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Studies on the control measures of viral nervous necrosis (VNN)
in seed production process of marine fish

Toyohiro NISHIOK A **

Abstract: Stock enhancement to increase fishery production has been recognized worldwide
as the most useful fishery-management program. For almost 50 years in Japan, government-
and prefecture-based marine hatcheries have played a key role in production of seed (juveniles
of fish and shellfish) to ensure a source for release to the marine environment. However, mass
mortalities have occurred in produced larvae and juveniles at high frequency, and particularly
microbial infection has been regarded as a major hindrance to the stable production of seeds.

The present study focused on viral nervous necrosis (VNN), which has caused a great
deal of damage in the seed production process for the last three decades worldwide. The
causative agent, piscine nodavirus (genus Betanodavirus, family Nodaviridae), is non-enveloped
and icosahedral in shape (about 25 nm in diameter) with two positive-sense single-stranded
RNAs; RNAI1 (3.1 kb) encodes the replicase and RNAZ encodes the coat protein. Currently,
betanodaviruses are classified into four genotypes: SJNNV, RGNNV, TPNNYV, and BENNV.
SJNNV (the type species of the genus Betanodavirus) was originally isolated from diseased
striped jack (Pseudocaranx dentex) larvae and RGNNV has been most frequently isolated from
diseased warm-water fishes.

In the present study, I examined VNN in fish species attracting attention as new targets at
marine hatcheries and aquaculture facilities in Japan, with special reference to potential control
measures for the disease. These fish include red spotted grouper (Epinephelus akaara), red
tilefish (Branchiostegus japonicus), bluefin tuna (T hunnus orientalis), and striped jack.
Chapter 1:Firstly, I described activities of marine fish farming and aquaculture in Japan as a
background of this study, and then summarized major disease problems caused by a variety
of viruses, bacteria, fungi, and parasites that severely afflicted the seed production activity.
Particular attention was paid to VNN and the major detrimental impact on fish production,
with previously reported findings on control measures of the disease.

Chapter 2 :1In this chapter, I first analyzed the status of the seed production in target species
based on the data in the annual reports from 1984 to 2009 by the Japan Sea Farming
Association (JASFA). The association was recently integrated with Japan’s Fisheries Research
and Education Agency (FRA). During this period, the total seed production amounts began
to decline in 2000 and onwards, but the number of target species did not substantially change
and more than 1 million individual juveniles were produced in 16 species of fish, 8 species of
crustaceans, and 18 species of other shellfish. Next, I summarized mass mortality cases from
2000 to 2009, based on reports by JASFA and the council collecting information about disease
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outbreaks in national and prefectural hatcheries. Viral, bacterial, fungal, and parasitic diseases
accounted for 26%, 37%, 8%, and 12% of the reported cases, respectively, with 17% of unknown
cause. While the incidence of viral and fungal diseases decreased compared with those in
the previous period (1989 to 1999), bacterial and parasitic diseases increased particularly in
newly targeted fish species for aquaculture. Diseases such as VNN, red sea bream iridoviral
disease, gliding bacterial disease, bacterial abdominal swelling, vibriosis, bacterial enteritis,
scuticociliatosis, and crustacean fungal diseases were reported continuously, as were in 1989 to
1999. Among them, VNN outbreaks have occurred in 21 fish species of 5 orders and particularly
for over 10 years in redspotted grouper, kelp grouper (Epinephelus moara), striped jack, and
Japanese flounder (Paralichthys olivaceus). Thus, VNN is considered as a serious menace to
stable seed production.

Chapter 3: Control measures against VNN in redspotted grouper was examined. Redspotted
grouper is an important species in the stock enhancement program of marine fish in Japan
because of its migration behavior within relatively limited area. In this species, VNN outbreaks
have been reported for over 11 years. Incidence of VNN at the larval stage decreased by
disinfecting the fertilized eggs with iodine and/or ultraviolet radiation-treated seawater.
However, subsequent mortalities at juvenile and older stages before release to the open water
were not entirely prevented, mainly due to lack of knowledge on the infection route. In the
present study, I detected the betanodavirus (RGNNV) gene by RT-PCR (reverse transcription-
polymerase chain reaction) in apparently healthy juveniles of redspotted grouper that survived
after VNN occurrence at a hatchery (Tamano Laboratory, Okayama pref., FRA). Furthermore,
retina and brain samples of adult redspotted grouper (n=132) collected from four Japanese sea
waters were 4.5% and 33.3% positive for a betanodavirus RGNNV by RT-PCR and nested PCR,
respectively, although the detection rates of virus varied fairly depending on captured waters.
This suggests that wild redspotted grouper as broodstock candidates are subclinically infected
with RGNNYV at high rates. Experimental pathogenicity test demonstrated that RGNNYV isolates
from the wild fish were highly pathogenic to juvenile redspotted grouper. Based on these
findings, I proposed the following measures to prevent VNN of redspotted grouper at hatchery;
broodstock candidates should be introduced from sea area where fish were betanodavirus-
free or at lower infection rates, and reared for short period and spawned under less stressful
conditions. Electrolizer-treated seawater is preferable to disinfect the fertilized eggs.

Chapter 4: VNN of Japanese red tilefish, which is a particularly important species in coastal
fishery because of its very high commercial value, was targeted in this study. In winter of 2004,
juveniles produced in a hatchery (Miyazu Laboratory, Kyoto pref., FRA) exhibited abnormal
swimming behavior, circling either at the surface of the water or the bottom prior to death.
Based on histopathological, immunological and virological examinations of the affected fish, it
was concluded that this was caused by betanodavirus RGNNYV infection; this is the first record
of VNN in red tilefish. An epidemiological examination to determine the infection source of the
virus was performed using the PCR-based methods and revealed that wild-caught red tilefish
were highly infected with the virus, suggesting that these broodstocks are the most probable
source of infection into the produced juveniles. For the prevention of VNN, PCR-negative
broodstocks were selected for artificial insemination, and the fertilized eggs were disinfected
with electrolyzer-treated seawater and fish were reared in the treated water. As the result,
RGNNYV was not detected from produced larvae and juveniles by PCR, and no VNN occurred
in red tilefish seed productions from 2005 to 2009 at the hatchery.

Chapter 5:Pacific bluefin tuna is a species that has attracted interest in view of both stock
enhancement and aquaculture worldwide. In this species, however, seed production technology
has not yet been fully established; thus, there is substantial depletion in juveniles. Amami
Laboratory (Kagoshima pref.) of FRA has experienced mass mortalities at larval stages of this
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species in the process of seed production since around 2000. In some cases of the mortalities,
but not all cases, the diseased fish showed abnormal swimming behavior characteristic to
VNN and a betanodavirus (RGNNV genotype) was detected in the affected fish, suggesting
that VNN can be a cause of larval mortality of Pacific bluefin tuna. This is the first record
of VNN in larval Pacific bluefin tuna. In epidemiological investigations, RGNNV was detected
by PCR in wild juveniles, aquaculture broodstocks, fertilized eggs, and larvae, suggesting a
vertical viral transmission from broodstocks. Because adult bluefin tuna are extremely large
to handle, they cannot be subjected to virus screening by PCR-based methods as other fish
species. Therefore, I concentrated my research on practical methods for disinfection of fertilized
eggs and rearing waters, and showed that use of electrolyzer-treated water decreased VNN
occurrences at larval stages and increased the number of produced juveniles. As a future
subject, improvement of spawning methods is required to reduce viral propagation in fish.
Chapter 6 : VNN of larval striped jack has long been successfully controlled by the established
methods; elimination of virus-carrying broodstocks and disinfection of fertilized eggs and
rearing waters. However, a VNN case of striped jack larvae happened in a hatchery (Kamiura
Laboratory, Oita pref., FRA) where the broodstocks, previously proved to be betanodavirus-
free, were reared using disinfected seawater, but frozen wild fish were routinely used as
supplementary feed for the broodstocks. Epidemiological investigations to estimate the
infection route of this VNN case revealed that a betanodavirus SJNNV was detected in
55% of frozen samples of wild Japanese jack mackerel (Trachurus japonicus) kept as feed for
broodstocks. A virus isolate (05SaiJJM-3) from feed fish exhibited almost same pathogenicity
as a representative SINNV (SJNag93) from diseased larval striped jack against larvae of
both Japanese jack mackerel and striped jack which had been artificially produced in the
Kamiura Laboratory. These results suggest that wild Japanese jack mackerel was a virus
source to striped jack larvae. However, phylogenetic analysis on RNAZ (T4 region) showed
that 05SaiJJM-3 was clustered differently from SJNag93 and other SJNNV strains including
European type SINNVs. Thereafter, in seed productions of striped jack without use of wild fish
as a supplementary feed, no VNN cases were not encountered in the facility. This means that
a special attention should be paid to infection via wild fish as feed for aquaculture.

Chapter 7:Finally, considering all the above-mentioned findings, I discussed further practical
procedures to control VNN in the process of seed production of marine fish from various
aspects.

Key words: viral nervous necrosis, control measure, Epinephelus akaara, Branchiostegus
Japonicu, Thunnus orientalis, wild fish
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KAEOKERL, HRROKREAYZHLZ %
HEHEFERETHHFELENSG 2 —EOXEHNTERK L
THHES 2 AL D Y o TV D, MEHIHEHED
LR, WAMER X OREEEICB T ARl
30 4F- 1 (1984 4E~ 2013 4F) DR D E B 2 A D &,
1984 4EAS 1,261 J5 b & THRARICB W TR D L Wil R
LR, ZOHKRI90EFTTO THEMEL00H N UH
ZMEFE LHER L T2z 2s, 1991 4E DL I 28 i A
IZHE U, 2001 4RI ¥ =27 B0 1/2 LT D 600 75 b
WA L7eo ZOB%IZWNEMER & 2 ) 2013 4EEET
X470 b v & o T b, OB, T
K DUERE D 50 ~ 60% % 15 ® T B IAIHSE DI
EEEAMBEL, 512, BEEEHIKERAOT N
R 7 ¥ Trachurus japonicus DYWHERIMETF L7z 2
EWZEBHDTHDH, Tz, 1982 FIERIRE N [T
RIS A EBEASM] 2L, #HilEER, S
200 i F TOAXIBEE PR KB L LTESTE
BT DAL SN, EFEREFEICK DEBEETZ DY
DA LR R, RIEERED 10 ~20% % 50 &
WD L7z —F, DREEOHERD, WMEH
¥REBBEOWER I L OB LRI TRV 0D
WM Z R L, 19844Em 226 5 b 2k L, 2013
FEIHL2D15 0 EhoTWD (EMKESRKR
FEBRERT , 2015a, 2015b) (Fig. 1)

WHEROZ O L) A2 #E 2, EAETIX
IKPEEIR 2 R BRI LoD, KEELRBEIET
T 7-DDORANREEL LT, 2001 FFITKEIHER
ESHlE S NTze 20T, NRIERIR OB %
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Fig. 1. Yearly changes of the fishery and aquaculture
production in Japan during 1984 -2012 (Annual
Statistics of Fishery and Fish Culture; Statistics
Department of Ministry of Agriculture, Forestry and
Fish).

KT 2 720Dtk & L CRBERRGIW AN E S, K
FEBN OFE T EPE B X OHGRAE OV R EEBI I O F KIS
B9 AHAFTEICHOE, FNOERELRREBI R
9, Wb LB ENAOAREETE_BI N (MK,
2006)  FIFWFEZ C KROEFENZ H5ICHH L %
B, HEOMREROMIMEZ ML Z & &Ry 23
HELT, BROBAZERIIZEERLHETI LD
WHEIC LT " EDEZ FIHkO L (FfgE - H4H,
1980)0 bbb, FEME IR L T2 EWEIRIC
NG LREMEBI R\, TOBMER#E - BhEL,
WA ORI RKZHNE Lz, WbYAHIHTH

0, AEERIIHEETD S,

BB HEE T 1963 4F 12 7% 7 S AR N S P i
BRI EW T XY, KET O OFEEE 2 HA A
B 4D BEEE v — AN N T O R S
NHEDBE SN ze 1979 4F ICIT B HE* 2 EIC
BB 5720, SOl S N7 AR H AR ERES i T &
(LLF, H¥d) kb, BfaEREEyoRES X
OB B3 2 H BRI e K S T & 72 (HA
PR ER S 20032) 0 Z D, 2003 44 S IZBHAAT
BuE NKEREWIEE ¥ 7 —, 2016 45 & & E . 0F
FEBIF I NOKERTZE - BB HME (DLT, JKEEWFE - %
FHHE) 1I2BWT, BHEEKICET 2 Hi BRI sE 2%
E SN T WD, —F, 1973 48 L 425 oo #5381
VL F 72138 =R B8 2 BB v & — sk
SN, BREEEOEEREMMNSLICED N, 0D
KA, 2015 4RI, JKPEMFZE - HHEBRAE © 5 F g
D11 T4, BERFIE O KEIEEE B X OAREAN
R TS BEB O 121 Fiilc B W T, HEEmEICET S
WFgE - HAMTBHEIED SN TWE ((&f) £EE)
gD 0 HEER S, 2013 5 (k) EEE LD
<0 e 2 - WU S I 2% | 2014) (Table
1)o 2013 4E JE 0 4R35 M O RE VG A et S ML,
34 %, Wik 10 F, HE 228, Zof7HoAH
TBHEFTHY, To) LAFI2HE, WikFi45E =
oMl 11 FEoAFF 27 FiTid, 4R 100 R E o s
WAV EEWRE L oo T A ((Bl) KEREWIFEL ¥
¥ — 2015),

Table 1. The number of institutions and facilities for
fishery stock-enhancement in Japan

Organization Institution Facility
National Fisheries Research
. 5 11
Institute
Prefectural Fisheries Research 40 67
Department Center
Quasi-public corporation® 35 54

* Quasi-public corporation includes General Incorporated
Associations and Public Interest Incorporated Associations.
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C ORISR L, WA A 13 X S A7z K
EHEALCKEAMEZTREL, Tho0%hs L UE
W REmIICER - B L NS LR EHES N,
EREIIRFITAETH DL I S ERETRITEEICE
DT bbb, BHIIRNRENO NG LZEROESGN
I2& D, ERREREEMBINERICKN SIS, 20
b, SRR R MR O DR T AR IS
XS, FHTAHETIZ 1927 F A Z R AF I
Bz B W T T Seriola quinqueradiata O H
i (BEVya) BRELAIEEFE SN, 1965
SEE X D KEMTRENMERL, MR 23 572
O EMIRE S E ORER & L THE S I, KEHER
W OMZE R E 2 IS H 3 2 BB ERM S
720 HRICHEREE QMBI CITMATE OhE) Hc
X BRI L2 22X Y, B s
695 & & BITHEINRIED BRRAL L 720 REFIEEE
oA FERIX, 2011 & 20134ETIX 1005 F ¥ % T
Mo Tidvadboo, #3k304H T 110 ~ 130 /4
FOMTHER L T2 (BHKEAKREEBRT,
20154, 2015b) (Fig. 1)o &0 & 3 1225 L CAHETE
WUREL %o o 72— D OB, FRHHTIAH 3 2 ff i
PEEMIBHR INDE LI/ bTH b, HEHE
MBIV O N AHW L, BERAROHM - %)
fLThHo7h, 0%, HEEERKOBREIHEV-
% 4 Pagrus major & J X Paralichthys olivaceus %
F U, e Ol CHRE % KRS 1A S % B A
VENT, FRI A TIIEMICHE L BE AT S
NTHERSBRIKEMIC X DS, BEDO~ & 1 3%
PG AN TR OAEIZRE IRFEL T 5, 2HESEIE
BHEITHETH L EPOLRIITEEEIERS R,
B LW RFIHITRD 5N TS, WL T,
INFHR K u~< 7' T Thunnus orientalis D372
FHENTEY, MR EERMOMBORERNEI% S
NTWb, 2OXHIZ, FPEREIZL D AES N3
LW, BIHERLEMELHET L 7-0IFHS
NTWBZeNS, BELTHREWOMRN 2 ERET
B R R BE RN AT ) SZENI R & v,

L Lads, MEMNEOMEAERRIIBW
T, FHEFPREICHECTT H2HMALIZLIZE O
b0 ZOERD—2L LT A IVARHMRIZ & %G
EB L OFEROFEIZL DBHROBELD B, (E
B, 1995 PEE &, 1997 : Muroga, 2001 ; TEEH S |
2005), TNSD ) B, BYYEIMEEEDOEE
WZHEREE RAT T2 Tld e <, BT IZ BV TidK
PEEIR & MERE - M S DR H 5 — T, Wi
SNFHIC X 2 RIVE RIS T 5 0\ DRIEAS,
EWFN BRI R 7 D—2E LTHEINTEY (i,

2000 ; Waples and Deake, 2004), FEAEFERERS T,
WEAR DO KRR HE~DOILHE BT 5 72012, [BiEMR
o & A7 AN ISR 2 LADEHEH(T) | (G
B R B s et E R A E R4, 1999) ICHD X,
Tl 2 PE AR TR D300 S N o 72 B JE ]
ROMHDOAZRHL TV B, —JF, FHEICHVS
ANTHMN TIE, BEITKR E WIRIE O F ARG 0 4 i
PEBICHEHAERICEEY 525720, LhvoZ)
OBt R % C L LELND b,

1-2 74V A1 IESEAE

WEAN O AEEMRRICEAET 274V A
R E LT, A VAR (viral nervous
necrosis : VNN), & £ )b & % 2 iz 3 4 5 (viral
epidermal hyperplasia), 7 4 )V A Y KIGE (viral
acites), Z V< T EEMEY £V AIME (Penaeid acute
viremia: PAV= white spot syndrome : WSS) ZEA34I
BNTWA(FEH,199%5), TNHDT A IV AREDHT,
VNN &, FEDTETIX 1990 F I AE SN/ Af ¥ 5
4 Oplegnathus fasciatus DIFHEAIZB VT, WO T
FECHEDEHOER & L THEHRE S (Yoshikoshi and
Inoue, 1990), ZDt b ¥~ 7 ¥ Pseudocaranx dentex
% ERB LT ERGHBEMEALMTELRLT
Wb ZIZFEEIZHESN T, NTF~ YT 4 Lates
calcarifer, % —7R v & Scophthalmus maximus X°> > —
I8N A Dicentrarchus labrax (2 38\ C [7] Bk O 5 9% A3
H# % (encephalomyelitis) & %\ id ™7 4 v Z MK
JiE - #AMEE (viral encephalopathy and retinopathy :
VER) R4 THE SN Tw b (Glazebrook et al,
1990 ; Bloch et al., 1991 ; Breuil et al, 1991), VNN @
FEAE, IhE TR, AR X 0BG oM
HECHER SN, W TCOHRFIEEDT 24 F 45 FELL 1
O SWEND Y, REFHOFEIC L Y F A
ORI KEIHTCT LI L, F/2, BHELGICE
WTHDHEMRPRE L2 BRAP R/ LIECT S &
POMRMICKE RMEE 5 Twb (Munday and
Nakai, 1997 ; Munday et al., 2002 ; Sano et al., 2011)
(Table 2),

RIFIZOWTIZ Y= T VD VNN IZB L CTREM
BIFFEARB T b, Mori et al. (1992) \2X ) JEA
TANVADWIRBO TH ST SNz HK Y A v
ADNR—=F ) T34 WVA (T I4NVAE, R—%
A NVRIR) 1E, EENK 25 nm OIF 20 AT
ILyRuU—T2HET, BRIET 7 At 2D RNA
#4E RNA K1) 2 9 —¥ % 2— F¥ 2% RNAIL (3.1kb)
EHBEy 8 & a— F§ 5 RNA2 (14 kb) @
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248D 1 R RNA 25 7% - Twb (Thiéry et al,
2012)o RNA2Za— FEN TV BT » 87 Bl R
T O R (T4 58 - 3 Kok 380 35 H:) T8I
HIEHEET OIS, X=% ) ¥ 4V ADHEER
X ~7 V8 £ VA (striped jack nervous necrosis
virus : SJNNV), F I N &8 £ )V X (redspotted
grouper nervous necrosis virus : RGNNV), <> # 7
Hiv7 £ W X (barfin flounder nervous necrosis virus :
BENNV) BX WO b5 7 7#lw £ )V R (tiger puffer
nervous necrosis virus : TPNNV) 2% 1), ZhZh
4O FERELZBBETERIZHF SN TWw S (Nishizawa
et al, 1995, 1997), F7z, PIMEHE COHRMBISIZL D
MEENEZ S ~T VRIMBAR, Vo7 7R BE, *
INZRIBLI YA TN CED IDIIHITONS
(Mori et al, 2003). VNN IZHEHS L 77fEfE, o
OBALR O BIEARD S, WEERLHENR & v o 28
TWHETKZ R U, 0 BEARL AR L R AR <2 L AR L2
BT 2 #RSHIIL OB HEEC X 5 2R % d i
3% (Yoshikoshi and Inoue, 1990 ; Glazebrook et al.,
1990; Mori et al, 1991; 47T 5 , 1994) o AIF D W1,
TR AR A (AR D Z2fa ) R PL SINNV 7
F FIME % H v 72 #LPi A (immunofluorescent
antibody test : FAT), RNA2#{n7T O T4 g% FHE
&35 RT-PCR (reverse-transcriptase polymerase
chain reaction) ¥, BIUPANITA T+ 2% —7
~v K Ophicephalus striatus {FH5 S8 S N 7-RAL
ML (SSN-1) Hisk @ E-11 Ml 22 & o F5 il 2 Hwv ¢,
M ERTEAL T 2 M E R R 2 BT 2 Hike L
2 b (Nguyen et al, 1996 ; Nishizawa et al, 1994 ;
Iwamoto et al., 2000) o

TER A ES BT 2 KO E 72 5 Begepklig,
TANVARABRBAD STHANDOEERIFETH S
(Arimoto et al, 1992). BiBERRE LTI =T, <
Y 717 Verasper moseri 3B £ U < /N ¥ Epinephelus
septemfasciatus Tix, ELISA (enzyme-linked
immunosorbent assay) (2 & ) BAMEFORRK Y A
WV AR B Pt 2 JE 5 % /% RT-PCR i £ 72
13 RT-PCR ¥REM 2 85 & L 4 DO BIAFRUIFRR
W7 754 ~—%MH\w/ nested PCRICL Y, Atz
LD T A VABETERBTEIETIA N -
7)) —BAEEENL, TNs0HAILHEONIZHE
REAF T PTHET L L L HIC, FHRADETE
KWK, FFV 5y P TUBLABIEEA XY 5
FEBRELZERKEHCSEHEIENTHS LI T
W2 (Mori et al, 1998; Watanabe et al., 1998 1455 |
2002)o L2L, NFHETIXRAAEOBB % Fhiti L
T, VNN BFE4 LBE 2 BRAIERAED S e v

Table 2. Fish species affected by viral nervous
necrosis (VNN): modified Munday et al. (2002) and
Sano et al. (2011)

Family Host fish species Reference
Acipenseridae Sturgeon Athanassopoulou et al.
Acipenser gueldestaedti (2004)
Anguillidae European eel Chi et al. (2003)
Anguilla anguilla
Chanidae Milkfish Chanos chanos Maeno et al. (2007)
Siluridae Chinese catfish Chi et al. (2003)
Parasilurus asotus
Gadidae Atlantic cod Starkey et al. (2001);
Gadus morthua Johnson et al. (2002);
Patel et al. (2007)
Pacific cod Unpublished
Gadus macrocephalus
Haddock Gagné et al. (2004)
Melanogrammus aeglefinus
Platycephalidae  Bartail flathead Song et al. (1997)
Platycephalus indicus
Centropomatidae Asian sea bass Glazebrook et al (1990);
Lates calcarifer Renault et al. (1991);
Munday et al. (1992);
Zafran et al. (1998);
Azad et al. (2005)
Percichthydae Japanese sea bass Jung et al. (1996)
Lateolabrax japonicus
European sea bass Breuil et al (1991);
Dicentrarchus labrax Le Breton et al. (1997);
Athanassopoulou et al.
(2003)
Serranidae Red-spotted grouper Mori et al. (1991);
Epinephelus akaara Chi et al. (1997)
Yellow grouper E. awoara Lai et al. (2001)
Seven-band grouper Sohn et al. (1991);
E. septemfasciatus Fukuda et al. (1996)
Black-spotted grouper Chi et al. (1997)
E. fuscogutatus
Dusky grouper Munday et al. (2002)
E. marginatus
Brown-spotted grouper Danayadol and
E. malabaricus Direkbusarakom (1995);
Boonyaratpalin et al. (1996);
Lin et al. (2001)
Kelp grouper £. moara Nakai et al (1994)*
Greasy grouper E. tauvina Chua et al. (1995);
Chew-Lim et al. (1998)
Dragon grouper E. lanceolatus Lin et al. (2001)
Orange -spotted grouper Maeno et al. (2002)
E. coioides
White grouper E. aeneus Ucko et al. (2004)
Humpback grouper Zafran et al. (2000)
Chromileptes alitivelis
Malacanthidae  red tilefish Nishioka et al. (2011)*
Branchiostegus japonicus
Latridae Striped trumpeter Latris lineata Munday et al. (2002)
Carangidae Striped jack Mori et al. (1992)
Pseudocaranx dentex
Purplish amberjack Nishizawa et al. (1997)
Seriola dumerili
Yellow-wax pompano Chi et al. (2001)
Trachinotus falcatus
Lutjanidae Mangrove red snapper Maeno et al. (2007)
Lutjanus argentimaculatus
Sciaenidae Red drum Sciaenops ocellatus ~ Ucko et al. (2004)
Shi drum Umbrina cirrosa Bovo et al. (1999)
White sea bass Curtis et al (2001)
Atractoscion nobilis
Oplegnathidae Japanese parrotfish Yoshikoshi and Inoue (1990)
Oplegnathus fasciatus
Rock porgy O. punctatus Muroga et al. (1998b)*
Mugilidae Grey mullet Mugil cephalus Ucko et al. (2004)
Cichlidae Tilapia Oreochromis niloticus ~ Bigarre et al. (2009)
Eleotridae Sleepy cod Munday et al. (2002)
Oxyeleotris lineolatus
Rachycentridae  Cobia Rachycentron canadum  Chi et al. (2003)
Scombridae Bluefin tuna 7hunnus orientalis Nishioka et al. (2010)
Pleuronectidae Baifin flounder Watanabe et al. (1999)*
Verasper moseri
Atlantic halibut Grotmol et al. (1995,1997);
Hippoglossus hippoglossus Starkey et al. (2001)
Bothidae Japanese flounder Nguyen et al. (1994)
Paralichthys olivaceuss
Turbot Pasta maxima Bloch et al. (1991);
Johansen et al. (2004)
Soleidae Dover sole Solea solea Starkey et al. (2001)
Tetraodontidae  Tiger puffer Takifugu rubripes Nakai et al (1994)*

* in Japanese.
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FplbMESNTEY (BEHS , 2005), MAFEICZL -
TIXEEEFE DA O IR GAE R ORI ASTRE & 22 > T
5o Plz X, =y oM AR TIX, BAOENE 2
FEOY - B KOHEBICL D EELIZTA VA - 7)) —
Offaz, /MR THEES S & LIZLIX VNN 53%
JELKETICES, TNEHAFBARICHET S
TANAPELIRTH 5 LHEL SN D, 2000 45 LLFE,
KIRFLDN—% ) ¥ 4V AEROREIZBNT, 4
REBEEERDNELE L ORRAENS PCREIZLD
TANVABIETFHPEEECRIDEINTEB), Zhbo
RIRFDET A NV ZADBEGE (LEVKRT) 2% 5T
WwWhEEzZ 5% (Barker et al, 2002 : Gomez et al.,
2004 ; Sakamoto et al., 2008), L722%-> T, FEMARE
WHW R BARHARME L TRRAZHHTLZ L
AR RS TO VNN OFSAER & 7% 5 W REMEDYE
WV, —J, FRiRIEICL S VNN P& LT 7 F
YRS OWIENSHED S, KEBE THREA S E8ET
Mz A7y FERAE, FERTFF, NFauav g
VAFHBZTIESE 72 4 v ARKF, B X Ol
BAWEALTANVAD DS, $72, DNA T 7 F v Off
ZHHRENTHBY (Sano et al, 2011), FNZENER)
HERBD SN T VD D DODOIBENTEOBEMTH D, &
NonIHr b, INY TIRIEHHAAREILT 72 F 255
- HWENRTEY, SNIBETRIZFI2ES
Bibkkf ks 8T b (BH - I, 2012), =5
WZBWTT 7 F oL, VNN ZEOWENCIER
WA TH S, LAL, HEMECTHAT S AL
SRR T A2 L2 HME LTEBY, BT
KT 277 F Y EBOWRIZO VTR
T, 22T, ARXTE, 77FXI2L6%
W VNN BB 2 oW TGN %,

KRESLTI, Wi B1%:) ki, H2ETE
372000 ~ 2009 4F BE A 0 A pE W AR THA L 725
OFERNEZ LD F Lo, WAEOMEAEEKREIC
BWTHEHOREEREICHEL LR DM E BB L
720 WIT, FEFEEOMNGHE LTS Twas ¥
VY Epinephelus akaara (£ 3FE), 7THhT <7 A
Branchiostegus japonicus (354 %), B X UOKELR
DOEERIFICEBICBWTALEROMAMNER &h
Twa K FEZa<s7m (B58H) IZ2VWT, X—%
2 F ANV A DBEGEIRTEHA & 2 DR BRI T
MET L7z 5 6® Tl MWAELCHE LTRSS
NALAKRRIBONR—=% ) 77 4 )V A EGRE 2 MAEL,
VNN BEGR & L COMRE LR L, REZEICHRE
2 (H78) T, VNN OFi7- 2 RGO HE g %
B %o TLZDOBARIZOWTEE L,

% B, ARWFFE oI P AR A D - 72720,

HI &, M2 ATBOE MKEREIFTEL >~ & — 24T,
BUEIRKRERTTE - A peHE L AR AL D D, HADH
O PP HE LW N i XK PERE T R BT A (LT,
EEFE, 2015 4EPAIT), 075 B FRSEY (0= N i IX
KERFEF AT BT & (U, G RITE), Lilis
EP WA ZERT LT A (MUY, LilTE), o
RS H A DR ERT 78T B T (DUF, Bt
Py, TR IV X K RERF 28T L BT 4 (AT,
TEIT &), IS V0 DK ERT JE TSR T &
(LIF, RTE) LRkl 72,

