HFEDKFER2E 2025 £ 5 B, 32(5): 689-699 )
Journal of Fishery Sciences of China H R 'i’l} X

DOI: 10.12264/JFSC2024-0306

ETF vplo EFRKNTEKFEEM WSSV 5 REE—5FX PCR Fi%
SFEfva

Ffij:\# 1,3,4,5, g/J\éll,Z,fsA,S’ E%H%I,ZJA,S’ ﬁﬂ%%l’2’3’4’5, $1,3,4,5, }Eﬁ%}gzlﬂﬁA,S*

HE i R R 2K P 2 B /MUK USR5 Be, 1L 2RI 430070;

WALt s, wIde I 430070,

AN AR A A Sh e 3 T b SE B == (AR R ARl R 2%), it 2RI 430070;

WAL K A S E B i TR ARBESE ey, 14 R 430070;

RKAILA T KK ALY L6 K R H T TARFR .G, Wde R 430070;

[ N S

FEE: AR AEAREE(WSSV) 2 G F 5w R B SR SR 50 (0 51 B0 )5 AR5 B FE 4T %1200 2 52 00K 0 AR 2 W ke g
18, REVEARS . AEFEENE, @rHn WSSV —25 PCR Bl ik ZIrikdtT WSSV EEEBEEH VP19
HEEERSE TIN5, BN 7RI R TR R v . o REUE . 2R RE . 2R BUE R T 5 WOAH
H X PCR IR LU B PPA E5 R B, AR T7 RN WSSV BA = e ek, AU FHEEREAS i 18 Y 196 bp 457, 5
FEYe M Bz T RN I T YR BEHR B S5 HA R WK P= IR I A SUR N o AT RN R, L WSSV A il JFUkL R i
M, AT BIeA HFRAKE 1.83 copies/pL; LhHIFE IR A DNA JIAARET, SAUK H R 0.82 fg/ul, HEF
WOAH £ PCR ik, [FIB}, ABF57 L WOAH Tagman qPCR J5 ¥ MA5ifE, W T A M= PCR % 317 #y H
(B o BRI 5 2R, AR Tk 2 Wi R R 97.01%, i2Wi REUE A 95.08%, BT HA PCR, Zf Lrik, A5
HAL B — 23 PCR Rl 7 32 B v 4R S R 0 e RO A, 38 T 52 [QJR BRI WSSV 4R Wil At s iz, fig
W R AL WSSV AH ST TR $R A 2 R R

XEER: SwICREEIR, ARG S RN, BEE N VP19, — U PCR; Festk; R &
FE 22 S: S941 MEkFRERD: A X EHS: 1005-8737—(2025)05—-0689—11

5 FC R BX MR (Procambarus clarkii)Jif r= 36 [
R EB AR TR, 1929 4E4 H AL AR H T,
HE S 2 A0 A TR 20t e,
W48 F2500 e e g 5 B v EQ R 28 B, B I i
CTE A [ AR A DX PR i 4 ), FEAR Rk
oMb 3G AR B b R T EEAEH . R
(2024 R GRS ) it BE 2023 4,
I o [CJFBF ~ iik B 316.10 J7 t, RSB

KB 2024-10-07; &ITHHE: 2025-03-18.

R [ K P2 IR 1 FE B A R AR
P & St B, AHTE . e RE N A A AR T
| JE P L 2835 i I R 127 M R R 0
AT 27 A R H BEZE A AiF 6 7 (white spot
syndrome virus, WSSV)FH M %1 1 AF K545 T
50%", JE 51 % v IR AR R AU T R AR B AT
s 114 T S

WSSV 15 EJE ), F 2R v R AE

E£TH: HZEESUHRIRIE (2022YFD2400700); #1464 & S AF & 11050 H (2023BBB169); ik it 111 52 56 % % K0 H
(2021HSZD002); -1t 2 4 b Bk H 4138 70 37 H (2024-620-000-001-33);  H ok 75 4% A BFBIF Al 55 9% & 101 5 42 391
(2662023SCPY003, 20062023SCYJ004); k48 32 HpFll i J5i 2 % 4 35 H (HBZY2023B009).

fEHE R BEMI(1980-), B, PFIM, 1+, WFI8 ) R 30 (G L iR% & B 1% . E-mail: chennan@mail.hzau.edu.cn

