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This study was conducted to monitor the prevalence of viral hemorrhagic septicemia virus (VHSV),
nervous necrosis virus (NNV) and marine birnavirus (MABV) in cultured walleye pollock Gadus
chalcogrammus by RT-PCR. All of the viruses tested were not detected by one-step PCR in 62 spleen
sample sets, except for NNV in one brain sample set (1/55). By two-step PCR, VHSV was detected
in 51.6%(32/62) and NNV was detected in 1.6%(1/62) spleen sample set, but MABV was not detected.
In the brain sample sets, the detection rate of NNV was 3.6%(2/55). VHSV and NNV were detected
for the first time in cultured walleye pollock in this study. However, the titers of viruses in these
sample sets are thought to be very low, because most of the positive sample sets were detected by
two-step PCR and none of the fish showed any clinical symptoms of each virus. Continuous
monitoring, subsequent virus isolation and validation of carrier fish will be necessary.

Key words: Walleye pollock, Gadus chalcogrammus, Viral hemorrhagic septicemia virus, Nervous
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T oY | FEHF 7= o= AL o gLt
ol 2Rt & FFo B8] A HHnk f25
I AE Ao, B oA 1980 FREEH
199003t ZR7EA] e} o} & Fo] FA3HAl Z
< ol Bejo] Aol FEEHA Fa o] ¢
yete] HE 5 A% S o B AoE
o = th(Shida et al., 2007; 4!, 2010). WA =
B Aol 3 &Fo] w9 Algg ot
HT FHoAE Ao 285 ojn] HEE

Abgete] IS TH Aatel dEstom (Mot 4,

2017), AE FEHE SAst FEAde 35
< A% g A7 Ay YTk B ATl
A HEHo AL ES AT AT d&o = ¢
4 FA HHE FUIH o2 MEY S nlojel
EUHH S AR Ao RE o= &
AW RUEYE A A= A deol Zagth
ARE A B ofet AW o] gk A gl
Ak 5 Y o g v T8 9TE 3
th& 5, 2010). 53] vtold =4 AW e 32 2
FRAEE Tl AFET] A% Bl doH, &
Aol ol st A5 gA ok HAE A
stAY ZEF7HAE oAl 5o dlE &
ATk et obA 7R WEjol Al BalE wlo] ] 2~
4 AW S AA4 HEjol A Rad vle|y 2 =
d A 3 " Z(viral hemorrhagic septicemia, VHS)©]
4 3tk (Meyers et al., 1999).
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B AMZ o 2016 2904 9€7HR] AU =E 1
S| A 4kA A 9] 23

8~200)el A& A H o F28 24
FeWsl A% AN ASetAT
Hol2{A HEE M= ME

AT 120mkE] o] W) A RS s Rete] wiS
AEstant. 183 A5 AT Algs A
T7F ot oAl 8] A7)l whet 2~4mbe] o) WIS
pooling3}te] 3+ seto 2 73l 50 mge AN,
46seto] Al 25 AZsIAT. FFoAA= AR A
A7t BA ot NAEE ¥A-E 50 mg¥ A
3t 16set] A BE AASHAT F 62sete] AE
= WHE 3 73 ofFollA Harg utol
Z~(viral hemorrhagic septicemia virus, VHSV; nerv-

ous necrosis virus, NNV; marine birnavirus, MABV)
(Samuelsen et al., 2006; Mao et al., 2015)5 E}7Zl &
2 3}o] RT-PCR (Reverse-transcriptase Polymerase
Chain Reaction)'d & AM&3Fe] 2+ vlolg) 29 &
AAE e8] Byt =3 F29 2 s5nig]e] o
Efj of] A 2 Z3te] RT-PCRYH OE NNV
=4 gelal Bkt
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HE
0=
T=