$28 EREEMFELSSIVCEHEEBREICSITS
RROFEERR

21 (FUBHIC

FATE O F B E B b B g A O R A
BT 20813, 1941 FEICHERP 7 VL E
Marsupenaeus japonicus O ) LT WEIRERETH
% Skeletonema costatum =525 2 L #HL N1
T (Hudinaga, 1942), FH¥2E BE O FEA Y 7 B Aly % fife
LDV ENTH D, 7 VI VIEFDHE 1963 4F
POHEERBMTOEEBIOEMIEBI b b L)
127 o7z 1950 FARICIEF~ a8 (5345, 1950) %
2 17 ¥ Haliotis discus discus (3%, 1952), &%
7 A Mizuhopecten vessoensis (Yamamoto, 1955),
< Pteria penguin GHFT S, 1963) HE0HEOME
BT B MEDS AR IICIRD b lze ThoDH B,
7 7 O N A A PEBAR 1 1960 ~ 1970 XD HF
ZRIC X D SNz (FFEP, 1966 ; 53t - %, 1974).
¥ 72, WY I Portunus trituberculatus O T v A i i
B AT 1960 4E /I P72 & F ke S (R, 1961 5 JUK
1963), 1973 4EARIZIEHY 100 T3 BUR D HE 77 = o A FE DS
HENTWE (BRI MER S, 1983). —H, £
FTIE 1960 SERI2IC = ~ Clupea pallasii, 735 4
Acanthopagrus schlegeli, “ T 7 7 Tkifugu rubripes
BIUORFAIIOWT, RAREIROZHINE 72IZA
TEBICL VBRI » o ML TR hES
X220 mm OMAIZETHE L, TOMEMKIEERK
E#BEAEs Nz (AW, 1959 ; &5, 1960 ;
M, 1962 ILF, 1963). Z Dk, 1960 FEAX#% 12 1E
WE&Nz2TF I XY KT LY Brachionus plicatilis sp.
complex DfFRFEFEVR Z - OMMIEE L L CGEAT
HTEIZE DRI HEAOFAEBENTREE 20 (T,
1960), X 512, KETVHEMET 5B E O & H
ERICX Y, SEKMEL EORRE TOILTHIT 2 S
FEW AR PERRSEDMEHE S 7z ZORER, F4 OfaFEIC
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BOWTHMEREL 2 SN, NREOMEEESIND
B IR ML 72 (FET, 1986 5 HEF, 2004) o
LA L—HT, HlE2RENICAET BTk %
MEDGEAEL, ZORIIFREAR NI AT 250K
LA REEDEZTENS (Matsuoka, 1989 5 PEHIE & ,
1997) o A i A2 2 01 0D g AT FE \C B 3 % B9 O BF 7R 1
1980 “FEH L VIR E 0, AFHESNIIEA T 5 G E R
IZoWTlE, =E (1995) % Muroga (2001) 12X b
WHFLDOENTVE, TOHRTH A IV AR
FEdE (VNN) 7 V< ¥ty 4 v AlkE (PAV
= WSS) SED 7 AV AN, A PER i R
JE BRRE T S5 O MR, B X OV RIH O FLRAE S D P
I L SHNAEENROBRT 2L LI TV 5,
REETIE, WA EOM N A BRI B %50
DFEARKBILCHF ORI LR T 5720, HET
& B HH T O A REIRDL & AT O TR DOV T

BB

2-2 BEEAEENRELEEE (1984 ~ 2010 %)

WREAMNEOMNAREIX, £ LT REOHE
D7D E LTEREINTWAZ LS, KiE
e Bk, KEREGIREE Y —B X0 ((h) &
B2l D IHEPER LAAT S [R50
WAEPE, AT - R gEs (&E) ~%ER~1 OKiE
T AR EZER S, 1986 ~ 2003 5 KFEIT - KEE
WAEMTEE v & —, 2004 5 KEIT - KEREGHIZEL ~
y — - EEEP RO D%, 2005 ~ 2010) DT,
1984 4E i~ 2010 4FBEICFE W A o S M7zl N JH o
F=F %z, HIHEOMRD I T IR A
Fiatk, B GRAMOKEKED) 25, B4 5 4F 2 L I25E -
NFET B [RFEBY QRN O A FE K O IE 0N K e
DM OERICH T 2 HAK)80 ] (LU, 2EERKE) (12
INDRLTE TNETIT, FH1KRIE 1984 ~ 1987
EEO 4R, 52 K1 1988 ~ 1993 £ D 6 4E 1,
85 3 UL 1994 ~ 1999 4F @ 6 4, 45 4 ki 2000
~ 2004 4EBE, 55 kI1X 2005 ~ 2009 B, 6 kI
2010 ~ 2014 SEFED ZNEN 54 2 xR M & LT
WoE - REDP R ENRTWE, 22T, EARGEHIRS
NAEE, Thbb 1984 4F)E, 1988 4EJE, 1994 4EJE,
2000 4EFE, 2005 B X OF 2010 4E B ool iy A= e o 51
i & AP R & A, WU B X ORI E R = H
&L ZOMIZX S L Table 3 12/R L7z,

2-2-1 ffg

MBITIE 1984 41213, HF QA2 31 FEHBTTHY 5,000

FERDEE ST Wiz, 20k, 1988 4Tl 36 fll
HTH 6,100 JT AR, 1994 4E 1% 33 FEEETH 8,600 J7 1l
K, 2000 4T 1& 36 HFE TR 1 EEMAIC F TBINL 72
A, FOBIHEE, AEEKE B4 L 2010 4Tl
34 FEF TR 7.300 AR E R o7z SO X IHAEHT
13 1984 4E 72 & 2000 4F 12 7 0 CRES R R A B e AS 4
LCBY, Heoff WA EFMOBREIB I,
b, KEAEENTREICZ72EE 25N 5, 2000
EDREIE R 8 U 72 R BE R SN, S N s o 72 faFE D
R LR, BESURE 2o 2MIcOWTH 1Y
7o) DEFERDPD R RY, BAEEREEEIHA L7
bDLEZOLNS,

2-2-2 FARFE

HI 3¢ 0 T U 1984 4R 12 I3 0F R A 15 FliJH ©HFY 5 18
6,000 J5 i f&, 1988 4F 1213 16 A% TH 6 1% 6,000 J5 1
KA RE S NT2H, T DOBAEFERIIIRD L, 1994 4T
13 17 R TR 6 RAK, 2000 4F 13 16 FHKE TR 4 G5 1,
2005 413 14 B8 T 2 4% 7,000 K, 2010 4E1% 11
FEFCTH 1 1% 9,000 SRR ER SN TS, FIRHE
TIE 1984 4EA> 5 1994 4E 12 20T TR R MEIR B X 0k
FERASBEIN LT 525, 2000 4E LARE (300 G0l 3 A
LMD LT WD HHIZ 2010 4E DA PERTIE 1994 48
O THEHFEVFEIRE o TWD, THICIE, &R
SEFE S BRI A T TV (HARE MR
£, 2003b) ([2BWT, [HH KW EA S LS A E
LT\ 724 8,000 AR D 7 )V~ T ¥ 1 e H3EDHE
TLZ R L L, BHTHEXRZXHIZ, H
AR BT 2 T O KRB PEBAN S AR BER C, K
7NV, IROCTHY I THILIN-Z LD,
BRER D D ETINS O PREHAN EE xR Hl
EEMT SNz BORFEDOEBPMIE I v~
T304EDE, FPHFITHBEDEFIFEHAL TS, L

Table 3. The number of juveniles of marine fish and
shellfish produced in hatcheries for Japanese marine
stock enhancement programs

Year Number of the Finfish

X L Crustaceans Others™
basic principles

1984 1st 50,240"1(31)2 565,702 (15) 1,821,176 (23)
1988 2nd 61,375 (36) 664,298 (16) 3,254,239 (29)
1994 3rd 86,227 (33) 606,396 (17) 3,073,906 (30)
2000 4th 104,099 (36) 404,409 (16) 3,778,509 (28)
2005 5th 87,298 (36) 269,840 (14) 3,097,975 (29)
2010 6th 73,865 (34) 193,671 (11) 3,346,774 (29)

*1x1000 individuals.
*2 The number of species produced.
*3 include mollusks and echinoderms.
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ML, EATE ORI E D TR EBBLO Kl
LSEDS e SN7HER, AEBIIBA L TE TV b,

2-2-3 Z0ft

Z DA R A W) O R A PE Db G 35 & OV RE R
(&, 1984 4E T3 23 M T#Y 18 4% 2,000 T AT H -
72H3Z DB L, 1988 4E1213 29 MBI THY 32 4% 5,000
JEAR, 1994 4F1d 30 MUEH Ty 31 AR ME AR, 2000 4FE T
(& 28 L T HY 38 fEME 1K, 2005 41 29 B THY 31
R AR, 2010 4F 13 28 B T# 33 MEMEATH - 720
1988 4512 B o K 2* 30 il 1A 2 W R 7ot 1, BRI
HHLOD 0 BMAZMERL THY, WFREHLLD
1988 4ELARER & A 13 7% o BRI HE TR #2
DB > L RERENTH D Z L5, B
ROPWFEZ RSN TB D FEP RSN TV D,

2-2-4 FEWRE

1984 4E 2> 5 2010 4 £ TO 27 4EM D 9 B 8 O M
MICY 725 2 EMIChblzo THBEAEESIN, »of
T 100 7L L OBREA g I N2 D3 5
Bl 2 I E DO FE G fEi L L Table 4 IIR L
2o BEITIE=3Y Y, *% T Gadus macrocephalus,
A X ¥ Lateolabrax japonicus, ¥ X 7 ¥V, 4 % F
Parapristipoma trilineatum, <% A4, 70 ¥ 4, N
% N % Arctoscopus japonicus, 7 ° J A Sebastes
schlegelii, 713 Sebastiscus marmoratus, + =742
¥ Inimicus japonicus, © I X, I Hh7J, <HLA
Pleuronectes herzensteini, ~ 3 5 L A Pleuronectes
yokohamae, “ T 7 7 ® 16 fflE, WikH T3 r ~
I Y Penaeus semisulcatus, 7 V< T Y, I F
A L ¥ Penaeus chinensis, 3 ¥ LT Y Marsupenaeus
ensis, N7 aAFV)HW I Seylla paramamosain, 7
Y3, AT UHYI Portunus pelagicus, &7 XN
= Eriocheir japonica ® 8 ¥, Z DM TIZH 7 ¥ /N7
A Trochus niloticus, “ 3 7 ¥ Haliotis diversicolor
supertexta, 77 327 H. diversicolor diversicolor,
XA T IY H gigantea, 72T JE, T T7IVY H.
discus hannai, I Turbo cornutus lightfoot, />4
Babylonia japonica, 7 71 57 A4 Scapharca broughtonii,
RETIHA, IINHA Pseudocardium sachalinense,
Fa v N T ) Meretrix lamarckii, /N< 7 V)
M. lusoria, T 7 U = Pseudocentrotus depressus,
INT V9 = P. pulcherrimus, T INT Y 7 =
Strongylocentrotus intermedius, ¥% LI % F 7 =S
nudus, < F < 2 Stichopus japonicus M 18 TH - 72,

Table 4. Major species of seed production for
Japanese marine stock enhancement programs

Animal Species

Finfish Pacific herring Clupea pallasii

Pacific cod Gadus macrocephalus

Japanese seabass Lateolabrax japonicus

Striped jack Pseudocaranx dentex

Chicken grunt Parapristipoma trilineatum

Red seabream Pagrus major

Black seabream Acanthopagrus schlegelil

Sailfin sandfish Arctoscopus japonicus

Schlegel's black rockfish Sebastes schlegelii

Marbled rockfish Sebastiscus marmoratus

Devil stinger Inimicus japonicus

Japansese flounder Paralichthys olivaceus

Barfin flounder Verasper moseri

Littlemouth flounder Pleuronectes herzensteini

Marbled sole P. yokohamae

Japanese pufferfish Takifugu stictonotus
Crustacean  Green tiger prawn Penaeus semisulcatus

Fleshy prawn P. chinensis

Kuruma prawn Marsupenaeus japonicus

Greasyback shrimp Metapenaeus. ensis

Green mud Crab Scylla serrata

Swimming crab Portunus trituberculatus

Flower crab P. pelagicus

Japanese Mitten crab Eriocheir japonica
Others Commercial trochus Trochus niloticus
(Mollusks, Tokobushi abalone Haliotis diversicolor aquatilis
Echinoderm) Fukutokobushi abalone H. diversicolor diversicolor

Disk abalone H. gigantea

Japanese abalone H. discus discus

Ezo abalone H. discus hannai

Spiny top shell Turbo cornutus lightfoot

Ivory shell Babylonia japonica

Bloody cockle Scapharca broughtonii

Yezo giant scallop Patinopecten yessoensis

Surf clam Pseudocardium sachalinense

Lamarck's meretrix, hard clam Meretrix lamarckii

Common orient clam M. Iusoria

Red sea urchin Pseudocentrotus depressus

Japanese green sea urchin P, pulcherrimus

Short-spined sea urchin Strongylocentrotus intermedius

Northern sea urchin S. nudus

Japanese common sea cucumber Stichopus japonicas

2-2-5 4EZMKIEL F-XRE

O RDIEARFTEA/RE NS T TIZ, FMH 1007
ARLL DA FE R S N, EESATIIMEL S 7
EARLEINEY, EEERIE LRI, AT
33 ¥ x & Spirinchus lanceolatus, 7V, I+ 37
O % A Acanthopagrus sivicolus, Wi T P v~
Y Pandalus hypsinotus, 7 I X IAF1) HHW 3 Scylla
serrata, 7 N XV LY Penaeus latisulcatus, =DM T
\X, 73X WA Pinctada fucata martensii, &3 7 ¥
Chlamys senatoria nobilis, 4 % X /T A Patinopecten
albicans, © ) I A Fulvia mutica, ’~7 7' 4 Mactra
chinensis, I WV 7 A Tresus keenae 3% - 72, %
7z, B ICHOGTAEENIRD O R A, Ao
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7T # L A Pleuronectes obscurus, 7 75 ¥ 7 ¥ T X
Cynoglossus joyneri & HELDO Y VKT H 4 Scapharca

subcrenata T&H - 72,

2-3 TESHARREOFAERT (2000 ~ 2009 F &)

H 3t Tix, 1990 42 S KFEIT DR % %), i
AN OME A EMICRAET 2RBEEEL, 2
NS OEHREMNEEREEOMTAT LI LICX
D, BIRBIRICET S Z 2 HE U TR IR
WMFEEBIH L2 (BH, 1990). F D, 2005 42
5 2012 4B F T HEFEHHEZE AT O £ 95 B R 25 S B
Jg & e, I O A T R A S B W TR
RWAEREE N & 2 TIE, F IS
T 2000 ~ 2006 4EFE F TRt S N7 — & LN
FEEHGE S R 23 12 B W TR S 7z 2007 ~ 2009 4
EFTOT—F %0, MEAEBRETRELTYS
%ﬁ@“&%m’owa«éo&h ol 7 BT 175
A RS O 2010 £ 5 2012 4E 0 34ER TR AFE
SOOI L L F D, AN 25 5 AR 2 S
LCWhwn el LCHIsg Lz, F72, MRS
BT DEROFERRE T LOLMS (1997) B
JUMBEHS (2005) O F—% 2 & 1989 £ S
2009 EEIZBIF S VNN oFLfalEz2 T L o,

2-3-1 EHHAREHREEICETSIERREERA
(2000 ~ 2006 F &)

(1) EHBEREROAF

o 1 2R PE IR A I 38 A L 7o e K RIE T Bl o 13
NEEE, AEPExT Al FAR, ER FEEofER
BERMB L ONLBETH L, HRIET7 7 v 27 ARE
TRA=IWVTATL7 T2, Ty —FilAEICED,
WEBICHS N E o ERNAZREL 72
(2) &hni%Ea

2000 ~ 2006 4F- B ki E A A R AEE L T b
ZE ORI T, 39 ABERFIL D 63 OB v
y — & 16 KRBy, HI&mo 16 35 (BUKEDF
7% - BB PR O REHECEBARIT &) oFF 95 BRB (2000
3 HBE) THhH5b,
(3) EHEEEXRTE

2000 ~ 2006 4F B OFEE A BE - A TR0 FE RIS AR
ST B3 & OV N AR B 25 18 A0 A
XNTVABHEE% Table 5 12/R L7z, B, 73
ARIBR T2 WA D ) HAED 49 FE (46%),
HREEA 18 FE (17%), Ffh (BRKENHE B X OV
BB ) 2339 HE (37%) DA FF 106 i A5HE 1 Az o

Table 5. The number of species of creatures in seed
production for Japanese marine stock enhancement
programs and aquaculture from 2000 to 2009 fiscal
year

Animals Species Ratio (%)
Finfish 49 46
Crustaceans 18 17
Others 39 37
Total 106 100
SNTWV5D,
(4) KR+

PRI H AR S TEE SN A (HAMA
WFE, 2015) HERE L7z, RESTEEINTS
57, ZHEAEICBVT—RIIIFHRI NI, K
() ERCHL 720 RHEE DB DK I DT

TR E DL EHF L 72 T2, Wik
HOPRLYAINEGET H2EMKITILCMONTED
(Spark, 1985), HARTIHIRAFER ST 2 FRHL)
HEOHERKE, TEHEREOWERFI/ YV 77uh
HiZofEshaZ Lo (MH, 1998), FEES L
TE LD,

(5) MW % &EHF®

FRMt S N7 Rk & B VORI A e A, B O IR,
A, WEORRB X OCELEROFEERKICD
W, BREHS (2000) OFEICHELER L, T4
bh, ERmEEKE, FETLICIBEOR—D g
MEMIZBNWT1IOOHE[HAEL GG 11 L,
PIRFEERF O EEN RO TR 2 KE SR AT —
VTR L7z
(6) BMTERIRRREIRR

2000 ~ 2006 4 & (2000 4F 4 A %> 5 2007 4£ 3 H)

WZAETT 444 TFOFBIR DO FEAEDHE Sz,

i, Wik, 2oMicBid s omERE %
Fig. 2 12F L 7, B THMEGEI L o701
LI A0 121 38%) THolze KWT, 5 A4
DWA6HF (14%), 7 a5 A P19 6%), =+
ez aBvABEnEFN 3BT A%), ¥=7
U1 (3%), 27 T Epinephelus bruneus 7% 10 £
B%) THotoo HRRIETIE, Z VI EDRRM
50 7 (55%) L b %, RWTHHF I D 22 7 (24%),
IO 1MH (12%) DL o7z, FOMTIE
ya7I7ENRITH (652%), THT=H54 (15%),
AHATTERAH (12%) Tholz,

(7) BERBIERFEERRT

JE R B ot B0, MR AS 162 7 (36%), =

AW AFFA 11214 (25%), AT 17%), FF
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OJapanese flounder: 121 reports
ORed seabream: 46 reports
ABlack seabream: 19 reports
BDevil stinger: 13 reports
BMarbled sole! 13 reports
AStriped jack: 11 reports
AKelp grouper: 10reports

WM Other! 87 veports

OKuruma prawn: 50 reports
OSwimming erab: 22 reports
B CGreasyback shrimp’ 11 reports

BOther: 8reports

O.Japanese abalone: 17 reports
ORed sea urchin: 5 repors
B Disk abalone: 4 reports

B Other: 7 reports

Fig. 2. Rate of reported disease occurrences in Fish
(A), Crustaceans (B) and others (C) in 2000-2007.

A MU A 55 1 (12%), EHHA 40 1 (9%) THo
72 (Appendix table 1 ~ 3).

A NVAKFTIE, VNNOHE» 0L ixd% <,
KT PAV 2515 8, WiEMIEN 14 FThH o720 K
TR EREROPR T, #H2ll, Zuxrua, +4
=X Argyrosomus japonicus, 7T XI A, a7y
FXZ Choerodon shoenleinii, <% 1, Fx¥ A ua=<lV
NG Epinephelus. coioides, <7\ Scomber japonicus
IZBWT VNN OFENRE SN, VNNIZIIFE
TIENOFEER STl 24 FH 45 L Lo afE» o
MEENTHBY (Munday and Nakai, 1997 ; Munday
et al, 2002 : Sano et al, 2011), Z&EMFEIISH D
MT2BLEZOLNDL, ZOMD T AV AHFHTH I,
Y A SN Epinephelus malabaricus, >~ 7 L7 F
Lethrinus nebulosus T35 A4 4 N7 A4 IVAKF (red
sea bream iridoviral disease : RSIVD), F¥ 4L A
Verasper variegatus, * 4 % 5 L A Pleuronichithys
cornutus T A4 IV AR EH AR (viral epidermal
hyperplasia : VEH) 5%E L7z, 72, #4723 R
IN IV Sebastes oblongus, & LA D74 VAR
PRI E (viral hemorrhagic septicemia : VHS),
LI XADUENF T A IVAKR, T AT 7Y Haliotis

madaka DHZERIEDH 72125 E L 726

MBI CUE, OB E 25 44 R, 0 P R
WPREAS 341, €T U FRR30MHELL, v~afL
1, LI ADFEMITEFRE, 7I XA/ IFY
AHFIBLOTYIOEEE (K), PFerv=
Tripneustes gratilla D¥E X (R), Y4 I N5 D
IEFVA Y AFABEENFEA L, 2DH)Bbva
TV A4 OIEERTaEF A5, EER Aeromonas
salmonicida \Z X % F&GHE T, KILAS 17°CHit: DKL
BRICHEAE LIEETREERTH L L ShTWws (BES
5, 200600 #HIBOBIERE (R) &, FHITIE
FERPZAHTH B H5MEOMG LI TEY (&
W5, 1997), 7I X/ aXVFYFITIETI2EBED
EREFERNTH S (1, 2002) T Trv=0
BRI T, HAEEOAORE CTHRMNIIFES LT
s, MIWEICEAEKEEZEZONT WS, $72, [
Uy =HoOHEWHTIE, JLHARATHEAEIN TS
IINT v ZCRBW O Tenacibaculum sp. 35K D
PR D S (Suzuki et al, 2001) ALFEHFIZ, Kili
AR EBAE IS b 2o THRAELTEBY, Yt
Tl IYNT S ORFITIIREENSRE LR S
LHEREIND, —, KR TAv=, VT
Y ZOWMPTRE (K) BHY, Th = TREE
MBEAEKE S (ZH, 1998), ¥ Iesr =TIk
EEBEPENE &b Twd (B, 1994), F4
ARIR R K DTS 5 2 &G o ol piid
%<, ¥Yoesr =B APk (Taniguchi ef al,
2006) DIHHAPEEN D, F L EwmAFE LM
fECTIX, BEMBEEDTY A XNV Sebastes thompsoni,
FAurJaAXNnN, ruyf, Y7V, AXF, F=
Fa¥, yurssNXI, NIYIJILT7F, ruryyy
XY ATUE, MEEREEES A =4 a8, SR
Y U FHIED A F Rachycentron canadum, Wi\ FiE (IK)
TIENT7 Y=, Ya—FEFRAETIREL T A LAY
TN o720

FAEMFETIE, A7 —F AIEDIEEI 191 & K%
bE 0 ole Tz, 1999 4FFE £ TIT 10 M 0 % 4
HURDSIRE SN TWW7zAs (B S, 1997 ; IBEHS
2005), AREH/EROMEITBWTI LY, 7~
ITYDOVI)ATALVEHEE (K), 78V 14DT )V —
JVAXTHRE, AV ITOIZY)TNETE ATVT I
Plectropomus leopardus O JFEHIEGIE, ~FFD M)
IV, B ¥ IXNTF Seriola dumerili, ¥ T NY D%
FRATFZTIE, W& A DOEINFFREIH BN E
N7z2o RERIEMTH T ESHER I N5 EH
WORHRMAFEIX, A7 —FHETIIA, +=F2
Y, A4 ¥ VA, r2avA, ¥xaxr»NnN, £
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FARFIETIO VA, YFFAIH VA Tanakius
kitaharai, XN, 77 AN, TARXANIVTH o
720 ATV T T DOFRMERYIETIX, Ichthyodinium J&JR
R ZHEIIN AT DINFE P TR L, IR
PHCIIRE S, Bk LA BHRkELFXF T 5~
MLE L, EHERICEDEE XD 5V 2wz
KPP CHAZEINSELZ EBIREINRTVS (Mori
et al., 2007)

BT, Fzia~5 4, <7 D Ochroconis
thawytschae 7213 O. humicola D&Y+ 5+ 7 aa
SAJE, ¥FA, A=A TEDOI XA EHEPRE SN
F =% a ¥ TIERAZEDOEREI L S iz,

R TIX, #3212 Licmophora J& D EE DT A
57 ERTIE (RK) DREND 72,

2-3-2 EEHPRRERERGES BT IRFRE
KR (2007 ~ 2009 &)

(1) BEDAF H LTSRS

HBTENFIL O FORHH MR & 8 U C, F A e
B2 O IS BT 2 UL L 70 A% & 32 #E B
(2007 4 3 AgE) TH 5o

(2) ERBIERFEERR

2007 4EEE A & 2009 4EFEIZ BT 21 #EBE X v 35 1
DPFRIEEOWMEH D Y, 5B H5% B 5
%% L ©7: (Appendix table 4), ERFTIX, 74
VA 111 (33%), AT 14 1 (39%), FFAEMIH
31 8%), A6 (19%) THolze 7L NVA
FRTIE, VNNA7METREL, ~alLATT 2
T UA ANV REGHE (IR) 2R S B
THRAEL. MIFEWHTIE, AVT7TI, Y4 by, b
I A THEMBED, Y4 My, bF77, 7~
IETETYARBENENIHToMmEINT 7
7 v THMEGSE () 2954 THOTHRE S
2o FHAEMFTIEAYTOI ZnaF LIESHIE SN
7oo RRNAWOFEC A 6 Ff, HI8E 1 fH o b
ENsze 7 AV AN TIZ VNN D54 A% M fl Ty
BN, KRRE LCAEEBSCTHEL Z>TWwD EER
bNb, 72, T2/ T LAIANVAEYE (K) 25
BB CHEUEIE IS b 72 TRAEDOHENRH Y, Hl
A RES 12 BT B I IE MO LE D B Bk) 3R % 3
CTWLREYRD L, MIHWHDO7 7 T, H
FTIEATA T ETHREINTED (Kamaishi et
al, 2010), FBPOBIHEANA THESI N L2
SHBOFEIRNZIIBT 2 & LB ICFERBEOMEIRE &
DAHB LR BREOREE B2 % ) LENED 5.

