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Monitoring of viruses in wild walleye pollock
(Gadus chalcogrammus) population in Korea

Hyun-Joon Seo”, U-Hwa Nam™ and Jeong-Ho Kim"**

"Department of Marine Bioscience, Gangneung-Wonju National University, Gangneung 25457, Korea
“The East Coast Research Institute of Life Science, Gangneung-Wonju National University,
Gangneung 25457, Korea

Wild walleye pollock were caught from Goseong, The East Sea of Korea and examined for the
existence of several fish pathogenic viruses; viral hemorrhagic septicemia virus (VHSV), nervous
necrosis virus (NNV) and marine birnavirus (MABV). We collected 1,253 wild walleye pollock in
total during February 2015 and August 2018. 324 spleen sample sets and 259 brain sample sets
were made, and examined for the existence of the viruses mentioned above by reverse transcriptase
polymerase chain reaction (RT-PCR). None of the target viruses were detected by one-step PCR.
When some of these samples were further examined by two-step PCR, 19.7% (36/183) of spleen
sample sets were positive for VHSV, and 4.4% (8/183) of spleen sample sets and 1.2% (3/259) of
brain sample sets were positive for NNV. The target sequences of these viruses were clustered with
those previously reported in Korea (Genotype [Va of VHSV, RGNNV genotype of NNV) by phyloge-
netic analysis. The activity of these viruses are not clear because virus isolation was not attempted,
but probably very low because all the positive samples were detected by two-step PCR.

Key words: wild walleye pollock, Gadus chalcogrammus, viral hemorrhagic septicemia virus, nervous
necrosis virus, RT-PCR

", 2008). %FA]%E}P/]
HE 1980 d ) %
o]FEgo) 1982 d o] F o] F o] 7hadtr] A
2t dAl= AHE 7

=
2004). o)A Baleke] Wel Aol Fas

HE (walleye pollock, Gadus chalcogrammus)< Bkl AAsta =
PR oo R REH Y] A
Z3kaL 9)\3 , b sl et

LA glek (%

w7kA A7 108 E ojdos

TCorresponding author: Jeong-Ho Kim
Tel: +82-33-640-2851, Fax: +82-33-640-2340
E-mail: jhkim70@gwnu.ac.kr

d 99e FE3 )F e Bow 2 9o
U oba7A B A9l WEWA £ geol



AT evel, A s, G ge B

37 29l ol P e IFL E 5 9

o, WA PR, 24 5o A 29l o

AR Fo AER 9Be E 5 Ak 53,
i

a4t o] 7o TH A B T o] 5o A
oA F83 FollEol 2 F e oy 24
of thgt A= Hej o] A5 vig- F

3ol &ote o7 T AEH L
HAFHE T2 AY 7 (Atlantic cod, Gadus
morhua), ™1 (Pacific cod, Gadus macrocephalus),
HE 5 3 o] At o] F WA 7 7=
daF oz EF s oy, vloly 24 &
Wol| #A = wo] BaEo] QITh Meyer et al
(1992, 1999)2 ArA4E o7+ 2 2FA4E e ol A
VHSV 7+S z+z R aatgdoh =3, Nylund et
al. (2008)3 Mao et al. (2015)= 2| AH3} 2} 4k
A - R F24E el Al NNV S
Z+zt B s

A4 o o) 244 A FUT ol
AFHT QE FAL A RAA I AZS
sl Aol WS P F Qom, wehw
& iR WA By Wl ke 7y

s A4 o} FolA dstslo] HATE Dol

o
o
Lo
o
o
l-o{l

&3k A 9-7F o o)tk (Hedrick, 1998; Krkosek.
2017). W= T H ikl H A8k &
AL BE AdFS &5 s AT THE

32 At (Seo and Kwon, 2017). 2+F ™
of g A4t 2 WRE T3 vkt F3
o ALt He) Aol FrFIThE HEAd A
Y 7hs e WiAE o e AoE AE o
TollA= 2015 247 2018 7L AA
vzt et a4 el A FRE AAL
oz o3t o FollA Bad vk e
4] mlo]# 2 (VHSV, NNV, MABV)2| 7+ o
reverse transcriptase PCR (RT-PCR)H 2.2 =
At

ok
(R |

(o

L

[e]

