1586 KopE o R 45 4

M-MLV RT for PCR Kit il &5 )2 #% 5% i, cDNA.,
14 FRNfRERMEESELEE

i FH 519 VP1-F/VP1-RGE R B 50 °C, 1
2 min) 34 VP, 2B BEEE R UK S E
o8 B T i3 7] & [l H A R BE (10419 bp), If:
Y5 pMD-18T ek ik 4, #4948 5 41 fiki pMD-
LBBV-VP1, % & 1L 55 1 5% {1k DHSa & 32 25 41
M, iRt PR, #EATHIW PCR 4, PCR ™
Wik T M SR A W BOR AT BR A B HEAT R )T
FIMIE , WP IERA S T80 °C P47 -

1.5 &35 RT-PCR #;0

5% 15 PCR. DIFG 5% cDNA MAHR, f# ]
FI/R1 47 PCR §'#4, {KZ& (20puL): Green Tag Mix
10 uL, F1/R1 4% 0.4 pL(#& K 10 pmol/L), DEPC
7K 7.2 uL, cDNA MM 2 uL. JZ W FE/F: 95 °C i
AP 5ming 95°C 281 30s, 64.0°C iEk 30s, 72°C
ZEAH 1 min, 30 MEEFF; 72 °C ZLEH 10 min,

%5 2% PCR. LIS 1 PCR =¥ N
FiMR, fdi ] F2/R2 #4T PCR U714, A& (20 uL):
Green Tag Mix 10 pL, F2/R2 %% 0.4 uL(# & H 10
umol/L), DEPC 7K 7.2 uL, PCR =¥ ## 2 uL,
N FEIY . 95 °C WS4 5 min; 95 °C 484 30 s,
61 °C i *k 30's, 72 °C ZEAH 1 min, 30 7EIF;
72 °C #EAifi 10 min,

1.6 HR RT-PCR RN EZHRMHIL

£ 20 uL PCR N & rf, 43 i 2x1072
4x1072, 6x1072, 8x1072, 10x1072, 12x107'2,
14x107", 16x107" 11 18x10"> mol | it 5] ¥y itk
T PCR Y, IiEitER I E . 7 45°C~70 °C
T PRI B B B 12 SRR AR GRS, (<81
3 RT-PCR £~ i PCR A& 1A 2 b 45918, AR
A% T Tk G P YK 45 SR Pk 3 i AR IR
1.7 E3 RT-PCR REE#% N

68 FH T3 R A o i RN LR 2 b O 2Ok R
Wiz ik RGUE . FORAR IS, . L 10 F5 86 AR
BB AR, AT S X PCR AN, 43 AT iz
R R B o BEHURE 5 . AR 4 9 B 41 TCIDs,
i, % PFU(PFU=0.7 TCIDs,) ¥4 9 75 46 5 Fi
B, ARZTHRRERE A 107, 10°, 107, 10°,
10°, 10*, 10°, 10>, 10" #1 10° PFU, il Z A4 KR
A BRI CPB 4B rf (10° A4 /4L), X BE 4 fin 45
T L-15 ¥R 3t, B3 A~EE, 28°C
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To CO, ¥ MM H 1 h JFWOEMR M, PBSIHEUE
2 UK, Jin TRIzol i 57 $2 B 40 A B RNA, S #% 5¢%
% cDNA, 30 PCR ¥ I A L 7 A0 .

1.8 E3 RT-PCR 453460

i FH 5 #F RNA $2 Bk 57 & $2 B NNV,
CyHV-II. MRV, SGIV, ADIV, ISKNV. SCRV,
TiLV 1 LBBV % 9 & WLw #E A iR, 47 K
RT-PCR A3l , 554iF J7 i e 4k

1.9 llm PR am B A€

Wt S22 2017—2020 4E S EE (5K [ A [H] Hb
Mo ARREFD . R ZRTY . OREHAS 9 304 1S9
R 5 AT S RT-PCR #6911, A DEPC 7K fE
S B RE, RS 7 A BE A A2 A5 AE7E LBBV,
DL B3 W H AT 4 43 A 9 L o