RNAS| =&

v 9 HA|SE Trizol (Invitrogen, USA) 450
ul9} 37 microtubel] H Il 2,822 xgol A 3037t
T+ A3} 3H T 7] chloroform (Sigma, USA)
100 ulZ 713 &, 13250 xgO & 1087 4C ol A
AAEGeA 88 F5HE AHEE micro-
tubeoll %31 & 28] ¥3]9] Isopropanol alcohol<
A7Vslar, 13250 xgQ & 15837 4Tl A 94 &
23t pellets DA d5A-S ML 2 pel-
let 70% 42 AlA3 5, DEPC-DW 20 ul
(Bioneer, Korea)E 715l cDNAE ol AF-&-3}
k.



cDNAZIM 3 RT-PCR

ZFZ 3} total RNAE Nano drop (Thermo, Japan)<
ALg-3le] A#$ ¥ Random Primer (Roshe,
Germany)E 1 ul ¥, 65Coll A 1087 AAA
T A de HolA WAAAT A7) 50 nM
Tris-HCI (pH 8.3), 75 mM KCI, 3 mM MgCl,, 0.5
mM dNTPs, 10 mM DTT, 10 unit reverse tran-
scriptase (Bioneer, Korea)E H7}3te] 42 C ol A] 14]
7t &< cDNAE 43 3 95C ol A 583t A&
st 2E EAGA S AAT 3, o3 4EE
RT-PCR9| template = AF8-3FATH Aol AME-S
Primer set®] X % PCR Z712 Table 19 YEM
om, LE A S+ one-step RT-PCR H two-step
RT-PCRS 33t s vlol2 29 Fx2 H=
< A =3kAT

AR 2 EXASEE 24
ZZ 5 PCRAHELS 2.0% agarose gel S ARg-3] &
719 % 3%, UV transilluminator Aol A S xke] 2

l

FE Gtk Bl Folo] AHE WEs
Gel purification kit (Bioneer, Korea)Z ©]-&3}o] &
AstR e AH}ES sequencingdte] Hlo] 9]
A7NAEE dAWAT. FIIAEEA S Blast
search (NCBI, USA)E o] &3}a] 7]=0l Genbank®l
SAE T2 B FE9 sequences data®} =33+

H, MEGA 6 Program< ©]-83}9 neighbor-joining

Table 1. Oligonucleotide primers used for RT-PCR

Bl (Gadus chalcogrammus)®] Hfo]g| A HUE[F 3

tree s A28} TH(Tamura et al., 2013).

SAHXMe|

A Ao WE Hiolg 2 HEEY AolE ¢
ol® 7] 23 7Fo] A F 7 “d(chi-square test)= A Al
AT B A A 8l = SPSS ver.22 softwareE AM-&-3}
Ao, p-value7} 0.05 F] o] H FA A FoA4 o]
A= A= B AT

2 It

Algo] ANFALH A4+ Table 20 YEMY AT
¥ EE AP Hee = 1A 87k, A
% 20vteE], 4 167 ATk %74] 1297}+] &] el
155 oAl Y A7)0 whe} 2~4rte] ¥ 3 setO 2
17& poolingstAt 1912] 2] BIA-& 3 setO &

3, F 62sete] AIEE A, Ul o Foll
A BRag \lo]# 2~(VHSV, NNV, MABV)S t4
© =% RT-PCRS A& 7L A3 one-step PCR
A= Hlolgl 27t HEHA B, two-step
PCROIAIE= AA A 2.9 51.6%(32/62 set)oll A1 VHSV
7F AEEAM, 1.6%(1/62 set)2] AlZ A NNV

7} AEHEJ3, MABVE HEFHA &3ktho/62
set)(Table 3, Fig. 1). =3 557]A12] 3 A 5ol A
NNVE HEd 2 23, 1.8%(1/55)2 A4
one-step PCR ¥4 WH-&-& %1319 2™, two-step

o >

. . o PCR Size

Virus Primer Sequences (5'-3") condition (bp) References
VHSVF3 GATCAGGTCCCCCARRTCNGT 95C(30sec) 469 Stone et al., 1997.