BEESE: WK, B2, U507 IR K= sh s & i 5 ¢ R B 5248 . E-mail: guzemao@mail.hzau.edu.cn
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JL 44 15 %) HF (Penaeus vannamei) . H 4E 4§ %k %
(Eriocheir sinensis)% £ Fh 3k st ah¥y, Rizs
N1k fE T e ok e — A S sh Y A
1992 4ELIE, WSSV YL B4R 25 3k H e 257201
M B 22 B R K R kA2 3 oe Y, I R e gl g
AR Zh Y T4 HE(WOAH) R AR 1 (kA3
A=) R T 2021—2023 4R ] e [ 7 G R 2
WRFR5 T WSSV FRYE RISl iE 60%> P4, By
BRI R TR o WF5E R IR B R iR 1R 2%,
FLFEFT N K% | ol A e L% AR e 4% U
[FES WSSV 715 L AR NAEAE IR IR 0, — H IR
B A5 A 5 305 15 4G 5 8 B R A, 2 s A
S5O0 53k s R AR 1 2 95 4 o5 (0 A5 e LA
¥7, n b E e H SO L A5 D5 T A IR A BG4S
SR, B T RERIT ik & R i, b
Wk T 2 i B FQ R B MR SR A WSSV A G
FI9va 8 2 W B it 2 —, it ~r P | (EEE
FAFRRE I 7 AR T ST

A ) WSSV I 7 vk 3 A5 41 4% Hil =%
BW, BT BB . BRI R
TR R o —F A 45 . AR T ARG 2 H AT A
FHM WSSV il )y i, B R g bk
TR AT 250 5 1720 1996 4ETT & 114 18 PCR
R 22 F 2009 A9 A WOAH 1) WSSV £
AR AE U FH =AY SR, 207 kT BT
# PCR [N, $RESEIHFER . BLAb, KB KR
BEG R EARRE SR 1S, EHE AR, JF
T 1 B N 5 R K A IR B i T A8 ST Y XL
1T T e T R T KRR AR AR A £
RCRFAERAE o 17 ELIZOT 246 I T BRI 10°~107
ANGTEE DU, 75 2 75 T8 T8 2574 A8 I AR S 2
REACHE S BB A, T AE S B TG A
B, 20T WSSV 7 R ¥ R IS R . 98

JEfit PCR HAY il i B G I BE 1, 15 4 KUK,

W RUELT W M55, WOAH #4777 ik iR ik
PRI BN R DL SR, 2 W
E FEOCTRET L FTIUIR W LA P A 38 A R 02
JRASAR B v HLERAR A 2%, X LA 2 2 2 A6
MEAIRIE G I ST R . L2, —aUW
ML PCR L FRAE I AR B A i ims, (H

FORLIN WSSV IR (4 5 0% 18 i LE S aX PCR AIZE
JeE B PCR % 2~3 MHEE g 0222 BRI T Hore
KUz mmA e m A g ni . 8 T e IR
AITER R BRI, APFFEEET WSSV F2 B4 IR
F VP19 REE RS PR ol e s 19, JH &
Hy— P X6 T FC SRS AR WSSV A (1 — 25 2 B
PCR Jrk. AR T — 202 PCR #AE i |
G DU R A DI 3R, ] P B v 0 BT A S P R g
By RAEUE, il R L% (diagnostic sensitivity, DSe)
FIRS: I 457 5 P (diagnostic specificity, DSp)¥#8 1
WOHA 50 PCR. AWFFEH Ay v [R5 WSSV
) LA T 99 7 1 R PR 2 T I 1 R R S,
& TH U195 L A 5 1 R Ak R, SRR
B/ LS 1) 5 O (874> SR (235 1

1 M#EFE

1.1 SR

111 fREHRMEK WSSV, 4RI E
(Aeromonas veronii) . K B < il & (Aeromonas
caviae). # [CAFIE IR AT 1H (Citrobacter freundii) .
i A7 182 B2 #T 1 (Citrobacter  braakii) F135 [ A 5
FT 1 (Acinetobacter junii)e i T ASL 86 % 15 ek
Bz N Ko it #% B YR AL # (infectious hypodermal
and hematopoietic necrosis virus, IHHNV) DNA |
iy € B W A %5 B (covert mortality nodavirus,
CMNV) c¢DNA H i [E 7K 7Rl 2= i 5% B 3 1 7K 7™
WEFE T HRAL . dE BT 95 B (rana grylio virus, RGV)
DNA ., ##455% % Il i 5 # (spring viremia of carp
virus, SVCV) ¢DNA Hifgrfifll K2 K =24 Bk
AW e rE A B

