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Phylogenic Comparison of Viral Nervous Necrosis (VNN)
Viruses Occurring Seed Production Period
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This study was performed both to explore the host of mervous necrosis virus (NNV) between mariculturing fish species and to
examine the phylogenic position of the NNV in Korea. NNV was confirmed on the basis of histopathological and molecular biological
examination, then VNN infection was proved from either moribund or dead fishes including red drum, Sciaenops ocellatus; oblong
rock fish, Sebastes oblongus and flounder, Paralichthys olivaceus. As a result of sequencing for a part of NNVs, virus from red drum
was showed 98%, 97%, 86% and 74% homology with oblong rock fish, grouper, Japanese flounder and striped jack, respectively.
On the other hand, NNV from obleng rock fish was demonstrated 96%, 85% and 72% homology with grouper, Japanese flounder
and striped jack, respectively. NNV from red drum and oblong rock fish was exhibited phylogenically distant from the representative
NNV, SINNYV originated from striped jack. On the contrary, the viruses appeared to be similar species with Taiwan NNV isolated
from culturing grouper.
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A =

o159 nodavirust vholg24 XA ¢ FAF (viral en-
cephalopathy and retinopathy, VER)3 wpo]g 24 AA3ALZ
(viral nervous necrosis, VNN)&| 942 <2l 3z, &3]
o} xo] gAY FHo|FAM dF HAE dogld (Munday
and Nakai, 1997). =& o] vlojgjaE FJZ2RE ¢ ¥ 2oz
olfAle FHEGel &AsolA vk (Nishizawa et al, 1997;
Watanabe et al,, 2000).

Nervous necrosis virus (NNV) Japanese flounder, Paralich-
thys olivaceus; striped jack, Pseudocaranx dentex; sevenbanded
grouper, Epinephelus septemfasciatus; humpback grouper, Cro-
mileptes altivelis; Japanese sea bass, Lateolabrax japonicus; shy
drum, Umbrina cirrosa; turbot, Scophthalmus maximus; Atlantic
halibut, Hippoglossus hippoglossus; red drum, Sciaenops ocella-
s 5 GG AN E £F2 da glon, A7} g 3
Aol £EH glgo] Bas o] 3l (Watanabe et al,, 2000; Zaf-
ran et al,, 2000; Bovo et al., 1999; Pavoletti et al.,, 1998; Tanaka
et al, 1998; Fukuda et al, 1996; Nishizawa et al., 1994).
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Nishizawa et al. (1997)& 20 strain ¢} & & nodavi-
rus® capsid proteing H| 23} striped jack NNV, barfin floun-
der NNV, redspotted grouper NNV 2 tiger puffer NNV & 47}A]
typel & TET AL AL L8, Thiery et al. (1999)L A2
gE A FAE oFdA WelFHeze 2 4L R
A, 7jEe PCR £Ho2Ee & Ao AZA7 YNNo|
AzHoAed w3l O& A9 odFdAe 2EHA o A
ol A zZeksle] AMEZE primers At HEHE gYsle F
thoFdt NNvel #o|Fd] tistd Ba3ta gl

SUolAe @A 5491, Epinephelus septemfasciatus L F%
9}, Sciaenops ocellatus®| A &) HA o) B35 o] ¢l (Sohn et al,
1998; Kim et al, 2001) F=2A FAAE 7Y £FEAY 1}
olg 29 FHEH X Fo U FEI} gle AFolth £ &
T FU FA4F Fo NNVY £F 22X ZL3L UE ofF &
PCRH2Z ZHM33, PCR product® FrA%H o2 $43te 3
WellA st Qle NNV §483 & #star gt
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20009 4¥), $HE8 Sebastes oblongus (B o5, 2001 4
9) 2 9, Sciaenops ocellatus (B A%, 19999 109) X
o2 BT HA 2 WIAMYEH Y ARE Z G HF F A
A2 $7 wold2 AAE A8 whole bodyE HBSSH 1:92
3|4 ¥ homogenizerE ol-&-3to] #4331, 5000 pmol A 208
948 JE5AE #A8 045um membrane filter (Satorius
co)E AHgdte o3 T —gotol] BB EA AF AL

{0}

WelzEoN B

HeEzA%E 328 98 10% $4 ¥220dd 13 I g,
¥ol, 94 2 H-E 943 FgdnAsteA @yt

RT-PCR

RNA isolation kit (Roche. Co)& o]§-3tef Hpolzj2 Algzn
H 2% RNAE 70CA 1083 Aad F 34 4§ A4
WZ4A712, |7]9 oligo (dT)15 primer$t 50 mM Tris-HCl, pH
83, 75 mM-KCl, 3 mM MgCl, 0.5 mM dNTPs, 10 mM DTT, 10
units reverse transcriptase”t 8 reverse transcription mixture
(GibcoBRL Co)E #7t3te] & 20uLE Fu|3IQTh A W
§& 2T 508 AAFAR 70T 1587 Hedte g&
RABAE AAGYLH, o9 e AHYZ dojR DNAE
PCRY 3oz o|&3gth PCR $5%&E 93] WA Nishi-
zawa et al. (1994)°] A A3 SINNVY 22 RNA A¥& 72=
GARJAE 2setd] primerE £Y1300, 100 pMS & primer, 0.2
mM dNTPs, 1 U Taq DNA polymerase, 2.5 mM MgCL°| X3¢
ERE F% cDNA 1 uLE #7713 PCR reaction mixtureZ Ge-
neAmp 2400 (Perkin Elmer Co.)o} ¥o] 95Co| A [, 58TIA
18, 283 7200 A 187 30cycle?d HHEde 2A0E FEA)
At 3% ¥ PCR productEL 15% agarose geld °©1 439 &
Astgich