re e

y

o o & o rfr 1o 1o of

ot o mp T

A
ERETRT

HEl =+ 2 Hio|2HA HEE A= HIE
2015 29 5-E 20189 g€ 2A ZFUd= 1
Zef ol A AR TS ARGt 29
Al BEste] Br1Hos AR
of ALgstth &HtE HEl= 3l
&S 438t om, s st BAs
2472y HE3tATh Aol AREgE T4 HE
I3 B+ Table 191 H2stHE T
ARG F 1,253 vhel o] B v HE A
=35to] oj A o] A7) we} Bt 3~5 vkl E pool-
ingdtAY = g rlg]§ G502 A8-3tY] sam-
ple set (50 mg/set)E A 25t A2 v A8
(324 sety= T34 ol FolA HEH= vpoly 2
(HtelA 24 AN EF vhol g 25; VHSY, 417
Ak vke] 2] 2 NNV, 8 s vhato] 2] 2~ MABV)
£ Yo E RT-PCRE S 3T uto] 2 29 {4

_'LP,EF{OOEOZL

Table 1. Information on walleye pollock samples caught in Goseong, Korea

Sampling year Sampling location No. of fish BW" (g) (meantSD™) BL™" (cm) (meantSD")
2015 Ayajin port, Goseong 107 467.1+177.9 43.1+4.0
2016 Ayajin port, Goseong 618 265.5+217.5 33.1+6.7
2017 Ayajin port, Goseong 485 282.5+238.5 33.6+8.8
2018 Ayajin port, Goseong 43 5453+279.4 44.1+74
total 1,253 425972249 40.1+6.0

" body weight, : standard deviation, ™" body length



= RAAY HEN(Gadus chalcogrammus) F¢Q] vol# A~ U E 73

A AES A=A HY B F
S5 AlAste] NNV fa2 AEES A =3kaith

&% v 9 3 AR set (50 mg/set)E Trizol
(Invitrogen, USA) 450 nl2} &4 micro tubeol] E il
2,822 xgoll Al 30%%F 23] FAZ AT A7)l
chloroform (Sigma) 100 ul S 7} 13,250 xgo. 2
10323 4Coll A A4 ZEelstatt Eed 459
A 2-& micro tube® 21 isopropanol alcohol 500
g H7H3E & 13,250 xgO &2 108237 4CollA €
ARt F5d S AASA pellets BIATE &
< pellet> 70% NE-&Z washingdtH T}, o] & A
%3948 714 DEPC-DW (Bioneer) 50 nl & 37}
st ¢cDNA Aol ARESFATH

59 set2] A

cDNA g 2 RT—PCR (Reverse Transcriptase—
Polymerase Chain Reaction)

FZ3% total RNAE Nano drop< AF&3}] 1,000
ng/ul 2 %3 & Random Primer (Roshe)S 1 ul
9, 65ColA 1083 AAZANZN & SA E5 4
of| A WZtAZTE 719 50 nM Tris-HCI (pH 8.3),
75 mM KCl, 3 mM MgCl,, 0.5 mM dNTPs, 10 mM
DTT, 10 unit reverse transcriptase (Bioneer)E 37}
atof 42°Col A 1A1ZF E<F cDNAE 33 & 95
CollA 583 Agste & 54084
T, Ao AEE AR vt~ AEE AT
one-step RT-PCR< 33ttt 3 dF AlS
two-step PCRS G343}tk Aol A8+ Primer

set®] A X = Table 29 YER AT} AccuPower PCR
premix tube (Bioneer)©l ¢cDNA 2 ul, D.W. (Bioneer)
16 ul, one-step RT-PCR primer set& Z+Zb 1 ul ¥
B3t 20 ul o] AlsE AlZsHgith VHSVE] A
=< 93l VHSVRI, VHSVF3 primer set (Dixon et
al., 2003; Stone et al., 1997)5 A}-8-3}% 2™, Ther-
mal cycler (Applied Biosystems, USA)Z 95C 30,
55C 30%, 72°C 30%7t 30 cyclesS HHEsE= =71
o2 FEZAF T Two-step PCR one-step RT-PCR
2] 4FE- 2 ul, VHSVR2, VHSVF4 primer set (Suebs-
ing et al. 2012)F AH&-3t LT 24 +3
3FE T NNV A ZE-2 Noda-full-F, Noda-full-R pri-
mer set (one-step RT-PCR)$} Noda-partial-F, Noda-
partial-R primer set (two-step RT-PCR) (Cha et al.,
2007)E 242t AFEsl o, 95T 30%, 60C 30,
72°C 30%3F 30 cycless WM&l 2702 7h7t
SZ AN Y. MABV+ P1-P2 primer set (one-step
RT-PCR)3} P3-P4 primer set (two-step RT-PCR)Z
ZyZb AL g3 W (Suzuki et al., 1997), 95C 30%,
48C 30%, 72°C 30%7) 30 cyclesS WHE-&= 27A
o2 77} PCRE 33k

A W SRS 2

SZ 5 PCRAFES 2.0% agarose gelS AF&-3)] &
719 %<& AASAL, UV transilluminator2 34k
Bo] -8 §eto = ik el 91X el A
d¥ Wi =% Gel purification kit (Bioneer, Korea)E

Table 2. Primer information and PCR conditions for detecting fish viruses in walleye pollock.