2 4R

2.1 SIYEREMAL

Sl Y ERACE R B R, 5149 FI/R1 Fl F2/
R2 TR ANEE 43 51K 4x107"2 mol I 4574 e 22 H 51 9y
TR, ME1YE KT 4x10 2 mol I, 54
TRRKEE B Y 3w s, HH B &
SEREWES, DR B d A 0 SRS s
4 4x107" mol (& 1),
22 RAEEMK

B KGR ERALER B, FURL fefEiR kiR
£ 64.1 °C, 1 T HUILT 64.1 °C W R %
WIREAG, A% BRI, MIRELT 504 °C &
SUHEAEFR: S Y 1 (Bl 2-a); 514 F2/R2 e iR
KRBEHR 61.5°C, fE THUAKT 61.5 °C B4 BG4 %
BWRAL, KRR, MIEEMTF 56.0 °C
25 AR R Y 1S (& 2-b).
23 REERN

R 10 FERREFRRES T PCR U4, 251 42
PCR AR BEAS TN ZE 4.15%10* 4>/uL #% D1 %% (1] 3-a),
H 50 RT-PCR £ fIK K I 2 4.15 > /ul #5 D1 4K
(& 3-b); BLURE SR S5 R R, 55 1% PCR & ik
fE A5 I 2= 10° PFU/mL (&l 4-a), #i = RT-PCR fx
R AERS I 2 10 PFU/mL (/8] 4-b), &I A S2i g8
7RI Ty v EL A AR v R AU

24 HFFRMR
FFHEE T i 85 RT-PCR X NNV, CyHV-II,
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914 DA, 2. —eH ALK D B RNA 5 5% 41 3 RT-PCR 46 77 ¥k B9 & <7 K )i i 1587

MRV. SGIV. ADIV. ISKNV. SCRV. TiLV fl 2.5 HE3 RT-PCR %7l KA S B4

MBS A5 (K 5), RUESL WM TIERA e BE A0 ke 350k B 14 b
KA S5 1 XFEFH PR O RS 8. 249 (Channa argus) .

(a) (b)
1 SIREMK
(a) 51 ¥ FI/R1, (b) 514 F2/R2; M. #x#EY i DL 2000, 1~9. 43 524 2x10 °~18%x10 > mol; T A
Fig. 1 Primer concentration optimization

(a) primer F1/R1, (b) primer F2/R2; M. marker DL 2000, 1-9. 2x10'>-18x10™"> mol, respectively; the same below

bp M1 2 3 4 5 6 7 8 9 1011 12 bp M1 2 3 4 5 6 7 8 9 1011 12

—_
=N N0 NO
SUNOUnNO OO
(=l el Yel)

(@) (b)
2 RAEEMRL
Fig.2 Annealing temperature optimization

1-12.45.0 °C-70.0 °C

bp M1 23 456 7891011121314 bp M1 2 3 456 78 91011121314

@) (b)
B3 RYEEN GRirER)
1~13. 4.15x10°~4.15x107 AN /uL #% DU%, 14 BH 1454 1]
Fig. 3 Sensitivity detection (plasmid standard sample)
1-13. 4.15%x10°-4.15x10° copies/uL, 14. negative control

bp M1 2 3 4 5 6 7 8 9 1011 12 bp M1 2 3 4 5 6 7 8 9 1011 12

(@) (b)
B4 REERN EEIFESR)
1~10. 10°~10° PFU/mL, 11. REZBA AN, 12. B M i

Fig. 4 Sensitivity detection(simulated sample)
1-10. 10°-10° PFU/mL, 11. non-infected CPB cells, 12. negative control
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bp M1 2 3 4 5 6 7 8 9 10

(@)

bp M I 2 3 4 5 6 7 8 9 10

2000
1500
1000
750
500
250
100

(b)

5 FFEMRm
1.NNV, 2.CyHV-II, 3. MRV, 4.SGIV, 5.ADIV, 6.ISKNV, 7.SCRV, 8.TiLV, 9. X}, 10. LBBV

Fig. 5 Specificity detection

1. NNV, 2. CyHV-IL, 3. MRV, 4. SGIV, 5. ADIV, 6. ISKNV, 7. SCRV, 8. TiLV, 9. negative control, 10. LBBV

= BER 8 (Oxyeleotris marmorata), %45 H 8w,
304 A9 fRE S, SR 1 PCRKG S FH P BE o
14 ¥k, #H RN 4.60%, H X RT-PCR K BH
BESh 28 Bk, A HIRON 9.21%. X BHMERE A0 I
TTREVEIEAT TRIAL 500, A I 5 B e 1
FAFER OB B 68 (& 6-a); FEAT
iE . L TP A XA (1] 6-b); FEELAE 6—9
H iR AT 2 Kk AT (B 6-c); PRMEFE S AR{LE
NS, AR R P A (B 6-d)s