1.1.2 HEEMSMEESR 5 R R H A IR 5
PIBEPLR & B AL A W . WERITE . A T A
RO g X 250 by, it 317 B, HEAREZEE
IR . PHYERIIPERE BT WOAH HEFEM)
TagMan 551 79¢ 6 E #7571 (TagMan-qPCR)2 s
M E, FHTJE%: WSSV & # PCR J7 ik (2 Wi R
TEORE FNA2 W S

113 AFIFFEEMEFEHE 2xTag Master PCR
Mix. RNase Free ddH,O. KM#T i (Escherichia
coli)DH5a A2 A2 M . BRARWE . Shydl 2URE I 41



%54
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DNA #2HOAH & . MEEHFAH DNA &S
SRR S W H AR R AR R
FRZy #]; DL 2000 DNA Marker . 6xLoading Buffer
MR pMDI19-T W H EA4Y TRAERAF; N
DRI IR AL (BHD) I H 5 5 e B e 1 1A Y 3
R F]; DNA R FIGKH & A Omega A,

FEAL IR ALHE SR 28 2 i PCR Y (Bio-Rad);
B PCR 1L (Eppendorf); ¥ & L>HL(Eppendorf);
H1 VKX (Bio-Rad); &E M AR 2 48 ( 1 £ A2
IXEA BRA FAE
1.2 EEHE
1.2.1 JREEESE WSSV DNA Bt 4%
o K1 SDS Jr ik E DNA, BRI B
0.1 g SZIZERTHANIIT—80 C 1417 s W i 20 21
(Z5E 1k PCR AT, fimA 600 pL 24 i 24 i i
(Tris-HCI 100 mmol/L; EDTA 20 mmol/L; NaCl
100 mmol/L; SDS 2%(W/V); PVP 3%; i 5 V. #i iR
B10.1%)F1 10 pL 50 mg/mL & K, R E
65 CIHfb5E4; FHA 300 uL 7.5 mol/L BSR4,
RA)EEREE S min; 4 °C, 12000 r/min, 2.0
10 min; BBV, IMAFEBRNE, BYEE
EEE Smin; 4 °C, 12000 r/min, =5.0> 10 min; F
W, A 1 mL 70% 48, B4 G 4 C,
12000 r/min, B5.0> 10 min; & E¥W, A 1 mL
100%Z. %, 1#%), 4 “C, 12000 r/min, 2.0» Smin,
HEE 1K 57 L3, T 5~10min, 120 uL JCE
KR, MR, —20 CIRA1E.

CMNV Hl SVCV & RNA J5#:. cDNA iR
il €52 18 HiScript 11 1st Strand cDNA Synthesis
Kit (+gDNA wipen) BB 45K FH 20 uL K R 47,
BTSN =Y cDNA {4 F-20 C.,
1.22 SIYEHRER A5 S B E KR
WSSV i 5 #k 5 K 41 J¥ 1] (GenBank %% 5% 5 :
AF332093.3)2rh VP19 £l AL F S, FIH
Oligo 7 3t 7 —XIFe 514 vi, KB
P17 BER /N 196 bp. [FET T WOAH FHiHfE
TR WSSV Rl brif 7 :BY, 2 Rila T — & H
K PCR G, LA K TagMan qPCR 771 15 GHR 4T
xR, H3 PCR 51 ELIEANS 1% P1 Al
MBI P2, WY 8 B BeR /Nl oy 1,447 bp

1941 bp, ZOEIREHTS1 6FAM-CGC-TTC-AGC-
CAT-GCC-AGC-CG-TAMRA., Fif 84t X519t
T E R A YRR R AR A B, 51975
FEWE 1,
1.2.3 RAFREREOEE FIH VI PLEY
51%F WSSV DNA Bt i#4T PCR 715, ¥4,
Y2 SF R BERE LUK S, E AR 25l Bl U e Il -
55 pMDI19-T R {Ai% 4 . 3% 87 Wb J5 9t 21K
kT DHSo JERZ A0 o T4 A Al g v A 7
SHEEHHERN LB B IR B, LIS
PESERE . IS E Y% PCR Bk FHE ST, Ky
KB FRIFARBUTOR. DNA L 2890 77 56 9F 5 19 1E i it
K o3 4% Ay 4 pMDI9T-V1 #l pMDI19T-P1,
=20 CHRAEEH .