VHSY VHSVRI TTCTTTGGAGGGCAAACNATH 55C(30sec) Dixon et al., 2003.
VHSVF4 GTACCCKTTCTTCCCCGAAC 72°C(30sec), 220 Suebsing et al. 2012
VHSVR2 GTAGCRCCGRTCCAGTAGAC 30 cycles Heosing et b, UL
P1 AGAGATCACTGACTTCACAAGTGAC 95°C (30sec) 359
P2 TGTGCACCACAGGAAAGATGACTC 48°C(30sec) )

MABV - Suzuki et al., 1997.
P3 CAACACTCTTCCCCATG 72°C (30sec), 168
P4 AGAACCTCCCAGTGTCT 30 cycles
Noda-full-F TAATCCATCACCGCTTTGCAATCAC 95C(30sec) 1090
Noda-full-R TTCAAATTGGTCATCAACGATACGCACT 60C(30sec)

NNV : - Cha et al., 2007.
Noda-partial-F CTGGGACACGCTGCTAGAAT 72°C (30sec), 15
Noda-partial-R CGACACGTTGACCACATCAG 30 cycles
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Table 2. Sampling of walleye pollock (Gadus chalcog-
rammus)

Date Goseong  Gangneung  Yangyang
04, Feb. 18
03, Mar. - 7 4
14, Mar. 4 - -
29, Mar. 10 - -
14, Apr. 10 4 -
29, Apr. 6 2 4
12, May 6 3 -
26, May 9 3 3
23, Jun. 6 - 5
26, Jul. 6 7 -
22, Aug. 6 - -
23, Sep. 6 - -

Total 81 26 16

PCROIA = 3.6%(2/55)2] Al&ollA g whg& &
215} tH(Table 3, Fig. 1). A4 VHSVS HZE
&8 7}20] 63.6%(7/11 set) & 71 Egkom, o]
o A oFoF 56.2%(9/16 set), LAl 45.7%(16/35 set)<=
o] %1 t}(data not shown). L&} A A3 oF
A G g FHEES] Aol FY5HA g2 A

eke) - A7 - Ao A

)
ox
ol

© 2 e TH(chi-square test, p<0.05). NNV+= 7
E3 HIA(1/35set) E HQ/SHAE BF LA oA
AT A Zol T

F7IME A F3 Aol VHSVE] |7Ad
& 7]&e Bad & VHSV d71AE 3 233t
of ATEHS AdAEHAT. L A B AFelA
dolWl VHSVY] @71Ad& felvetet 4B &
g FE0] 2 E3H genotype [Vaol &31H, |
A, Aeol, 7 59 AAgt af4to] REFHQ
687074, HQ687075, HQ687076)2} %F2]4k d x| &
2] F(AB490792, FI811901)E 3 22 clusterol 4
st e FAE 7 AT Fig. 2). =3I & AT
A dojll NNV @714 EE 7]Eel B o
NNV @713 A A4 e At 1
ZA7} one-step PCRA| A= FFHH-8-2 1HQl & 7] <]
AlZ oA dojll NNV 7] A H(this study 1)<
w7 iAm 9 O 5o B2 F(D38635, AJ245641,
AF445800, KM576685)°1 4 X315 BFNNV type
(barfin flounder nervous necrosis virus type)3 <
clusterel] &3l= AS AT F AT (Fig. 3). =
gk two-step PCROIAIRE FAAHHE-S ®el F 79

Table 3. Detection rates of virus infection in cultured walleye pollock (Gadus chalcogrammus)

Detection rate (%) (No. of positive / No. of pooling set)

Pathogens Spleen

Brain

one-step RT-PCR

two-step RT-PCR

one-step RT-PCR two-step RT-PCR

VHSV 0% (0/62set)
NNV 0% (0/62set)
MABV 0% (0/62set)

51.6% (32/62set) ] -
1.6% (1/62set)
0% (0/62set)

1.8% (1/55) 3.6% (2/55)

L12 3456 738 9L 101112131415161718 L

500bp —»

200bp —»

Fig. 1. Detection of the VHSV(A) and NNV(B) by RT-PCR. (L: ladder; lane 1, 2, 5, 7 : positive sample; lane
3, 4, 6 negative sample; lane 8, negative control; lane 9, positive control; lane 10, 11, 12, 14, 15, 16 negative
sample, lane 13, positive sample; lane 17, negative control; lane 18, positive control)
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Fig. 2. Molecular phylogenetic trees showing the genetic relationships among 21 VHSV based on G gene sequences.
Phylogenetic analysis indicated that VHSV detected in this study belong to Genotype IVa. Analysis was performed
using the MEGA 6 program. The scale bar indicates evolutionary distance.

