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Genetic relatedness of white spot syndrome virus (WSSV)
from imported frozen shrimp

So Won Choi, Eun Jin Baek, Ji Yeong Choi, Won Jun Tae, Hyoung Soon Kim,
Woo Seong Park, Min Jae Kim, Kwang 1l Kim'

Department of Aquatic Life Medicine, Pukyong National University, Busan, 48513, Republic of Korea

In this study, of the imported shrimps between 2017 and 2020, we investigated white spot syndrome
virus (WSSV), covert mortality nodavirus (CMNV) and decapod iridescent virus 1 (DIV-1). Of the
imported shrimps (a total of 29 groups), WSSV was detected as 31% (9/29) by nested PCR assay.
And CMNYV and DIV-1 were not identified in this study. To investigate the genetic relatedness of
WSSV identified from imported shrimp, VR 14/15 region showed WSSV genomic variable loci was
compared with reference isolates. Among the nine WSSV-positive samples, VR 14/15 region was
amplified in only a sample (20-CH-1 isolate, imported from China in 2020). And the 20-CH-1 isolate
showed 99.8% identity with WSSV-IN-05-01 which was reported in India in 2005, suggesting that
those of WSSV have been spread from India to China. Furthermore, although the pathogenicity of
WSSV identified from frozen shrimp was not evaluated, the international trade of diseased frozen
shrimps could be led to the potential risk of virus transmission.
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et al., 2014 ; Qiu et al., 2017). A7IA FH ol A=
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AAA ko, FAIH L A (acute hep-
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et al., 2020; Hwang et al, 202002 13T of
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2 dFdAE F2 A A F7IERE =
WE FdE= 45 AfolA wssv 2 A A
$-rlo] 2 22 2F(CMNV, DIV-1)ol] tial HE o %
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Artsol sz 9] 3 #E55s A0
(whiteleg shrimp, Litopenaeus vannamei; 287\ 15&;
20179 1671, 2018\ 470, 2019 27); 2020 671)
2 B 2] Al -$(giant tiger prawn, Penaeus mondon; 1
N ;2020 170 E vESL I &3 ES
ol FAaskRAH. 4 1F W A =E15-307F )0l A
pleopod, abdominal muscle, hepatopancreas =2}
HZsted sulE]ld pooling A SHQN 1FE,
pooling A& 1497)), 41 A 7bA] -80°Cell H.¢+a}
At

Nested PCR

Z} pooling Al 5(50 mg)°ll proteinase K 20 pL (20
mg/mL; GeNet Bio, Korea)$} tissue lysis buffer 400
uLE F7Fkske] 55°ColA 143t 54k b5 F Patho
Gene-spin’  DNA/RNA Extraction Kit (Intron bio,
Korea)E ©]-&3te] zlzAle] o] e} 4k
(DNA, RNA)S FZ39 . WSSVe] % OIE
Manual of Diagnostic Tests for Aquatic Animal ¥*H
(Lo et al., 1996; OIE, 2021)° w2} nested PCR-S
3 3} A TH(Table 1). DIV-1E Qiu et al (2017)2]
Yol wel DNAS 53 2= nested PCRS 53
3t o™, CMNVE 7§ UltraScript 2.0 ¢cDNA
Synthesis Kit (PCR Biosystems, UK)E ©]-&3}¢]
cDNAE &4 T cDNAE FH OS2 Zhang et al
(2014)¢] Wxde wel nested PCRE F-3Y 3 At
(Table 1). $ZH 4HE2 A7|95S T3l virus
specific amplicon®] $% X5 Fas}Hch £
At 22 A FZF DNAYS 34 de-
capod 18S rRNA FZAE FEE 4= = decap-
od-specific primer setE& A3l PCRS 53313
H(Table 1).