fifi 1A% R 53 Hr X NanoDrop 2000 il 5 5 2H i
KLY DNA WREE, JF405 i BoRips DU BORLIk
J& (copies/uL)=6.02x10"*(copies/mol)x Ji ki Jii & ik
B (g/uL)/ Bk o T80, 10 5 R 5 FSBEBUR, DNA,
FH 1 uL 454 BE R0 BE 1) Bk DNA VR AR 17 9¢
J6E i PCR(qQPCR), ARSI BESCRE ., DR
Ko B AL bR, Ct BN ARAR, ZfilbnifkthZe,
Xof 5 T8 J VA TR A T IRIE

124 —4%X PCR NAEMEILIRBNEE
H#E —A 3 PCR A R: SAFH 20 pL,

HorP Bz DNA 1 pL, VI-F/R % 1 pL, 2xTaq
MasterMix 10 pL, ddH,O 7 pL,

19 V1 YRR E: 95 CHIAEME 4 min;
95 CZAs M 30 s; 53~64 C Bk 30 s; XHE
72 CHEM 30 s; 30 DEER; 72 CHAIREEH 5 min,
4 CHAF. BUEBXIREME N 53 C. 54 C,
55 C.57 C,60 C,62 C, 635 C, 64 Co
PIEERG, B S5 uL Y7387 W 2% e RE
HLUK, H] IxTAE YEHHLIKZE M, 130V T HLIK
22 min, i FHEER AR R G MBS R UK 45 R, DL
E i 1R A
1.25 SHMHERERNEE LI WSSV ERH4
DNA E R BHM:XT IR, ddHLO 1R R B XTI, £ 4
M EE KA SR TFIHEHNV, CMNV., RGV,
SVCV)FI 5 F95% i 41 2 (Aeromonos veronii
Citrobacter freundii, Citrobacter braakii .
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Tab. 1 Primer information used in this study

B|YAFR primer 51H1)7 51 (5'-3") primer sequence (5'-3") F Bt K/ bp fragment size & usage
VI-F CACCATGGAAGATCTTGAAGGCTC 196 33t PCR
VI-R TTTGTCCTCATCATCGTTATCGTT One step PCR
PI-F ACTACTAACTTCAGCCTATCTAG 1447 WOAH §izt PCR
PI-R TAATGCGGGTGTAATGTTCTTACGA WOAH nested PCR
P2-F GTAACTGCCCCTTCCATCTCCA 941
P2-R TACGGCAGCTGCTGCACCTTGT
CSIRO-F CCGACGCCAAGGGAACT / WOAH TagMan #¢5¢7E # PCR
CSIRO-R TTCAGATTCGTTACCGTTTCCA WOAH TagMan qPCR

Aeromonas caviae, Acinetobacter junii) 193K 4
DNA fERHt . ] 1.2.4 oAb i i i ik 2 K
FAFHEAT PCR 973, 1] WOAH FIHEFER £
7 PCR J7 PRt BE L S5 PCR (95— % PCR
FEYIFRE 100 F51E 55 48 PCR BEAR! Y, kg
ANFIREA DNA 4738 7™ Wy (% i Big W 6 e L UK 285
WAL — 220 PCR K WSSV A4 S o
126 —FSXAENSTRBEITHRILR H
ddH,0 X E 4 Jiki pMDI9T-V1 #ll pMD19T-P1 3
T 1015k BE R RE, A93) 11 N HeBEREBE, 2 D140
Rl 18 1.83%10°~1.83x10"copies/uL (V1) 2.38x
10°~2.38x10"" copies/uL (P1). LAKS i B DNA
MM, LL ddH,O YENBAPEXT IR, — 205 PCR £
M pMD19T-V1, #3 PCR K pMD19T-P1 i ki .
PR 2%EE I R VKA S, LA P AR O vk Y B
R H BR o

PR IR EE IR AL 4 DNA, 266 | PCR
T IR 2P DUER, R 40 6O EE T Nano-300
M7 TR A DNA B P BE RSB B . 10 586 BE A
BB DNA, JRAF MRS : 82 ng/ul. 8.2 ng/uL .
0.82 ng/uL. 82 pg/uL. 8.2 pg/uL. 0.82 pg/uL.
82 fg/ulL. 8.2 fg/uL. 0.82 fg/uL. 82 ag/uL. Lk
5 BE# B DNA 1 REMR, ddH,O A R B PEXT
W, Ay skt — 3 PCR ML PCR #:0, 7=
W 2%35 e GE I FL vk A 5, 485 G R A T
1 DNA # IR, 174k —25 20 PCR J7 i 40 i R
R,
1.2.7 2R M (DSp). 28 R E(DSe)lik
EHEHRZMAERHENE MHE—-EK
PCR 585 PCR Wi Wi 514 (DSp) . i2Wi R