Virus Primer Sequences  (5'-3") References
one sien pcp | VHSVF3 GATCAGGTCCCCCARRTCNGT Stone et al. (1997)
VHSY P VHSVRI  TTCTTTGGAGGGCAAACNATH Dixon et al. (2003)
VHSVF4  GTACCCKTTCTTCCCCGAAC .
two step PCR y1isVR2 GTAGCRCCGRTCCAGTAGAC Suebsing et al. (2012)
o pog  Noda-fullF TAATCCATCACCGCTTTGCAATCAC
one step Noda-fullR ~ TTCAAATTGGTCATCAACGATACGCACT
NNV : Cha et al. (2007)
two step PCR Noda-partial-F CTGGGACACGCTGCTAGAAT
P Noda-partial-lR  CGACACGTTGACCACATCAG
Pl AGAGATCACTGACTTCACAAGTGAC
one step PCR
P2 TGTGCACCACAGGAAAGATGACTC ,
MABV Suzuki et al. (1997)
P3 CAACACTCTTCCCCATG

two step PCR

P4 AGAACCTCCCAGTGTCT
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o] &3t AAH o™, AH}ES sequencingdl
Hiol g 9] A7IM LS oAUt FRI 7]
18L& BLAST search (NCBI, USA)E 2 A5l 7]
=9 Genbank®ll TAE 7} nlolg~Ee] HE
5= TR} 2943 H, MEGA 6 Program
< 0] &3} neighbor-joining treeE A2}, ¥l &
2389t} (Tamura et al., 2013).

2 I

U4k HEl 1,253 vlE] 9] ¥]&-E pooling3dted
A2k HE) AR 324 setS RT-PCRHOZ #2413k
Ay, ZE A E|A one step PCREE= T/ H}0]
2 2-9] AT AEEA gFodth 5 Al of
3l two-step PCRS 583+ A3}, VHSV, NNV<|
ZAA7F A EEH AT VHSVE 36 set (36/183, 19.7

e

o

%), NNV 8 set (8/183, 4.4%)°] B A .ol A
two-step RT-PCR ¢4 ¥H3-& F138H51 0. # MABV
v AEHA Utk =G H AR 259 setoll A=
one step PCRE S Z+= NNV7| AEH A &stont
3 set (3/259, 1.2%)2] Al &4 two-step RT- PCR
¥ ¥ES B AT (Table 3, Fig. 1, 2).
ANAdE &3 34*5“51 VHSVE] d71A g2 7
Fo Hag ohE VHSV 39 drixgs =
st AeT &4 % TRt 1 A, B A
TollA F53 VHSVY @7IAgEe -evetet
dRo] Bg]FEo] x3E = Genotype [Vaoll 43}
= Aoz FAFAT (Fig. 3). =3, NNV 7]
AEE o E NNV 2859 d71493% =3ato
AT 245 FdAT 1 A3, E AT A
853 NNV @7IAEdS seivete] &+
23ty A AAIH o2 gl skl FollA B

Table 3. RT-PCR results for detecting viruses in wild walleye pollock from Korea

. Spleen Brain
Virus Year
RT-PCR Two-step RT-PCR RT-PCR Two-step RT-PCR

2015 0/31 (0 %) 4/31 (12.9%) NT NT

VHSV 2016 0/152 (0 %) 32/152 (21.1%) NT” NT”
2017 0/98 (0 %) NT NT” NT”
2018 0/43 (0 %) NT NT” NT”
2015 0/31 (0 %) 1731 (3.2%) NT” NT”

NNV 2016 0/152 (0 %) 7/152 (4.6%) 0/118 (0%) 3/118 (2.5%)
2017 0/98 (0 %) NT 0/98 (0%) 0/98 (0%)
2018 0/43 (0 %) NT' 0/43 (0%) 0/43 (0%)
2015 0/31 (0 %) 0/31 (0%) NT’ NT
2016 0/152 (0 %) 0/152 (0%) NT’ NT