2-3-3 VNN OFELERKR (1989 ~ 2009 £ )

1989 4E* 5 2009 4EFE F TICAREMFE B L K
412 BT VNN O35 Sz sz 5 F
0/ICBLY, Zo9b, Ny, 73, V3T,
I ATIIHEENI0ED LIZHDRATYS, ¥
7 ¥ T 1995 IR BB R AE . SN T B
(Mori et al, 1998) \Zd2hb 53, 2000 4ELLFEIC D
WERDH 5, ZAIE, FEAEREICB W CRART
T 5 PCR AR IN i E HK 2 L3 %
TV RGBT E OB ORAESEE L v &t —
WEE2 D, —F, ¥y=7IUsoaFD VNN 5%
T, KR OWER I E KSR E sk O S &
Ol E (3 2 A OB T S T 525, B
BRI N EATRERTWS (G- S |, 2005)0
1989 ~ 2009 4EFED 21 £ D ) B, KRS THFZEx S
ELFINTRILER, THTIIA X 3IFEM, B
X7 a< i3 74EMT VNN BEOHEDTD - 720

2-4 FE¥

BIMERY HE UMW Ao S, R
WA L2~ ¥ A4, 7a¥4, 5 X, ZJLIILE,
HHI, TICHEZROLICHENEE SN TE A, &
noofFI, BFEDMREL CAEESRTBY, 4%
TARBULIRD L7z b OO FENRIICK X 2 bid %
W EDH S E ST

AREET/R L7z 2000 ~ 2009 4F FE L2 S 7225 0
R A8 TH Y, T A NV AFH 1231 (26%),
MWD 176 15 (37%), WA 40 7 (8%), #/E
HUE2S 58 1 (12%), ARS8 (17%) TH - 7za
FRIOBRD 5 B, BEAEICD2 0 HE S 75w
&, B TIE VNN, RSIVD, (M0, e
WAE, €7 AW, MRS EE A2 —F
HHE, W CIRERIE, A CIEMmEME, Bkl
E () 2BV, N SOFERIE, 1989 ~ 1999 4 (1
B 5, 1997 5 EREH S, 2005) 2B T b FBRICHE
ENTWDBZ L, FfA R E R 54
T2 EREROMBEIE, KEFEBELTwARnEW
250

ZoOHTH VNN &, BRI OB AIRN, JH
PABIFEAIRDL, Mo B 7 AR, BRI B
T, WMEHEIZ L oMM AR TR GH SIS
B THD LV D, KRONEMETH L F TN
TRILEM, 7H7<¥ 4 TIE34HEM, rsu~xro
TR 7EMTREOHREN DY, REEEEXBI R
WAXB RS ETH D EEZ BN D,
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EBIE FUNFHBTBIN—-F/F)LILADRER
KR

31 [FU&IC

FIONFI, AZXFENIRNTRBICHGESIN,
4R 60 cm BEICHRET 2 BiFkon 5 T, HHE
Dm2 it EmE, hE, BB T coRRsic s
AL, EIWNTIEIFICEINGS X OHARBMETO S
ML S AERT 5o & L CHIFERIEMIC X 1 i
s, MRS T, RS [T 3] LIRS
N, EbLOTERTHL-OHRMEIEL, ERE
MELTHRON TV EELMENGHETH L, L
L, MGREOBRHME R ST XD, EEIERE
BELLBI LTS, FAEEMO—DTH 5 I
WZBTAFINY OEMMERI, 195F0 28 k ~
e, 1956 55 1968 I T80 2 b
185 ¥ THER L TW7228, 1995 4E 2 & 2006 4122
JTRL 254 b O#EHTSH )R L T 5 (R
A IR R A B AT, 1956 ;5 H E DY E R BURHEET
THHEGES . 2004, 2005, 2010). Z DEILHEF O EHHEIZEL
WSR2, BEAKREIMKRE L TRV EHERES
N5, Tz, AFITEEEDTRNZ &5 BB I
PRIZIEE e e e S s (A S, 2003), DL
DX WD E S RIROGFRAIVNE W) ZITE
BB Eh S, REITHE RIS L 2 BEHROHME
WMz B & 32 MEONGME L THET
H5bo

FIONY O AT HHT981E, 1960 FR XD
RS, BHIREINC X 52O KRR, I
e LTI HIXVYERTLY (¥4 3M) Brachionus
rotundiformis DB NVEOMERE, HHERER#EIE 26
BFREOBIZL Y SHBEREMAHIE S, AHAERES
ZRESEIOWTZE S D < ST Bl DL RAS A W A
iz LU, 1988 ELLRICIE 10 JifEfA % B 2 5 4
A REE o TWa (fakb, 1990). LA L, H
W5~ 10 HoFAals X Fasis o failic s
FCORIER, FL2HTRRALHI, FHREARIC
LIZL XY A v A PEMEESEIE (VNN) 23564 L T
MW OREAEBEICLELZ E- LTS (Mori e al,
1991) 6

VT VHBAEEICBIT S VNN OBk E LT
PCR MFEIC D K BB 0L, ZHINOMHER
HEHAKOBRFEIFRESIN, b Z2RAEMWICE
THZLICLDARHOFEEZFILTE S Z LGS
nTws (Mori et al, 1998 ; WH - AIC, 2000), 7>
FEIIBWTH NS OMEERETIE, FkOTE)

VNN OFAEBBEICAETH S LH@EI LTS (I
o, 2002 L2L, FINFHAER, =7 TR
INFIZHARTHRAED/NS V) 212, IR O R
I PCR A IS A = 2 — L 2 E & W TG
BREFRIT 5 2 EDME LV F72, HIREII TR
BPENZ &5, AFERRIESEIC X D EINTE
ZREINOIVEICEREZ RITT I e ENG, —
Ji, BREINI-Y~T VHRMTIE, RBREDDLVIEA
TAEMICEDL S TEBEPHEIIREVIZE, 4, Fin
AEVIT E SINNV 12K F 2 PR ORI HN 2 &
75 (Mushiake et al, 1992), EHTETIZFINY
@ VNN BB & LT, #mas1 ~ 34 &
VB Z YV, T — FANC X 5 2RI R R 20 2
i (7u > 774 YNPL10, HAR7+ =27 2%h)
I2& D 100 mJ/cm® OIRIERIRE CRLE L 72Kk (D
T, SRR L 22k A UV AE#EK EFEY) %
AT AZEICXD, FHAEIICHIT S VNN OFEA I
i Cc& 5 X912 -7 (I, 2000 ; #EFF, 2002)
LAL7%AS, MAEZFERPICHEAT S VNN KK
ELTHEE > TWD, T/, B, RARFINY
PO PCRIFEICENR=F ) FI 4 VADPKRE SN T
BY, Bl LTHW D RRMAEYR E 2 2 0] fgtk
VRENTWS (Gomez et al, 2004 ; Sakamoto et al,,
2008) o

ZFI T, AFETIE, 2002 FICEHTEICBWT,
AR BE L 7o B R f 1 A S 727 fE L 2 PCR
WKWEDHRAEL, "4V AOBGRN 2RSS & L3
12, A INVADHRI S AR B 5 Rk &
BERRA L7, 72, WANMED 2 AP, HEREB X
OISR O G FT 4 BT 0 RIRHEIR T S -+
INYRBEAIZBITHER—F ) ¥ 40 D REGLIRR
RIAELTze SO OEERELY D LIS, FEMEEY
BT B AHED VNN DIEGeft k3 X OBk sk iz
WTEZ LT,

3-2 MEBLUVFE
3-2-1 AIBFBEXINZA

(1) ERFA

1999 4F O Fli i 2 E TU& 1996 4E B & U8 1998 4RI F
VAR JE5 30T 7 C I S 7 R f 88 MR (P4
£ 335 cm, FIEKE 763 g), 2002 F Tl 1999 HF~
2002 4E 12 [ g C e S 7z R Ei AR 119 fEAE (3
45 341 cm, VFHARELS] g) FHAEKIMEL .
REC Lk LsE (50 kL) IQINAEL, BA8E#HEKzE
FAREIEEEE (70> 7 74 » NPL-10, HA 7 *
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k=2 A%E) TR (100 m]/cm®) L7z UV LHHA T,
EARXAMRLy PEREEL 1~ 3EBBR L. €A
A MLy bOMKIRYT Y T (FAW) - A
WA A A Todarodes pacificus * FEAFE (HEFIEHE
Aat#) 21:1:1:30HGTRAL, RELS
I VAR EERED 3 %DOEETHRMU7z. HIREIRIC
X DRI & i E A L7,

(2) BREESLUVHADER

1999 4F1E R E F g — Rl (A3 7 Rl 50
mg/L) TI5MMEELZZRMEZMEHL L 72, #
FOMORE* R8T L0, Fr/ruury
A Nannochloropsis oculata £ 7213 iEMERK7 B L 5
Chlorella vulgaris B £ O fLEEM (74 v a7
V=, ZV) = ANF YA 2L I
WEREICAEDLET, P FIXAVYERTLY (41 HE
), TNT T Artemia salina ¥4, BAFR (W
FIFERE T3EAL) 2HE L, 25 ~27COfEKIET
WRENE LT L7z, Hie46 & 58 (FH4aERE 318 ~
370 mm) T RT-PCR R&t:oMEf 11,400 k%Y E
F, BEEAKRAICERE LS Ax4x15 mB
L2 x2x1 m) IQIEL, UV RLAELEKEZ T
FLA SR (ARFEALE) 24/ LB L7, A
1 FAEREMEL 7,

2002 4F 1% UV ALBEiE K CTPRIN L 722 K500 2 f B K
(60 kL) CURZE L, 1999 4E & [k SR 51 ¢ il
BL72. H#39~42 (FHEE 255~ 314 mm) T
RT-PCR Bt 78,300 ffk 2 Ly 1iF7-%%, Bl
ARAENIZERE L 72/NEEICINA L, UV LK Db
KRCEAEFBZEHLER L. RATICIZ4MFH %
RELLEERAZM L2, b, 2002 FAEMDO—
TR H ik 200 HDAREIC BTS2 L, AV vl
MK THAKIRTHEE LA % ki L7z
(8) PCRICKBN—4/ &1 IV ZDHKH

N=% ) F 74V ZADOKIIZIE, RT-PCREL LU
nested PCR % fivi7zo RT-PCRICIE 1 ik 7- 1
1 F 7213 2 RO FEEB (H #5 20 ~ 50), 5 A F IR (H
70 ~ 80), MR O H F -1 (F #5580 Lik%) %
fit U7z B (JRE 270 ~ 1510 g) TIXERM L2
K50 mg ZMEARINARAICHE U zo FRELL 22408HZ,
PCRIFICEA2MELZBIHIFT30CLLFTHREL
720 MRATHLEE D 5 O RNA Oz, WO EE
Wi (7A vy, v RVI—-VHE) 2H
W, Y27 VI TRNA i L7z, 557z
RNA 1Z3& 45 0.1% DEPC (diethylpyrocarbonate,
FHhITATAZE) WAL - BMAKTHERL .
M L 72 RNAL1 uL % 8 %1 & L, Nishizawa et
al. (1994) O #H#& L 72 RT-PCR IC# U RNA2 ® T4

HIMAEME L, Thbb, MEHTISA~v—LL
T F2 (5“CGTGTCAGTCATGTGTCGCT-3) & R3
(5-CGAGTCAACACGGGTGAAGA-3) #ZfiHL, ¥
IR E #1213 Super Script I Reverse Transcriptase
(=71 v ¥ v—4t), Tag DNA FHEEEFICIE
Takara EX Taq (% 7 554 F8) #H{wiz, +—
< )VH¥ A 25— (GeneAmp PCR System 9700, 7
TIA4 RNAFTATARX) 2L, 427CT 3045
DFWEE %2 B Z v, RIZ95C T 40 B o #,
2, 55 CTAOHMoT == 7, 72C T4
BWOMRKISOH A 7 V%2 0B hotze BB,
WA DOBIENEB X O %O MRS ORI 5 541
& L7zs #HEWT, Nishioka et al. (2010) @ J7i:izik
U, Nishizawa et al. (1997) 2%%s5 L7z T4 HIgO%E
Bk WA DDR=5 ) 7Y 4V ADEETH
D9 %, RGNNV Bz TRICHRW R 754 v —Tdh
% RG-nf (5-ACCTGAGGAGACTACCGCTC-3) &
RG-nr (5-CAGCGAAACCAGCCTGCAGG-3) # H
VW nested PCR #3827 - 72, nested PCR Tli& PCR
s (10 mM Y AEEE : pH3, 50 mM KCI,
15 mM MgClL, 02 mM dNTP) »4&®% 25 uL &
L, Taq DNA &E:F# I Takara EX Taq (%9
FONA FH) %25 unit, HTIA4~—%02 uM &
L72o cDNA (complementary DNA) D ugefd-iZ,
BEMNBCOI0H, 7= 72 65CD 30,
HERSE72CH 0L L, BB L RED
MRS OBMIZ5 M & L7zs PCREIC X ) HIE
EN7-HiB O RT-PCR OWIRED O 1 ul OXEEZ
Fr7L—hrEL, LD PCRKE%E 304 27 VT
MY L7e RT-PCR B & Unested PCR IZ & % HIiF
EYOMHTIL, MY AKRTEE /EDTA BER (046 M
Tris, 046 M &7, 001 M EDTA) TH##E L7 20
% Nusieve 3:1Agarose (T V¥ v 38U 4h) TESIK
BrBlhw, TFYvATOI NTRME, FF
AA VI A —%— (CSF-10CFC, I AE - /31 F4t)
\2& D, RT-PCR Tid 427 bp, nested PCR Tl 258
bp DYGIEFEY DA 2 FERE L 720

3-2-2 KR¥I N4

(1) BEY>T

KIRF VN OWELT % Fig. 312, ARB IO
K& &% Table 6 278 L720 2002 4E 9 H A5 2003 4
12 A o BICHA N B (18 k) & ik (75 k),
H AW O3 (27 fER) B & UL v ik (12 k)
D 4HEFIZBNT, EHD 2\ I3 LIS X D s
N EF 12RO F I 7 iif % AT L7, 13 4C
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THR# L 72K T 36 BRI DAPIC BT &2 A L&
R PTR L, IREROMIEAHRE, W TR F
O, TR, s, IR L AR 2 A T
ELTHRM L7z, ZORIC, BEEEMSUIBRS WM % ik
SN NTARER LI L7z BRIL 729 > 7
WA T % F T -80C THHMA L7,

(2) PCRICL 271 W ABEETF DR ERHEEDOKRTE
R L 729> 7 VD) H# 50 mg % RNA fliiiZ
L7z BASY 7 h 50 RNA ot s X U0 PCR
(2 & B BENREY) OMERRIE, Bl & RO HETHEML
720 HUEEHIC BT B 7 4V ZAEIE T OBE O
IZ2WT, RT-PCR TOI A )VAKMETIZZ A H
Ve 7= AMEEJH, nested PCRIZ & B K%
Tk y ZEREZMH L CHFEETBE L

(3) BHEMRIICL BV 1 IV R B

PCRICE ) 7 A W ABIRTF AL I N—FOH
YT NIZDWT, E-11 42 (Iwamoto et al, 2000) %
Ao A VA5 L7z Thbh, HEZN
E L2 Y 72955 o HBSS (Hank's balanced
salt solution) %A EEREL, 4C T 3000 rpm ® 15
REL U e B L 72 EiEZE L 045 um D7 4
)V % — (Millipore #:#) TA# L 721, HBSS T 10
ERRRIN AR L7 PHI6 T VDA 70T
L— MTHAE L7 BE-11 MBI, R L 72805 i 50
uL 23R L7214 25CC 10 HERERE L, MlaZMsh
ROFHOFED S Reed and Muench #1412 X D 50%
DOFRIZ S L CTIRGT 5 7 A IV RURIEZ 7 A4V 2 il
L L TCIDy/g % K720

(4) DBE 1 IV 2 DIREMEHKER
EHTECTHTAESIN T ISR CFYEkE
5.3 = 045 mm, FIMEE 19 £ 046 g) 2l L L7,
Mef I BT A E Tkt 500 L oRfaR) 5L v
KABIZINE L, Al 25C ¢ 3 HHfHE LAHEREICEH

& RAFIUNY DS EILAKIC X ) 8 L
ANV, E11 MR CRARGPIEIC X D 3 BT
Lru—=vF L, 20—V 7 L7274 VAKRD
5 B N U S 72 KAk R o 18k (RGEi02
FR) & HEREORKMEED 1 (RGFuk02 ¥k) B
X OBEHEIR E LT U ¥ m ko RGOka99 #k
FHOT, FIUNTHMICHTDRELERBREZ B
Totze 13 EEXH 720 20 Bk % AL, HBSS T
A v A &G % 10 TCIDsy/mL ([CFRHEE L7227 £
AN 50 u L % M o015 55 P P AE AR B A L 7z
#% 100L ARHE I L7z Btk B IX Cld HBSS % [H]
FRICHAE L 720 MEAUIKIR 25 ~ 26C C 2 MMAIH L
WEEErRE L7720 A4V AKEORE I CAOH
BL UMD RT-PCRRETERM L 720 T/, —ED
AR TIE ELIL IS X 0 7 4 Vv 2 DFGEERw

128°E 132°E 136°E
38N L L

38N

Sea of Japan
36'N - 36'N

- 34'N

I 32'N

Pacific Ocean

30°N 30°N

128°E 13‘2°E 13é°E
Fig. 3. Sampling sites of the wild redspotted grouper.
(A) East area of Seto inland sea; (B) Middle of Seto
inland Sea; (C) Wakasa bay in Sea of Japan; (D) West
area of Kyusyu.

Table 6. The number and size of wild redspotted grouper examined in this study

Capture

Number Total Body weight

Capture place method Year of fish  length*(cm) “(g)
East area of Gill net 2002 Sep.29 18 *2 30.5+30.0 413+ 150
Seto inland sea 2003 Oct.22, Nov.6, 26,

Dec.6, 17
Middle area of Long line, 2002 Sep.27 75 29.1+£4.7 393+ 182
Seto inland sea Gill net 2003 Oct.8, 20, 21, 29,

Nov. 7,14
Wakasa bay in  Gill net 2002 Oct.5 27 23.9t1.4 210+ 40
Japan sea 2003 Nov.5
West area of Gill net 2002 Oct.25, Nov.6 12 35.0£ 3.2 717£162
Kyushu
Total 132 29.2+5.1 415+ 231
“1Mean =+ S.D.

*2 Include four individuals of artificial produced fish.
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Table 7. Betanodavirus (RGNNV) detection from the seedling redspotted grouper

by PCR method in 1999 and 2002

Days after hatching
Year
20-50 70-90 110-120 130-160 450-470 1,300-1,310
1999 0/6*1 (NT*2) 10/10 (NT) NT NT NT 0/26 (18/26)
2002 NT 0/60 (0/60)  0/30(0/30)  0/35(6/35)  0/30 (30/30) NS *3

*1 The number of positive / examined in RT-PCR (nested PCR).

*2 Not tested.
*3 No samples.

Table 8. Betanodavirus (RGNNV) detection from
reared brood stock of redspotted grouper by PCR
method in 1999 and 2002

Number of positive / examined in RT-PCR (nested PCR)

Number
Year £fish -

otls Eye Brain Gonad
1999 124 ND* ND 0/124 (0/124)
2002 10 0/10 (0/10) 0/10 (0/10) ND
*No data

FICE D ER L 72 H oMY % Nguyen et al. (1996)
O FFPEAHE U THLSINNV 7 4 FHR % v IFAT
(Indirect fluorescent antibody method) 2 & 1) 4552
PEROBEEBZ oz,

3-3 # R

3-3-1 AIFHBEXFIN4A

(1) PCRICKBHALPSDN—F/ F9 1L ADIEH

1999 4E B & OF 2002 424 S M7= M FL > PCR i
WZEBR=% ¥4V ZOMHIKIEE Table 7 (2R
L 720 1999 4E 2 PE 4 CTIE,  H b 20 ~ 50 DAFHE ST
X PCR B TH - 7225, FHEBE AR D H ki 70 ~
90 T— DO HESMAHE M B Pk 7 & O RFEATE &R L,
NSOk RT-PCREETH - 720 L2L, £
D VNN OFER %2 R~ 3R S E B2k d
HELBBINLL o2y, W3HEBBFRLH
5 1,300 ~ 1,310 O BERIIC A L 72 26 Mifk Clx, RT-
PCR ClEEEETH o 72b DD, nested PCR TiX 18
WAKD B 7 4 )V A BIE TP S iz,

2002 A FEMATIX, VNN OJERZ R TIHETIZRD
SN hoz8, His 110 ~ 120 oI & L
CHLBEBE A~k U 72 fEF AT, #ikEicB VT VNN @
EREZZL, LCHEEDPIPCREETH 722 N5
VNN OFA DR S N7z BRI~k L 22 ff &
F UAEERTERTEICTERTOAD T LV R &G
WZRELEZ S, HilG70 ~ 120 @ 90 BRI,

Table 9. Detection of betanodavirus (RGNNYV)
from the wild redspotted grouperby PCR method

Captured area RT-PCR Nested PCR

East area of Seto inland sea 0/18 *1(0) *2 4/18"1(22.2)

Middle area of Seto inland sea 3/75(4.0) 22/75(29.3)

Wakasa bay in Sea of Japan 2/27(7.4) 14/27(51.9)
West area of Kyusyu 1/12(8.3) 4/12(33.3)
Total 6/132 (4.5) 44/132 (33.3)

*1 Include four individuals of artificial produced fish.

*2 The number of positive fish / examined fish (%) in retina, brain
or spinal cord.

RT-PCR & nested PCR DWINHEHTH -7, L
2L, Hi# 130 ~ 160 @ 35 #ifk Tix, RT-PCR iE k&
" TdH - 7275 nested PCR Tl 6 MK TH - 726
ZFO0%, F14HE2 5 HETERLZHE 450 ~ 470
30Kk TiZ, nested PCRASTRTOMIKTHMETH -
726 PCR T A )V ABIZF IR S 775, Zofi
BT VNN OS2 fER %2 R T HEARIETIERD
LMoz,
(2) PCRICLBHANSDN—2/ 71 IV DR
1999 4E B L 12002 FF D 2=k H D PCRFEIZ L %
N—=5% ) 77 4V ABIET- OB % Table 8 I27R
L 720 1999 SE DKM T, 124 RO A FlifR %,
2002 £ DKM T 10 BERIZOWTIREB L O %
TN LR, WThoBRKFICBW TS RT-
PCR, nested-PCR & dIZBEHETH - 72,

3-3-2 RAXINH

(1) PCRIZICE 27 1 L&
PCRIEIZEBRRFINI NSO A4V A
W% Table 9 1Z/R L7z )T NHERCHE S 7z
18 Mk 9 B, RT-PCR ETIE AV ABIETIIH
HEN%d o775 nested PCR Tid 4 ik (M=
222%) 57 ANV ABLT VRIS N7z, FBRICHE
P T S s 75 AR T 3 MR (B
40%) L 2281k (MeHIE 203%), RS TR S
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Table 10. Detection of betanodavirus (RGNNV) from each tissue of wild redspotted grouper

by PCR method

Detection rate by RT-PCR (nested PCR) (%)

Captured
No. of fish
area Retina Brain Oblongata Spinal cord Heart Liver Spleen  Kidney Gonad
A 18" 0(22.2) 0(16.7) 0(11.1) 0(11.1) o0@e6mn o0@(67 0167 o011 0111
B 75 4.0(26.7) 2.7(29.3) 1.3(24.00 1.3(26.7) 0(26.7) 0(21.3) 0(25.3) 0(18.7) 0(8.3)
C 27 3.7(51.9) 3.7(51.9 7.4(40.7 3.7(44.4) 0(3.7) 0 (0 00 0@ 0(0)
D 12 8.3(25.00 8.3(16.7) 0(16.7) 0(33.3) 0 0(0) 0(0) 0(0) 0(0)
Total 132 3.8(31.1) 3.0(31.1) 2.3(25.0) 1.5(28.8) 0(18.2) 0(14.49 0@16.6) 0(12.9 0 (6.0)

At East area of Seto inland sea; B: Middle area of Seto inland sea; C: Wakasa bay in Sea of Japan; D: West area of Kyusyu.

* Include four individuals of artificial produced fish.

Table 11. Detection and isolation of betanodavirus
(RGNNV) from the wild redspotted grouper in 2002

Captured area RT-PCR Nested PCR Cell culture
Middle area of Seto 4,16 (30.0) /10 (60.0) 4/ 6 (66.6)
inland sea
Wakasa bay in Sea 1514 ) 7/15 (46.7) 4/17(57.1)
of Japan
West area of Kyushu ~ 2/12 (16.6) 3/12 (25.0) 0/ 3 (0)
Total 7/37 (18.9) 16/37 (43.2) 8/16 (50.0)

*The number of positive fish / examined (%) in retina, brain or spinal cord.

N7z 27 EARClE 2 MKk (T4%) & 14 M@Kk (51.9%),
JUM P I T S 7z 12 R T 1 ER (16.7%)
& AR (250%) TH o7z HHAWIH AR TIL 132
& ® 9 B RT-PCR T 6 il & (45%), nested PCR
T 44 Ak (333%) 22674 IV ABEETFT B S,
KR WFROWHIZ BT nested PCR O F a8
Fr o Tze WANIERE TS N2 F Iy 18 i
o9 H 4k, EEOURIEED O TAREM
EHET S, ORI S S T AV ABIET IR
ENBholze RT-PCRIZE B A4V AMHIERIL, #
B TAHEEIIED SNk D 72708 nested PCRIZ
K BMIERTIE, W AR & A ARE B X O
W E ERBOMIZIX, ThEREERE (p < 0.05)
WRBDO BNz,

AR O PCRICK 2 RX—=% /57 4 )V 2 D
% Table 10 II/R L7z, MEBEHARL MM, ZERE, #H6
OMBAEO T N2ITBIT 57 4V AT,
RT-PCR T 38%, nested PCR T311%THo7zDIZ
xf L, GO, e, B, B L AR O WTTh
P OMAFETIL, nested PCR TO&A 182% A5 TH -
720
(2) EHMADIC L BT 1 IV XD B

PCR B THtk & % o 72— % ¥ 7 (FEIHER
b & OERE) 2050 E-11 Ml X 57 4 v 2558

Table 12. Mortalities in juvenile redspotted
grouper after challenge with betanodavirus
(RGNNV)

Strain Mortalities (%) in 14 days
RGEhi02 *1 55 (11/20) *4
RGFuk02 *2 30 (6/20)
RGOka99 *3 20 (4/20)

Control 0 (0/20)

*1 Tsolate from wild redspotted grouper in
West area in Seto inland sea.

*2 Isolate from wild redspotted grouper in
Wakasa bay in Japan sea.

*3 Isolate from diseased juvenile redspotted
grouper during seedling production in 1999.

*4 The number of dead fish / examined fish.

W% Table 11 ISR L7z 7 A4 VA58 S L7 1R
K&, WEEWNHERHOF N TIE6lEDH B 418
K, FERBOMATIZ 7 KOS B 4ETHY, »
FNdH RT-PCRETHEDY > TNV TH o720 S
PiE @ nested PCR Bt « RT-PCR &t 3 KD 5
X, A NRRSEES N Do Te T AV ARGl
13, HEEALRE T 10°® ~ 10"° TCIDsy/g, il Tl 10%
~ 10" TCIDsy/ g, HEHETIE 10* ~ 10 TCID5/g T -
720
(3) BE™Y A IV ADREMERER

FUNG RKIRMAH 558 L 72 RGNNV #k  (RGEhi02
Pk, RGFuk02 #k) % J \» 72 9 5 1 i B o0 5 1L %
Table 12 & Fig. 4 |2, RGEhi02 #RB X & B xf IR
® RGOka99 FRBURIX D FE T O MENALRL D IFAT &
% Fig. 512”8 L7z. HBSS %45 L 2z (Bt X T
BRCHIZED SN o7z, 14 HEO BB THR
'Z RGEhi02 FREUE X T 55.0%, RGFuk02 FRECEE X 78
30.0% 3 & O f 3k  RGOka99 ¥k B [X A% 20.0 %
Tholo HEHMIZOWT RT-PCR THREZ B %o
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7RR, ETORTCHOMBLE X O 5”7 1 )V A#
RFA R &, E-LL MR T 4 )V 205 HE S oz,
F72, R L 72N TORRTHOMBEHEIC =5 /
5 A N ARFEBURL O ERR S 7z (Fig. 5) o

34 £ £

FEHFEICBT 5 Uy M A E#ETO VNN
DFEAIT 1991 4~ 1994 4E F TRRD LNz HF il
wEME) KBTI, £ 3~16mm (H# 10 ~
35) OfFfcHEAE L GH, 1994). 72, &K
7~ 20mm OB % VNN ORE & KR T
(&, THIR B IR B (LI 5 UK R e Bl &
Z—) ZBVWTHADSNR TS (Mori et al., 1991),
FLLTHBA»CORBEMEFICI VAT LT Y
®» VNN Ti&, H#E10 F cofFaiicsgtysz &
W, EEEEE R T R EEZ 5N TEY (Arimoto
et al, 1992), F I ¥ OIFMPINCEAET S VNN b &

60
50
40
30

20

Cumulative mortality (%)

0 2 4 6 8 10 12 14
Days after virus inoculation

Fig.4. Cumulative mortalities in juvenile
redspotted grouper injected with betanodavirus
(RGNNYV). The fish were injected with different
strain of betanodavirus at dose of 10" TCIDs,/

fish and reared at 25 C . RGEhi02 (@), RGFuk02
(O), RGOka99 ( A ), Control (& ).