J& (DSe) Sz H [A1RE 5 BHAEAS 2%, AR WOAH (UK
A SIS VR, R TagMan-qPCR J7 i
YERZ: kAT AN 317 & H R i 2R
FE BB ZH 2L TR BOS DNA, FFHZ 07 B 60 BH PR
FIPERE A S

A3l it — 43 PCR kAL PCR J5ik
XF 317 f E AR S AT I, W& SR AR — S B
PEREA, R JRIAAI G % 2 A0 R A YR
A BRA R AT A . DSp #1 DSe %2 LA F AR
#4735 DSp=PCR FAMEEU/(PCR FAPEE+PCR i
FH P $0)%x100%; DSe=PCR BH:%0/(PCR FH 1%+
PCR R IPEE)>100%, 8@ LLEPI A PCR 7k
f) DSp i1 DSe, A4 HAZWPERE .

FEI TR it 1) B P A H o3 43 LR 2 Sk A 7 115
S B A 23R (Yo )= I B A A AR /A A R B
100%; FL 5% BH PR A HE 238 (Yo) =50 52 BH M A0/ R
A BEx100% . LR PR 0 Lk de bR, Bk
—30 PCR 1 WOAH .3 PCR 78 [ [R5 HR Y
RAACR . A S iR 3 IR,

2 HRE5HH

21 —%XPCRHIRERNEE

BB W R M el vk &5 R R, — 40 PCR 7
53~64 “C3 NIRRT 1 H 196 bp 19 H 14
M, 54~55 C. 60~64 CHIP= ¥ 55 EMW . &8
FESIYHE Tm H, BARCE ., PRI
NIRRT, B 60 CHfE A ol iR G BE (1#] 1),
22 FRERNEE

PCR 455 7%, i V1 I P1 51445 54 4
HXF R 196 bp(I&l 2a)F1 1447 bp([&l 2b) 115 T 5%
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o TR A BT 2R B, G P R HGE I )
RS AT 55 WSSV S F51 100%[7] 5,
UESE T b UKL 1) B I A 2

M 1 2 3 4 5 6 17 8

2000 bp

1000 bp
750 bp

250 bp
100 bp

Bl 1 RN —2 3 PCR 4 38 8CR 1952 1
M: DL2000 DNA 43 FBifibaife; 1: 53 °C;2: 54 C;
3:55°C;4:57 C;5:60 C;6:62 C;7:63.5 C;8:64 C.
Fig. 1 Effect of different temperatures on one step
PCR amplification
M: DL1000 DNA marker; 1: 53 ‘C;2:54 C;3:55 C;
4:57°C;5:60 C;6:62 C;7:63.5 C;8:64 C.

a M 1 b M 1

2000 bp 2000 bp

1000 bp
750 bp

1000 bp
750 bp

250 bp
100 bp

250 bp
100 bp

Kl 2 BB B PCR 45 1
a. 519 VI;b. 514 P1.M: DL2000 47 JFi i haifE,
1: WSSV-DNA, 2: [HH:x] B,
Fig. 2 PCR amplification of target fragment

a. Primer V1; b. Primer P1. M: DL2000 Marker,
1: WSSV-DNA, 2: negative control.

23 —#%3 PCR B4 #r 45 Mk

LI 10 AigJE AR DNA . cDNA B RAE N
Bt T— 430 PCR I PCR Kl 2550 &
7N, AL WSSV AL BT R R/ B ISR V1 514
20 PCR ¥k 196 bp, P1 51¥4H PCR =¥k
1447 bp, P2 5|#14H PCR & 941 bp, HAth 9 Fhl
WSSV B4R R UKGE B B 1 4y, Bk
B 515 HAth 0L R TG 38 X g, X WSSV
BA R4 (R 3).
24 DHRFEIBER

HLPk 45 SR s, Ml H—20 2 PCR 7 ke g i
U F A AR VR FE A 1.83%10°~1.83x10"" copies/uL (¥
o2 Ok VR B VO R B BR T A, 3R AR RNk
196 bp M%7 (K] 4a), HARBRISAS B AE DS 15 3]