-Sequencing

Gel purification kit (Bioneer Co.)E ©]-439 gel2 2 € 353
PCR product®] ™3] Dye Terminator Cyclic Sequencing Reac-
tion? ABI 310 Genetic Analyzer (Perkin Elmer Co.)& )43}
A71NE S #Asged, 21 338 42 2o $4 Termina-
tor Ready Reaction mix 8 uL$} template 90 ng, 223 primer 3.2
pmol®] ¥¥¥ sequencing reaction mixtureE GeneAmp 2400

(Perkin Elmer Co)& o834 96ColA 10%, 50TAA 52 1
I 60CAA 487 25cycled WHESE 2Pog WA,
WAL ethanol AL A7 th¥ ©A] template suppression
reagent 25 uL2 54 ABI 310 Genetic Analyzer2 ¥413t 4t}
AojZ G7]1M g LBlast 2 (NCBDE ©]43lo Genbankel A4 €
NNV €71M<E# B2t homologys #Astglch

2 o}

9% 2 oF duidA HJE FU, FHEF ¢ YXgL
A3 QNI o479 §& BAL, Y HALEE 23~
25C AF G ZgolA Y Z71= 2em o3 HoldlA g}
How, Bol $4E& Holx &L dX AAERE HAEE $4E
YERA AT (Table 1). 015 oo &% 3 F3to HEHo
FAHReH, 3FF4AZ A8 o F S oz P& Hyxy
A RS 5o AR Ade dH, &M, 95 L H4 3
HAA @A F¥3 € HApF FRHAR, 79 G4 H4
qAE TE3t € FHAE oA A2E FEE 4 Uit

AL 2 AR riddAo 2 RE £E¥ RNAE 4
o2 NNVAES 9 RT-PCRE 433 27, o 400bp 93
oA FRo], FHEL L JAJX BF 7 Zol7t QU7
8tA% PCR product® &A¥ & AdAde™ (Fig 1), ol PCR
productd] t& F7/[ALE BUS7] A8 sequencing AAIFH
Ao A FH0j9 gLl A £l PCR productZ5H 242
400 bps} 352bp7t A 5 At ¢ E& Genbankd] SAH oY
€ SINNVY| coat protein § 57 ¥ st A7, 74% %} 72% 9 ho-
mologyE YEIISI I Japanese flounder2 3 #2}€ JFNNVS
T 2% 86%, 85% 9 homologyE YERAATH 13y grouperdl
M #2018 NNV Bz Me 42 96% 9 98% 9 =& homo-
logye UYEhE Aoz Hol IZuox LASHE NNVEL stri-
ped jack f+#¢ SINNV7E o} grouper NNVS}F 22 A% d A
22 #¢H% (Table 2, Fig. 2).

U2k

i

A%st G AN AESL A20T, 4433 59 2
& AYHY VNNY 99392 Hgen, Ax #4 oF 59

Table 1. Comparision of infected fish by size, cumulative mortality, result of RT-PCR, clinical sign, environmental condition

Cumulative
. . . Result of . . Water temp. Date of
Fish Size m?r;ailty RT-PCR Clinical sign c occurrence
dark coloration
Red drum 1.5~18cm >90 positive spinal swimming 25+1 Oct. 1999
vertebral deformity
Oblong rock fish 1~12cm 70~80 positive anorexia 2311 Apr. 2001
Flounder 18~2cm >70 positive dark coloration B+1 Apr. 2000

spinal swimming
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Fig. 1. Agarose gel electrophoresis of amplification products
from diseased fish with the causative virus using primer
based on coat protein gene of SINNV. (Lane M, mar-
ker; 1, positive control; 2, red drum; 3, oblong rock
fish; 4, Japanese flounder).

of 70% o449 HALE YEbd Ax= UF HAEHAE 3
YER We 2383 BFAME VNN S954e=
3121 Ae TEY AAZHE Feldtd, o] A U A &4
F3Z R off TEANFY HAEe oF nodavirusy Zgel
o atel B A Ao 2A VNN g0 FFHHch NNVY
28 A3 AHE$ primeri Nishizawa et al. (1994)©] SINNVE
H2Est7] 3 AZE primer setZA, SINNVY RNA2 frag-
ment®] coat protein ¥ Y& FEATIE 2R dAHE g
271 426 bpH 2L, £ A79A #H PCR products 426 bp
Hoh & 400bp AT 2A 27 Ao)7} sled (Fig 2) ole