<7 YO VNN &I, HA»SOEELEEIES
LCwa e shbd, AR THAELZERBAD
PCR M TIZ, HRMB X OAMIEA» S 7 1 )V A E
BB EI NS, BEBAIXR—=F ) FI L VAL
B L TWBZEEHLNIITER D70 —F, ¥
<7 Y OEBEHLICBIT S SINNV (203 5 P,
BRMIEREWEIE, ERITEVIIERBEEIR L 2
A ERL, PUROBMEREO A EBAKNTOY
AN ADORGEE BT B E# 2 5N T\w5b (Mushiake
et al, 1992 ; WY, 2000) . EETEDF I & FlE
BE TN VNN 23584 L 72 1991 4E~ 1994 4E 12 B
B BAEEORBAERIT 2 ~ 8ETH HH, I
AREVHBAIE T, AW ZIENE L ko
THY (T, 1994), VNN BB & LRl
MNIETTOHADOMHR I — FHIZ X 200FHB X
O UV K2 W7 fEIC L b, A EEfc
O VNN 03RO bR -7 (IITF, 2000),
T, RO RVWBAED S ORI =
T2, &SI H L UV LB AROBAIIZ LY,
BN LDR—% ) ¥ 4V A DFEEEFOBEE DM
WS, VNN ORAEGKES B L0 EZ LR
o TOZENS, FIUNFLYYT VLM, E
1 o0 22 B R F BRI T 7 A OV ZASHEI L T v
HEMESND,

YT7YDO VNN TIRAEY b v 3 — FIZX 5280
HHEDOATIE, FHA~DSINNV EGeZ HIETE 2w
(W], 1994 : HC, 1995)0 1999 4 & 2002 4E D F ¥
NT ZREINOMFIC L B VNN BT, <
BAETANVAEREIETE b oo, A
VNN ORJER D o72b 00, fAacBwT—#
DEART VNN O3EIER nested PCRICX Y 7 £ LV R
BTSN LN S D, —FT VNN 235
L7 1999 SRR BES TIE, 34ERITBWVTD nested
PCRTR—% ) ¥ L VADBEPDPFERIN, 3~5 %

Fig. 5. Specific fluorescence in the retina of dead redspotted grouper challenged with
betanodavirus (RGNNYV). (A) RGEhi0Z; (B) RGOka99.
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HEWAAIZ PCR T A4V A# 129 & 7z 2002
AT, H1E2 2 ARIBVWTH YA VAH
T shsz, chonZ iy, X—=5 /7574
WAL 72X VN T, RS 74 VAR
IR TE Y, BRSO D ARAEEREL T
ZERRLTWD, BRYGLIRI % P L 72 2002 4F 4 08
fTlE, nested PCRIZ & A HHIZAHH ik 130 ~ 160
TlE171% TH - 7255, Hil 450 ~ 470 Tix 100% I
ELZERS, AERNIIBWT YA VADENEGE
RZOMOIRA T L TnWB EEZOND, Thb
O T, BEMREzHVEYAVZ5EE B2
o THELTY, BEMEZAETLIVANVAZREAEL T
LEMIEIAHTH 575%, BB 2 VIFAEEICDIZST
AT T B FIE R DR L EZ SN D (ORI,
1997) o

KIRFINZIIBIFBEXR=F ) 574 )V ADEGIR
WTIE, HERBEDO 4 THEI NIRRT IS
132 fifA % PCR T L 7245 H, Wi ol T
HEINIZFINT 95 b RGNNV B T EICFER
7 nested PCRIZ& ) w4 VAMEF I EH, #
OREHEEKDO—E» 51, F I FHEAIREMZ R
TIANVAPEI M TH#Esh/z, honZ L
o, KIKEHPIZAERBLTWE FINY S, RY
ME A9 %5 RGNNVHOXR—% ) ¥ L VAZHREL
TWALZEDPHLNI ol L5 T, RKFY
NG R LB O T AR AN O, FEE A
YCTHRETSE VNN OBERRE 2B EEZ LN S,

KO E QR B ORRBIIBITHERX—=F ) 5
A VAOKITIE, ThETIZ, 7HI6F 27 M
B2 5 PCREEICE D v A4 VABET PRI TWw
% (Gomez et al., 2004 ; Sakamoto et al., 2008), &I}
BRI CTHEINZRRMATPCREICIEZTA VA
BIZTFORMAECAREOMMIEIE, RT-PCR TIEY
A H100%, TV, HVF Katsuwonus pelamis B
L OF NS Thunnus albacares |, TN ZFN33%T
H D, RGNNV #InFH & SINNV #ZFHE % &5b¥
7z nested PCR T, #1 7V Kaiwarinus equula 73
462%, =7 TH3300%, YA H233%, <HNE
I YN S, australasicus 75 20.0% Td - 72 (Sakamoto
et al, 2008). RWFEIZBIFERARFINI DT AV
AR # 1, RT-PCR T 45%, RGNNV iit{z T o
nested PCR Tix333%THH, TNF TIZTHAERRR
DORBIATHE SN TV D7 £ )V ARIER L KT 5
L, FINZET AN ARG A EA T
S5Nb, —J, 4i#EEIZB17 5 nested PCR D A Vv
ARRERTIE, 58 & NI B & OVl N
RERE DRI, ¢ ZFMiE (<005 Ik AHEE

BRD LN, WHIZL > TREAFINT DY 4V A
FORRPBRELLLEZOND, ZOMREIPLTA L
A D REGEE DR NI O BB ORI EZ AT
HZ i, FEEEG~NTANVABREMERL AL
ELEMTEL2THRELZ R T, RARZ LI ED
PRDV (Penaeid rod-shaped DNA virus) O¥HZET
X, ERFHICIVEBHTLILMON TSI L
o (WIS, 1998), WEDMWHICBIT 5 KKRFY
INE DAV ARIE & ERIICIA L, e A
FHE L MINROENZ BB T L ULENHAH, Th
LOT—FIE, B ZE AT L R R s & 8 e
TOHBEDORELREMICR VML, PCREIZEE VA
VA BIET OB TIE, RT-PCR TR L % - 7o ik
1%, nested PCR Tl3& TRtk & % - 72, nested PCR
(& RT-PCR OHiIE#EY 2 868 & L PCR 2179 2 & H»
5, RT-PCR #%&1% T nested PCR 25tk & 72 % Mtk
dHY, MERZIMhoY > 7 VIi2B v T nested
PCR O NE N o720 L7 oT, RARAIZBITS
7AWV ARG A AT 5121, nested PCR %
HOWbZEVWERTHLEEZEZONDL, EHIT, ¥
ANVAZBRHTHMMEE LTiE, ARROBETH
LR, TN, B EMESEUTHLLEEZDS
N7z, Sakamoto et al. (2008) &, RT-PCR #:d %\
1 nested PCR #: TRtk & 7 o 72 Kk 87 A D iy
F2EHSS E1L MR % FV T AV R 5B % il A
7205, TANREGHENR TR, 72, AFFD
KIXkD winter flounder Pleuronectes americanus Tl
H & o#li#z 77— L SSN-1 (Frerichs et al, 1996)
ML E VT AV ADGHEE BT o 7R, 440
kLTI TEEL ST A VA GEES -0
A TH o7z (Barker et al, 2002), AIFFEIZB VT
ELlMBTY A VABGEESI Nz ¥ 7 vid, RT-
PCRETHMETH - 720 RT-PCR 0k HR AL 255
10°*> TCIDsy/mL ® 7 4 WV ARSI TH B 2 & H 5,
TANADGEERDP50% & oDk, IhbH0
kN O A4V 2 &Gl 25 10* TCIDsy/mL L 1T
HoleZlitkbrEZON
AT W RIRF I 1%, MR R LIE it
EINTWLIEPLRFEMEEZONDD, —HoD
R TIZ, #EET 10° TCIDsy/g, Mi#» 5 10 TCIDy/g
DFET AV AEG Il 25 g S, A D nested
PCR 2 & ) EEEEETH 500K, FFIK, K, B0,
ARG B T A VAT IR E N, Tk %
FRIE, RPN D ™ 4V 2 %5 L 72k
L IIE 2, S N CRRYATEST L Tw
LIREEEZDONRLEEbNE, 72, RARFY
NFTR—=5 ) 774 VAHPEY L CTRIFIREICDH 5
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FIAHEEIN TS (Gomez et al, 2009) s ZTN5HD
MREEZEGDEDLE, RYAL VAT INT RKRM
DELIA L LRlbI b o TwAdbDEEbN
%o

Dk, RETHRRTE72LHIZ, VNN 254 L7z
MEfTiE, 1300 HULEIZBWTH 74 VA ZHEKRT
&F, BABHORKFINY D74V 2EGIRIIT,
I L VRS TIRVEDOD T A VAL T
WABRBRPFEIET B NS, FIUNY O AR
MERICBIT D VNN 0541, Bah 5 o EEIEHEKIC
LB LR EINT, EEITETIE 1991 £ 5 1994 4F
IZ%A: L7 VNN T, BRI TcRERTE2E-
72o ZD%, EEHINAS 3 FELNO B S OZHFIN
ZRYE Fra— FRITHNEREL, UV LK Z v
LA BT LX), M4 ERBET
D VNN OFAEIEI R L -7z (UF, 20000, LA L,
FEfL 2D FF 75 0B BN —HMOHMEM T VNN O
BEEO LN LA, BHEE LWL OO nested
PCRIZE D YA VABEF MM ENS LH ko
726 TOXHITVNN ORIFRN—F ) FI7 L VAD
IS, A7 2 S REA AN L IR ASE e o 72 D1,
IR U7 BhBRR SR & 0 B S D& A 0V A #HS
BRI N0 EZ SN, EBRIZ, HMHBTET
D 199 FEDFEEAEFEICBNT, T &L Ed 544D
b GEREZRFEBAEBIEAH) oRMBER S TWw:
BABRPLOZREWZHAL, REFra—FAlIc
LU EE B I v UV RBEKIC X 0 AR L7
B BT, H#Eo25 OfFFAIHIC VNN 2358 4 L BE%E
WAL Twd (HR, 2001), SOZERL, FIN
ZIZBF BB RO B, B 2B OF)
HDPIRDEN R RER-oTWD LHEEINL,

BAE TAHATIIAIIH T D71 IR
RIESSES

41 ([FUOHIC

B2 EOBIRBERRIIBNCT I T FTA DA
WV AEAREBGBERE (VNN) 25, HEGRICb ) AL
TWwWbIlaRL7e, T HEIFWTBWTHETARE
AEH 3 2 BB O RKRF NG 257 4V A S
LTWwWAbZLERL, RARMAHEEREETO VNN
DEGHIRE N REI L EHL NPT L7, RETIE,
FINY EFRBRICRRBA» S THIN R L, FE
BRI ATAET 27T L1220 T, VNN
DFEHEIRIOIIR, FEASRER OHEE B L AT O
HERE TR G D 72 BiBR SR ThRET L 72,

TATT AL, BEROKRMNPLLE» SRS F
MOKEGE 30 ~ 200 m (24T 5 BHEOKMAT, X
Bt 2 DS RG2S 8 <, =74 R e T AT
LawvEkfie LT RlREDOEERIKERI &
“oTwa (BA, 1999) (Fig. 6)o L2 L, #HFI
HHREPRA LoD, TITVAHE (YuT7<¥y
A Branchiostegus albus, ¥ 7 < % A Branchiostegus
auratus % &) ORI, 1986 4F D 11451 + v &
Y— 27 & LT 2000 X TEBIZHA L, 2005 4
PLBE, 1,000 b 25 1500 b >~ &AL THER L T
W3 (Fig. 7)o TOOBIWMEON LA L L TH
D RS, 2007 4E1C1E 3 BEBI T4 R 30 mm Y
A ZOFEEHH 8 TTMMAEE SN TS OKET S,
2009) o

HERITETIZ L ELS T AT YT A BAEOEK
HfrB L O A ESMOBREEBI2->TED (K
S, 2001), 2004 41213 FH 4R 98 mm Y14 XD
116 TR Z R T 512857, UL, 2004 412
TE B AR PE S 4L 2005 SRR & LTHER L Tz
BICA LD ORI ENFHEL, TR TCHAB LY

Fig.6. A red tilefish was captured by a longline fishing (A); Artificial seedling of red
tilefish, Total length = 30 mm (B).
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Fig. 7. Capture production for a tilefish (Annual
report for fisheries and aquaculture of production
statistics).

RS VNN OREKT A VA THEN—F ) 5
A WADRHB SN0 a Ik Lz, BRI E
BRI TDH B VNN DIEJATRD 5 I WAL O A
HwbhzbZens, VNNRZT7HT <54 OFN R
HXEWMET L ETORED—DE L >TWVS,
KETIE, T, THT7FAMHEAHTO VNN 0%
A BRI, YAV AD5EEE X Oy
A NADBIETN 2B o720 BIZTWITICLD
JER 7 4 WV ADSRGNNV BGEIR FCThH o722 &0 5,
REET RN B~ F % D TRk ER I
I VIREMZME L T2, BAsfFERKRICES
VNN OBzl Lz RIS, T4V ADRRGAER
FHEET 5720, BAL L RS LIRBT I T~
A A B TR LT T 2 R BAFIZOW
TIANVATAEEZBI RV, TREOMEIZEINT
ARHEOREEPEICBIT S VNN OB % i U7z

4-2 MEBELIOHE
4-2-1 PHT7IHZA DEHERE

FEWAEEOMER A & LT, RIFE (2004 48), 11H
B (2004 4F), BRI (2004 4F) B X OBHMF (2004
~ 2009 4) OHAMEHMOME TEMIZ L DS
TR E W7 (Fig. 8). fiul, EhL7-RETZ
NENDOILTIZDH 2 iER FIRLA F 721308 BB~
fiik L7zo MEH AL, K E T kg l2x) L € HCG (human
chorionic gonadotropin, 7 ElE###3E) % 300 IU ©
HETEHA RIS L CORAEFE L2, AL
P L 72 BRI KR O B A A IR L 7245 1 % #i
WL TNz, &b, BTI3RIE, AT
(Morisawa, 1985) T IRAT: L, PRAEWIHIAS 72 WelH]
DN IR NOL -y ARVAMIE C % (WAdse 1 Ik R DA G SE
P COMB A RIS L7z, ZREINE, 2004 4E T
IR L 720 Al K & AR R (T a v

128°E 132°E 136°E
38°N - -

38°N

Sea of Japan

36°N I 36°N

[ 34°N

32°N I 32°N

Pacific Ocean

East China ﬂ
Sea TO
30°N T T 30°N
128°E 132°E 136°E

Fig. 8. Location of the wild red tilefish sampling sites.
(A) Offshore sea area of Kyoto;

B) Offshore sea area of Shimane prefecture;

C) Offshore sea area of Yamaguchi prefecture;

D) Offshore sea area of Nagasaki prefecture.

(
(
(
774 ¥ NPL-22, HA7Z+ M4 T A4 Tt
B L7 (SR 100 m]/cm?) UV LB K % G 72 L
72100 L KMEICINAE L, L7200 A % fHE KT
HBHS50KL T 7 ) — FARENNE L7 GIEEE 19
~ 28 kL /kL)o 2005 ~ 2009 4E 1%, k<3 %5 VNN
Bkt & it L 7258, A5 % 0.3 ~ 35 J7 kL /kL @
BECTHE R ANERIE L7z,

SMEFAOME TIX, 2004 FI1FTF I AYVRT A
T(F A EER ZHE 32D, YA IXYRT LAY (UN
VR ZHE 12205KH L, ToRIIERICEDLE
TTNT ITHA, MG X o Tdmiliomai L
723 XK — % Apocyclops royi, A ¥ T I Neomysis
intermedia %Y v 7 ¥ L X Plesionika semilaevis ® I
YFRESZ, WBIIEA SR LR LA 2005 4
VBEOHEIZE, BHINR—F LI CHIIMERAL %
o lze FEKRMIE 20 ~23CICHREL, Hi43 ~
75 (&2 19~59 mm) (ELR, fMAxHEK
A GEY B, Bt E THOKEIZE L TERAHR
THR L7z, BERMEYIE, 2004 413K % 20T A
LAWK T E/TI6T & L, 2005 4 DL B RK
i (12C) ICFTETF S8/,

4-2-2 THT7IEZAHAICH TS VNN RE

2004 4E 12 A5 2005 4E D 1 H\ZH 1 TR 16T
THEPOHEMA (H#E61 ~90, n=20~60), BLW
COMIZIET Lz (H# 80 ~ 86, n=48) 7 H %
NoOHF 72132 $-# L7z Nishioka et al. (2010)
129> T PCR# (RT-PCR, nested PCR) (24§ X—
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¥ ) F AN AONESY o8y BEIET oMM, El11
Hile (Iwamoto et al, 2000) % H\ 727 4 VA5 kL
BN oME, BLET LNV ABIETHITZES
otz F72, 10% MR ARV~ ¥ TREE L7
MOAB LW (n=3) 12T, 5741 VY%
PEBLL 720 AN PFVY Y - TF Y U Retam i LT
% (K #8121 7-%, Nguyen et al (1996)
DOFFHE U T, PUSINNV 73 FHifk % H w7280k
PUREIC L D o A4 VABUE R L7,

4-2-3 T A IV ZEEFDEERSI DR

RT-PCR T ## & 1L 72 PCR ¥ # %, FreezeN
Squeeze A¥ YA T A (N4 4T v FHE) &HWT
RZ2TNVICHENT O — A7V SRR L7 K
BLEBRE, -7 207743 =% Hw
ABI Prism dye terminator cycle sequencing ready
reaction kit (7 754 F/NA + ¥ A5 4 X)) (2
X DR L 72%%, ABI PRISM3130xl Y= A7 4 v 2
TFIAF— (TTI4 FNLF VAT A X)) (12
V=TTV REBIh o7, VA INVABOBEEH
BRI, WAEERBICEO X, RS AEICL -
THYERK L 725 Ttk &l TRRET L7z EBERS Ak
DFMEIZIE PHYLIP version 3.2 (Felsenstein, 1989)
ZHW, 77— M2 M7y FEITLY 1,000 B OFATR
ExBI %ol BIZMWEHKERZ KT 572012
N—=% ) 74 VADELBIZTRORER, T4b
5, SINNV #fnT-#I21% SJOri # (Nishizawa et al,
1997) , TPNNV #{= T2 1 TP93Kag # (Nishizawa
et al, 1997), BFNNV # {z F & |2 & BF93Hok #k
(Nishizawa et al, 1997), RGNNV & {z + & 12 &
JF93Hir # (Nishizawa et al, 1997) 3 X 0¥ RG91Tok
¥ (Nishizawa et al., 1997) % 7z,

4-2-4 DEEILIADTNZIIHT BREN

GHEL72R—=% ) A4V ADREEOREEIE, A
THEEShIze Ny HEfi (K226 £ 15 cm, KE
197 £ 33g) T TAHBERBRICIIVBI L7200 7
h T YA Rk O 5Bk (RTKyo04) % Hefli§
LRBX L, Ny RRAHK D5 EER (SGWak97 ;
Iwamoto et al, 2000) % EAET 5 BRI, HBSS
(Hank's balanced salt solution, Gibco #L#) % $f#
THRUENBXAZHREL, ThEh 2 Kz &7,
1REBX 1 AMBIcoE~ N FHEASEARE ML,
10" TCIDsy/mL \CFH#E L 72 A )V A3 F 721 HBSS
ZHEEPIC LR Y720 100 u L $ 238 L7zo HEf

&, 15 iEK K UE AR R 3EE (ESF-30, 1
JEFEFEA ) ([CX D ERLERA XS P ERS
Stk AF TP RIGER THRE LzK (B
T, ERLEEAK) 2 HWT25C THRKEEL, @
HEAHE 2 LT 14 HRBIg L7,

4-2-5 IAIVARERE

VNN O &Y% T 572012, H@ITEHTHER
KRBERHCHBLTCW AT T7T5 1 BA (&K 288
*2lcm, n=3), ZHLCCHMADEHE LTHAL T
7ox7 Y (2K 221 = 16cm, n=8), HEfFADOHT
HHrY vy (KE47 = 61lcm, n=10), 1%
73 (2K50 £06mm) BLOIRK—¥ (ki
600 ~ 800 um) % PCRMRAICHE L7z BETH T~
FABL, <TY, Vv ERHERRENCHRE
L7zo AHH7 JT T RIE4S720 3MEAEO R &z it
AL (n=3), aRKRK—=FiF 1 HAKEH71H 700 ~ 900
k% 7—n L THEIZELZ (0=3). F7, 2005
O 4HFEE9 HICHENE, BRE, WHORBs LU
RIFE O HAGEH oM A TEMIC X 0 S 2Kk
TAT<TA (&K 287 £ 21cm, n=234) 122V,
ZFNSHOH LB X OAFER 2 BRI L7z,

4-2-6 FAEKB & VNN FE4EDRHR

ThT =T A O A RO FTF KR (20 ~ 23C)
EHEMICB I 2 HE KR 12~16T) Z%EL,
fF KR L VNN F&4 0B % P2 L 720 2005 4F 1 H
5 HiZ nested PCR IZ & 21 #E2S1.7% (n=60) O
KIS, WAV IZELY HIF72 400 KD T Hh 7<%
A (&2FE48 £ 05 ecm, KE 1.7 £ 04 g) 27z,
Fefmd, BEEHEA L2KE L ICE = —VRICAR,
A F T — )V CTHIE L Tt L7ze ARSI
& 7o AE 1001 AR 4 4812 90 MR $° DI L 720
MBEXIEENEN 2 X258, FEKROENIZLD
HiX (213 £ 08C) & EMEIX (143 = 05C) %
B L7z BB 3l & L, EAFR L EEN
filf USEMRALERE R DWK THIE Lize ™7 4 v X &Gk
MAERET 5720, RERFHBEEOMMA (n=20), B

OIRERZ R L, fEAERIC PCR & THA L 720

4-2-7 VNN BhR&Xd%E

VNN O iz Hig & LT, 2004 474 & 2009 412
B B EERAE T, B b OTMRTE & FFH K
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PoDT AN IS 572012, By AV
Akt SHRIBOEH, BIXUOHKOBREHEIIOW
THE L7z $4bb, 1) Baow v AL
WHEB I bT, MK UV LB KZMHH L7
M) NTIAEICHE L7 MElEBf o B % nested PCR
ThAEL, BHEOBRA» LB HETLI L
o CHEREICHEL, FIKIZIE UV ALBEEK & 72 13 B
MK EH V72, d, Bl PCR BARR27H W
T5FT, HINIALEROT Yy MEIZ, #15 L
O UV HEK £ 72 S EMFLBEK 2 W72 L7222 L
KA LESRCTHEE L7, M) F U< nested
PCR &0 B BB E#HL, #ho%
BFAFTF b (05 mg/L) Z&TeiEKT 1 4 HH
LTI U7z HKICIZE UL K 2 V72,
B, TFTFMREER, o M) YUK )ME
L7z (Z85, 1998)s V) REZAEHA LD A VA
i HWE LT, MHAD LRI ZRZHINE 9
g oo N THIHGE (160 mM NaCl, 42 mM KCI, 1.1
mM MgCl,, 2.2 mM CaCl,, 2.0 mM glucose, 20 mM
HEPES, pH 75) T 3 MPE#H#%, nested PCR TEM:
LW SN B ORT L2l S ¢, MHINEE
A F 52 TSR, ERFLEEKE
THHE Lo INHOREIIB VT, & HECTHHEM
DA NAKA %R PCRIETB I otz 1A%
D O RE L AT 2, H#E 0~ 10 TIX 5 ik F
72k 10 kO£, H# 11l ~40 Tk 2 ~5 kT
a5, UHER, AREK, ERERE N, H#s4l LIETIZ2 %
72 3MERCTH /2 H EMME Lz 1 MOMET 10
~ 60 k% A L 720

4-3 # B
4-3-1 7H7IHFAHRICH(T S VNN OFESE

2004 4E12 4 EA 20 mm (H#49 ~52) KL
2T HhT =T A MR B, BuRiciT A T4
KAETHER L7z B HMIH b o 45k 4 & 8T o PCR
MeAiA % Table 13 1278 L7z. 12 A TFMIZ, Nol k
HCOKTENT < RIS Tl ik 3 % % & O RF Bk %
TAHEESIIL, ZOBRBET BHEAEHNFED 57
(Fig. 9)c RT-PCR RFEDMER, ZNHDO—Fh 5
A NWVABIET VBB E NI, RRENT, 2005 F0 1
HIZiZ, No3 KMilZBWTYH, MO Z2RT 5y
RO LN, ZNED—EAIRT-PCR BEMETH -
720 No2 & Nod AMi<Tid, BEFTHZRTHEMITE
HDHNT, EE TV TIERT-PCRIZTNTENS
THolzo 727201, No2 KD 1 fEIKDIET M TH

Pt ot SNLDT AT YA 5D RT-PCR 1
MY (RTKyo04, RTKyo05) ®ifi#fiy]% SINNV
(SJOri #), TPNNV (TPKag93 #%), BENNV (BF93Hok
¥k) 3 X O"RGNNV (JF93Hir ¥k, RG91Tok #k) &
R L, ZOFHBMEL RGN L7245, choid
~C RGNNV #ifz - HIC 58 X7z (Fig. 10). JwEE
MR A ORR, —HomAROR (W) 12
VNN QR8T % 2R 25 iR S, Bt SINNV
3 FHRE 2z BEBEORUREIC L Y R=F 2 ¥
A OV ZEERPUR SR S 7z (Fig.11). 72, RT-
PCR Btk TdH o 7258 D H F 72130 0 R % Bl
L7z E-11 Ml i o BRIUAL 2 0k 5 K 28 PE#h 5
AED SN (Fig. 12), FOEG iz, HT10% ~
10**TCIDs/g, T 10% ~ 10" TCID5/g THh - 720

4-3-2 PEETLIZADTNZIZHT BIEEM

THTRIARBERONR—=5 7 57 4V Ak
(RTKyo04) %Al L7253 BkIX 1 &~ 7 Hifiiko
7 A VAR (SGWak97) % Hifli L 7-3kBRIX 2 (Fatk
SHRIX) 3 & OV HBSS % #46 L 72 ikBx X 3 (Bt g

Table 13. RT-PCR detection of betanodavirus
coat protein gene in juvenile red tilefish reared at
Miyazu laboratory in 2004

Live fish Dead fish
Tank No. -
Dec. 20,2004  Jan. 5, 2005 ]?]Z"n?'i Zgg‘;
1 7/20*1 NT*2 11/27
2 0/20 0/60 1/21
3 0/20 8/60 NT
4 NT 0/60 NT

1 No. of fish positive / examined.
2 Not tested.

Fig. 9. The moribund or abnormal swimming
included loss of balance of fish around water
surface in red tilefish juveniles affected with
VNN.
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Fig.10. Neighbor-joining phylogenetic tree deduced from analysis of T4 region
of nucleotide sequences of coat protein gene from red tilefish and reference
strains (RGNNV, BENNV, SJNNV, TPNNV). Numbers on branch nodes indicate
percent bootstrap support for that node with 1,000 replications. The scale bar
equals 0.2 nucleotide replacement.

Fig.11. Histopathology (A) and immuno-histopathology (B) in the brain of naturally
infected red tilefish. (A) Haematoxylin eosin staining. Scale bar = 50 xm (B) Immuno-
staining using rabbit anti-SJNNV serum. Scale bar = 100 4 m.

T"H‘l“'ﬂ.ﬁ"a‘} ' s N ‘.i W T
W
gqm\"{:l ghlemill B
2y .

- pq‘u

Fig.12. Cytopathic effects (CPE) appeared in the E-11 cells after inoculation with a virus
sample of diseased red tilefish juvenile. (A) Normal cells, (B) inoculated cells. Scale bar =
100 um.
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X) o= HEAIIBIT 2B TS L O CRIE
D7 AN AEGeAli % Table 14 IZ/R L7z, Wihlow
ANVAEZEM U6, 3L 4 HE X0 B
PAWEEE 2, 5 HE & 0 inEeRilnd 2 4858
ga3nhi, RBRX1TIZIOHE LY, REEX2TIE6
HEHX DA SEHE S, RFEIECRIIERKX I,
2L HIT50%ITELZ, BTEMIITRTEIBIEL T
W7z, AV ARG, HERIX 1 0 CHDH DS
10*° ~ 10" TCID,y/g, M 7% 10 ~ 10 TCIDs/g T
H Y, RBRX 2 D TADOH TIZ10%* ~ 10°°TCID,/ g,
I TiE 10% ~ 10"™ TCID;y/g THh o 720 RERX 3 Tl
HREB I ORCIEEZED ONT, AHEMA2L T A4 VX
M E N h o7,

4-3-3 EBKBOZE

NR—% ) Fv7 £ )V AZHRES L nested PCR O
HEA10 % (n=20) DT HT7~F Azt R 5K
o O : 21, X : 14C) <3 HEMMAEF L
7ofi R % Table 1512, R THROHER % Fig. 13 12
R L7z MHRX T, SIERGHE 10 HPRRIZ TS
BIEAEHDEEML, WTNOKM S FEHL DAL T
L, TN CAOLEY IE RT-PCRIZE D 7 A

Table 14. Pathogenicity of a betanodavirus isolates
in juvenile sevenband grouper

Range of virus infective titers

Intraperitoneal No. of fish (TCIDs0/g) in organs of dead fish
injection with dead/examined -
Eye Brain
RTKyo04
(red tilefish 5/10 (2/5, 3/5) 108010101 1081-1092
isolate)
SGWak97
(sevenband 5/10 (3/5, 2/5) 1088— 1096 1084— 10101
grouper isolate)
HBSS 0/10 (0/5, 0/5) <1038 <1038

After injection, fish were reared at 25°C and observed for 14 days.

Table 15. The number of dead fish and PCR-
detection of betanodavirus gene in naturally virus
infected red tilefish juveniles under different
temperature condition

Detection of betanodavirus in eye

i (positive/examined)
Experimental ;rf?:ﬂ(;::}'l No. dead RTPCR "
groups ooy fish RT-PCR detection 1Tk (nested

n=90) . PCR) detection in
in dead fish .
surviving fish

Elevating of 1 56" 26/51 6/10 (10/10)
water
remperatuye 2 54 26/51 2/10 (7/10
(21.3+0.81) ( )

3 4 0/4 0/10 (3/10
No elevating (310)
(14.30.5) .

4 7" 0/7 6/10 (4/10)

*1 SD, standard deviation.

*2 One fish was dead by accident.

VABIEFPRIL STz, £72, EKRATIE, nested
PCR (RGNNV #) TEHFIZY A )V ABRT I &
N7z —7, #IMERXIZB T2 CHIL, mRX 2k
RCA%RL, EHADSIE RT-PCR TY 4 VA BT
3 SN e o7z, F72, AFRAD nested PCR IZ
X274V ARMES MEXICHERTERICKLS, &
BRI L D DR o oRETH - 72,

4-3-4 ANV AGERAE

HHETFETERREIN TV T A 7T~ ¥ A #ifa L ik
HEWZOWTRT-PCR BL O RGNNV R TS5 £ v —
12k % nested PCR # B2 %o 7288, wWihoBk
PHHR—% ) ¥4 VAT E N5 72 (Table
16)o — i, 4 WA ORL DR CHEINLT A
TRTA KRR SIEN—% ) 74 VA (RGNNV)
AHH E 7z (Table 17). RT-PCREIC L 2T
W, AR ERIrSIE YAV AEE TR SN

100 ¢
80 F
60 F

40 p

Cumulative mortality (%)

0 5 10 15 20
Days after experiment

Fig.13. Cumulative mortalities in juvenile red tilefish
without clinical signs of VNN reared at different
temperature. Fish were reared at 21 C (O4) and
at 14C (O@) .

Table 16. PCR-based detection of betanodavirus
(RGNNV) coat protein gene from red tilefish
broodstock and feed animals in Miyazu laboratory

No. of positive

Length Region for _samples / examined
Samples N L
(mm)+S.D.*! examination RT-PCR nested

PCR

Japanese h(‘)rse rpackerel 991416 Eye o8 o8

Trachurus japonicus

Golden shrimp

Plesionika semilaevis 4761 Eye 010010

Opossum shrimp 5046 Eye Brain  0/3%  0/3

Neomysis intermedia

Copepod . 0.60.8  Wholebody 0/ 8% 03

Apocyclops royi

.
Red tilefish 28774212 Eye /3 03

Branchiostegus japonicus

*1 8D, standard deviation.

*2 Reared broodstock.

*3 Three individuals per sample.

*4 Seven hundred to nine hundred individuals per sample.
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oz ds, B SIZEToEokER (HEFFTH
A AOBEEREL) o594 VABEZESBRB S
(32 ~6.7%). nested PCR TOMHIZ, T332~

483%, HT222~633%Tho7z0 74 NVARIET
ORERIL, WS NI D S & i L T

WIFNHHOEREL, FEAEDEE,
ORI ICBW T M E o7,

%< PCR

4-3-5 VNN BAfsXdsE

2004 4EA> 5 2009 412 B 5 VNN Bk 3 & PCR
BICEVHEELOR—% ) F I VAKI S hiz
BB OIRN % Table 18 IZ/R L7z, MHIEEDS &
O £ TOF M o HKIZ UV LB iEK 2 H
W7zt I Tid, RT-PCRIZE D 4 fE B H 2 41T,

nested PCRICL D 4 B3 RTTY A NV AEET IR
Ih& N7z, PCR BHOBMD S ORI EZ v, UV
WUBREK F 72 X BRI K TR L 720 35K 1 T,
2 FEHIH 16T RT-PCR B X WM nested PCRIZE D
7 A VA BT &7z, nested PCRICX 58
RN, EBRA XS Y N TOZRINNE, B
WAL DEF LRI, 78HEFMTRTICB
WTIANVABETF RIS N2 o7z NIV
T L 72 RZ K5I8 % nested PCR B0k T CTAL
BAEL, ERA XI5 THE LRI S off
% WL E R CHE LRV Tk, 12 5 6
D9 H 16T nested PCR TDOH T A NV A BEIEFHH
HENze 20 1 FFEFICBWTY AV ZBEIE T2
MENz0i, FEAIIHAE L7 105 ko ) 5D 2
MR TH - 72,

Table 17. PCR-based detection of betanodavirus (RGNNV) coat protein gene from

wild red tilefish captured in 2005

Number of Average total ~ Average body Detection rate (%)
Coastal area Date samples length weight Test organ
(M:F:U) (cm)+S.D.*2 (g)+S.D. RT-PCR  nested PCR
54 Eye 0 22.2
Apr. 26, 28 (0:0:54) 31.6+1.7 359464 Brain 0 14.8
Kyoto Gonad NT™3 NT
31 Eye_ 3.2 38.7
Sep. 13 (2:24:5) 32.1£3.5 412+172 Brain 0 3.2
Gonad 0 0
60 Eye 6.7 61.7
Shimane May 14, 26 (1:15:44) 30.4+0.9 368+28 Brain 0 48.3
I3l
Gonad 0 0
Eye 6.7 51.7
Yamaguchi May 27 (02467913) 33.7+1.5 496+72 Brain 0 25.0
Gonad 0 0
60 Eye 3.3 63.3
Nagasaki May 19 (0:30:30) 30.9+0.7 360+24 Brain 0 31.7
Gonad 0 0
Eye 4.2 49.1
Brain 0 27.2
Total 265 (3:116:146) 31.7+2.1 398+93 Gonad 0 0
Total 4.2 53.2

*1' M, male; F, female; U, unknown.
*2 standard deviation.
3 not tested.