VR 14/15 region®l] 3t A7 &4

Nested PCR Aol 4 WSSV oz geld
ANEE U422 genome variable loci region %
VR 14/15 region®ll thg+ @714 E 2 WSSV refer-
ence isolates9} -53-& A3 TH VR 14/15 re-
gion®l| TH3&+ nested PCR-2 Piamsomboon et al (2018)
o] WS o] &3ttt VR 14/159] g PCR am-
plicon< pGEM-T easy vector®ll insertion ¥ Escher-
ichia coil DH509l transformation 3}${Th ©] &,
yesP™ plasmid mini kit (Genes Gen, Korea)S ©]-&
3} plasmid DNAE #8392 ABI 3730 XL
DNA Analyzer (Applied Biosystems, USA)E ©] &
st A7IMES A AT FASHA ZA8A
€ dobr At WSSV A =7lell A HalE WSSV
VR 14/15 71 E< = ALE3 7 MEGA
(ver. 11) Z2 13 & o] 83} MUSCLE alignment
% &d7] AE U insertion and deletion (InDel) nu-

cleotide sequence® 23} T
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TFAYEA G0l Aol WSSV A=

20173 7€95E 2020 1190l A4t=lo] =)
2 7Y 9 758 IogAe 2 B A8
=7}, 2970 1F, pooling A= 1497H)E o=
WSSVl thg nested PCRS F3stATH A5 1
% ¥ nested PCR 23, 1" PCR (amplicon size,
1,447 bp)oll A 6.9% (2/29), nested PCR (amplicon
size, 941 bp)oll A 31.0% (9/29) Ao = F2lH Y
o} A 2 =9 A7 E WSSV nested PCR %4
H &S ZARSE 23 2017-2018@ = 2] Al E(1n=20)

)
ofh
>

CupS A A - D FY

ol A 40% (8/20), 2019-2020 3 Al S(n=9)°ll A 11.1
% (1/9)Z EFTH(Table 2). =3 WSSV-positive
1% W pooling Al EolAE= 2 17] pooling group
oA FHOE UHEUe ZoE FlHAoH,
20201 10 T4 A4 2 FHESH 754
o] detxo] {5 7FEE 5 AH-$-(20-CH-1)°l Al
7 =o HIE(5/6)F Btk £33 FY3 2970
IF(n=149)2 22 CMNVe} DIV-19] tigh
nested PCR 23}, =& A|Zol| A virus specific am-
plicon®] FZ 2] %o} CMNVS} DIV-12 HEF]
A ¥wS <3t th(data not shown).

Table 2. Detection of WSSV from imported frozen shrimps between 2017 and 2020

Sample . Production Sampling  Pooling PCR
code Species Country tissue  group No." 1% PCR 2" PCR

17-AR-1  Litopenaeus vanamei  Argentina July-2017 P.P° 5 N.D. N.D.
17-AR-2 L. vanamei Argentina July-2017 PP 5 N.D. 1/5
17-AR-3 L. vanamei Argentina Sep-2017 PP 5 1/5 1/5
17-AR-4 L. vanamei Argentina Dec-2017 P.P 3 N.D. N.D.
17-AR-5 L. vanamei Argentina Dec-2017 P.P 5 1/5 1/5
17-AR-6 L. vanamei Argentina Dec-2017 P.P 5 N.D. 1/5
17-EC-1 L. vanamei Ecuador Sep-2017 P.P 5 N.D. N.D.
17-EC-2 L. vanamei Ecuador Oct-2017 PP 5 N.D. N.D.
17-EC-3 L. vanamei Ecuador Dec-2017 PP 5 N.D. 1/5
17-EC-4 L. vanamei Ecuador Dec-2017 PP 5 N.D. N.D.
17-IN-1 L. vanamei India Dec-2017 P.P 4 N.D. N.D.
17-MY-1 L. vanamei Malaysia Sep-2017 pP.P 5 N.D. 1/5
17-MY-2 L. vanamei Malaysia Sep-2017 P.P 5 N.D. N.D.
17-MY-3 L. vanamei Malaysia Dec-2017 P.P 5 N.D. N.D.
17-TH-1 L. vanamei Thailand Sep-2017 PP 5 N.D. N.D.
17-VN-1 L. vanamei Vietnam Sep-2017 PP 5 N.D. N.D.
18-EC-1 L. vanamei Ecuador Jan-2018 P.P 5 N.D. 1/5
18-MY-1 L. vanamei Malaysia Jan-2018 P.P 5 N.D. 1/5
18-TH-1 L. vanamei Thailand Jan-2018 AM* 5 N.D. N.D.
18-VN-1 L. vanamei Vietnam Apr-2018 P.P 5 N.D. N.D.
19-MY-1 L. vanamei Malaysia Aug-2019 P.P 5 N.D. N.D.
20-CH-1 L. vanamei China Oct-2020 AM 6 N.D. 5/6
20-EC-1 L. vanamei Ecuador May-2020 PP 6 N.D. N.D.
20-MY-1 L. vanamei Malaysia Apr-2020 P.P 6 N.D. N.D.
20-MY-2 L. vanamei Malaysia Aug-2020 P.P 6 N.D. N.D.
20-MY-3 Penaeus monodon Malaysia Nov-2020 P.P 6 N.D. N.D.
20-PE-1 L. vanamei Peru Jun-2020 PP 6 N.D. N.D.
20-VN-1 L. vanamei Vietnam Oct-2020 PP 5 N.D. N.D.
20-VN-2 L. vanamei Vietnam Jul-2019 P.P 6 N.D. N.D.