Al A Aol NNV E7] A4 H(this study 2, 3)
L& A (E=, KM095959)9} Giant grouper (E}O]
2k, KMS88181) BB FES X33l  AAZH S

= TR slitel (AX, o), BF, BAE )l
A B33 RGNNV type (red-spotted grouper nerv-
ous necrosis virus type)oll &3FFTH(Fig. 3).

n o

<guete] He) ol FFe 1970t ZukEE

=718t A Aete] 1980 FHH7EA] Fafgh o] g
o) A 92 skl o, 198030 FHHEH
Z23t7] AlFslke] 2000 tioll= 4 E] AHE
ZEATHA 5, 2013). B A= QF 235}35}]

d = Atk
BAE 14, FF, FeolA A FAH U
Bl S =3 3le] RT-PCRHO.E H}o] & 2(VHSV,

NNV, MABV)®] H&& f\ho}%‘\t} O A% HE
< A %3k VHSV, NNV, MABV &5 H]ZA| 59
A one-step PCRH O 2 AZEHA &gton HAR
o Al NNV7F 1.8%(1/55)2] HE&S UEHAT
two-step PCRO| A= VHSVZF 51.6%(32/62 set),
NNV7Z} 1.6%(1/62 set) BIZA RN A HEE oM
MABVE AEHA &ttt A E4 = NNV7E
3.6%(2/55)2] AEES UEPATE A4 HE <
7d-%- VHSVY &A7} B3 =7] 3 A T Meyers
et al., 1999), ¥2]4F HeEfoll A VHSVS} NNV &
A B AFolAM Aoz gl
VHSVE 19631 d ®lnf=o) A A8 Ry o]
T2 7§99 &5 FAMNEA(Oncorhynchys my-
kiss)ol ZF@3te] AZte EAE Fdsts slo=
LA QS U(Jensen, 1965; Olesen, 1998), Atlantic
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Fig 3. Molecular phylogenetic trees showing the genetic relationships among 28 NNV based on coat protein gene
sequences. Phylogenetic analysis indicated that NNV detected in this study belong to RGNNV genotype and BENNV
genotype. Analysis was performed using the MEGA 6 program. The scale bar indicates evolutionary distance

cod (Gadus morhua)$} turbot (Scophthalmus max-
imus), Atlantic herring (Clupea harengus) 5 T3t
ko Fol s E287F B Ah(Jensen et al,
1979; Schlotfeldt et al., 1991; Dixon et al., 1997).
T A= FAE Ao A Bt 2 5o F
Aot A HALS fdeke Al BUAE 2 L
A Jom, gyl Aol Aalehs thekdk &4l
2F 3|4 o] T = VHSVIZE HAEE = Aoz &
HA Ak 1 2004; ©] T, 2007; <t 5, 2013;
"} 5, 2015). G gene (glycoprotein gene) A 7|A1E-&
Agate] AR S A A3 HE A A=
d VHSVE fEueiel 48 2eFEe] F2 £