MABV 2017 0/98 (0 %) NT’ NT” NT”
2018 0/43 (0 %) NT NT” NT

*. Not tested

Fig. 1. RT-PCR (two-step) detection of VHSV in wild walleye pollock from Korea. (L: DNA ladder, 1-14 spleen
samples, - negative control, + positive control).
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Fig. 2. RT-PCR (two-step) detection of NNV in wild walleye pollock from Korea. (L: DNA ladder, 1-12 brain
samples, - negative control, + positive control)

GSWP2015 (This study)

GSWP2016.1 (This study)

GSWP2016.2 (This study)

GSWP2016.3 (This study)

KF477302.1 VHSV-IVa-KOR-FYeosu05 (Korea)
JQ651388.1 VHSV-IVa-KOR-YGH-Wando (Korea)
JQ651393 VHSV-IVa-KOR-CJA-Jeju (Korea)
JF792424.1 VHSV-IVa-KOR-KJ2008 (Korea)
VHSV-IVa-CHN-PORV (China)
AB490792.1 VHSV-1Va-IPN-JFO0Ehi1 (Japan)
AY167587.1 VHSV IVa KOR-KR2002 (Korea)

DQ401186.1 BC93-372 1993 (anada)

U28747.1 Makah (USA)

AB179621.1 VHSV-strain KRRV9822 (Japan)

DQ401191.1 VHSV-IVa-JPN-JP990bama2 5 (Japan)
HQ453209.1 U13653 (Canada)

4%079896.2 CA-NB00-01 (Canada)
EF079899.2 CA-NS04-01 (Canada)

‘AY546577.1 DK-1p33 (Baltic Sea)

AY346578.1 CK-1p55 (Baltic Sea)
‘AY546576.1 DK-1p52 (Baltic Sea)

44| AY546620.1 IR-F13.02.97 (freland)
AY546618.1 FR-L59X (France)

0.020

| Avsa6ss2n DK-4p168 (Skagerrak)

FN665788.1 23-75 (France)
AY546621.1 NO-A16368G (Norway)

Y18263.1Fil3 (Germany)

793414.2 Cod-Ulecus (Denmark)

793412.2 DK-Hededam-1972 (Denmark)
AMO086382.1 FiA03-04 (Finland)

AF345857.1 DK-F1-1962 (Denmark)
AY3546612.1 DK-200070-4 (Denmark)
AF345859.1 DK-5151 (Denmark)

Genotype IVa

Genotype IVb

Genotype 11

Genotype I

Genotype [

Fig. 3. Phylogenetic tree constructed with the obtained sequences of VHSV from walleye pollock and those of other

previously described isolates.
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GoseongWP2016.1 (This study)

GoseongWP2016.2 (This study)
KM588181 Giant grouper GGNNV (Taiwan)
KMO095959 Sevenband grouper SGNNV (Korea)
GoseongWP2016.3 (This study)
GoseongWP2016.4 (This study)

AY140796 European eel EELNNV (Taiwan)
@I 16036 Redspotted grouper SGNNV (Korea)

| AY284974 barramundi LcEV (Israel)

—— AF245003 Malabaricus grouper MALNNV (Taiwan)

——— AF281657 Greasy grouper GGNNV (Singapore)
DQ116038 Redspotted grouper GMNNV (Korea)

4‘— DQ864760 Redspotted grouper JENNV (Korea)

— D38636 Redspotted grouper RGNNV (Japan)

DQ116035 Redspotted grouper RBNNV (Korea)

AY324870 Sevenband grouper SGNNV (Japan)

L —AY620367 European seabass DIEV (Italy)

L AF245004 Dragon grouper DGNNV (Taiwan)

D38637 Tiger puffer TPNNV (Japan)
|D30814 Striped jack SINNV (Japan)

0.0100

|AB0565 72 Striped jack SINNV (Japan)
NC 003449 Striped jack SINNV (Japan)

AY547548 Atlantic cod CNNV (Canada)
AF445800 Atlantic cod CNNV (Canada)

{ AJ245641 Atlantic halibut AHNV (Norway)
Al

698094 European seabass DIDIEV (France)

RGNNV type

TPNNV type

SINNV type

BFNNV type

4{ KM576685 Pacific cod PCNNV (China)
D38635 Barfinflounder BENNV (Japan)

Fig. 4. Phylogenetic tree constructed with the obtained sequences of NNV from walleye pollock and those of other

previously described isolates.