3 TR

DIAEWFSE A B, 7K A 34 3 RNA 9 3 BU0E
R, R e SR R MR IR K L, 45
VI OREE 1T Dl B A Sl N 237 B NI N M 1
FEX G R — BB RUK A2 B ) W RNA 5 8, #Ear
WP oo 2 14 PR SRS I 3 X K B 8 s B A
AAEEE N,

HAr, ERIMCE 25T A B IPNV
P PCR KL Jy i, an 5k 6 4 57 RT-PCR ¥
X T 8 £0 347 IPNV Kz 5 Suzuki 55 i 8 X
RT-PCR £ | 7K A= h #) X RNA 9% 75 ; 4 8219,
Soliman %5 # 37 JF B HIE T IPNV Y RT-LAMP &
W53k o (B EB, IPNV A 35 BUAF 76 0% 3
FE3 AR X U7 HOIPNV 3 bR L R 4y 8
BRI T A T BISE vP2 P Ht, AR
85 BF 9 % 52 A — b A 0 19 37 78 K A= 20 ) A RNA
JREE, H AP EARA, MR TF AWE
SEHEF RIS, TR 51 Wi T E R A
AR, MR A AR T, ATRE S BUR AP
ZER PP, W VP E H 2K RNA ) RNA
REH, HALSFRILE | AN R RE R T 51 [R) 6 1 v o
P, ASCE LB 15 BE VP ARSE TS A1,
W RIS RS, Kl g5 R e . A
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WFE3E i LAk PCR 519k BE . 3B i BE >k i >
R R e, R\ TR R
RO R S S X R WA 2R 5
s B M 25 SR 1 B o T L I PR ol A ) g
g LA B R R L, I, ARSE
B fdi 1T 9 b DL B R AT 51 20 RT-PCR 4 52 1 56
IE, 253 LBBV IR R4, RUA LR
57 A B3 RT-PCR K i 0 ik 4 S 4o

AR S 56 43 ) A6 P R B v i RTRE LR 2
F 7 I 2 RT-PCR R BB, okl 3 I
R AR S, ELEEAE S B AR AT R,
/b RNA $RHL . SO sk #2, Rl 45 51 5 52 Bs
FE S AT TR 25 o T P S 2 R e 1 A B RE A R
s o i RS ADLRE L DUHE B T I PR A A ) v
RNA HEHU . I SRR I ARG I 25 SR 2 i, il
DAARAT 0TI B S A R ORI A5 R . i H, A
B R 48 HRAY  75 RNA = 5 0 46 0 75 18 A0 X 7
FATAH FH 95 2 76 40 AL 3k 3] e K R R %) s 1)
(RTEAI ), ROAESGEE MR & 1 h 5 OB M AE &
e A5 18 BT 200 6 1 95 7 kT B0 KRR T B4 T4
BRI 996 B R T4 AN, FE AL HULRE & SE 5
Hr, AT AR R M YR E T 3N EE
fL, 3NEREZ AT R, RGN 257
BT AR, DAMORTA & SIS UEZS R . 1R
MEZE U £F X IPNV 857 1) RT-PCR K 5 ¥,
KRR 2] 10° 4>/ul #8 DI %L DNA, Milne 46
KB RT-PCR ELISA 7%, fAIKAERE I H 1.5%10°
PFU/mL IPNV, i 7 52 45 # 57 /) 82 X RT-PCR ki
W7, ARAER I 2 4.15 A /ul % DEUTORL bR
HEdh s BEXTRAE S, 32X PT-PCR S AR BE AL
% 10°PFU/mL, RBEW&ETH 1 $£PCR 5 ik
R 75 v, Be ke I 2 5 AR UL R T
S — i TR BRI ik
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g
=
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B 6 IGKRHERIENLER
() 15 ERIE, 18, 2. KOEE, 3 568, b) XA, L @M, 2. 7E, 3., 408, s b, 6 2K; (o) REER I, 1.
1~3 8, 224~6 A, 3.7~9 A, 4.10~12 A; (d) fd £, 1. 1~10cm, 2.11~20cm, 3.21~30cm