Table 18. Countermeasures taken against VNN in seed production of red tilefish

at Miyazu laboratory in 2004-2009

Counter Selection o*f Washipg of Disinfection Detection of betqnodaYirus
Imeastre broodstock™! unfertilized  Fertilized Sea water in seed production trials
Q 3 eggs™ eggs"s Larvae Juvenile RT-PCR nested PCR
A No No No No uvH uv 2/ 475 4/ 4
B Yes Yes No No uv UV/Ele. 1/2 1/2
C Yes Yes No Oxi."® Ele.”” Ele. 0/7 0/7
D No Yes Yes Oxi. Ele. Ele. 0/12 1/12

1 based on PCR detection of the betanodavirus coat protein gene.
*2 Washed 3 times with 9 volume of artificial ovarian fluid before artificial insemination.
*3 Rinsed for 1min in the seawater containing oxidant which were produced by flow electrolyzer.

*4 Ultraviolet irradiation.

*5 Number of betanodavirus (RGNNV)-positive cases / trials in seed production.

*6 Oxidant.
*7 Electrolyzation.
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4-4 % =

2004 FWHEETECHEAEEINT AT YIS
et oAFRM EFE A2 S, Wy X HBRT %
B E LZ2RT-PCRIBIZE YV R—=% 57 4 VAN
M E, ZOBIERERY & BT L72#R, KA
WV A1E RGNNV IC [l E & 7z SRR I <,
Wzl EmsRo bn, FhERBICEIIR—F
J T ANV ARERPEIBEI SN, ThonZ L
5, THT7TIFAMMOLTCIIVNNIZLZLEZD
N7z TNE, 7THT7IFAIZBT S VNN OHIDHT
DWETH L, 2B, THTTALSHEEINTY
4 WV ARE (RTKyo04) D¥FEMEREIZOVWTIE, K
KOBETHLTHTIFAIIHLTBIRIRE
Tho72, BYULEBRMBAFTELRP 72729,
RGNNV [2J&Z 2 o~y 2 2tz 72, 20
AR, BRL 7o ZHEAAY VNN SRR 2 etk &
BLTRELZZERS, THT T A HEEIHRE
Wa2 BT 5 LMD SN,

RGNNV i 2 F TR O A S S T
B9 (Nishizawa et al, 1997 ; Iwamoto et al., 1999 ;
Chi et al, 2003), & DIEHHE MR 25 ~ 30T &1l
DOXR—% ) 574 )V A (SJNNV, TPNNV, BFNNV)
O TR D HimESTTH S (Iwamoto et al., 2000).
RGNNV {2 X % VNN Tid, KiEA¥25~30C @k
WHEBLTHEAECERLZ 6T 2 LBMONTE
" (Mori et @l,1991 : Chi et al, 1997 ; Zafran et al.,
2000), ZOFERFEIZEGERICL DFEH I LT
% (Tanaka et al, 1998 ; Thiéry et al, 1999), A5
TThHTTARRIOGHEINIZTANVREF, =N
FHEAIIH LT, B RGNNV & [FF2 B o ¥ 5%
#RL72o L2L, RT-PCR T A )V AEGHHEFR S
NI2T AT <A HAOFFTRIZBNT, ¥ 2HHT
20% K DL TIEBD 5N DD, LA S EH
BEIZT AV ABIEFIEIMRIBENT, VNNIZX %
ZAONDEREHECITR Shh oz, ThUL, FHEK
237 A VA O BEHE WL T16C £ L <
Bpo/zZ LiZibeEZONE, 2O EIF, HAR
BELLT AT I AMAOFEBKIEE 21T & 14C
THEL-EZAH, 21CK TIZ UCRIZHRTY A
WV AREHIER 7 & NIRRT AAEIE L2 2 &2 & ) B4
FoNize TAHTIYAMAOEERAKEE 17CH
MEINTVDEIERS (TS, 2004), 2D X5
ZAKIKIE Tid RGNNV O RS IEH H & L TD
5 BREOWREREVW D EEZONSL, —T,
VNN KO SER (iR kPEORE) 22 L THTE
L727° PCR MR TIXEM:TH » 72 ME b D H 7z,

NS OEFITERLITIIT S O AHWREEIZ L 5
EEZEZONDLY, TOREREZHYT 57201218, 5%
e CRETE ZFEVIETHRD LNEE, V1L
AMgAE % Ffi L C VNN OB 522525 & i, b
DERGHIER R EB L UOREZERICL 2 CEEFEL,
WBHR AR R A AL EMT 5 2 &2
HTHHIo

RIRFIZBIHR=5 ) 74V ADEGIZOWN
T, PCR#EZ AW T, BEBEOALZ ST
WA BT A LB KRMATT 4 VR
BRICEELTWE 2 EHEIN TS (Gomez
et al, 2004 ; Sakamoto et al., 2008), —Ji, ¥ =T ¥,
YA TBLOYNY OFEAEBETEZ S5 VNN
D FEEREGAERL, BAPLOEEEFETH L Z
EDTRENTWS (Arimoto et al., 1992 ; Mori et al.,
1998 ; Watanabe et al., 1998 : +455 , 2002), % Z T,
EHTFEIIBITAT AT F 4 VNN ORGSR % 3
ET D720, PCREFZHWTHEAELLER 724
T =5 A BRBAREREY D 5 7 4 )V A BIE TR
WENLh o7y, FMAREIHER LB A 51T,
O S N7 USRI 2 b 5 I RGNNV 28
Ml &Nz, SO L, 7THTYTARAMTREL
72 VNN &, R4 RIS WA RKABA D S 0RE R
H/ICEBHZEZMCRBLT VS,

YT IV TIE T ORI EEMIEICBT S VNN OF)
Bl e LC, PCREICK ) B ERIREHREL,
PCR B0 B H & O AEIN & M A IS 5 5
Z &2z T (Mushiake et al, 1994), ¥ %~ b
XD ZBINENEET L EBBRAERILICERNTH S
ZEE SN TS (Mori et al, 1998). KIRT 7
TIIADH, BB X OCEFHRIZBT ST 4V AER
TFOMIMBOLED S, PAICBITE 74V AEGED
FEZ AR5 588 LTid, BRI BELTWBE
HIWF 8 Nize L722%>C, NLEABIA$ 5 KR
a0 H % nested PCR TMAE L, BHEOB» L O
PIa RIS 52 L 2%, VNN BIBRICARI & & 2
5N b,

NS ORARERIZID X 2004 4E 2 5 2009 FE D
FEREEICBWTER L 72 4 OB B RICOW T,
VNN 054 B X OHFHEMRICBT 27 4 )V ZABIET O
MHIRRZ B L7z ZO8HE, PCRBAIZ X 53
BN ZBI 2w, THBLEMRFF ¥V MCX
DiEE L, BRELUHEEKCHERAZET LZHAC
&, AR S AV ABGETIRERIENT, K
FHEBRT T 5 A TR AETO VNN BiEICAR
THbHIEMUFESI NIz, /MES (2010) &, Y7
BAEONTRINOBIZE K S N T W5 EREIC &
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LA REOME B L O 1 )V 2 & % KIEIZH
YEresrzEMREL, 72, YrEAHEICBVT
X, KRB KFERE (Flavobacterium
psychrophillum) OEEEFEOBRICAENTHSZ L
WHE E N T % (Kumagai and Nawata, 2010) o
SWER L7z, ANTINHR TG L7z RN %
nested PCR F&: DM SERI L 72457 T A LIRAE
L, ZWNEBME 7 N CTHBHR BRLHE
KTEET L KBTI, LoD S nested
PCRIZX ) YA VRABIZFHRB I 00,
VNN 2L 2R TCIERD SN G h oz DKL,
TANVADRITALRI RO D 5 EBRA F 25 2+ 2300
T A2 LT, X0BBRRIR GRS, »olf
BEOT AN AREBAEREZEIMTE 5, 72 PCR
WRAAS A5 £ TOER 2 SI1284 5 M
TEERIFM Z KIFICHIRTE 22 &6, HfEEE
L DREMICERT L LR E R b, S%IE, B
BT-DO7 A IV ABEYA 7 S 5 I 885G HED
SFMEMFHTHLEIDH S,

EB5E /O 70ICH T D71 AEHRIEIEED
BB x5

51 (FU&IC

BIETEFINY, FAETITHTIIA2MW
D BVF, FEVA B O HERICBIT B 7 A L A A
BWIEHE (VNN) OFEIHAD L ORBEMLETDH
B LHEEL, FNUCHED L VNN ORIV T
WBR7ze IS oMFETIE, BB /N TR
LEODWYFPADPELTH S, LIL, NBENLZELD
AR B 72 KAELFIZ DWW T VNN R ICDO W T,
BEIdR&EEN LV, 22T, AETIz7ux s/
w4 & L7z VNN BRI SEIC D W TR 5,

<7, AXFHIARTOBICHGE SN
HERBBECTRET A4 T, HRTRE Zu~ 7 azih
ORWEH 7 9~ 7 A Thunnus thynnus, I F I <7
T Thunnus maccoyii, A’NF Thunnus obesus, >
FBIWY U FFH Thunnus alalunga ® 6 FEHTEF X
NTWb, e Tdru~vraid, oW
OO L, ERTH S 2 ICHEEID RN
o7 uBEORTIIEERMTS D REFHHIC
AR O CEWAMTH 2 (FEH, 1999). <
FuFIFHHRWIZOHEENEIMLTB Y, 2010 4F£0
SHFICBIT 2 RIBERIBLZ18 P THD,
B 30 R CTHY L7 fFICimL Tw 5 (FAO, 2015)
(Fig. 14)0 T X9 ZfERE OV, 7 0<

FuOEFIZOWTIKFEF CAHHEERFYEZRR
4% (International Scientific Committee for Tuna and
Tuna-like Species in the North Pacific Ocean : ISC)
T, HARFERIBEREMIZEO VTV &
L (Pacific bluefin tuna working group, 2014), [EE:
H 2k PR#HE A (International Union for Conservation
of Nature and Natural Resources : IUCN) &, i
DENY D DI LY ERIRET D) AT, RHEHM
WEEMIZH X EiF. Cok)icrav s angi
T, BEEICEME O & 5 BREHAKD LN TV 5,

HARIZBT 5~ 7 W OB OFZEL, [HE T
IREERFFERT (BUKFEWTTE - 208 B oK o & IR o7
1) R BRFENRBIL 72 1970 EOKEIT 7 Y =
7+ [~ 7 RN RR] ICBWTHEBI
720 AEKFKEFIEH O 7 0~ 7 a#HOIEE,
Fo7ay 7 MIBWTRALA (IKE 100 ~ 500
g) REBHAMEE L LCHHLOFRANTH L, £
D%, BMEEL BREINCHET 2070 ED SN,
1979 SR FE BB DY B AR BE N U AE 1 2E R BN 0 B 36
MiEE o7 (Kumai, 1997 ; R, 1998), — /7, <7
DHOGHFERICHTA2MYRDOE B %) FIHE
KFEEF CAHEHRS (Western and Central Pacific
Fisheries Commission : WCPFC) IZF&$ 5 HAT
X, Zux 7 uBREOMRECH A B & LRl AR
EB L OMHEMOBEBEPERSNTBY, BEITE
TIE, 1997 4F20 & HAREINIC & 0 15 7= k00 % 1
L, MW omESMHIESHIES Nz (FIK, 1998),
TnEHIZ, BHROKETY a~ 7o oA EIZ 3
T HWFEAHED D ITAER,  SHGIN WK IR AT HE F
DOFRRIN O TG HASERE S W A PE O HAT AR L
225 (BT, 2002 ; Kumai, 1997 ; Sawada et al,
2005), L2>L, 51bf% 20 H F COMEWIAF A
2WICHEFET 2 MEHRFAIED SN (Kumai, 1997 ;
HEH: |, 1998 ; Sawada et al., 2005), AFE% ZEMITE
FEYT 5121, FBEMHORTEZMIET S LR E
PRETH B,

2.500 === Bluefin tuna = Southern bluefin tuna
’ Yellowfin tuna —— Bigeye tuna
= Albacore tuna = Total

o g
93 (=3
S S
S S

1,000

()a-azgsﬁ:;::ffiiizzi
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Fish catches (x 1000 tons)
2

Year

Fig.14. Global capture production for tunas (FAO
Fishery Statistic in 2015).
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FHRTFETIE, 1997 4E~ 1999 4E 12 B V) 5 Flif 2L pE
IZBWT, 5Lk 10 HE E TofFAPICKRERT T
BEBIAHHEIGRD SNz FREAIICIE T T 5 59%
ELT, R=F ¥4 VADERD VNN 258k % 72
FAHTHEINRTWL I ERS, zavxrafffink
HIETICH VNN OB GABE s hiz/z0, STz
PCRMRAEL72FER, X—% ) ¥ 4 )V AEIET DR
S VNN OFEDHER SN, 22T, KO
W2 RENNCAEFET 5 720121%, VNN OBiRx 5 %
RN TA2LERDH L, RETIE, ru~vroff
e DFE L & VNN OBItR, fHRERIC BT 5 Bk
KBILUOEMAFF MILkbr7u~sa VNN K
K7 A WV ADRTFALRIRIZ O WTHERS,

5-2 MEELVUHEE
5-2-1 EERHA

BAOL, 1993 FEICEETHEREOE (MPHE) %
HCTHY) 5 721 (140 x 10°m®) (S L7218 (B8
MEE) ALY D MOSMIREE L RAES (B2 40
m) 219954, 1996 4F 35 X 0¥ 2004 4E 12 INE L 72 3
T CHUAEE 2 ~ 480 OGR4 BB Z M L7z (Table
19, Fig. 15). fh4) ) MR HAEEFENICB W THK
FEIRATER S N2 AITIE, IREM A Y b (HAW
243 um) EHVCTERIFZ RN 720 LEIZISLT
WETEOBRABEOIIDOATIE AR L, WMEE S D%
bRy e N i B Al

5-2-2 {FHAEORET

ZREINERE K3 — Nl (Fha 7 FiEE 50 ~
70mg/L) T1~ 24, \fFAF 5 v bTlak
% (ESF-045 A, (Bk) 4F 508 1E AT 8 © HSE-
100, (Fk) MBS EIEITE) CERLEMRS ¥
Y rOFERSTHHREIEEEF MY 7 L8 50
mg/L & &gk (LLF, BMHEK) <1 aHoNE
BT ho7:t%, 200 LA 7213 500 L AKAEIINE
L, #%ik§28HKTHRAKICTERL . HAKIZIE,
b 7 K & SRR 2 ((BR) TUH i)
TALER L7z UV ALERfEK, KRR E TR L -E
TR ICERETHFF 5 Y bR RE L ERALE
Kz Hwiz,

FHRBRICIZ 50k 2 > 2 ) — hAkAEZ IV, 51t
413 0.1 ~ 1.3 J3 itk /kL OB RETINE L7z B
BEHROFAICIZY A I AYRT LAY (BFEK) 252,
Z0H, BEIZADETCTVTFITHE NvT17

Table 19. Broodstock of bluefin tuna used for seed
production from 2000 to 2008 in Amami laboratory

Group of Starting . dey ., Year of seed
year of  Rearing place weight! .
spawners . production
rearing (kg)
barrier net 2000, 2001,
1 1993 ArTierne 200-300 2002, 2004,
closed the cove
2006
. 2000, 2001,
2 1993  circular net cage 200-300 2002
3 1996  circular net cage  70-130 2002, 2003
4 2004  circular net cage  60-120 2007, 2008

“1 Estimate value.

Fig.15. Layout of facilities and broodstocks in
the Amani laboratory of National Research and
Development Agency. The rearing tanks in the
laboratory (A); Barrier net closed the cove (B); The
circular net cages (C).

* FEFA VT OMMUTA, BEOA Y I FAT
¥ Engraulis japonicus {F OB # B L7z, fF
Kiid 25 T2 FHES 2w X ) ICHEL 72,

5-2-3 {¥#AICH (T 5 VNN OFESR

2000 4FE D KEIE TR HBE R (MR 19 H)
EHEf (BB 33 H) ZHRILL, 10% ik & v
<) Y CHEER, WEICIVESHSum D57 4
YR EER L, AT MFRYY Y- Y v (H&E)
Fefare BT, N, BB X OO MBI 2 Hol
BB TBIZ L 7zs PUSINNV 7 FHikB &
OSFITC BBt 3 ¥ Ig 7 % Pk (Dako #1HL) % FH v
Nguyen et al. (1996) D J5P:\2# U ehifkdic kb
A NWVAPBEOKREEB IR o720 T72, PCRIA
D72®, 2000 4F~ 2002 45 12 (X PHFE fi R0 FE L £ & SR
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L, 2002 ~ 2008 421X & A A H 2o M 2 JRELL 72
(-80C THRAF) o M Tld 5~ 20 kD&%, Hifh

TIIEARBNC N F 7213 B 2 AL & L7z Nishioka
et al. (2010) 12ft-> T RT-PCR B L U4 DD HIET
1 (SJNNV, RGNNV, BFNNV & X O TPNNV) {2
BB 754 <—%f 7 nested PCRIZ & 0 5&
8% 58 L7z $72 E-11 2 (Iwamoto et al,
2000) #JH\\ 72 A OV A SR O E R B 2
o7,

5-2-4 JE¥HE

VNN OISR # HEET 57012 3 PMBORT L
ToFERCB M 28 AR (M 14 4K, HE 14 1K), &S0
RN AEREICEEE LTHH L TWAYF I AR A
¥ (%9 14,000 fEfA / Bk, n=3), 77 I THE (K
9,000 1A / Kefk, n=2), "~ 7T 7 FDOMMUFAE (B
150 A4k / #fk, n=147) BLXOEGHA ¥ 7 F A4 T
48 (184K / Mk, n=2) % PCRIZfit L7z 72,
Rkza~raif CFKE 05 + 01 kg, n=141)
BLOHE CEHRE 1730 = 372 kg, n=109) %
2 L72.PCRIEFRICIZ 7 u~ 7 ugfi B L OBifcit
B, WE 723 E MR L, s LU0
B IR SR 2 L7z, % 7 Vid PCR B2 &
DBALE T 5 F T 80T TR L7z

5-2-5 BABRXIEREER

BBt s O FEAEIE, IR O A MG O IR
T HEHOMIEL X Zﬁﬁﬁmi_ﬂi7kk fH KROME T 3:12
X Table20 D X 9 12 X5 L7z,

Thbb,

R T IR ERE T, BB L OEE KIS
UV LB K % o

SR - JIEHEEZ I— P TB I 2w, NERBLO
fHKIC UV LEREK %

KR : IEBGEZ BFERTB I 2w, JIEREB LT
FHE AN UV LB K 5

RN : INHHE T BRI TBZ 20w, JIEHEIC UV
VBRI K\ TR ALK %

PRV IR BB TBI 2w, NEAB LD
fiE AR BRI % o

TR A B DA DFIWIZ D WTIE, Hilfh 30 Bits THE
BEEETE B Z MR LFBIEE L, £
LT, WY RFEEo S %, A # R TR o
PCR #ADEN: T dH - 72 T HH 5 % Tl 2R O BT
Bl e L7ze F72, MDY RIFBEITH 2 )

BN DWW Fisher D IEHEMRE THREEZ B Z o7,
5-2-6 XEIEFEEICKHT 271 I AEZHEHER

AERIZIE, 2000 4512 VNN TR L7z v~ 7 aff
BN SHEEL, WAL ARG MAS 10%° TCIDsy/mL
D7 4 VA (Bluefin tuna nervous necrosis virus :
BTNNV, BTKag00#k) ZH\Ww7ze T ARX AT
YF =T, REEERBIRE L 03, 05 10, 15, 20
WZEREE L - K % 4995 mL & 0, R A VX
Z50 uL §OME L7k, 1, 3B XU 5 HRIGHE
W2 1mL FOREZRINL, FORERDF ik
M) AR AS57215 mL F 2 — 72 AR E R
DYER 21 L7zo RISERICL 723 0 7 A )1 R e
Jofifi 2 E-11 MBS & 0 I U 7zo S BRI 133 il Kk
EHWT, Y A VA 50 uL & RIS L 7214
(27 AV A&l 2 SR 7z 7 A OV R SEGIfiIE, 48
T x4 a7 — b (IWAKI##) ZHw, §#
#BS (2013) OFEICHEL, AV AEGIMB X O
AN LR E RO, BB, TRERORERIZE VT,
#4»2&®W%ﬁkﬁﬁﬁﬁﬁm%®wﬁﬁﬁﬂﬁ

KEWER (Pocket Colorimeter ™ 1, HACH
%z) ’Eﬂ%wf(ﬁﬂmtf:o

5-3 # R
5-3-1 VNN DOFE:E

(1) EEMHOXERTCORE S LVEK

2000 £ 5 2008 AEDFHREIZ B WT, SE MY
SRR EI3EO ST RET T 256075, B
MHOHRIZHE D O 3 HF KA 23 ~ 29C DHiP T
TR S N7z MESUNITIE, IR LI
RV, e HSEENTRRES 2K 5Tz,

Table 20. Results of bluefin tuna juvenile production
with different countermeasures

Disinfecting methods Juvenile production

Sea water Sea water No. of No. of
Group  Fertilized maintained No. of : PCR-
o of seed . success .
eggs for fertilized . trials negative
production cases
eggs cases
I ND*" Ultraviolet  Ultraviolet 4 1 0
Il Todine Ultraviolet  Ultraviolet 24 4 1
I Hypochlorite Ultraviolet Ultraviolet 6 0 0
IV Hypochlorite Ultraviolet Hypochlorite 1 1 0
V  Hypochlorite Hypochlorite Hypochlorite 80 26 18

*1 Not done.
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(2) FRIEHEE

2000 4 & 2002 4E (2FETE L 7247 # (H b 19, n=5)
DI BAAAR A T, PRI T R0 M LR | 2 B
2o R BRI e B SN o 7275, &
BEIZBWTIFAT I & ) FEREDEABIZE S iz — T,
Mef (H#b 33, n=5) TI&, M, EHEB X OMWEICE
WC, ISPzt IFAT I X 25RO
HERoH 57z (Fig. 16),
(8) A IR Bk

e L7244 (H# 17, n=10) DBEEREA %2 HH
L7z E-11 M, 3 HH X Ml sk b3 % Mz
R EAIHE SR (Fig. 17), 10 HHICIE, Y= VviH
DETOMBBAHE L 720 7 4 v ZHffiiZ 10> ~ 10%°
TCIDsy/g TdH - 720

(4) PCRICK 21FHADL S DT 1 IV X8

2000 £ DT 5, RT-PCREEICL Y N—% )
Z 7 4 VA RNA2 #nT (T4 8% 25 sh, X—
)T IANAD 4 BIZTFENIZENENFRN T 5
A ~—+t>y b MW7 nested PCRIZX ), RGNNV
MLFR T 54 < —TOMRPCREWHRD SN2
(Fig. 18)o 2000 4~ 2002 4E IC FEFY R L7227 0
~ 7 a{FHERIZ BT S PCR AL % Table 21 12,
2002 4E~ 2008 fEIHMB Lot i (HEG 0 ~ 30) o
PCR WMA&KE H-% Table 22 12/ L7120 WEFho¥ v 7
WMIZBWT S nested PCR 12 & 2 Kii#ix RT-PCR &
DELARY, HHOMEETIE, BHATIIHEO
~5DFMTIETA NVABRTIIBB SN o7
A%, Hih 6 ~ 30 DA TIZERIZY AV A HETH

Fig.16. Histology of naturally diseased a bluefin tuna juvenile from dead
33-day-old juveniles. Light microscopy showing vacuolation in the retina (A),
spinal cord (B) and brain (C) (H & E). Specific fluorescence in the retina
with IFAT (D). Scale bar = 50 y m.

o

(CPE) in E-11 cells infected with filtered homogenate of

Pacific bluefin tuna larvae 5 d culture at 25 T . (A): Normal cells, (B): inoculated

cells. Scale bar = 100 u m.
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M E N —F, BEAIZBIT S nested PCRIZE
LHHHFEIE, H#0~57T105%, H#H21 ~30 T
110% <, H#6 ~ 20 TliX 236 ~ 33.0% O #iFH
TEL o7
(5) BRBEASIUXK /7O~ O, SEHEMHSD
74 IV ZEEFOBRE

P L7 B0BfIC BT 5, RT-PCR :OMAETIE,
FTRTOFMATH, I, AJEROVTIIZBNTL YA
VABIEFIIRE EN o720 LI L, nested PCR
XD, MSEMOEHMB XU HEIRMLOBAI S
RGNNV Bl £ W ABIa T2 S 17z (Table 23),

Specific primer sets for

SINNV genotype

-

—
Specific primer sets for
BFNNV genotype

Table 21. Detection of betanodavirus gene by RT-
PCR from trial seed production of bluefin tuna on
from 2000 to 2002 at Amami laboratory

Days after hatching
Year
0-5 6-10 11-15 16-20 21-30
2000 717 3/4
2001 0/6 1/1
2002 0/1* 6/6 7/8 12/16 12/12
Total 0/1 6/6 7/14 20/24 15/16

*PCR positive number/ sample number.

Specific primer sets for
RGNNYV genotype

Sp ecific prim er sets for
TPNNV genotype

Fig.18. Nested PCR detection of betanodavirus coat protein gene in the dead larvae of
bluefin tuna using specific primer sets of four NNV genotypes.

M: DNA marker 100 bp ladder (Lane M); Nested PCR using the primer set SJ-669f / SJ-926r
(Lane 1-5); the primer setRG669f / RG926r (Lane 6-10), the primer set BF669f / BF926r (Lane
11-15) and the primer set TP669f / TP926r (Lane 16-20); dead larvae of bluefin tuna (Lane
1,6,11,16); batenodavirus strain of SJNag93 (Lane 2,7,12,17) ; batenodavirus strain of SGWak97
(Lane 3,8,13,18 ); betanodavirus strain of PCHok96 (Lane 4,9,14,19); betanodavirus strain of

TPKag93 (Lane 5,10,15,20).

Table 22. PCR-detection of betanodavirus in apparently normal larvae and juveniles of
Pacific bluefin tuna produced at Amami laboratory in 2002 - 2008

Days after hatching

Year

0-5 6-10 11-15 16-20 21-30
2002 2/46 (9/46)*1 19/33 (27/33) 6/11 (7/11) 9/13 (9/13) 518 (7/8)
2003 0/12 (12/12) 0/2 (2/2) 1/5 (5/5) ND*2 ND
2005 0/6 (6/6) 0/8 (0/8) 0/11 (7/11) 0r7 (1/7) 0/70 (0/70)
2007 0/33 (3/33) 17/30 (17/30) 0/1 (0/1) 16/16 (16/16) 0/15 (5/15)
2008 7/228 (7/228)  13/224 (23/224)  12/75 (12/75) 0/70 (9/70) 0/25 (1/25)

9/325 (34/325)
Total
2.8% (10.5%)  16.5% (23.6%)

49/297 (70/297) 19/103 (31/103) 25/106 (35/106)
18.4% (30.1%)

5/118 (13/118)

23.6% (33.0%)  4.2% (11.0%)

*1 PCR positive number / sample number.
*2 Not done.
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Table 23. Detection of betanodavirus from dead
broodstock reared at Amami laboratory in 2001,
and 2011

Date of RT-PCR (Nested PCR)
Group of death Age Sex Tissue
spawners (m ) g -

Y eye Brain Gonad

Aug.2001 8 & NS NS 0/1 (0/1)

Oct. 2001 8 & NS NS 0/1 (0/1)

1 Aug. 2002 8 & 0/1 (0/1) 0/1 (0/1) 071 (0/1)
8 4 0/1 (0/1) 0/1 (0/1) 071 (0/1)

9 @ 0101 0/1 (0/1) 0/1 (0/1)

Jul.2001 8 & NS*2 NS 0/1 (0/1)

Aug. 2001 8 2 NS NS 0/1 (1/1)

2 9 9 NS NS 0/1 (0/1)*
9 9 NS NS 0/1 (0/1)

Sep.2002 9 4 0/1(0/1) 0/1 (1/1) 0/1 (0/1)
Feb.2001 5 9 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)
Mar.2001 5 @  0/1(0/1) 0/1 (0/1) 0/1 (0/1)

Apr. 2001 5 Q 0/1 (0/1) 0/1 (0/1) 071 (0/1)

5 9 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)

5 9 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)

May. 2001 5 2 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)

5 & 0101 0/1 (0/1) 0/1 (0/1)

5 9 0/1 (0/1) 0/1 (0/1) 071 (0/1)

3 5 9 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)
5 J 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)

5 & 0101 0/1 (0/1) 0/1 (0/1)

Jun. 2001 5 & 0/1(0/1) 0/1 (0/1) 0/1 (0/1)

5 4 0/1 (0/1) 0/1 (0/1) 071 (0/1)

5 & 0101 0/1 (0/1) 0/1 (0/1)

Apr.2002 6 & 0/1(0/D) 0/1 (0/1) 0/1 (0/1)
Jun.2002 6 & 0/1(0/1) 0/1 (0/1) 0/1 (0/1)
Jul.2002 6 @ 0/1(0/D) 0/1 (0/1) 0/1 (0/1)

Sep. 2002 6 Q 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)

*1 PCR positive number / sample number
*2 No sample

Rk a~xraTid, BAARR»S Y AV ABET
I E NG o 7208, REkZ u~xruayfcit, iy,
Howghh» s b RGNNV B2 TR O 1 )V A 5T
AR S/ (Table 24), —J7, SRS
ANV ABETF IR SN R b o 72,

5-3-2 VNN BARRFTEDRE & LU Z D3R

(1) BARSXISR EMEATRY) LTS & KO IHBIEL

VNN Bkt sEofifi e 7 o~ 7 affifaz ) L
7-FE P B L O PCR CRMEOREA Z LD FIF725%
L% % Table 20 ISR L 720 ARG PIOHE % B
v, xR T T, A8FER 1 FICHEAZIY I
F72h%, HEfSIEPCRICE D 7 A4V ABEETFIH
WENze KD TIE, 24 fF B 4 6 THE M % B
D B, 2o b 160k PCRIEMOREMAAETE
TRIBITH > 720 WMIKIMTIE, 6 BIOFFRERET
THAZIY) EFAZ LB TELh o720 MIENT
X, B IFOATHAZINY RLIFHrZ LT
A, PCRICE WAL S T A NV AEE T Sz,
XV T, 80 FEBIH 26 HITHMAZEY BT, =

Table 24. Detection of betanodavirus gene by PCR
method from wild bluefin tuna caputered in 2003

RT-PCR (Nested PCR)

Captured Body weight

Individuals ke)
area 8 Total Brain Eye Gonad

West marine
area of
Koshikishima
Islands

141 0.49+0.12 10 4D*1  7(35) 5 (30) NS*2

Adjacent sea
of Nansei 109
Islands

173.00+£37.22 0 (0) NS NS 00

*1 RT-PCR positive (Nested PCR positive).
*2 No sample.