1.83x10° copies/uL . 3 PCR J7 ¥EAG il 45 5 i /R
B P O PHREREKR I E] 2.38x10%
2.38x10" copies/uL 3 [l H Y HAR T 31, 2540 K/
“h 1447 bp (I 4b), TI5E 48 P4t m 1 R
J&, ATKG IR AR 2 2.38%10°~2.38%10"" copies/pL 3t
Bl HARIT 1, 24 K/ k941 bp (F 4c). I,
H 20 PCR 7 mY S IR B8 & BR b 2.38x
107 copies/uL . HLAR MR 5 B BRI 2 B, A<
5T —2 20 PCR 1A A9AS H R FL i PCR IK 2 4
gy, HIR s REUE 2 H 20 PCR 19 100 1%,

a

2000 bp

1000 bp
750 bp

M1 2 3 45 6 7 8 9 1011

250 bp
100 bp
b

2000 bp
1000 bp
750 bp
250 bp
100 bp

<

M 1 2 3 45 6 7 8 9 1011
<

C

2000 bp
1000 bp
750 bp

250 bp
100 bp

M1 2 3 45 6 7 8 91011

B3 —#30 PCR /e d it
a. 31¥ V1;b. 514 Pl;c. 54 P2. M: DL2000 Marker;
I ABRERGIEIEE; 20 (R e J T M i 2% B AU 33
3: SCHEF ARG BE; 4 RN ARTE; 50 BEERG B MLAER 1%,
6: HERSMITE; 7 IKEUVPARE; 80 B AT IR AT I
9: i [RAFGIRFTE; 100 BARASHHFFE; 11: BHH:XT .
Fig. 3 Analytical specificity test of one-step PCR
a. Primer V1; b. Primer P1 c¢. Primer P2. M: DL2000 Marker;
1: WSSV, 2: IHHNYV; 3: CMNYV, 4: RGV; 5: SVCV;
6: A. veronii; 7: A. caviae; 8: C. freundii; 9: C. braakii;
10: A. junii; 11: negative control.

ARHIFGE HE— Al T — 220 PCR J7 ik A 5
QIR HR A WSSV FHPERE & B8R HE H DNA itk
MR . LA R ER, WAERMREKEN
82 ng/uL~8.2 pg/uL JL I, A4 AR K&~y
W R R 0.82 pg/ul B, ¥ 3474k B g/
{H 0.82 pg/uL~0.82 fg/uL JFE AT 14, [Kit,
— 3 PCR ik 2 Wik i BR ik 0.82 fg/ul
(Kl 52), MHILZT, #30 PCR Fikpyse—4 Y 1
LW R A 82 pe/ul (K 5b), 55 5 15 4k



694 K 7 R

%324

=3 0.82 pg/uL (K 5¢), X3 BHA T i fEag 46
FIREA AR IR E A9 7 DNA, TESZPRFE M AT
R LIREUE S 550 PCR 19 1000 1% o

2000 bp

1000 bp
750 bp

9 10 11 12

M 1 2 3 4 5 6 7 8

250 bp
100 bp

b M 1 23 456 7 8
2000 bp

1000 bp
750 bp

9 10 11 12

250 bp
100 bp

c M 1 2 3 456 7 8
2000 bp
1000 bp
750 bp

9 10 11 12

250 bp
100 bp

E 4 —3£30 PCR BEIS A AT R S50 3k
a. 51¥ V1;b. 51¥ Pl;c. 514 P2; M: DL2000 43T iz
FRifE; 1: 1.83/2.83x10" copies/uL; 2: 1.83/2.83%x10° copies/uL;
3:1.83/2.83x10° copies/uL; 4: 1.83/2.83x10” copies/uL;
5:1.83/2.83x10° copies/pL; 6: 1.83/2.83x10° copies/pL;
7:1.83/2.83x10* copies/uL; 8: 1.83/2.83x10° copies/pL;
9: 1.83/2.83x10” copies/uL; 10: 1.83/2.83x10" copies/uL;
11: 1.83/2.83x10° copies/uL; 12: BAPEXS BE.

Fig. 4 Theoretical analytical sensitivity test of one-step PCR
a. Primer V1; b. Primer P1 c. Primer P2. M: DL2000 Marker;
1:1.83/2.83x10"° copies/uL; 2: 1.83/2.83x10° copies/uL;
3:1.83/2.83x10° copies/uL; 4: 1.83/2.83x10” copies/uL;
5:1.83/2.83x10° copies/pL; 6: 1.83/2.83x10° copies/pL;
7:1.83/2.83x10* copies/uL; 8: 1.83/2.83x10° copies/pL;

9: 1.83/2.83x10” copies/uL; 10: 1.83/2.83x10 copies/pL;
11: 1.83/2.83%10° copies/uL; 12: negative control.