1% += RGNNV (red-spotted grouper nerve necrosis
virus)oll &3H= Aoz SIHAT (Fig. 4).
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A}, VHSVE 36 set (36/183, 19.7%), NNVE 8 set
(8/183, 44%)N A FARESS YEM AT £
AlZ A NNVE= 3 set (3/259, 1.2%)7} two-step
RT-PCRHE .2 FARESS YEM AT

VHSVE 1950 3 "lwp=9] F2]7)Eo] o
A AE BAE o]F o FAINEO] &
2 H3E T3 JoH, e st ofFAAE
A 1 9tk (Jensen, 1965). ZFU ol A= 20033
of HxE B1H o]% (A3} Hh, 2004), FA4F
Aol A F2 AR JYARE et dAbel A
218k AAAE ko] Fol A= VHSVZE AEH
v Aok (A3 Hh 2004; ©] 5, 2007; QF 5 2013).
2 AT HAEE VHSVE G714 o]0
Z == Genotype [Vaoll &3l Ao 2 3AAEN
o} (Fig. 3).

NNV 19809t L9 24k Zxd78 0] (Car-
anx sexfasciatus)N A A5 LHH o]F H MAA
S 2 Tkt o] F o] FAAF At FellAl Al Zbek
3 E F3 T} (Doan et al, 2017). S A=
1990 At ZHtoll FA 4} 54 0] (Epinephelus sep-
temfasciatus) N A 25 B H o]F ikt 4k
o) FolA HAEHH, 7 G4t kol FdAl=
A%k 951 E 31 7] = 3t (Sohn et al., 1998;
71, 2015; A 5, 2016). =3, HZ QAFHIIA|

HE] 594 PCREHOZ NNVZF A&F 1}
o (& 5, 2017). FHelA BE+= NNV O
E-& RGNNV genotype©ll &34 (7 5, 2018),

Aol A 7HEF NNVE RGNNV £33t
(Fig. 4).

2 AFE Fall A4 HEjolA VHSV 2 NNV
7t HEFH AT o] F Hiol#| 9] FHFL oln] =
Woll Al B zbzho} npole] 2 f ¥ 3 dX|st
= Ao 2 Yehgton, maba -gluet Akl A
AAshE dl4at o/ Z2 SR RE AFGHAS

o2 FAAG AA 77 o FolM = T4
£ A8 VHSV 2 NNV7F AE8 vl 1o
(Dixon et al., 2003; Meyer, 1992, 1999; Nylund et
al., 2008; Stone et a., 1997), °]= t}oFdk 4k o 7
7} ol & HlolH 29 BFESF (reservoir)’} B
A< oulgeh. A4k Ol o Foll tidt o] &

A A A A

Hho] g 2o WA A= o2 F&E3| AT
ol QA o, 2k i o FoA ol &
nho]| 27} o] & HAE GAYS Bt
T} (Mao et al., 2015; Nylund et al., 2008; Snow
et al., 2000). VHSVS} NNV &5 RNA Hpo] 22
of 43}™, RNA H}o]# 2= DNA Hio]#j~E T
EdRolt AT dojue AeZ d#A Ak
(Stone et al., 1997). @WebA], 2}3 24 HE) 2
g A 2 T8 YRE B3 St HeE 2
ol o FRE JEFTA o] & ulole 9] T
Aol o Tzt A 78S WA F §ls
Zlolt.

E AF A= nlo] g 29 RS ANEEA &
o} HAZd nlolgj 2o A7t gl S & 5 QA
T two-step RT-PCRHE & 53 AEHJo 2= v}
olg 9] HrhE g @S HoF AEY, A&
A RUEY 9 NEZFE AFES vlo] 229

o (o] ]
B =1 =

2015\ 2 5H 2018'd 8U7kA] F 1,253 mhele
A4y HEl (Gadus chalcogrammus)E 73
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&, "lo]# 2 (viral hemorrhagic septicemia virus,
VHSV; nervous necrosis virus, NNV; marine birnavi-
rus, MABV) U E &S RT-PCRY L. E 3§33
T}. One-step PCRH O Z HI AT H XA 5o A
© o HlelB 27t B HEH A ko, 47
N EZ two-step PCRYH .2 A A3} VHSVE
19.7% (36/183)2] HIAAIF oA HEFH AT} E3F,
NNVE 4.4% (8/183)2] BIZAAIR, 1.2% (3/259)9]
HA A HEHAH. A=9 vtol# =9 AF
B4 A3, 7129 slollA E8 5= vhol2 29
FrA ol 742t &3k= A o2 YERS T (Genotype
IVa, RGNNV genotype). Hlo] 2] 2=9] £ & A =3}
2 Got A= nlolg 29 4L & 5 AR,
EE 43 A 57T two-step PCRHOZ HEE NS
bR oS¢ ¥e Aog F3HT
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