Table 25. Inactivation of betanodavirus BTNNV at
different chlorine concentrations and treatment times

Measured chlorine

Desi?ed Treatment concentration Decay Virus infective Inactivation
corf}?e}r?:;:tcion tirpe (mg/L) rate titer™ rate
(mg/L) (min) Before After (%) (log10 TCIDsw/mL) (%)
treatment treatment
0.3 1 0.37 0.28 243 5.9 95.3
3 0.24 351 5.8 96.8
5 0.18 51.4 5.3 99.0
0.5 1 0.61 0.45 26.2 =39 =99.9
3 0.36  41.0 UD*2 =99.9
5 0.34 443 UD =99.9
1.0 1 1.01 0.74  26.7 4.3 99.9
3 0.74  26.7 UD =99.9
5 0.71 29.7 UD =99.9
1.5 1 1.61 1.40 13.0 18)0) =99.9
3 1.39 13.7 UuD =99.9
5 1.34 16.8 UD =99.9
2.0 1 2.20 1.95 11.4 UD =99.9
3 2.04 7.3 UD =99.9
5 1.87 15.0 UuD =99.9

“1 Initial titer was 10697 TCIDso/mL.
*2 Undetectable (=10%8° TCIDso/mL).

D9 L 18 HITIE PCR oM 2 EET 5 Z L A5T
X720 BB I & VIZowT, BY FIFBEC 3
5 BRI OWT, Fisher D EMHE THE A
(p < 005) EZ%ho7,
(2) EMiBAKICELBICILZX (BTNNV) OFREE
PR R 8 0.3 ~ 20mg/L OB HEK T 1,
SBLUSHHIANZAZRH L DT 4 VADA
LS B X ORI E IR O E S 4 % Table 25
WR L7z WRHLHEERIREE 037 mg/L DEMAKIZT A
VA (10 TCIDs/mL) % 1~ 5 47 BALEE L 72 I
DOARTELHIL 90% LT TH o 7-0izxt L, kiR
FRIEEE 061 ~ 220mg/L DEMAKTIZ, 74 VA%
1 5L FALER S 2 & AT L3I 999% L ETH - 72,
U3 BRI O R FERZE, 0.37mg/L O 5 5[ L
Tt b &< 514%, 220mg/L @ 3 45 LB A3 b 4%
{73% &7 o7z KRB EOBWMFEHEIE,
FTNORBRXITB T WAL 1 55 F TOWHEHEH
otz MHEEEMAE C 2 51208, WRILERRIE
BEORMER IR 2% R LIz, T2, AL
72 AR K O BRI SRR AR 72 B2 PE W,
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WA E IR DR FE R A 138 < T B Z R L7z,
5-4 % &

2000 SE D 7 u = Z a1 f) 5 RGNNV s fx 17
DR—=F ) F7 A NVABEFPHM SN, R
FHMATIE, VNN ORBTH 2 MBI, @i
WAE D R AT, FiEB X Ok CRO S
N, ELEBIZE)NR=F ) 57 L)V ZAOFRUREN
M Sz, 72, STHED S 107 ~ 10°° TCID;/
g DT ANV ARG E S Fze ARG T HE
TANWAD T T 7 IS B RIEEIERET LT
BT, TvROLEMY ZiHiTHE)LFIANATH
%o ¥51Z, PCREIZE D v AV ABEIETH M &
NBRVHEHNIIBNTH, [FRORBEHRCE D72, K
Tl OFE W A o Tl E BRI O ke % B < Hl o B
BHPLETHHZ M5 (Kumai, 1997 ; EH:, 1998 ;
Sawada et al, 2005), ZN5DITAN—F ) ¥4
WARRGEDORIZE B LITEVEHEWD, VNNAS/ <
FUFHOREITIZRKE (HboTwa Z Lidkfd
TH» 9o

— 7, & A4 (H#E 030) @ RT-PCR &
nested PCRIZE 2 A V21X, AHO~50
H T3 28% & 105%, Hill 21 ~ 30 DA TiX 42%
L 110% & R > 7202k L, HEl6~200
- #8 T X RT-PCR T 165 ~ 236 %, nested PCR T
236 ~330% L RREWETH o720 BEMICBITS
INOOEVEGHEIL, TR HEREOZL
HGEIZED, BHIZT A VA L VNN OFHH 12
ORPDLENDHZZEDPRENT, =T VTIRF
I L 5L b R=F ) ¥ VA EZ R RT
(BILS, 1994), 7u~xralZBwTHEMAIICREIE
CHILHwolE, zu<vr7achifFaolnky
K ANV AEZERE NI LICE D EHEESN S,
INRBEC ORI DB S RETH 5720, K
W TR B 2 £l 5 2 L3 TE§, miksztk
FRICOWTIZ S % oMEE L TR s N,

PEFRAEOR R TI, TN AEEICHA L fREY
Mo, YA NVABETIEIRB ST, —EHoRKH
ORI A S, T A NV ABETPIRB SN2
Lix, v~ 27 u® VNN BESHAD ST~ mik
FTHIELERBEL TS, T/, Kkru~vrsuyfh
MPHTANVABETHPHRHEINTBY, KR TAR
TANAERE L RR 7 u~ s o xFR L 722%

A TIEIANVAZRAE LT AIERNEC,
B A EBRETHRET S VNN OERE 25 2
ENRWREINT, LD - T, RINHROEB LD
SRR 2 V- A T, VNN 384T
LUEBENEWEE Z 6N, FEIZ VNN OPR;ERIC
BORITIE R S v AWFZETIRETEEY @ PCR
BAETPCREUETH--b0D, HREDOH Y 75
A7 51d RGNNV BIETFRHONR—=% ) F7 4 VR
PEHBENTBY (Gomez et al, 2006), 74 IVAD
BYe) A7 AR T AN S, AHEEZHEEHIHW S
CLIIMIFBERETH S,

PREFHRHKOMBEIZ X %5 VNN %A DO B ERI R %
et L7z4E 3, 3 — PRI X D IHE L UV ek
PR LKL T, 2460 4 I CREMZILD -
V¥, PCRFEEMOREMHAEMRETE2EIIBNL 1 HITH -
7eDITxt L, EEEK CINE R UEMRLEEK CHE
L7255V Tl 80 Bl vp 26 B CHEM ALY LiF, 2o
I BRI 18 BITH o 72e ENEFNOFKITEIT
BRELICY PP T B BREIBIETIE, KT 0
Y FAFBIEAS 4 81 & D775 7272, Fisher O IEH
METHERZ (p<005) EROLNLEho72, L
2L, BEEFTYT Y ML LINERE IR L 725 R
V Tld, PCREM:OHEM DA FETE LB IBI S S
WZ ERb, VNN ZBEDEMICHIE»HSH EEZ D
N5, BEIFMEAK%EZH W7 BINNV (10% TCIDs/mL)
DATELEERTIZ 05 mg/L @ 14D FH T, A%
16312 999% Ll 1 & % ), BTNNV & [H U RGNNV
BIEFRITH B~ 7 HEMAHEEDO NNV (Sevenband
grouper nervous necrosis virus : SGNNV) DA &AL
REEeBI oo L7 (45, 2013),
I, FUBRTRTH ) BRI &M
PEPTHELERLIZEEZ LN, /2, U
FaZRTIE, SMUITEEE RIFS FICREIERR
IREE 1.0 mg/L OEMFEAKT 2 5 DN ORI FERY
W RETH AT NS (JBIOS, 2015), EERE
BV TINEBORERMZESTAZILICLD, &
512 VNN ANMFALRIER D E £ 2 2 3 IfE s b, £
72, ABFZEIC BT B9 H TIXIEKIREETHEME L Tw
7%, mEBBECTHHERZEEBIZH 2, MO
(2011) DFEM LIz~ 727 FOKEIPO R F i
2ZE, WARRETERBROPTRLIZED, K
HIERBBEEOKTZCZEDIEETH L, AW
RiR & FEIZ, 2009 4F B DIREAESEIT 4 ClE, 2001 KA
W2 REI0 10 TR 2 A L, B KOFK TRILIE

D 2y ko4 (1) ZOWERPE—FEHRHITHRIESh D, (2) ZOWMEERIMEEP»STHEREEENS, 3) DHEsh
7R BRI B S R R TS 5 2 LT E 50 () FEBRMIOES SR E LD 5, B UREASRIN SN 5,
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FREFE 05 mg/L O 1 Ml HEEZEBL, FORBRIC
B KCTHET A EICX Y, FEAEEARIC
BWT VNN IZZEL TR (A, #ME).

BEE VAIARBERE L TOHEMARADERY

6-1 [FLU®IC

HH#W T, 1978 LIRS =7 Y OBULER B &
O AR BE AN DB FE I D MLA, 1988 4E121% 80 )7
TR ORE () ZEET ST LRI L7z, LA L
BUED 1989 4E20 5 1992 41200 C, EEHMTRE %
Ho 72 ETE, LlTEB L UTLBTHEICIBVT,
7 AV AEARRESEIE (VNN) O3EIC X ) A0
KEIHCL, BREABIIKE XML E/ L, &
NAERIZ, HEW, FAKEB X VL EREDILFE
BHRHAER bz TB I b ziE, VNN D2
Wik 2 4, BRBAOEMLH T A EREICE
F B BB AR S fze 27 VD VNN IZELC
AR A L, #EBA D S SINNV 25T H
Z3%3T 52 L12X % (Arimoto et al, 1992 ; B 5
1994), =2 °C, Bikxtse LC, IO ERiIcH
AR O A VA% PCREICK DAL, B
OB B LIS 5 L L bIT, AR
BUARE ORI [BIHA 10 B D 24590 2 v, PCR
Rtk o B S22 /I, + %357~ MlEKT
HE LAEEICHY, SIEHKICIEDAEMEKE 4+~
¥ M THUBMLUTHWAS Z EAHERENTWS (Mori
et al, 1998 ; 1B - HIL, 2000) o

LT AT Z OB BRI % FE i L 72 1996 4 LUK
DREFAFIZBWT VNN ORAEZZEO LN TEST
VT VO VNN IZZEICHBRTE 25 L ks
BIE ST ETAD, ZOBWEEZERLZICH
Phb 5T, 2003FEICBITALEYIT VOMAAEET
VNN DFHED 8 R IHER S 7z,

ARETIE, (EROBBRMS KT ST ENTE LD
Ty~ 7 VHEBAEREICBT S VNN 54 R % fif B
T 5720, FERHMAREE N OEEADIZOWT
SINNV ORFIRWZEFARA L, 5 FREFENRTE
FHOTEIREBEOHREE B oz, TORE, £
MMM CHRAEEHIER INS <7 NG &
RSN, ZOWER/RICHETE, HIREO MR
EBI o, T, RO S L SINNV S5 T8
DR—=F ) T IANVARBRIRHINLES T VIHK
HL, RASRTIDOR=—%F ) ¥4 AEGIRRP R
RO T IO MELII9ANVADRT Y, V=TV
FF A~ DFFEE DO W TGS L 720

6-2 MEBLIVHE

6-2-1 Y7 DEELEE

U7 VOB EREIE, IR AR % RT-
PCR & nested PCR (SJNNV) THAEL, BHFEET
ik &7z Bilim o 1 Bl (FHKRESS = 1.1
kg) & i HIrdro 2 il (A B FYkE 44 = 08
kg B PR E 38 £ 04 kg) ZMH L7z, &
HOfRE LTI T Y, AVALIBIOIY (FiR
B) 2 FC eI R s b B EAAAE Lo HAREIN S
7oK AV s EE (OZF-30, 415 5 3EMRX
LS8 THFFTF UL (05mg /L) ZELHATI
S OMER, 1 kL B A—FKA 4 FARRIZIE L
I7—A MY THRLBAKTTHMEETER L. B
KIS A @ilEKELF 4> b (05 mg/L) T35
HRIS#%, EERTEHFF Ty VERELEETF Y
7 v MLEHEK R V2. fE RKERIE 20CICFEE L,
FHEIZIEEICELET, Y FIAVEFETLY (Ll
¥R, TNT I THE, BLA R S A L.

YA AR B 0T B B T R R FE AR S
N7zW, BLOWDY EIFHIC, RT-PCREEICEL ) X—
)T IALNVADRER B kol 1 B4 D
TN, FATIE 2 ~ 5 RO AER E 72135
i, MEMTIE 1 ~ 2 RO BEET F 7213 IRERE L7z,

6-2-2 REPEFBMED-HDFEEAE

(1) LEFERITORE
FHTEOREINBAEO—IBA (=7 L LEHB
X O HIT o B SR ERRE L O, T4
IAVRT LY (n=1), 7 ¥ (n=65), ¥ /3 (n=30),
ANV A A F (n=45), F v F a2z *F*7 I Euphausia
superba (n=5), 7 %) Ruditapes philippinarum (n=>5)
ERAICHE L. BREOY IV EIZHS0 4 L &L,
o7 v LB HE, BN, R AR
HL 7z R OBELMIE, A IXAVKRTAY
TiRafk (B 14000 WA/ k) &L, 7Y, <
PN, ANWAALHTIEHERLEMN Fr¥arzt 7
IS, TV VI E A TR 2 AR B L
720 PCRBMEE o2y ~T7 Y (H#T7 B X U HE
12) oMb &Nz 98k (03S)-1 ~ 03S]-9) & Rl
EOBHH~T ISR ENz 8 (03]JM feed-1 ~
03]JM feed-8) % ¥ — 27 T v AfEMIZHE L 72 (Table
26, Table 27), # 4 TR/ FFEIE- T, N—
5574 VA RNA2 #nT (T4 0¥ —rx
VAEBI R, PuE LR oM s R



36 Toyohiro NISHIOK A

Table 26. PCR detection of betanodavirus SJNNV
gene from frozen fish and shellfish as fish feed

Number of PCR positive /

Number of  gyamined (Detection rate %)

animals or lot

Examined animal

. Nested PCR
d .
examine RTPCR o SINNV
. 0
ﬁpaneseJ‘?Ck mackerel 65 36/65(55)  38/55 (69)"
achurus japonicus
*1
Ghub mackerel 30 0/30 (0) 0/30 (0)
comber japonicus
Japanes common flying
squid”? 45 0/45 (0) 12/45 (27)
Todarodes pacificus
Antarctic krill*!
Euphausia superba 5 0/5 (@) 0/5 (0
short-neck clam™ =
Ruditapes philippinarum 5 0/5 (0) 0/5 (0
- 1 *2
Lrtype rotifer 1 0/1(0) 0/1(0)

Brachionus plicatilis

“1 Animals were stored at -20°C.

*2 Sampled from culture tank.

*3 Fifty-five fish from 65 fish were applied to nested PCR test.
*4 One lot consists of about 14 thousand individuals.

Table 27. Samples used for sequencing

No. deg?gﬂgi?on Source of samples Cluster Reference
Dossyr el fom dmeand 81l a1 sy
2 03802 (ST K Laborarery | This study
303898 ORI Kamiura Laboratary | Thisstudy
4 00854 e IR K Laboratary | Thisstudy
503895 o DT Kamira Laboratary | This study
6 03856 oD Kamiuea Laboratory 1 Thisstudy
TOOSSIT oD K Labaratary | Thisstudy
8 035J8 B?:lxi\tlo%oirg Igésriiufg L%]boiimyat I This study
9 03SJ-9 Detect from diseased SJ larva at I This study

trial No.2 in Kamiura Laboratory

4 Wild JIM* was stored at -20°C as :
10 03JJMfeed1 feed for adult fish 1 This study

Wild JIM was stored at -20°C as 1

11 03JJMfeed2 foed for adult fish This study
o Wild JIM was stored at -20°C as .
12 03JJMfeed3 foed for adult fish I This study

_ Wild JJM was stored at -20°C as .
13 03JJMfeed4 foed for adult fish 1 This study

14 03JIMfeeds JVid JIM was stored at 20°C as 1 g gtudy
15 03JJMfeed6 g‘iﬁifgﬂduﬁagsﬁwmd at -20°C as 1 This study
16 03JIMfeed7 Jid JIM was stored at 20°C as gy g gtudy
17 03JIMfeeds Wid JIM was stored at 20°C as gy g study
18 %g}gv Detect from diseased SJ larva I l:;zk}%zfg%as
SINNV- it Iwamoto

19 NC003449 Detect from diseased SJlarva

et al 2001

"1 striped jack.
*2 Japanese jack mackerel.

DMBREBBETHER LTy Fu s aicky, &
R EBEREHEE L, &7 A )V ZARE O R % fif
B URRE R A2 Lz e LT, B#Ho
SJNNV SJOri, SJNNV-NC003449, BFNNV (D38635),
RGNNV (D38636), # & U TPNNV (D38637) # it
A L7,
(2) BFRRBRFERTORE

2003 4 3 H A5 2005 4F 8 HOMIZ, AFE=EHT
(A), ANEERET (B), fHAR/NMET (C), R
PET (D), Ry Bkfam (BE) B L O RIBEAET (F)
DEEH6 AFrCARBIF SN E RIS L 72
(Fig. 19)o A0 G E W 2 A% IR RE © L T 4 12 By
REERERM L, AR PCR BAEICH$ % £ T 80T
THARA L7zo MMM IZAF LA AIEEBLY
W, —EHEIZEFE L, RT-PCRBL V4200 &z
T % (SJNNV, RGNNV, BFNNV B X F TPNNV)
® nested PCR THiAr L7z, BRI L 720 A1,
7V A A T Y Etrumeus teres (K 986 + 6364,
n=90), ~ 4 7 ¥ Sardinops melanostictus (RKIE 425
+ 56g, n=15), & ¥ F I Spratelloides gracilis (K 54
= 15g, n=60), #¥ 27547 ({KHE 150 = 69g,
n=293), F 51 Hypomesus japonicus ({F3E 279 = 6.1g,
n=30), A% b7 % 5 Theragra chalcogramma (&
W91 £ 26g n=30), ¥ > = Cololabis saira ({FHE
1722 + 126g, n=30), ¥~ 7 ¥ (fKHE 355 + 322g,
n=413), A #» F T Ammodytes personatus ( 1K H
154 + 66g, n=30), ~H /¥ (fKHE 1615 + 1025g,
n=149), b I T ¥ Metapenaeopsis acclivis (K 4.3
+ 11g, n=65), 7 & T Y Metapenaeopsis barbata
(fk# 34 £ 10g, n=65), W IV T ¥ Trachypenacus
curvirostris (KE 76 + 22g, n=6), BX AL A4
s (K 529 = 179g, n=80) TH 720

45°N - e
/e
Sea of Japan
40°N 1 Vivak
N: iyako,
Ishikawa Bref.(B) Iwate Pref.(A)

Maizuru,
Kyoto Pref.(D)

35°N
Obama,
=t Fukui Pref.(C)
Goto, Saiki,
Nagasaki Pref: Oita Pref.(E)
o (F) of
30°N
East China Sea Pacific Ocean
&

25°N

125'E 130°E 135°E 140°E 145°E 150°E
Fig.19. Location of the wild fish sampling sites.
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6-2-3 KATTIHS5DIAIVAIEH - 9B

2003 FIEH IR BEF SN2 RA~T Y (FKE
208 * 52g, n=62) 3B & U 2005 4F (AT AKIGT
ENRKRYTY ((KE 374 + 60g, n=92) % KA
WL 720 2R ENSIRE C Rl &Ik, H
B L OB E R LIRSS % £ T -80C THURs RAT
L7z

L 729~ Tk 1 Bk 72 0 % 50 mg 12F%E
L, WlomgEmiiAgE (ISOGEN, =y Ry V=V
#H#) TRNA Z#ilH L, RT-PCR B &L U2 DD #E(E
T A @ nested PCR (SJNNV 3 X ¥ RGNNV) 2 &
DA NVABETERIB U2 GEMZ I8 43
PCRICEBNR—% ) ¥4 VADKRNZSRE N
Vo

RT-PCR B & W nested PCR Tl & o/ T Y
OB F IOV > 7 VIZ HBSS A, BEREIZIL
££045 um @7 4 )V % — (Millipore %) TA#L
72 (BWEAT) . A NVADSHEIZIETFO24 7 =2 VT
L— b (3% 1mL, IWAKI A8 T L7z E-11
MifEz v, 7 2 VORI 900 u L #Fr &, 100 uL
DBERED W R L 1 R E-11 MR & 35l < 2 7- 1%
12, 1,000 L © HBSS THIFLZ 3 MPkEi%, 5%4-0h
R (Gibco th#) % & ¢ L-15 %M (Gibco #1#)
1,000 L IZ@E# L 720 20C T 10 H X2 LA 2t
RO BILE L 720 5B AV AL, E-11 4
AT 3MORAFGREICL Y 70— v F 2B W
TANARRE Lz BRI, 7 AV ARGl
% 10" TCIDsy/mL ICFHEE L 727 4 V A %2 v, 3R
Bzt % £ ¢ -80C TR L 720

6-2-4 REPEER

FHFETER LY T VB IO~ T VH AL
SEREIC X Y ZHEI 285, Zo5MbFmxEER
WL 720 W OMFHA D FEBETIC RT-PCR B L O
SINNV # 5T AU 4F B AY 7 nested PCR THAL L&
WTHDBZ L E2MR LI BYFERBIZE, 7 VHK
D5 # (05SaiJJM-1 ~ 05SaiJJM-5) & B tExf g & L
T~ 7 VWA EKD SINagd3 ¥k % f vy, EMkx) i
21T HBSS # il L 720 500mL %9 A ¥ —F — 2 ¥
%7 VA TIE 70 ~ 110 ik, <~ 7 VAT 180
~ 220 A Z LA L, 10°TCID;/L 2% 5 X )2
ANVAZERL T, ILKREETHE L7, BRI
YRTVTIXIOHM, 7 VT T7THBE L, i
HARIRIZ Y =7 Y TIE226 = 05C, =7 Y T3 195
+ 04ACCTHEHLZ, BHBRLAECHZ1IH 2HD

BHEECTHUY 10T, @ ol ARAE £ 7213 10 % PRkl & v
<~ v TREEL, RT-PCR#ME, E11MICX %A
VAGrHE B X OREMERRAE (IFAT 36HE) 12
ﬁj\: L7

6-2-5 1 IV ZEEFOEEES| OFE

RER~T VHEY MV R 16 ¥ (RT-PCR B4 3
Bk, S BERR 13 #k) & SINag93 @ T4 #8318 o 3 3 id
%, ABI PRISM3130xl Y =274 v 27+ 754
W= (TTI4 A F T AT7 L ZF8) (XY e
U720 7 A4V ARRE OBIZWNWEZERIE, HIEEHR
BUC D S B A IS X o TIER L 72401 R ki
HWTHE Lz, BENEZEEFREZ KT 2729
12, HARTHEES L SINNV #mTROMREKRTH
% SJOri, SJNag93, Jp/06/Rp BL I —ua v ,% (R
RAYBIORNV NFNV) THEES 72 03-160, SpSs-
TAusc1974.08, PtSs-TAuscb73.04, SpSs-IAuscl56.03,
PtSa-TAusc61.05 DIEHRLY] % Gen Bank D7 — ¥ X —
AL DS L THW: (Table 28) (Nishizawa et. al.,
1995, 1997 ; Skliris et al., 2001 ; Thiéry et al., 2004 ;
Olveira et al, 2009), #FMIIE4FHDO T 4 NV ABIET
oYz BRI Nz,

6-3 # R

6-3-1 Y T7IREMEREICHTS VNN DHEE

2003 4 @ VNN Blj bk} 3 & F i 25 22 45 R % Table
29 TR L7z 1IRK (BT & M tk) Tl Him
2102, 2|k (ilving HOT S8 tsk) Tk HER 712K
AT 2 Bk 2 EEHBo b h, 513 RT-
PCR Fpth & %2 ) VNN OREDHER E N2 74 VA
OBIETERNZDWTIE 1 BRRO H il 21 OB THICD
WTOARFXR7AY, nested PCR IZ X ) SINNV #H{z=
FRNZHFH I N2,

6-3-2 REEBRRETED-HDOEFREE

(1) EAFSICs T 32EFHAE

VNN F82E #1027 4 &l i BT 4 o 8 f A gl
W2 FERA L7205 74V AEETIERE S h$,
FHTEoBRATHAOH, N EREB X OERR
b PCREMTH - 720 LT EOEEAMICBIT S
ANV ABIE T OB R % Table 26 IR L72, <
7 ¥V TIX RT-PCR 12 & 1) 65 #efkrf 36 Hifk, SJINNV
nested PCR T 55 MiffHh 38 iR AShpitk & 72 o 720 A
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Table 28. Samples used for sequencing

Toyohiro NISHIOK A

dei?grggieon Source of samples Cluster Reference Accre)zsmn
RT-PCR product
. . from JJM™ .

1 05SaiJJM-W1 (brain; fish no.8), \% This study LC180341
Saiki, Japan
RT-PCR product from

2 058aiJJM-W2 JJM (brain; fish no.29), V  This study LC180342
Saiki, Japan
RT-PCR product from

3 05SaiJJM-W3 JJM (brain; fish no.31), IV This study LC180343
Saiki, Japan
Isolate from JJM

4 03MiyadJM-1 (brain; fish no.44), \% This study LC180344

Miyako, Japan

Table 29. Seed production of striped jack at two
laboratories of National Research Institute of

Aquaculture in 2003

Brood stock Disinfection method RT-PCR (nested PCR)
Trial
. PCR test e .
p gonad"! 8
Komame Rinsed  Treated
1 Laborat Negative with with ND" ND  4/4(1/1)°
Yy oxidant? oxidant™
Kamiura Rinsed  Treated
2 Laborat Negative with with 0/1 5/5 ND
oratry oxidant  oxidant

*! Selecton of broodstock based on the

RT-PCR and nested PCR detection of the

Isolate from JJM

(brain; fish no.8), v

Saiki, Japan

Isolate from JJM

(brain; fish no.29), A%

Saiki, Japan

Isolate from JJM

(brain; fish no.31), \%

Saiki, Japan

Isolate from JJM

(eye; fish no.8), A%

Saiki, Japan

Isolate from JJM

(eye; fish no.41), v

Saiki, Japan

Isolate from JJM

(brain; fish no.17), \%

Saiki, Japan

Isolate from JJM

(eye; fish no.43), v

Saiki, Japan

Isolate from JJM

(eye; fish no.68), A%

Saiki, Japan

Isolate from JJM

(brain; fish no.73), v

Saiki, Japan

Isolate from JJM

14 05S2iJJM-10 (brain; fish no.77), \%
Saiki, Japan
Isolate from JJM

15 05SaiJJM-11 (brain; fish no.81), \%
Saiki, Japan
Isolate from JJM

16 05SaiJJM-12 (brain; fish no.91), v
Saiki, Japan

05SaidJM-1 This study LC180345

<]

6 05SaiJJM-2 This study LC180346

7 05SaiJJM-3 This study LC180347
8 05SaiJJM-4 This study LC180348
9 05SaiJJM-5 This study LC180349
10 05SaiJJM-6 This study LC180350

1

-

05SaidJM-7 This study LC180351

12 05SaiJJM-8 This study LC180352

1t

o

05SaidJM-9 This study LC180353
This study LC180354

This study LC180355

This study LC180356

Isolate from diseased Nishizawa

17 SJNag93 SJ*2 larvae, Japan IL ot al 1997 AB056572
osion ket ey N o

19 JplO6/Rp Issfllzievﬁ‘:’j‘a‘lijiase‘i mr SEIS et AR17s519
ooy efmmierd T g
o St et ded O s,
22 g;ng‘“sc g::ﬁ;ﬂfggén sglfe ased I gf"’;égzet FJ803920

ortugal

gg JposlAuse §§§i}%eagzza(ﬁj§::f ¢ m Olvelraet  pisosen1
24 LiSalAuse gﬁltiteeag?:a(:fee::d m Olveiract pgoge1s

Portugal

“1 Japanese jack mackerel.

*2 striped jack.

JV A A 71 TiE SJNNV nested PCR T 45 Mefirh 12
KDL otz YN, FUrFasrFxTI, T
B, YFIAVKILAY (LK) A5IEvA LA
EET I SN D)o 7,

LliFED 2 KO Y= 7 VB LU LT &

betanodavirus gene from gonad before spawning season.

*2 Fertilized eggs were washed one minute with seawater contained 0.5 mg/L oxidant.
*3 Sea water was treated with oxidant (0.5 mg/L) for five minutes, and oxidant was
removed through the activated charcoal.

* Days post hatching.

 No data.

*¢ Only SINNV genotype was detected. Number of SINNV-positive cases / examined.