25 LW R 8 E (DSe) 12 I 4% = 1% (DSp) il ik
PR H R LB ER

FIF WSSV TagMan qPCR J5 32461l 317 453 H
AR, S5 B7R 183 1y WSSV FHYE, 134 13

B, PHERE RN 57.72%. 43 53R FH—4 X
PCR F1EL L PCR A5 34 H BB i . — 255X PCR
16 183 fy BHMEAE S Rt 174 Gy BHE . 9 A,
16 134 (i FAIMERE b s s 130 e B L 4 BHE: .
Hi5X PCR £ 183 {3 FHPERE S At 171 £y B |
12 0y B 134 4 BREAE S PR 123 4 B
11y B AR P8 A X155, 5 TagMan-qPCR A I,
—# 3 PCR 1) DSp N 97.01%, DSe N 95.08%, A
RS 2350 56.15%, ELSCFHMAS H#h 54.88%;
H PCR 1 DSp N 91.79%, DSe N 93.44%, i
PR H R 57.41%, FESCBHMER RN 53.94%
(#2),

a M 1

2000 bp

1000 bp
750 bp

2 3 4 5 6 7 8 9 10 11

250 bp

100 bp
b M 12 3 456 7 891011
2000 bp

1000 bp
750 bp

250 bp
100 bp

c M12 3 4 5 6 7 8 9 1011

2000 bp

1000 bp
750 bp

250 bp
100 bp

P05 FH R 20 B 2 4805 ik
a. 519 VI;b. 514 Plc. 514 P2. M: DL2000 73 it %]
M 1: 82 ng/pL; 2: 8.2 ng/uL; 3: 0.82 ng/uL; 4: 82 pg/uL;
5: 8.2 pg/uL; 6: 0.82 pg/uL; 7: 82 fg/uL; 8: 8.2 fg/uL;
9: 0.82 fg/uL; 10: 82 ag/uL; 11: BAMEXT AR,
Fig. 5 Analytical sensitivity tests of field samples
a. Primer V1; b. Primer P1 c. Primer P2. M: DL2000 Marker;
1: 82 ng/uL; 2: 8.2 ng/uL; 3: 0.82 ng/uL; 4: 82 pg/uL;
5: 8.2 pg/uL; 6: 0.82 pg/uL; 7: 82 fg/uL; 8: 8.2 fg/uL;
9: 0.82 fg/uL; 10: 82 ag/uL; 11: negative control.
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Tab.2 Comparison of one-step PCR and nested PCR detection parameter for field-collected samples

SAPRPER HA/% BT BHEAG  E%

WIRES T B LW R % i BH P4 LW % ive detecti . "
method false negative DSe false positive DSp positive detection THE postiIve
rate detection rate
—#3 PCR one-step PCR 9 95.08 97.01 56.15 54.88
#3X PCR nested PCR 12 93.44 11 91.79 57.41 53.94
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Tab. 3 Sensitivity comparison of different WSSV detection methods in studies
S ; . s IFEPSS
A Rl A Hebk pre: ?”t““
year o . e arget sequence
development detection technology type of PCR template sensitivity and fragment size
2023%* — 3 PCR One step PCR R4, FORL mixed, plasmid  0.82 fg/uL, 1.83 copies/uL  vpl19, 196 bp
WOAH #5X, PCR WOAH nested PCR 100 fg/uL, 283 copies/uL.  vp28, 1447/941 bp
199617 WOAH #L:{ PCR WOAH nested PCR JRA mixed - vp28, 1447/941 bp
200388 — 5L PCR two-temperature PCR R4 mixed 1 pg/uL /, 306 bp
20041 HAFERY M LAMP WSSV 1 fg/uL /
2008™4  FNESIHTUELE & PCR Six-plex gPCR JEURL plasmid 5 pg/uL vp28, 436 bp
20091 TaqMan SZH} %2 H PCR TagMan qPCR JAL plasmid 5.9 copies/uL vp24, 154 bp
20095 B FALR Y B0 E M LAMP+LED R4, FORL mixed, plasmid 1 pg/uL, 100 copies/pL ORF191,/
201159 R AW LR capacitive biosensor ik plasmid 1 copy/uL vp19, 390 bp
20119 Py Sz %G 2 & PCR Four-plex qPCR ik plasmid 20 fg/uL vp28, 435 bp
20117 GB #5% PCR kL plasmid 10® copies/pL 1221, 982 bp
.
WOAH 5 PCR 10 coples/uL .1447/941 bp
10 copies/uL iel, 69 bp
SER 9 AE it PCR
GB nested PCR
WOAH nested PCR
qPCR
2013B%  SYBR SAf %G EH PCR SYBR qPCR ki, 184 plasmid, Mix 12 copies/sample vp28, 141 bp
2019 3 CRISPR 1§ SHERLOCK i A Fiki plasmid 10 copies/uL vp108, 158 bp
CRISPR-based SHERLOCK
2022%*"  CSIRO TaqMan %6 it PCR R4 mixed 2 copies/uL vp28, /
CSIRO TagMan qPCR
WOAH TagMan %) 5E # PCR
WOAH TagMan qPCR
202303 B RPA JFki plasmid 2.3 copies/uL vp28, 202 bp
2SRRI R IRA RN EHLURRE DNA, & 153 DNA AEEE DNA; BUkikss WSSV AR T 544 A bn vl 241k