five or six individual shrimps were pooled; °pleopod; °N.D., not detected; “abdominal muscle
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VR 14/15 regionS ©]-&3F FHE4 LATA
i

WSSV FA o2 3" IFmn=9) A8E U
© & VR 14/15 region®l| &t nested PCR 53 2
3, 17} 715(20-CH-1 isolate, 20203 10¥ = A
2hell A RE 620 bp2] amplicon©] A4 = $lth. PCR
amplicon®] W& F71AE7 WSSV EA =7}
A BaE WSSV VR 14/15 Fx AIES thato
2 InDel sequences 413k 23}, WSSV-TH-96-I1
isolate2} Y23} 5949 bp7} A <=(deletion)= 3
S5 AT 4 AATHFig 1). =3I WSSV-IN-05-
1 strain (GeneBank Acession No. EU327501)%}
99.84%°] E& FEEE AT T AR eH WSSv-
IN-05-1%} 20-CH-1°] @714 <E Bla Al 1719 4
7| gt ztolE Bt

i #

AT A& 2017-2020 3 0] ZUE £ = o
FEHE YSANSE Ao 2 OIEANA dast
+ nested PCR ¥'H & o] &3} WSSV A& o7
2 zAIAT F 2970 2F F 970 1E(31.0%)

4,481 bp insertion

oA WsSvZF AEE Ao, gk Bl {E3A7E
ZE 201720189 % 40% (8/20), 201920200 =
11.1% (1/9)2 F8Eo] ZFades A& 2t
(Table 2). SHE2 HE& FEEFFH FF5Zo] A
txo] £dH 7FW S A S92 abdominal muscle
(20201 102 =, 20-CH-1)9] pooling Al &0l A
Mg w2 FEGl6) ARE BTt E3 St
Af-§-oll thgk 20-CH-1 isolate2] YA S Lolr il
A 22 b A (100 pL)yS =5 FAF F 25°C) A
3FZ JES A 20% HAH/100E ERoy
H AR A ol A WSSV7E HE5 2] 9 hTh(data not
shown). WSSV enveloped virusZ &5 &7 9
gk A gAdo] vrol 12£2°C9 204 ¥AA
o] A = w(Dupuy et al., 2004), 50°C o] & X
2], pH, UV, sodium hypochloride, formalin, povi-
dine iodine, benzalkonium chloride, benzethonium
chloride 52| =2]4-3t4 w3 A E23td
9l th(Balasubramanian et al, 2006). <, = U
He ASolA HEE wSSve A4 2 &
Ao A BE&slEo] Q1S 7ol & AL
ST g B AT AREE A RolA
= THoA Bu®E AlF Al§ dlolgx 2

fr b ot 4
h b e B o

1
— Y] W

WSSV-TH-96-II (6,569 bp)

585 b 538 b)
P | i (Thailand-1994: Genelank Access. No. AY753327)

[
1

WSSV-CN (1,437 bp)

585 b 538 b
P | L {Chiua-1996; Genbank Access. No. AF332093)

'|

249 bp

WSSV-TW (1,429 bp)

585 b) 538 b)
E | L (Taiwan-1992; Genbank Access. No, AF440570)

57bp  257bp 400 bp

:’m . WSSV-TH (1,252 bp)
- {Thailand-1996; Geubank Access. No. AF369029)

WSSV-VN (A) (615 bp)