BT IVhSBMBENIR=—F ) F L VA (T4
) DY =27V AW YTV % Table 27
2, V=7 Ty AITHED SN L - F BB % Fig.
20 RL7 7 VbR E N 4L AT,
RGNNV #{z%¥ %, BFNNV # {7 % X OF TPNNV
BIZ TR L X872 ), SJOri % SJNNV-NC003449 &
EBDICLIDOORERY T RAY =% T 5 SINNV &
EFRICE SNz, €512, SINNV EfETAIZ T
~MD3>2DY FRAY—ICHGEHINTZ, 7 TRAY —
I T, ¥Y~7 IJHFMa0 5l sz 9otk (035]-1
~03S]J9) LBHH~T IS E N5k (03]]M
feed-1, -3, 4, 5, -6) THEKEIh, ZToob, ¥~
7 VAT £ H R 7 Rk (03S]-1, -2, 4, -5, -6, -7, -8)
LB T VHES K (03]JM feed-1, -3, 4, 5,
6) &, WERINF—FH L. YT IVMmMAEKD
SJOri #k & SINNV-NC003449 37 5 2 ¥ — 1, %
<7 VHED 38k (03]IM feed-2,-7,-8) A7 F A% —
MiZmFEHE Nz,
(2) BABEBTOEYRAE
RKIRANE»PSLDOPCRIFICELBER—=F ) ¥ 4L
A AL F DM S % Table 30 (275 L7z RT-PCR
WKWEYVREBENZDIEZ T VOATHRIEERIZS58% T
# o 72, nested PCRIZ X B2 # M=%, SINNV # 1z
FRNIT VAL T IH22%, =7 IVH203%, <
NH07%, NTFIZEMNLT7%THo72e RGNNV EIE
FENE, TV AALTIHR22%, T IVA58%, <
NHS181%, ANV XA AH13%TdH 72 BENNV
BETRETIVH50ABBEN02% TH - 72
TPNNV #E R SN e ol 4T, F
CFrd, A oFATY, Fh ATF LY S, HU
<, AHhFT, THIYE, LI VETIE, TALIVAHE
BT SN h o7,
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03807 _—
03518
03806
038).5
035J-4
038J.2
99 | 03s31 ]
03JIM feed-1 = Cluster I
03JIM feed 3
03JIM feed 4
03J3M feed-6

03JIM feed-5
6(# 038J-3

035J-9 —

99

SJOH.SEQ
o6 b= SINNVNCO03449.SEQ Cluster 11

03JTM feed-2
_\mt D300M feed-7 } Cluster III

03JIM feed-8

TPNNV(D3863T)

BFNNV(D38635)
ol RGNNV(D38636)

Fig.20. A neighbor joining tree showing the phylogenetic relationships between the isolates from
diseased larvae of Japanese jack mackerel and frozen Japanese jack mackerel as feed and genetic
type strains of betanodavirus. The genetic group types are shown in parenthesis and bootstrap
values >50 % are indicated.

Table 30. PCR detection of betanodavirus genes from feed creatures

No.of fish Detectionrate (%)

Examined fish Location (year) (mean body Nested PCR for
weight=SDg) RT-PCR

SJNNV  RGNNV BFNNV TPNNV

Red-eye round herring

B E 90
Etrumeus teres (2003,2005) (98.6+ 63.6) 0 2.2 2.2 0 0
Japanese sardine E 15 0 0 0 0 0
Sardinops melanostictus (2005) (42.5%5.6)
Silver-stripe round herring E 60 0 0 0 0 0
Spratelloides gracilis (2005) (5.4+1.5)
Japanese anchovy A, B, D,E 293 0 0 0 0 0
Engraulis japonicus (2004, 2005) (15.0£6.9)
Japanese smelt A 30 0 0 0 0 0
Hypomesus japonicus (2004) (27.9+£6.1)
Alaska pollock A 30 0 0 0 0 0
Theragra chalcogramma (2004) (9.1+2.6)
Pacific saury A 30
Cololabis saira (2004) amz2t12.6  ° 0 0 0 0
Japanese Jack mackerel A CDE,F 413 =
Trachurus japonicus (2003, 2004, 2005) (35.5+32.2) 5.8 20.3 5.8 02 0
Japanese sand lance A 30 0 0 0 0 0
Ammodytes personatus (2004) (15.4+6.6)
Chub mackerel A B D 149
Scomber japonicus (2004, 2005) (161.5+102.5) 0 0.7 18.1 0 0
Tora Velvet Shrimp E 65 0 1.7 0 0 0
Metapenaeopsis acclivis (2005) (4.3+1.1)
Whiskered Velvet Shrimp E 65 0 0 0 0 0
Metapenaeopsis barbata (2005) (3.4+1.0)
Hardback Shrimp E 6 0 0 0 0 0
Trachypenaeus curvirostris (2005) (7.6+2.2)
Japanese common flying squid B, D 80 0 0 13 0 0
Todarodes pacificus (2004,2005) (52.9£17.9) o

A: Miyako city, Iwate Prefecture; B: Nanao city, Ishikawa Prefecture; C: Obama city, Fukui prefecture;
D: Maizuru city, Kyoto Prefecture; E: Saiki city, Oita Prefecture; F: Goto city, Nagasaki prefecture.

6-3-3 KA 7 THERT A IVZADEN BRI 2 20 EETRIRL I N, 1o PCRIEG

PED 5 Bk & SINNV & fn 7RI 2% 1 Mo S 7z,

(1) & - 28t KogyBEfEaTo< 7 YT, 92ME#4&® 5 5 RT-PCR
BFREETo~ 7 U TR, 62 kDS B RT-PCR T 10 #4k, nested PCR T 44 Kifk 2> & SINNV 3# (%

Tl 1 #4K, nested PCR Tl SINNV #E{nF A% 4 FRAM I S N 7zA%, RGNNV #IZFRIIH S iz
BAE, RGNNV BIA 2 fk» oM sh, 209 b1 7o 720 PCR BTk D 44 fk A5, SINNV #fn¥ A
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A 12 B S 7z (Table 31),
(2) mEH
BEEEEBRICBIL VT VHFABIOYT
VA ORBITHEOEI % Fig. 21 IZ7R L 72
05SaiJJM-3 ¥k & SJOri ¥k CHE L 72 ¥ ~ 7 VFf T
3 HBRICITELAD, SHEICER L. Zofo
BRCIE, SEEA3, 4 HMUTT 9 HHIZHTEH 90% 12
EL72 MBXIESHBEFTTIZEALELEET, 11
H#RIZAEW L7z 7 VAFATIEVTho 7 4V Atk
EHWRABXICBWTHRCRRICKE 2@V IE 2
<, SHEDPSL 7THRIIHIFTELEL, WHRX T,
DIPIERE TOHEDPED 72, WTFhoR TR D
RT-PCR ThtE & ), 7 AV ARG, <7
TR 10% ~ 10" TCID:y/g ((F34 10*° TCIDy/
g), <7 IHaTIE 10" ~ 10° TCID,/g (*F3510*

100 r —o—05SailM-1
2 05SailIM-2

80 I —O-05SailIM-3
— 05SailIM-4

60 [ --m-05SailIM-5

—e—SJNag93

-0~ Control

40

20

Cumulative mortality (%)

100 [ —o—05SaillM-1
25+ 05SailIM-2
80 b —O—05SaiM-3
—¢—05SailIM-4
-8 05SailIM-5
60 I —e—SINag93
--O-- Control
40 |
20 }
0 — O
0 1 2 3 4 5 6 7

Days after virus challenge mortality (%)

Fig.21. Cumulative mortality of fish challenged with
SJNNV isolated from wild Japanese jack mackerel.
Fish (n = 70 - 220) were exposed to the virus (10™°
TCIDsy/L) at 20° C in a 1-L beaker of seawater. A:
striped jack larvae B: Japanese jack mackerel larvae.

05SaiJJM-1 05SaiJJIM-2 05SaiJIM-3 05SaiJJIM-4 05SaiJJM-5 SJNag93

A-

TCIDs/g) TdH -7 (Table 32), F 7z, HEIEAD
IFAT Jti2 X D, WIFnh oMb MiEs X O
MRICHE RO bz (Fig. 22), wHIRIX DB
i 5id, PCRICK D 74 VAEEFEIHMEB ST,
FREEAR D IFAT THRESOLIZED S d, KiEfila
WD T4 NVAEGEEI N Do 72,

(3) BInTHEM

KRS T VHETIANAKRE VT VHRAHKD
N—% ) ¥ 4V ARD T4 $HIRO#AE T Y % i

Table 31. PCR-based detection and isolation of
betanodavirus from wild Japanese jack mackerel

No. of positive fish

. No. of fish
L?cat;())n (mean body Nested PCR*! Ciell IC lilit‘;re
vear)  yeight+SD g) RT'PCR solahio
SIJNNV RGNNV SJNNV RGNNV
Miyako 62 - *3 g
(2003)  (20.8+5.2) ! 4 2 ! 0
Saiki 92 10 447 0 124 0

(2005)  (37.4+6.0)

*1 with specific primers.

*2include RT-PCR-positive fish.

*3One of 2 was also Nested PCR-positive for SINNV.
*4include 10 RT-PCR-positive and 2 nested PCR-positive fish.

Table 32. PCR-based detection and isolation of
betanodavirus from wild Japanese jack mackerel

Detection of virus in dead larvae

Virus titers

No. of positive
(Logio TCIDso/g)
n=5

Test fish Bath-challenged with fish/ no. of
larvae virus isolate (source) examined fish

. Range Average
RTPCR FAT (average)  in total

05SaiJJM-1 (Brain of JJM) 5/5 5/5  6.7-8.8(8.5)
05SaiJJM-2(Brain of JJM) 5/5 5/5  6.0-7.0 (7.6)
05SaiJJM-3(Brain of JJM) 5/5 5/5 9.3-10.3 (9.9)

js;c‘ff{p(es‘fn 05SaidJM-4 (Eye of JIM) 55 55 608309
05SaidJM-5 (Eye of JIM) 55 5/5 17.89.3(8.8)
SJNag93 (Whole SJ larvae)  5/5 5/5 9.3-10.0 (9.7)
PBS (Control) o5 05 <258

058aiJJM-1 (Brain of JIM)  5/56  5/5 4.3-5.8 (5.4)
0582iJJM-2 (Brain of JIM)  5/56  5/5 4.0°5.8 (5.4)
Japanese 055aiJJM-3 (Brain of JIM) ~ 5/5  5/5  4.8:6.6 (5.6)

jack . . - . =

e ekerel 05SaiJIM-4 (Eye of JIM) 5/5  5/5 4.0-5.6 (5.0)

@IM)  058aiJIM-5 (Eye of JIM) 5/5  5/5  4.0-4.8(4.4)
SJNag93 (Whole SJ larvae)  5/5 5/56  5.6-7.6 (7.0)
PBS (Control) o5 05 <28

Control

Fig.22. Specific fluorescence in the central nervous systems and eyes of fish infected with
the SJNNYV isolates in FAT test. A: striped jack larvae B: Japanese jack mackerel larvae.

Scale bar = 50 um.
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L7zt Zh, =7 VWfHED SJOri #k & SJNag93
RT3 »Fr, Jp/06/Rp BETIx 8 # Fr AR FED
BNTze RARST VHRTIANVAKTIE, ZNH0OE
HPYMMDERFRO SN, FEFFEREIEL FOTEH
35 # I CERDHEH SN (Fig. 23)o [Al—1EKD K
5 PCR CTHI S NABH &S NIz A VAD
EHNEE—TH o 72e T2, FH—EETH & WD 55
SN ANADEFNBFE—TH oz 73/ B
H DT, SJOri MRIZHRT, SJNagd3 Tl 2 #
B, Jp/06/Rp ¥k CTlx 5 » i, =7 VMK TIIAF
16 # I CiEWH D b7z (Fig. 24). 7 3/ ERECLH)
235D EHHBR 2 AT L7 R, K& 52025
AY = bz RIS T VHERY A4V AR,
HA, ARALVBIUERLV T NVOFEEI LTSN
oA NVAERELRY, 7FAF-—NEVIIHEEIN
7z (Table 28, Fig. 25),

6-4 & %

=7 YO VNN BBTIX, BAars0w AV Az
% W3 ARRDEZTH S (Mori et al, 1998 5 H
B - A6, 200000 L2L, BESOBFTHRE I L
T2HEREIZBWT VNN 254 L7720, Bl il

4GGAGCGTTCGCCTTAGTGTCCCGTCCCTTGAGACACCTGAGGACACCACCGCTCCAATTACTACCCAGGCGCCACTCCACAACGATTCCATTAACAACGG T

(S
(5Sail12 T

TUTTACACTGGATTTCGTTCCATTCTCTTGGGCTCGACCCAACTCGACCTCGCTCCTGCAAACGCTGTCTTTGTCACTGACAAACCGTTGCCCATTGATTACES

S0
Naghs
Ry
Dl
Sl

S0 HANTCTTGGAGTGGGCGACGTCGACCGRGCCGTTACTGGCACCTGCAGAAGAAAGC TGGAGACACTCAGGTACCTGCTGGGTACTTTGACTGGGGACTGTS
gt
P
Bl
5SatlM-|

i}
[\
i\
[\
[\
[\
[}
[\
[}
[\
[}

K
1550

Fig.23. Multiple alignment of the determined
nucleotide sequences of PCR products (T4 region of
RNAZ2) from SJNNV isolates.

SI0ri 204SVRLSVPSLETPEDTTAP I TTQAPLHNDS INNGYTGFRS TLLGS TQLDLAPANAVFVTDKPLP IDYNLGVGDVDRAVYWHLQKKAGDTQVPAGYFDWGLWDDFNKTFTVGAPYYSDQQPRQILLPAGT 331
SINag93 . .- SR

Ip/06/Rp .- *R

03MiyalIM-1 YA *R

05SailIN-1 A YAI R CA

055ailIM-2 A YAL ‘R cA

055ailIM-3 s ‘R N

05SailIM-4 A ‘R <A

05SailIM-5 A 1 *R SA

05SailIM-6 A E *R CAC

05SailIM-7 - .S *R CA

05SailIM-8 A B ‘R e

055aiIIM-9 . s .S ‘R CA

0SSailIM10 st R Mesosees YAL>+s+S Evsrresnnnns R AvsrSeetseees R R [

Fig.24. Multiple alignment of the deduced amino acid sequences of PCR products (T4 region of RNA2) from

SJNNV isolates.

SINNV .

ROGNNV

058aJIM-1, -2, -4, -6, -8 (1)
100
fﬂi.‘;ai.l].\{-i m v
03521 1IM-10, -1 ()

SpSs-1Auscl974.08 (8)
03-160 ()

P1Ss-TAusc573.04 (P), PtSa-1Ausc61.05 (P)

SpSs-TAusc] 56.03 (S) ik
Sjor (1)
T STNago3 (1) I
TPAOGRD (1) |
[ 05SalIM-7 () ]
2} 05SaiIM-3, -12 () v

058atlIM-9 (1)

SGWako7
| BF93Hok
BEFNNV
e
d =003

Fig.25. Phylogenetic relationships between the present SJNNV isolates from wild Japanese
jack mackerel and SJNNV sequences obtained from GenBank. Letters in parenthesis indicate
the country from which SJNNV was isolated; (S) Spain, (P)Portugal, (J)Japan. The bootstrap
values >65% are indicated. d: number of nucleotide substitutions per site.
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WAEFEICE Db B EPIIONTR—F ) ¥ 4 )b A
DEHAREL 7GR, BAEKHOMETH LG H
X T IAEFRIZSINNV BIETFEHOR=F ) 77 4 )V
WL TWAZ Ebh ol MHE Nz 4L
ADBATFEF] (T4 ) OHBIZLY, VNNIZX
NC L7V~ 7 ViAo anizu 4 v Ak
WH< T VHKD 7 A NV AOEIEEF B —F L= 2
Ehs, YT IMEBAEREICBIT S VNN 054,
BT VIEG LT £ VA, ﬁ%#@%%
ERCY T VN AEKECELATR, FAaIC
Felizbitg sz, HH~T7 IR ~7 /%ﬁﬁ&k
Wy FIZLTHESNh, 72 HfHAOEL A IRL Y b
DERE LT ST W, VNN FARIZIE, <
T VHEORRMIZBITER=% 7 77 £ )V A EGIRT
WBARHTH 572720, EROGH T IV hoi~T Y
RIS A VAR LI 1L, BEd3hTuwhk
Molze TDD, FMEFEHEYEINETAL A FRL Y ME
MBI T VOMEBILHEDLLIRE S o7, £2
T, WIS A VARG LG Hi~ T Y OMBEER
AR MRV Y MERICHD - 23U FO TR Kt
B E LT A NVAD, FEFEOEEIENY
<7 VEHBRMEANTE L AT ISR L2 0 L
MESNT, —F, YANVRERGE L7 Y &8
L7237 IVBAICTA VARG L, BlardoE
BEAREIC & D 7T VNN 29% éLfTﬁﬁ#%x%
Nize L2 L, FEEAEDEINE & VNN 389K %12
ﬁmﬁ&f@ﬁﬁiﬁﬁ%mmmﬁbtﬁﬁfwx
BRI, RiraEcyrry 7Y v LB
7RO, N TS X 0BRSS DT A VA
BEEFIIBEB I G722 05, T VHkDY
ANVAR YT VHEIEG LEERPIC L VAT
B L2 T A SO N oz T2, FK
R BADERE L 2 h o 2B H~ T VDFAE L
FNSNHHER EN2T A VAN ZREINC & & B I2H
BT LATNWREN D H 575, ZHIIEA F
VEF Y MERTHBESRTEBY, <7 VHEOT ALV
ADZREINAET B EI2E ) <7 YT VNN A
FERE L 72 TR 13 MR oD TRV & e X7z, fEREY
DAN XA F175 b SINNV BIZ TR O T £ )V 2558
W& N85, Hilid nested PCRICEES N TH Y it
&w4wxﬁﬁmtfwé%%&wiéoit,ﬁ&
R T VICHRTE LKL, =7 IFAa~DRK
e & 2 A REMEIIG M~ 7 VIR B LW E D
Nb, INOOEZEEREICIC, EROBGTEI R m
if,ﬁ%%@ﬁﬁﬁ%k%@ﬁ%%m X5
@ﬁv??#%@ﬁ{»;@%%ﬂ%tfﬁ%&%t
7okER, VNN O3E1E 7% < 2 Mo T 18 T EfkD

URTIVMARAEETHIENTE

FEAERE BB 5 KK MA O PCR BRI L 5 X—
5074 NVAREGEORAETIX, FADHMEISY
ANV ABIZEFPBBEN TS (Gomez ef al, 2004 ;
Sakamoto et al., 2008 ; Gomez et al., 2010) o AWFZED
A TIZRK~ 7 VD RT-PCR & SINNV B E {512
W9 5 nested PCRIZ X BHMEIZ55% & 69% &
Wl ToTWwWh, ZOM, SINNV #EfxT-HlAT Y )L 2
473 MRS, BENNV #RTEE~T Vn
LEO TR E N, BERA VEZTTIERL, X—
5 F A NVANRTEHITH EGL T REER
SNt 72720, INHRETYA NV AEETO—E
ERHM L7 DTH L, HARKROAEWRENIZIZTEY
ORERHEIZL 2 BEWHOMBRLED L7205, 714
ADFEX T THEEWRT AN ARG L2 EWE A
PNICILY AAATZZEW ZREL T2 0 AIN AR v, L
7255 T, TNLOEYHEIZBWT YA VA5 B
CHROGEET ANV A EHOIEREREICL ), N—
525 A NN B &S RIS T 5 LD
%o

Sakamoto et al. (2008) ¥ Kk~ 7 ¥ (n=110) HX—
5 )74V REGREE T L, RT-PCR & nested
PCR (SJNNV 5 X "' RGNNV) OB I EH0% &
0% T, FNoLETAL4NVAGMERATD, T4
WAZIGEEI N TR, ZORKE LT, KKRMIC
AREAPEEG LTV 5 ™ 4 L A 0348 B3 2 B =
FPE~NOFEEMEIME N R FHEEIN, L, K
BRI BT, FICEBTT O RK~ 7 ¥ Tld RT-PCR
& nested PCR (SJNNV) DA 11% & 48% &
wL, Fhb0 9 5 RT-PCR THMEOMAD 5 12 #
D74 IVADGEES N2 RT-PCR ORI, #
10°TCIDsy/g THH I L HEETHE, TNHDOMK
RIZBIT 27 4V AERflEE LR S, Ee
RIS L BN EEZ BN, T Y
128135 SINNV Bz TROR=% ) 57 4 ) A &G
FERWIC PCR TR S, REEREFREICI Y <
7V ED 30 /MOM 5 RGNNV E5 T2 & h
Tw3 (Gomez et al, 2004), SINNV ¥~ 7 JIxf
LTI BRI/, <7 VI8 245 ERE
ENTEWEWw, LAL, LT VR THALI NS,
SINNV 12 L THAMEAH 50000 Ltk v,
BRPEBRIC L YV RB~T7 VHETA N AT YT Y
BIUO~7 M L THRENEER LA, —#%IC
ﬁ%ﬁ®ﬁ%i SMEBITHBREAHEINTE 2w
WA, HRPIRTICEL 72D, % v 5
W TOR=% ) ¥4 VADOBREERTIE, WREKX
DIFMLIETET 5720, FEEEORTY £ IV ZADFRE
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M2 DFERBE XS 2%\ (Arimoto et al,
1992), Z 2T, WEHRE L HIZIFAT RETHDY
AV ARGl & W2 U RV & RET L 7. £ ok
R, IFAT TldwdFhofificBwcd, MBI UH
2BV THWIFRADEDSFED b, 7 4V ADSEREEIC
I LTWAB I EPHREINT. —F, 74V A &G
Il o FfE, ¥~ 7 Y45 10" TCIDy/g TdH - 72
DI L, 7YV TIRI¥TCIDy/g &0, ¥Y=7
VTIRBEBVIEG % 7% L SINNV #Hz 75w £ L 2
WCERZEDRE N EARENZ, 22 R Y~TY
DO VNN BADITEA LD, HiE10 T TOFMAMT
HbH (FXh, 1994) 2t ERBL—%T 5, LaL,
SINNV B EF D7 4 IV AEZWRE VY < T VI
BWThH, BHEERBIZID YA VAOERZENRL D
ZEns, YRTIVED LIV AEZEIE T
VT, REEBERIMEICENE D 7 AV A EZ
EIEERL, REEEEOREBIZR>T0WAH I LR
%2 515 (Arimoto ef al, 1993),

VT VORBYEETIE, 05Sai]JM-3 & o R
R T VHEET AN ARRE TIX, 2BFETOHEMN
S 2IC® R Y, 05Sai]JM-3 ki ¥~ 7 ¥ fa ok
@ SJNag93 ¥R & IZIZR U HE WML 72 F72, 5
THAICBIT S 74V R EGe Il & 05Sai] JM-3 #k &
SJNag93 ¥k L 13 IZ WM LIEHIfliZz /R L, o A v
ARENDEL ol 2O ENL, 05Sai]JM-3 £k
&Y= 7 VISR LT SJNag93 kk & [ % o iR i
FEMEAET B EHEE SN 7 VLT
05Sai]JM-3 ¥k13, Mo ~7 VHEA L DV E TR 4
WETOHE»WL, WEREIENZ EARBE IR
oo TOT LIRS, T VHEDT AN AN L E
B bLAENEAICIE, BHIHFAICEGT S 2
EMHEEEND, ThFET, MEWAEESTRAET S
VNN T, B oo mERFE OBl bRtk as
HRENTEZ (Mori et al, 1998 ; BB - AT, 2000 ;
Watanabe et al, 1998), LU, A S CHbRA:
WE LTS5 RIROKMELEYAS, T A e o G hd
WCIEEZ AT AT A VARG L TWDE I 2D,
NR—% ) ¥4 VARG b5 RKOEFA % f
M3 52 &id, FREESTO VNN Ao igd %
BOBLERNELDLIEITRENT, Lz oT, REA
SERHEICZE 2 TIRA TR O 2 0 2 5 R ALET
HbHo MAT, RKBATIZH A NVADPELET D &
HEEINDHZEND, VNN IZEZHOBm WA %
fE T MW AES T, T 2 HKORELHE#H
WHE s Z L HBEETH 5o

R=F I)FTIANVADEEY V32 E%a—F LT
W5 RNA2 @ T4 fEI81%, WEROLEERBLEKTH Y,

T ANV ARG FRERESCHEEICES T 5 L S
NnTw% (Iwamoto et al, 2004 ; Ito et al., 2008), *
72, HRTIESINNV BIEFEOXR—=% ) F7 4 )L
212X B VNN IE, ¥~ 7 IFAICBVLToOARE
ENTwb (Mori et al, 1992), —7J5, B3I —1 v /3
T, F—19 v 23X X ¥ Dicentrarchus labrax, 3 —
T v ST A Sparus aurata RV ) VRO 1
T Solea senegalensis |2 B\ T SINNV #&{n T B X —
FIFIANVAZES VNN BFELTWE, Thb
DIFFD S GHES NIz AV AD T4 BB i
ZFRINDOENAER 2 S, HEAO =T VAT EK
D SINNV #z TR A VAL I—1 v X TS
72 ANV AT, RMIEEFINR LD 2 Lo
ENTWwb (Thiéry et al., 2004 ; Cutrin et al., 2007 ;
Toffolo et al., 2007 ; Olveira et al., 2009 ; Cherif et al,
2011 ; Panzarin et al, 2012), ARBFIEIZBIT S T4
B OBETFRIVEN ORFKR, RAST I o0iEs
N7z SINNV # £ V21, Eoa—uoy o lo
SINNVEw A VZADrFG A% — (1, ) L5k
BND7 I Ay — (1) ZHEsh, HEDOT A IVA
WIS L1207 525 =%k LE (V, V).
25AF—=NEVOIANVATIEY =T IHAIHT
LIFEMEIENEDH L L BbND DS, 5T A VD
T4 FIROZEE &R & D BEMEIIOWT, K%
DEGEERTIIHIEIC T A LI TE Lo 12 5
SINNV 7 £ v A%k O AR 18 LA RIS 5
TR TIE, WERRBHOBEIZOWT, 264%55T
AW RN AR D SN T b,

BI1E WMEZE

H AR 1 D 7K EE IR % A RN A D Rl ISR 3
DI MER R, KEEEH) EELEMT
HbHo INHOEMIIE W THMBIRRPEMEZIT) 72
DA TN SLETH Y, NRETEMOMN
HEREDREWED RO SND, L L, HEELOFHAA
WNCEA 35 VNN I, FEHOREAER L EAED
KRELRMEZERNE 2->TED, FilEKIRko 5T
W2 (13, HE28), AFRISEEMORY LR
WA THA T 5 VNN O EGARHK % HEE UG D BBk
 HIWCEM L 7. M AERBEIIBIT % VNN 0K
PRI OWTIE, YT VICBWTHRNLN, FE
BADEFHEAINR =% ) ¥ 4 )V A @GS D H &
NaZ s, PEEEGL-BA2 A~ T 4L
ADEEALET 5 Z EHBHS I ENT (Arimoto et
al, 1992) . KIWFFETHELE LIzFINY, THT<F
ABL7u~xraTid, EINEME R KROBU
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BRI ANV ABETFPHRBEN, FINFLTH
TIIATIETA VAV GHEE N, T2, SHEL:
AV A DIREEZ G IEERIC X D RET L, KR
5OEEL 72 AV ARAHE A BEY TR E 22 o 72
ANWALFAFEOREENH AL LERLIZ, 2O L
N, INSHOAMIZEITS VNN ORBRGGREKD, ¥
<7 VLR BA D S OFEEASIEAIE e R RE
g EN7zo BFMETIIHETFOLHME 2T 5
BEDS, HFRHEEICHV 2 BAIIRKRAEZHET S
Zehn, BaERE LTEAT L RBMIE, KA
WAIERL TS I LAEBL, BRPLHATERY
19 23R EDBEZ, VNNBiBRO-DIZHAD
TANAREILETH D, T2, ZAEIOHH R
HKD O OKFEEYAPIBRT 572012 F 357 2 ML
MUK THETAILELEET, 7THATIYAT
Y~ T7 VLFE LB ERITH D I L EWDT
RLFBITHL (F45), —F, FEIVNS A
FHEORIMAHEE CTHAMESTELVWFINSG T
X, BlAoBBENIHEZ 3EMREL L, I— FiRIZX
% RGN, UV LK v zfE CHalio
VNN 054 2B T& /2o L L, B ol
IZ VNN %A T 556055 (3%5), kB
KTFINY FAMRICHARENTE 2w ux s/ aT
&, BIEAFTF Y MCX BUIEE FIKRLBLC XD,
VNN OREDN L e>TEY (BE5E), FINID
FEMAEEICBVWTD, B2 57 2 boFHRBA
MAEO 7212, FEMIEN 7 TRBBA A SRR
T AN A ERIT X B MBEOBGEE Z ORI ED
BMBARPLETH 5o T2, I E N TIHHE T/
LI, NZHEO VNN BT S Rz Rk
PRRoKE &2 PhiE3 A RO T IRISE (RS, 2015) &
ALEETRETH D, RMETHEETIE, BTICH
LT AV ZAHEBRR R AN W BRI HAT D BAFE AL T
hbo TNLOFAMIE, HMOHRERET VNN 2%
HELMEE 25 TWDBE 7 IZRY A MY ZiROMO N
FRABEICBWTOIEHTE L EEZONL, —H,
V7 VTRENTHOZ ML A2 XY PCR MR
KBRS 5 2 &5, BAOREIN I EE HIHE L
VNN OFEFEK L TW5 (BB, 2000), 7a<2
0 b K IEAE O JE 7R AR R0 K R _E KAl C o> AR PESN
238 Y (Mimori et al, 2008 : Fil 5, 2015 %), P4l
XAKEERFZERT < A F AW ZE & ~ & — o KA e
AT, KERPHEOHMATEZZ ENS, B
SR AR EINC RAET A A = XL 2@ L, P&