WSSV FR i #4015 2 ) DNA.
Note: * indicates data in this study; mixed indicates DNA extracted from host tissue, containing both host DNA and viral DNA; plasmid
indicates the standard vector constructed with the WSSV target sequence; WSSV indicates DNA extracted from purified virus.
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Establishment of a highly sensitive one-step PCR assay for detecting
white spot syndrome virus (WSSV) in Procambarus clarkii based on
the vpl9 gene
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Abstract: White spot syndrome virus (WSSV) poses a significant threat to red swamp crayfish (Procambarus
clarkii) aquaculture, a major crustacean industry in China. This virus' ability to remain latent in hosts and its
complex transmission pathways make prevention and early detection crucial. However, current diagnostic methods,
including the WOAH-recommended nested PCR, have limitations in speed, sensitivity, and convenience. This
study aimed to develop a rapid, sensitive, and specific one-step conventional PCR assay for WSSV detection in P.
clarkii, addressing the need for improved surveillance and early intervention strategies. In our study, specific
primers (V1) were designed to target a 196 bp region within the WSSV vpl9 gene. The assay's analytical
specificity was rigorously evaluated using DNA/cDNA from 10 different pathogens in crayfish (5 viruses and 5
bacteria). To determine analytical sensitivity, serial dilutions of a recombinant plasmid (pMD19T-V1) containing
the vpl9 target sequence were employed. WOAH recommended TagMan qPCR was used as the reference method
in performance parameters evaluation. The assay’s performances parameters including analytical specificity (ASp),
analytical sensitivity (ASe), diagnostic specificity (DSp), diagnostic sensitivity (DSe), and positive rate between
the one-step PCR and nested PCR were compared. Results showed that developed one-step PCR assay demonstrated
high ASp for WSSV detection, no cross-reactivity was detected against other 9 common pathogen samples.ASe
tests revealed impressive detection limits: using the WSSV standard plasmid as a template, the theoretical
minimum detection limit was 1.83 copies/pL, while with mixed DNA from field samples, the limit reached 0.82 fg/uL.
Notably, in both scenarios, this method outperformed the WOAH-recommended nested PCR in terms of sensitivity.
Comparison of diagnostic performance on 317 field samples showed that the one-step PCR achieved a DSp of
97.01% and a DSe of 95.08%, both superior to the WOAH-recommended nested PCR. In conclusion, this study
introduces an innovative one-step PCR method for WSSV detection in P. clarkii, based on the vpl9 gene,
achieving a remarkable detection limit of 1.83 copies/uL while maintaining simplicity and cost-effectiveness.
Outperforming the WOAH-recommended nested PCR, this highly sensitive approach excels in identifying latent
infections and facilitating epidemiological investigations. Its ability to detect low-level infections enhances its
versatility for both routine screening and research, providing a powerful tool for year-round dynamic monitoring
and early warning of WSSV. While acknowledging current limitations, this groundbreaking method lays a solid
foundation for future advancements in aquatic pathogen detection. By combining accuracy, sensitivity, and
practicality, this research represents a significant step forward in WSSV detection technology, with far-reaching
implications for the sustainable development of crayfish aquaculture in both scientific and economic contexts.
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