57bp  257bp 301 bp

{Vietnam-2003; Dien et al., 2004)

57bp  133bp
57bp  154bp 315bp

T N
{India-2005; Genbank Access. No. EU327501}

:I‘ =5 WSSV-IN-07-I (986 bp)
L {Mexico-2012; Genbank Access. No. EF468499)

20 bp 320 bp

I:‘ — WSSV-IN-06-1 (356 bp)
(Tudia-2006; Genbank Access. No. EF468498)

WSSV-KR (845 bp)

- ES

250 bp 538 bp N
{South Korea-2011; Genbank Access. No. JX515788)

- 5 TN

{:’17 anp WSSV-PHI (701 bp)
{Philippines-1999; Zwart et al., 2010)

WSSV-AU {132 bp)

57bp  133bp

{Austraila-2016; Genbank Access. No. MF768985)

430 bp '— 20-CH-1 (620bp: This study)

Fig. 1. Schematic diagram of variable regions VR14/15 of WSSVs. Line indicates deletion in the sequences. Fragment

sizes (bp) were described in boxes.
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(CMNV, DIV-1)2 HZ5 A &4t} Pir A, B toxin
< 7FR Vibrio parahaemolyticus= 13+ AHPND
(Vparenp)’F =UIZ 4= gl $dA A
= 9 oA dAE AlE(Han et al, 2020; Hwang
et al, 2020)& 12T o CMNV, DIV-1¢] 5|2
2 7hed e & Zolgtal AtREo] o] of
g+ ZH A (surveillance) 7} o 2] SR 4] o] Fofz]of
< Aolnt.

WSSV nested PCR ¥4 AIEE IS Z ge-
nome variable region & A ZFOE <13 Hol7}
HIHSEHA LAty 43l VR 14/15 regions
EA3% A3, 17] 15 A 8(20-CH-1 isolate)ol A1
9k PCR amplicon®] AAAF AT =z A= #
AsA ZAB/A BAe T3l 20-CH-1 isolate™
2005 QA=A HZE¥ WSSV-IN-05-13 E-&
FEAE BHolv Ao E Yeh x4 Fld
WSSV7F T2 g4k Aos #4490, o=
71&2] WSSV 93 S AAHAL =4
oS T WSSV gahs st s = Aol

Knibb et al (2018) A7 A& ol A
WSSvell thah £A44e4 242 53l
in source)oll gk A7 2oF A=

o
o

)
rr
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oz N o H El
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x4

S8 A Fo A F7IERE SR
T55He Y5 AFolA WSSvrt A&
, WSSV genome VR 14/15 region2] 7|4
53l FAsE ZABAE EAS A9 dF
AN 520208 F= AihH7F A=olA Bad
WSSV} =& 45A4S KA ol 7|&d ¢
21 vkel 2ol A9 wH S T =7 I WSSV
7F SAE S-S SRSk Agolth

EFH’U )

ﬂl >{’

32 >
ox flo (o @ m N e o

o2 R
i

ok
Q)

Fo

B AT E F8 A9 AL 7l A 2017
9 7€ 2020 11€ Ao] BAkEe] Sui=
AE ¥E AN 1EHE ez Akt
o] 2 22(WSSV), covert mortality nodavirus (CMNV)
2 decapod iridescent virus 1 (DIV-1)2] HEA (=
ZAVFA T 2 vlo] 2] 2~of] o3t nested PCR 2 3},
WSSVE 971 Z15(929)91 4 AZEH R o™ CMNV

ik

CupS A A - D FY

A

o} DIV-12> HAZHA AUt Nested PCROIA|
WSSV oz e A8E ddo= WSSV
genome variable lociZ &% VR 14/15 region®]
3] =z AEEF AU/Z2<E(insertion and dele-
tion) AE vl © FTAAAEZE B35 A T WSSV
44 A& F 17) A E(20-CH-1 isolate, 20203 10
o = Aaboll A7k VR 14/159] )3 PCR ampli-
con®] AGEHAO™ H7IAL &4 A, 20-CH-1
isolatet= 2005'd A=A B i1E WSSV-IN-05-01
7} 99.84%2] AEALS B ol HA 4R
uie} o] A9 medS B =7t IF WSSVrE
FAEAS AR F= Aol
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