Fig. 6 The results of clinical sample detection

(a)host, 1. S. chuatsi,2. M. salmoides, 3. C. argus; (b) locations; 1. Hengyang, 2. Qingyuan, 3. Foshan, 4. Shunde, 5. Zhongshan, 6. Zhaoqing; (c) sampling time,

1. January-march, 2. April-June, 3. July-September, 4. October-December; (d) host sizes; 1. 1-10 cm, 2. 11-20 cm, 3. 21-30 cm

X 2017—2020 4F W5 AR A 1Y 304 /> fa A
s HEATAG I, 55X RT-PCR BEAS I H B A6 25 &
HOREA, WS TR, NH
A R 45 5 R, LBBV E B AR . il
I bt DX R 1T BRI A SR £ S
Kb, RJ& i PR KIRNRE 8, Rl fes
PHLCR B 2 (1 75 FE DX S B R Rl TR, AR
EFE B, 2017—2018 4 [ BH AR & 2R /1
KOG 2, T 2019—2020 4 1) PH A RE & [6] B 40, 35
K. AL, H 2019—2020 4F BHMERE 5 A
R T 2017—2018 4%, W fg th T A B FE S Ui gk
S /D HURAE I D R T B0 RNA BR300
L, FRATT 5 ZE X i 2547 BB MR A RS9 T
PVAETE, % 10 BT B B A

— PR AL B 1 BRSOl R HT ) fE B S
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LR, KA R RNA G2 b T s 0 . T
R A . R U R B AR AR, S BOH S — Fb
mEUREHRE . 24581, HNMESEA X T
LBBV My HAWAEZY, Bk, Bz Pedism oy ik
Gh, AT T A S B AR R, SR EEE T
2% 1H b A K A= XU RNA 9 B 28 124 0 0 . Boik
il 5 LA SCRE B (R WIF 2 55 JR TR SR A5 o
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Establishment and application of the nested RT-PCR for the detection of
a novel largemouth bass birnavirus (LBBYV)

LUO Mingju ’, LINinggiu®, LIN Qiang’, NIU Yinjie’, LIU Lihui?
LIANG Hongru®, LUO Xia’, FU Xiaozhe >

(1. College of Fisheries and Life Science, ShangHai Ocean University, ShangHai 201306, China;
2. Key Laboratory of Fishery Drug Development, Ministry of Agriculture and Rural Affairs, Key Laboratory of Aquatic Animal
Immune Technology of Guangdong Province, Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Guangzhou 510380, China)

Abstract: Early detection of pathogen is particularly important for the early warning, prevention and control of
diseases. In recent years, a new viral disease occurred in farmed Micropterus salmoides in Guangdong Province
and its pathogen is largemouth bass birnavirus (LBBV); In order to prevent the virus effectively, specific primers
were designed for the conserved gene VPl of LBBV to construct the recombinant plasmid pMD-LBBV-VP1 in
this study. And the sensitivity and specificity of the method were tested after the PCR reaction conditions were
optimized. The nested RT-PCR method for detecting the LBBV was established and the 304 clinical samples of
dead fish collected from 2017 to 2020 were tested using this method; The results show that the optimal concentra-
tion of primers F1/R1 and F2/R2 were 4x10™'? mol. And the optimal annealing temperatures were 64.1 °C and 61.5 °C,
respectively. When PCR amplification was performed for 35 cycles, a minimum plasmid concentration of 4.15
copies/pL and a minimum simulated sample concentration of 10> PFU/mL could be detected. Compared with the
first round PCR, the sensitivity was increased by 10 000 times. 9 different viruses were detected at the same time
and only LBBV showed bright specific bands. Among the 304 diseased fish samples, 14 positive samples were
detected in the first round PCR with a detection rate of 4.60% and 28 positive samples were detected in the nested
RT-PCR with a detection rate of 9.21%. The nested RT-PCR assay established in this study has high sensitivity

and good specificity, which can be used for the early detection and prevention of LBBV.
Key words: Micropterus salmoides; birnavirus; nested RT-PCR; detection method
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