SINNVol 99 € o}F fefof NNVAME & AE #ld &
AT ¢4 2 7S] e homology a4 o)A 713
Eolg 42 Nishizawa et al. (1994)°] B3 SINNV coat pro-
tein region®] ¥7IMETH 2 AF4A E1E Fuols FHET
oAl 22ld NNvehe] BlaolA 74% ©]3te] %2 homology?t
U2 A FudlA g Ees NNVZE Q29 striped jackol A &
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#E o] F nodavirus?! SINNVSE FA4AJA A7} AS&
AE 4= e dAYony 2 A7 Fo¥ NNVE Nishizawa
et al. (1997)0] R 3 4ype2 2 &3 grouper 59 AR
ol A fe € redspotted grouper typed] £EE & & U ol
Thiery et al. (1999)¢] thA %2 AF &AM L)% European
sea basslAl &S nodavirus?t FeiEHoG HelzH TR
ZHAYA o) FAERA g, AAA Y GG A Aol § we)
%9 2o Z Nishizawa et al. (1994)9] primerE ©) &3t A
Zo) 7l 2RY A9 Bug A AESGE Tl
LA EE ol F nodavirusT Nishizawa et al. (1994) 0} E3E pri-
merZ AF0| 7FEEA ZH HolFo] £EIA Y & U
Wi A8 4 glch Sohn et al. (1998)& i @<t doholl A o
FHAT sAHAZEH PCRYES &8t #HAbe A9l noda-
viruse] 7@ o3 AolASE BIdT I NNVE SINNVS
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Bovo, G, T. Nishizawa, C. Maltese, F. Borghesan, F. Mutinelli, F.
Montesi and S. De Mas. 1999. Viral encephalopathy and re-
tinopathy of farmed marine fish species in Italy. Virus Res., 63,
143~146.

Table 2. Cross-relationship ratios of nucleotide sequences among red drum, oblong rock fish, grouper, flounder and striped jack

NNV coat protein region

Red drum NNV ORF* NNV Grouper NNV Flounder NNV SINNV

Korea Korea Tiwan Japan Japan

Red drum NNV 100% 98% 97% 86% 74%
ORF NNV 100 % 96 % 85% 2%
Grouper NNV 100 % 86% 51%
Flounder NNV 100 % 52%
SINNV 100%

*ORF. Oblong rock fish
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Grouper : agtgttcgactgagegttccatetettgagacacctgaagagaccaccgeteccatcatg

SINNV ¢ c-cc--a-tg-cccgtec-ttgagacacctgaggacaccaccg-tec-aat-a-t-c-ca-
Red drum: =————==— = oo
Flounder: -------- b [ S
Oblong : e
rock fish

Grouper : acacaaggttccctgtacaacgattcectttccacaaatgacttcaaatccatcctecta
SJINNV © g-g-c-ctcca-aacg-ttc-at-aa-aacggttac-c--ga--tcgt-—--—- t---t-g
Red drum: —===-—
Flounder: -------=----————commmce—- cg-tg---gca------- g-mm = mmm—e g
Oblong @ —mmmm e
rock fish

Grouper : ggatccacaccactggacattgecectgatggageagtcettccagetggaccgtecgetg

SINN\V. ¢ --¢c--g--c-a---c---c-c--t----caaac--t----- tgtcact---aaa-—--t--

Red drum: ===~

Flounder: --g------- agt---------- t--c----- g---a----t--at----t--a--at--
Oblong @ ~-mm e __
rock fish

Grouper : tccattgactacagccttggaactggagatgttggaccgtgctgtttactggeaccteaa

SINNV ¢ - t----at------ gtg--c--cg--c----- g--C--g-————=————~ ge-

Red drum: ----------mme e L oy SR

Flounder: ---------------—- a-------- A— Cmmmmmmmm - Cmmmmmmmm e

Oblong @ —----ommmmmm . g-—t-——mm e
rock fish

Grouper : gaagtttgctggaaatgetggeacacctgeaggetggtttegetggggcatctgggacaa

SINNV ¢ ----aaa-------- ca--caggt------ t--g-ac---ga-----—- ac-g----- tg-
Red drum: —--——mmm e
Flounder: ---------—---- cat--tc-----—- ge-t-——---———-- e
Oblong @ ~mm e
rock fish
Grouper : cttcaacaagacgttcacagatggegttgectactactetgatgageageccegtcaaat
SINNV ¢ -t a---a---t---g-cgc---------- C--CC----a--a--g-----
Red drum: -----——— e fmmmm e
Flounder: ---------mc-oommom [ C-Commmen fommm e
Oblong @ --------ommmme - BB mmmm e |
rock fish

Grouper : cctgetgectgttiggeactgtectgetgectgtitggcactg

SINW- 3 oo g-C-—---~ gc--t-cacc--------- t-g-
Red drum: -----------oo t-caac-g-----a-t-g-
Flounder: t--c----- Cmmmmme c---tgcaccagg----a-t-g-
Oblong @ -——----————-

rock fish

Fig. 2. Alignment of nucleotide sequences of the coat protein gene in the NNV of grouper, striped jack, red drum,
flounder and oblong rock fish.
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