PP E 50 BB AT % B %6 L VNN B BBt o = AL 23
Hfrsns,

VT VRN AEREICBWT Ll L7z VNN BB
DOFENE, ThbH, PCRMAEIC L 2 HMBEY, £ %
VEF Y MK AN L AR AT 7212
ODOLT T IVHFAMTINNDEEE L2 &2 KL
L, BYBOERETo R, HAaofe Ll
THHHDORK~T VA PCRRETHMEE 2D, &
WL T IVNORBENRLZTIANAE YT IRADY
ANVZADOEREEFNBFER CTH o722 & HIEGERT
HHILERL BB6FE), R=F ) F I VAD
RNA2 # 4% & L7z RT-PCR #:3 X 0" nested PCR #:
T, ET A VA O REEAR] 2 S E T T
X505, TANVAEEFOAROME TR, #EPEGIZ
IR MEEEZELEATVS, 22T, KWfETIE,
RIR=T7 V6 SINNV 2558 L, ZORELEE >~
TR T VoMM v ERBRIC L DR L
V7 VOME LT VNN OJER & 7 5 72 SINNV
EEEOHRENETHLZE#HOENI L. —FH, K
ROFRBERERBEICB VTS PCR HIZkhR—%
T ANRABEFDFELEDIR SN, KAFFEIZED
SINNV BIEFHMI SNz 20V A 4 5 Tld, EiE
B X 2 REM ORI Z SN TRV ODONR—%
) TANVADGHINTBY, TUOoOEYIZEEY
AN A EGDERED R I N TS (Gomez et al,
2006, 2010)s CDOZ L5, BARLERAOMIIKHKA
A WL R WD Z L id VNN JEG0 %4 % B
Ry TLehb, €T, fRLELTHEKKMAD
T AN AREGEREEIT VRO L WA E T 5,
T2, —IRICEAHESRNZIEA TV, 7 VRN
FHOHWOHNDA, ZOfEEER THESTEICE 5T
R EN S, SINNV IE 60C Tid 30 0 O LB TA
Wb&s Z &5 (Arimoto ef al, 1996), FE&F¥H
HIZHAETHN=F ) ¥4 VAL AR LS b &
EEIND. L7055 T, BAERRIIIE S R 2
THIENHETHY), AMEOKEIRIZEGDEH
IR OB P EEN S,

RKDOABAMEIEG DI T A NV ADRY & — 2D
ZEDRIMENTEBY (Curtis et al, 2001 : Barker et
al, 2002), Wik o<T7 VFIlEED S Y FilFEE
THAT L, HARD L OERSETAZ S bl LoAis 5
ZEDNS, YA NADONRY F =12 )b, —TF, K
RFEINY TIIHBER 720 T OB, FBE, P
RAETEBR O E BRI S 7 A4 NV ABIETAHRE SR

2) W He— - X BB SEERIE - RECEORER - FRLUNESE - FIHAL - R IS - SRR - T WIS AP - H
HRESY - L3RS - BEITEEA - aEH - S5ARK T - NS - UBIE— (2015) ¢ FRBEAOEEAE 7 i~ 0 - 16 ¢ KA
Be bAMCO s o~ 7 u N3 RMOREIN . SP1 27 4252 H A KA R HTF R E . 529, pp. 73.
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&G DHEAT LTV B IREED A DEIER, VNN Dl
3 MEE (Gomez et al, 2009) AFRH LN/ Z & Hh
5, YANVAKE LT YV HARRITBWT VNN
WWEDRET I ERAEHICHESINL, VNN OF
AN &) ABERG SR PICHER S e R—% )
AN A, BEZEOD D MFEEEIFHETSNT
WD EEETIE, HHICEG L VNN I X 38T
ChElEEEI NG, LT, VNNOFAIZL) KE
DEIFFEED 7 £ v A D3 OBEEE AR H S5 BR LK &
PG E 25 L PHENSL, HATIE SINNV 28
JFHRD =7 Y ® VNN Tl EAREOF Az B
TORMERSNTVDA, I — 1 v 3O A
2B 5 SINNV 12X % VNN OFEAIZIE, Z0L9H
GREPBRICE VR LTWwA bbb, $72, BEL
KR CRE A STz~ y AT T, eI
BEHLEKT AL VNNAIBETLZZLEPMORTE

D, AP HEES NS, wThicek, K
RO RSS2 SHEH Sz A 0V ADHEAE
LTwa e 3INs, 22T, RKRMKERHKEL
THAL T WA R TlE, HAKREZNLZK
FREOGRED, L VHEIRINEZEERD,
KO THABREOLERESEHRIND L Lo T
SINNV OfF FHRER HARRTICB T2 74 V2D
EHEMNICOWTIE, AR EAH D, Th
WCEE LT, WAR»rOEEMEEZ AV A VAD
DEESTENRTIS R o THRIEENTB Y (Nishi et al,
2016), VNN o X—% / ¥ 7 £ )V 2 DIEFEIEDHFR)
FEERD I,

VNN OFFBRIZBWTT 7 F V30w £ L A @G
2R Cl D AN L EWRAITH D, Rt L7AREI
KO LRI LHRIICR GO H o RX—5 ) 7
TANDPHHEINTWEZ L ERY, T2 F VLl
FHFIZBIT B VNN iR oMi—DBiBRETH b L
ALAEMS, BAE, HATEHRE LTS VNN B
ooz F %, w7 O RGNNV ESIIHT 5D
DEFTHAH (BH - HIH, 2012), 5%, ek
BRI RFEIC BT, MOBETFHD VNN T 2 F
ORENRLEINL, T2, 7 AEREFIH L 72
WEREEMOBIEICLD, I 2T Yy RYAF
A9, K 7 ClB g BRI RE (Infectious
pancreatic necrosis) (R B IEE~—H — D
%8 (Fuji et al., 2007 : Moen et al., 2015) 12Xk b, Zh
SO TIHHEEL AT HMEIMEE I TVwSE 2 L
25, VNN IZHEZ A3 2 B0 b i+ X &
Thbo

—F, RRFINYTRIEBIZEHFOMBIOI ALV
A DK SR R IRE & % 2 SN BRI AAET 5

ZER, KRR T V0B TIII =T IVRY T VA
CEWIREEZRT LD, TRhEFRoAFIZBWY
TYIANVADRBGHRIKEIN D %0 S st x 52
TV B REMEATR S M7z, Sk, REIMFHEIC BT 5 X —
¥ )T ANABRGEOEFHEIZLY, RIREGRIZE
AHHEBIOVWTHMRFAEINE Z LTS,

Tl P T o 1 T S e B I A T A X IS B W T
SR & B O BRI A SO W TIE IR 2179
S LicX Y, FEMAEERECIIMFEEEDNOLCE
W& LTVNNDHEET B E %% O EER—R
BRI THILERY, VNN OFbRE#RE &7
DRAFEOYED—2TH 5. HHEICB W CTHIE
AFEICE L CRAFARORE ITH bR TR Y £ v
ARG R Ty — L, BEEFRDLNIGAITIEER
PG 7 EOXF LT, FE RN TO 2 WRIEG
BT Ed, MEAEELLENS TS L TUELRL
BTH b,

R Tld, MEEERICBOTHREZLEET S
PIE LT VNNAIRDEHETHLZ LEZRL, ¥V
NF, TATIYA, za<xz7ad VNN O £V A
BPDOEDS, TN T CICHRE I NHa2 5 0
EHTHAHZ bR, AbETRROFING, T
HITA, ST IVPHREBEETEIANVAEZHRAL
TWbZEnH, KHRFEDEBRIEIIOVT LD T
BRL. 3512, FN50 7 4V AEIERE AN,
Tl A CHUA R A OMR L LT S hTw
% RIRMAHY VNN OEGJRIC 2 0155 2 &5, VNN
OFERBAZ T Tz s k2R Lz SThHo
Z A, BEAFHOSBOMEAMEICEBIT S VNN B
Bro—BE e, MOREAEICEINIEFENTDH
5o

B

KT AT ) BB E I o 72D1%, 1991 4EI2FHEHH
IHALRAEE A B ARBERS W E S o r SRS L, H 3k
T9h 4% 353 85 & AR I IR O FERE I SE B AR BERE & o I °Ff
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Appendix table 1. Reported occurrence of viral diseases in marine fish and shellfish at
hatcheries in Japan (2000 — 2006 fiscal year)

: . . Size or stage® Number of Mortality
Name of diseases ™! Affected species Year (mm) reportid ©)
cases”
Viral Hemorrhagic Oblong rockfish 2004 TL50~60 1 64
Septicemia Spotted halibut 2002 TL15~25 1 97
Viral nervous Japanese flounder 2002~2004, 2005, 2007 TL10~75 10 7~89
necrosis Kelp grouper 2000~2003, 2005, 2006 TL4~160 10 <1~100
Sevenbanded grouper  2000~2003, 2006 TL4~150 7 7~100
Striped jack 2000~2004 TL4~9 6 5~100
Bluefin tuna 2001~2003, 2005, 2006 TL4~68 5 30~100
Japanese croaker 2002~2004 TL20~120 3 6~33
Red tilefish 2003, 2004, 2006 TL45~50 4 <1~4
Blackspot tuskfish 2005, 2006 TL38~130 3 <1~18
Redspotted grouper 2001, 2002 TL8~60 2 10~100
Pacific cod 2001, 2003 TL10~50 2 29~65
Red seabream 2003, 2007 TL16 2 31~100
Orange-spotted grouper 2006 TL23~39 1 —
Spotted parrot fish 2002 TL4~9 1 100
Flathead 2002 TL12~20 1 95
Marbled sole 2001 TL20~40 1 42
Chub mackerel 2006 TL8~9 1 80
Malabar grouper 2006 FL77 1 —
Viral epidermal Japanese flounder 2000, 2002, 2006 TL6~25 5 29~100
hyperplasia Spotted halibut 2002 TL6~8 1 100
Ridged-eye flounder 2004 TL8~12 1 5
Viral ascites Yellowtail 2000~2002 TL30~120 4 11~70
Birnaviral disease Japanese flounder 2000 TL30~45 1 15
Red sea bream Red seabream 2000~2003, 2005 TL20~130 5 <1~70
iridoviral disease Malabar grouper 2005 FL38~64 3 -
Spangled emperor 2006 TL40~45 1 —
Penaeid acute viremia Kuruma prawn 2001~2003, 2005 P15~90 13 <1~100
Greasyback shrimp 2001, 2004 P44~63 2 5~100
Amyotrophia Japanese abalone 2000~2004 SL5~40 13 1~50
Giant abalone 2004 SL7 1 80
Total 112

“1 The diseases name and rank were conformed to the list of standardized names of fish diseases in Japan (revised in
2004) by the Japanese society of Fish pathology.

2 TL: Totallength, FL: Forklength, SL: Shelllength, Shelldiameter, E: Egg, N: Nauplius, Z: Zoea, M: Megalops; Mysis,
P: Post larva.

“3A! Reported numbers of dizsase were counted asone whichoccurred in single species, single disease and single facility
or organization, B: Reported number of disease in each seed production trials.

“t Report number of disease in each seed production trials / Total seed production trials x 100.
%5 — Unknown.
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Appendix table 2. Reported occurrence of bacterial diseases in marine fish and shellfish at
hatcheries in Japan (2000 — 2006 fiscal year)

Name of diseases Affected species Year Size ?r stage™ Number of o Morotahty
mm) reported cases™ %)
Epitheliocystis like Devil stinger 2006 TL35~50 1 20~30
disease Malabar grouper 2006 TL14~15 1 76
Cobia 2005 TL12~17 1 -
Gliding bacterial disease Japanese flounder 2001~2005 TL10~100 17 <1~100
Red seabream 2000~2006 TL20~60 15 3~56
Marbled sole 2003, 2004, 2006 TL15~80 3 20~30
Japanese pufferfish 2001, 2002, 04 TL15~31 3 5~80
Black seabream 2001, 2002 TL20~40 2 5
Leopard coral grouper 2000, 2001 TL17~295 2 11~74
Devil stinger 2000 TL10~21 1 9
Spangled e mperor 2005 TL30 1 57~93
Bacterial enteritis Japanese flounder 2000~2004 TL5~18 17 2~99
Devil stinger 2002 TL4~6 1 100
Bscterial abdominal Japanese flounder 2000~2005 TL5~13 22 1~99
swelling Black seabream 2001, 2002, 2004, 2005 TL4~12 6 15~100
Red seabream 2003~2005 TL6~20 3 35~100
Spotted halibut 2001 TL8 1 45
Goldeye rock fish 2004 TL30 1 80
Marbled sole 2002 TL7~8 1 50
Pseudomonas infection Japanese flounder 2001 TL70 1 25
Marbled rockfish 2005 TL30~40 1 50
Pasteurellosis Cobia 2004~2006 TL 85~140 3 100
Spotted parrot fish 2001 TL40~45 1 20~30
Atypical Aeromonas Marbled sole 2003, 2004 TL 40~56 2 50~100
salimonicida infection Japanese flounder 2004 TL20~30 1 —
Vibriosis Japanese flounder 2002~ 2006 TL7~92 8 1~93
Schlegel's black rockfish 2001, 2002 TL15~44 4 6~60
Japanese pufferfish 2002 TL10~17 2 50
Red seabream 2000, 2001 TL4~ 40 2 42~175
Goldeye rock fish 2000 TL40~ 60 1 90
Oblong Rockfish 2004 TL20~ 60 1 7
Black seabream 2002 TL33~35 1 12
Striped jack 2002 TL12 1 10~15
Japanese seabass 2002 TL30~ 55 1 2
Devil stinger 2002 TL20~25 1 50
Marbled sole 2005 TL80~ 90 1 5
Blackspot tuskfish 2005 TL14~24 1 —
Spangled emperor 2006 TL40~ 50 1 —
Kuruma prawn 2002, 2006 P5~55 2 20~ 66
Greasyback shrimp 2001 P6 1 50
Japanese abalone 2003 SL15~25 1 65
Giant abalone 2005 SL20~ 28 1 14~33
“Eshisho” Giant mud Crab 2001, 2002 7Z2~M 3 99~ 100
Swimming crab 2005, 2006 72~3 2 100
Actinomycosis Kuruma prawn 2001 TL20 1 15
“Togenukesho” Red sea urchin 2000, 2001, 2003~2005  SD2~15 5 15~100
Japanese greenseaurchin 2000, 2001 SD2~ 5 2 60~ 170
Spotting disease Collector urchin 2000 SD2~ 15 1 90
Other bacterial disease Red seabream 2002 TL5~6 1 50
Kuruma prawn 2000~ 2006 73~P20 7 1~100
Green tiger prawn 2002 — 1 90
Swimming crab 2003 7Z4~M 1 75

Total

162

“I The dissases name and rank were conformed to the list of standardizd names of fish diseases in Japan (revised in 2004) by the
Japanese society of Fish pathology.

“2TL: Total length, FL: Fork length, SL: Shell length, Shell diameter, E: Egg, N: Nauplius, Z: Zoea, M: Megalops; Mysis, P: Post larva.
3 A! Reported numbers of dissase were ounted as ore which occurred in single species, singke disase and single fcility or
organization, B: Reported number of disease in each seed production trials.

“ Report number of disease in each seed production trials / Total seed production trials x 100.

*» —: Unknown.
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Appendix table 3. Reported occurrence of parasitic diseases and fingal diseases and other

diseases in marine fish and shellfish at hatcheries in Japan (2000 — 2006 fiscal year)

Name of diseases ! Affected species Year Size (()Ifusl,lt)age b reli\i\l;?;l:iecra(is*“ Moz;:;hty
Ochroconis infection Red seabream 2004 TL30 1 10
Striped jack 2004 TL60~ 100 1 20
Sprolegniasis Red seabream 2004 TL22~ 66 1 56
Devil stinger 2004 TL20~ 25 1 20~ 30
Oomycetes infection Devil stinger 2001, 2002 TL11~4 2 7~ 14
Kuruma prawn 2000~ 2006 N2~P21 18 1~100
Greasyback shrimp 2000, 2001, 2003 N2~P7 5 1~100
Swimming crab 2000~ 2005 7Z1~4 9 50~ 100
Giant mud Crab 2001, 2002 7Z1~3 2 52~100
Ichthyobodosis Japanese flounder 2001, 2002, 2004 TL15~70 4 24~95
Schlegel's black rockfish 2002 — 1 12
Willowy flounder 2000 TL20~ 30 1 32
Dark banded rockfish 2000 TL10~19 1 80
Oblong Rockfish 2007 TL17~22 1 2~100
Goldeye rock fish 2004 TL10~20 1 30
Oodiniosis Japanese pufferfish 2002, 2004 TL63~ 102 2 15
Devil stinger 2003 TL30~ 40 1 1
Parasitic turbellarianosis Devil stinger 2000, 2006 TL50~ 70 2 Several~ 100
Cryptobia infection Marbled rockfish 2000, 2006 TL9~12 2 4~ 50
Scuticociliatidosis Japanese flounder 2000~ 2002, 2004~2006 TL25~100 12 <1~175
Red seabream 2002, 2004 TL30~50 3 10~50
Devil stinger 2004 TL13~15 1 100
Ridged-eye flounder 2004 TL8~ 30 1 Several~ 100
Schlegel's black rockfish 2001 TL10~15 1 30
Oblong Rockfish 2004 TL20~ 40 1 5~10
Trichodinosis Pacific cod 2005 TL110~160 1 14
Neobenedeniosis Greater amberjack 2002 TL97~123 1 10
Redspotted grouper 2000 TL70~90 1 25
White spot disease Redspotted grouper 2000, 2006 TL25~50 2 70~100
Devil stinger 2000 TL9~14 1 30
Red seabream 2000 TL12~20 1 5
Cobia 2004 TL30~50 1 100
Japanese pufferfish 2004 TL15~40 1 10
Bivaginosis Red seabream 2002, 2003 TL80~120 3 5~50
Broklynella infection Schlegel's black rockfish 2001, 2002 TL13~16 2 6~12
Flagellate disease Leopard coralgrouper 2001 E~TL3 1 10~50
Parasitic vorticella Greasyback shrimp 2002 - 1 50
Green tiger prawn 2002 - 1 96
Other parasite Japanese flounder 2005 TL50 1 60
infection Schlegel's black rockfish 2002 - 1 21
Devil stinger 2002 - 1 20
“Licmophora infection” Swimming crab 2000 73~4 1 50
Unknown diseases 21 species 74
Subtotal 170
Total’ 444

“I The diseases name and rank were conformed to the list of standardized names of fish diseases in Japan (revisedin 2004) by the
Japanese society of Fish pathology.

“2TL: Total length, FL: Forklength, SL: Shell length, Shell diameter, E: Egg, N: Nauplius, Z: Zoea, M: Me galops; Mysis, P: Post

larva.

*3 A: Reported numbers of disease were counted as one which occurred in single species, single disease and single facility or
organization, B: Reported number of disease in each seed production trials.

*t Report number of disease in each seed production trials / Total seed production trials x 100.

*5 —: Unknown.

*6 Total number of all reported cases.
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Appendix table 4. Reported occurrence of diseases in marine fish and shellfish at hatcheries in
Japan (2007 — 2009 fiscal year)

Cause
Number of Name of diseases *! Affected species Year Size o Number of - Mor(::ahty
reported cases stages reported cases (%)
%
Viruses Viral nervous necrosis Redspotted grouper, 2007~2009 LJ 43 <1~100
11(33) Malabar grouper,
Orange-spotted grouper,
Kelp grouper,
Blackspot tuskfish,
Bluefin tuna,
Japanese flounder
Viral epidermal hyperplasia Japanese flounder 2007 L 1 80~97
Aquareovirus infection disease Marbled sole 2007~2009 J 12 1~170
Amyotrophia Giant abalone, 2008 J 2 65~99
Japanese abalone
Bacteria  Gliding bacterial disease Leopard coralgrouper, 2007, 2008 J 4 1, 20
14 (39) Malabar grouper,
Japanese flounder
Vibriosis Malabar grouper, 2007, 2008 dJ 1 20, 45
Tiger puffer,
Kuruma prawn
Bscterial abdominal swelling Red seabream, 2008, 2009 L 2 40~90
Japanese flounder
Bacterial enteritis Japanese flounder 2009 L 1 50
Epitheliocystis like disease Sevenbanded grouper 2008 L 1 100
Miycosis Redspotted grouper 2008 L 1 60~170
“Eshisyo” "4 Giant mud Crab, 2009 L 1 54~100
Swimming crab
Parasites  Francisellalike infection disease  Japanese ivory shell 2009 dJ 7 5~60
3(8)
Scuticociliatidosis Japanese flounder 2007, 2009 L,J 2 10~30
Microcotyle infection Marbled rockfish 2009 J 1 1
Other parasite infection Schlegel's black rockfish 2009 L J 1 50
Others Unknown diseases Red seabream, 2007~2009 L J 4 2, 80~100
7(19) Japanese flounder,
Chicken grunt,
Spotted halibut,
Kuruma prawn,
Swimming crab,
Japanese abalone
Total 84

*1 The diseases name and rank were conformed to the list of standardized names of fish diseases in Japan (revised in 2015) by the
Japanese society of Fish pathology.

“2 F: larval stage, J: Juvenile stage.

*3 Reported numbers of disease were counted as one which occurred in single species, single disease and single facility or organization.

*4 The disease includes complications.

«

” : Tentative nama.
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HADOKEEIZBIT 513 1984 £ 1261 /5
P2 E—=2712A L, 20134ETIZ 47075 b Y% -
7oo SO BRWHROWAZEE 2, ROETIIK
FEEROFRNFMAZ ik L, KEEROMERRE
BB EEMENEREIN TV S BEHEE TR
HOMEW 2 MRS 272012, ELANEOTH % fE
TAHMBAEENEBINTBY, A INHETIZE
FHEANDRMEIN TS, LH L, oA ERRE
TS KEIL T T 2 HHIHDHEEICFTED N, T
DIRHWOFAEIIHEH OREEMEIIRKRELTEE 2o T
W,

AT, MHAERETRETIEKOD 5,
WROBEEPRENNR=F )T L VAR FERET LY
A IV AERREEFESE (viral nervous necrosis : VNN)
ZINY BV, IREFRGESCEEOH BN Gt L LT
FHENTWBXFINY, TATRYA, yuxrsu
WZDOWTAERIROR Bk 2 mET L7z, M TR E L
THHAESNERREDY AV AEGEFEE L TOREREE
% e L 720

1 ETIIMAEOT R & 7 B 3E L FEHEICD
WCERR L, ZNOOMEAEREICBWTESRT 55K
PG ORERBIILEEZ R L DL I 2R LT
R, AFETIE VNN OFRENKELRMETHLZ &
ZHRWL, ARICOVTORMMOMAE I 72,

2T A R CTHIEE 2o TWAEIFIC
DWTHIRT 2729012, 9, 1984 455 2009 4E F
TO [RFGUEMME A, AT - BuREH (&)
TR A RIS, EWAENEEICOWTRELL, &
D, 2000 4= LLRE VAR B A BE RO A L7228, A
F16 1, 8 fE, /v 18 T 100 JifEfkLL Lo
FEVG A3 A S Nt R OFEFEUC R & B bid %o
7o WRAZ, B TS eSS I X OV T A
WA TOREER % 32, FEHP KRBT DOIAEIR
PO T 2000 ~ 2009 AFEEDONE 2D £ & O 72k
B, A IVATIY 26%, MIRHEAS 37%, ERIHA 8%,
FEMIRD12%, AP 17% TH o720 AHEZRL
BB OFEAIRIE 1989 ~ 1999 4 D Fs AR &
R E, 74NV EBRHPL LW L72—TT,
Fr7z e 40 T ORAEDHAT S MM & &4 B
ML 7z BHEFETHE SNAZEFEIE, VNN, <5
440 KA VAHK (RSIVD), FZEHME, W5EMH
hE, BRERGHE (FR), MERVEIE S GE, €74
s, MRS B®AE, A7 —F HE, BHREORE
JEADH D, HIHOFEEH D 2000 4ELLaj & K & L& b
dro7ze LA L, VNN Tlid 1989 ~ 2009 45 F TIZ,

5 H21 i CREDNDY, FINY, 71, YTV,
Lo AT 10 FELD LW CRAE ML TS
D, MMOREAEEERGITARDEELERTDH
% EALEAT T 72,

B3 ETIIBBHPASBENTH 5 2 &2 5 FEH
O GHE LTEELRF VNS ZHRE L VNN B
Bt 3 & Ma U 7zo ABETIE VNN O 3845 11 4E R
WChzoTHESNTWD (BF25), Bikxks L
T3 — FANT X 2 R0 %0 K O S ARALEC X
DO VNN OFA AR ko720, Bk E T
OF KM FIC VNN 25564 L, BURARIRA 5 7 A
WARKH SN nwizd, FOREREIIMIHINT
Wiz,

AMFFEIZB VT, VNNIZEREIB L3I Ny
HEF A HIZ34EH D PCRICEYN—% ) ¥ L VR
(RGNNV) #ifz o shz Zenrsn, Thbo
Mt I ARG ORBICH 2 Z LB E o
7oo F 72, HAUELME 4 WS TR L 72 132 ko R
FINY A LR, RT-PCR T45%, nested
PCR T 333% D 2° RGNNV Btk & 2 b, A5
ERDRRFINI DT AN AIEG MR L 7o o8k
L7z RERF I T HE RGNNV % F I 7 fEERITH
L CHEG /825, ZNHIEFINTHAH
K ANALFAFEOREEL R LIz, ZNEOFEH
5, ¥FIYNF O VNN IIABEMEEG: L 7280505 o
HERFEILL-oTRIALEZ LN, TNHDORKF
IUNY OB O TIE, MBS DM R
X 3L1% TdH o775, G 0% THo72Z &b,
BAGR EAT ) 720 OMATHIRE & L CARPBIEEY T
Wk EZON, WINWED 4 » TS e
KIKkF VN7 D nested PCRIZE B A4V AMHEIX
56%~ 72.9% & HAEHHRIC X Y =20 S, Bk
DOFREREDS, BBk e LT, YR MW 5
B2 WAL, BB & SAEI0 & 14
THIEFIC B ZH L Z 2 RE L. &b
HTHMTHGZDHA ML AR T 2 EINFHTEEOH
BOVLEMEER LT

5 4 T TR R SE O T K B IR C R Al it A%
FWT T T A g e L VNN BBt 2 et L
720 2004 SEAZR (RN AR RE L 2o fEFDS, KT LR
KIS CTlIER IR T 2 REATE 2 /R L TR TT S kDS
RO LNz, WEOMIZERIFED 5N, PCRIET
RGNNV EZFHDOT A VA, FhHiR—% ) ¥4
VAL &% W72 86 RE TR =% ) ¥ 4 )V A0
FEhBahiz2 s, VNNICXATETHS &
HIWE L7z BHERAEICBNCT, B LTHY S KK
TATITADBPCREGMEE Y, —EOMELS Y
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ANWVADPGEESIN-Z L2 5, VNN OFAITTEE(E
Wk peHw Lze BREELZT T 5 1 HEf
B D 2KBTHE LR EEF L PCR K
KX ACTHEA6.1% & 35% ThH-o72DIH L, 21T
fETIZ60%E 85% LT o720 Tz, LY
ANAEINTHERIGEFTBER LA, T H
BHRIANVALEFEESEOHTEEZRL, RETHT <
TA KT ANV AOHERMEDHER I N PR E
L T nested PCR Etto# % H\v, KN % B
KCTHBEL, POEMLIEHEKEHCTHETSLI L
PEMTHDEI LWL L. $72, ATIRHE
WCARZHEIN 2 9L L nested PCR EMEDHERS T TA
TERETAZEICX), VNN OFA 2 KRR T
EHrZLERLT

S WTIEAEM L L CIRMITER S TS 2
Ov s uzxtg e L VNN BB 3R % M Lz AR
TIIFEE A PE M AR 2R ST W vz, fF
FEA I ORI K & Vo KEIETHBNZ DV THES
L7zA5 9, secfm (FEfR) 12 VNN ISHRRB0 20 B =
MWL D 22RO LN, PiR—% ) F 74V
I 7% % F o 72 8OEPUR B X 0 IR ZE B SR B AT
MR SNz E11MIIZ X D, B 1 kY720
10*TCIDs/g ~ 10 TCIDs,/g D7 £ NV A D550 & 1,
RGNNV BIEFEID 7 £ L AHPCREEIZ L )l &
N2 e, VNNOWRKERXTCO—ERWTH S L
SE U720 PCR iR HV-EEMATIE, RARYDMR
RIKBR, ZREIRB L OSMUFar S R=5 ) ¥ 4
VAR I N2 05, VNN IZEADLS OEE
EHIC & 2 LT 720 AHOBKBMIZERTA
BRI ARG 720, RO TH
5 PCRMAEICL Z2HBADORNNPTE LV, £IT,
Z RGO O A R SR H B X OVHK O LB 512
DWTHRES L7, EAEK TN L R LR i

KTIHEBRRLFAFAEEZIT) &, VNN EAKIIKT
L CHEADEFERDEM L7z, Shonlikiarav
7ua® VNN PigEE LTHERITHEEEZ BN,
L31E, BADLPSDOY AN MR EEIRT 5720,
SR & S 2 LD 5o

856 T CIXEIRD VNN BBk k2 EiiL 723~ 7
TR AEFEIIBWT, X—% 2 ¥4 )LA (SINNV)
I2& B VNNAFAELZZ LR, BB 2HET S
720, FERAEREICRE LB 2 & O AR RE LS
ENHEAEWICDOWT PCR IR X 2E2HRAEZ
To72. ZORER, BEBAOHEHIHHRE LT
WRR=S T VD 5% 0574 VARBH I (RT-
PCR), ¥~ 7 VWRFfar oM shizd oL RNA2
OYEFERH] (T4 5HR) »—F% L7, 2O e»s,
KRR T IBI=T VRO A NVARGEFETH S &
MWL 22T, BMIROBBIRIIMZ, RKKxf%
BRBMOMEE USSR T2k
Z5, VNN IZFASETHMEEET DI LNTEL,
F72, HRIBRORKR<T V% PCRMAS L 724 &,
SINNV 25k E 7z (nested PCR B EE 1 20%) 0
EHIL, RARIXTIVDPLHMELIETA VA E<T LT
ABLO Y T7 MRS EER V<7
DR SINNV & 1] 55 0 i g R % 7R 3 RO HfE
HENze HREI -0y NOFHABIUORK~T Y
H3% o SINNV I22oW T2 50 RNA2 T4 fEI O
FERH) % BB L 74 5, VIR M 2 R Rk, R
HRBRDESNE N7 5 A7 — 125 E iz, UED
T EMD, FEROXMEITMAZT, HEHAEZ A L2
PAZHEBEZIES ) LEND D,
BTHETIREIELLE6REIIBNTHEONTE
AR ED X, FE O VNN BB W TRE
I EZ L7z,