¥ genotype IVaoll &3t= Zlo] &l= ATt 3}
ARE B AFelA HEFE VHSV EEFe BT
two-step RT-PCRERF A Z5 o] nlolg] 29 x|
H7b= wl- 2E A0 AAEH, AASTE 55t
of Hee JFUE ASE FAHHAT
NNVE= 1980 th L2-2o] F24t =347 o] (Pseu-
docaranx dentex)X & BEHE o|F A AA AL
2 G2 S ako]ol AR dejE Fa glon,
T ol| A= 5 ol(Epinephelus septemfasciatus) 2
A X|(Paralichthys  olivaceus), Z%1°{(Sciaenops
ocellatus) 5 °F 30 ©]/&2] sjito]o A B arE o
ATHA =, 2001; A 5, 2012; A3} 73, 2015). NNV
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(data not shown), RT-PCR@I| 2|3t nlo]g] 9] A&
& E=3 o9 @A JERY VHSVEE frARSHA blo)
2220 A= wlg we Ao g AZ4EY ey
¥ AR A= one-step RT-PCRO.ZE FAHH-S-&
Holz A B7F ERIEe], A% A&52Q RUHH
A A EZFE o] & violel 2 Ee A=rF Bad
Aoz AYZETE one-step PCRANA] A&
QA AZANA AL NNV 974 L(this study 1)
ob& Fuoll A ®Bi1¥ "l §li= BENNV typeoll &
3 Ao 2 ERIEUTE BFNNV typed] EE|F+
=F7 A (Verasper moseri)$t 8138 & Ol 7+(Gadus
macrocephalus) 5 3143 o] Fol A BHiElom
(Nishizawa et al, 1995; Shetty et al, 2012; Mao et
al, 2015), WEj 9} o] & o F 9 Exd o] A=
Ae A E o ASFE ot Hel ek HEst

- =
A& 7HsAd ol ATt Two-step PCRAI AT oF A wh
o

f

study 2, 3)2 7 5(2012)°] R d Uik g
(Paralichthys olivaceus), %1 (Mugil cephalus), =%
(Oplegnathus fasciatus) %8157} &3 RGNNV
typeoll &3t 0™, GA| AASFE Tt HEi
HFol A Zlew FHH

Hel FAA 33 VHSV AEES 45 63.6%
(7/11 set), G 56.2%(9/16 set), I3 45.7%(16/35
s Sl gtk 35 L FFel A Akl F
S avlE AR5 ASsEon A9H Fe
Ae oA ool & WEe o] 2 Holn
H Aol P F ok R ol A
Fel 5 BT £ee AF QYA 243
RSB 014 Mg 20 FUA Bk
U, VHSVE] AE Bl Fol @ Fol7h ekl
QFT},

[ex

AR
2 ATARE B FAL FHel A Heos

5 lo & @ b N

o, ZUEF 7|7 B2 nlo]gix 7hde] o= =
AR L HA AR AR kghth B Aol
AME vlolgize] BeEE AlZskA] Yol HE Als
AN HEH vloleize YUt W 4L FAT
F ARk 2 A4k Fejol A VHSVZ} o] v

BaHE vl o (Meyers et al., 1999) & Ao A=
HE)7F PCR ¥4 ¥ HQl Hiol g 2Eof tf3]
Helo] H4&-S & 7ol dvkal AZEH, 2FF
A& RUHY 9 AEZFE AREZ vhol#
o e, WA &2l ¥4 MAL A vk
4 FQl Fol o soE AZHET

2016 2€0A 9€971A] U= 1A

SoA A4 F8 T HEHE MEH 3 RT-
PCRW &2 H}o] 2| 2x(viral hemorrhagic septicemia
virus, VHSV; nervous necrosis virus, NNV; marine
birnavirus, MABV)2] HE&& A =39t v A
B5E& U/ o 2 3 one-step PCROIA] VHSV, NNV,
MABV E5F HEHA &3kom, HA g0l NNV
7} 1.8%(1/55)2 AZES YEMN ST Two-step
PCROI A= VHSV7Z} 51.6%(32/62 set), NNV7} 1.6
%(1/62 set)e] BIZAFANA HAEFHA W MABV
= AEHA At HA R A= NNVZF 3.6%
(2/55)°] AZES e & A7 4% E &
8 24k HEjol A A2 o2 VHSVSF NNVZF 4
SHAT 28y A mE FAMANA two-
step PCRHC.E a3 vlol2j 29 F-x271 AEE]
Rom, RUEE 7|3t 52tk vtol# 2 o] o4l
He usde Bole A B HA A A
HA ot npo]H 28] Arte wl wE Zlow
Azt A% A& RUE Y 9 AEFE A
&3 vlol 9] e, A &2l PCR ¥4
AL Aol 7hsA &l Fol o so=
Azt

B A= 20161 S At AL oz el
S5 T A (FHAMZ: 2016010057)2] A
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