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

Toyohiro NISHIOKA *#

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 Betenodavirus, family Nodaviridae), is non-enveloped
and icosahedral in shape (about 25 nm in diameter) with two positive-sense single-stranded
RNAs; RNA1 (3.1 kb) encodes the replicase and RNA2 encodes the coat protein. Currently,

" betanodaviruses are classified into four genotypes: SJNNV, RGNNV, TPNNV, and BFNNV.
SJNNV (the type species of the genus Befanodavirus) 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 (Thunnus orientalis), and striped jack.
Chapter liFirsfcly, 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 (RGNNYV) 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 RGNNV isolates
from the wild fish were highly pathogenic to juvenile redspotted grouper. Based on these
findings, I ﬁroposed 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 SJNNV (§]Nag93) 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 RNA2 (T4 region) showed
that 05SaiJJM-3 was clustered differently from SJNag93 and other SJNNV strains including
European type SJNNVs. 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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1-1 hPEICH T HREERE

FAEOKEHEZ, BRROKEEYEZELZ L %
HHETFRETHHRELZINLZ—EOKXBRHNTERL
TPHET BEHFEL VKD Lo TV b, HHEHEZED D
HiEEE MEREBLIEREREICBT A KRE
30 4 (1984 4~ 2013 4F) O RO L 2= A D &,
1984 431,261 75 b ¥ THIRICBW TR D S Wi &
LY, FOH%1990EFTO 7 ERIZ L0000 N B
2 HMEFF LIER LT u7zas, 1991 4E DURE 2 20 A
IZHiE U, 2001 4FICiE ¥ — 2D 1/2 LT 600 5 k
WA L7ze 20 BIGWMER & % ) 2013 4FEET
470 5 b ko Twb, T OWMAEI, i
HEOURER D 50 ~ 60% & 8 T\ 5 P& SE D
ZEEHEAHBL, ¥, BIFREEITK E VIFHEOT
R T ¥ Trachurus japonicus OWEMEEIMELT L7722
LIZEBIDTH A, Tz, 1982 SIS N7z [
PRSI 2 EIBGEA & 12X, Sl 5
200 M F TORE &2 PR AR E LTEE TS
BT ENH LN, AEEREIC X D ERETE B
A L7z, B 10 ~ 20% % (5 & % i
WD Lz —F, RifiEofitad, hai
ERLEEHEOHMRIILEOAME WA IRV OD
WM 2~ L, 1984 4E D 226 75 + »iZxf L, 2013
EEH 120115 Ay EoT0D (BHKIEAKR
BB B ET , 2015a, 2015b) (Fig. 1).

WHERDOZ O &) AR E 2, KAETIE
KB E SRR LoD, KE¥ETHEEIET
L7 0DIEARN RIS L LT, 2001 5FI2KMEIEAR
B E NI FONT, R HSEEIR O % it

1,400 r == Fish catches and aquaculture production
«== Deep-sea fishery
1,200 F Offshore fishery
Coastal fishery

1,000 F Aquaculture

800

600 F

(x10,000 ton)

400

200 F

0

Fishery and Aquaculture Production

1984 1983 1992 1996 2000 2004 2008 2012
Year

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).

T2 7-0OMK & U TREEARGH A EES N, K
PEBY OFEVE A B & O3k OV K EE B O F K
BT 2HEARNENCEDE, MM OERELRKEBI%
I, WhYLERHMENSHAREETERS N UM,
2006) . HEFMZEILRAROEENZ+THICFHHEL %
Mo, WEONFEROMIMZ N5 Z & 2 FMmAYIHE
HELT, BEOBRLZHERIIAEEREZHET LD
TEEICL T " EDFEZFICETL FRE - HHH,
1980)c T%bb, HEMEITRETLEWEIFIC
NG REHEZBI v, ZOBEZRE - BIEL
HEAFEOHRFWMREHWNE L, WhWLMIETH
h, EEERIMEETH D,

R a3 1963 4E IR AL S A7 AR R N HE T N i
BEERSITE Y, KEITDOORIEE ST HAM B
ZE R4S IS & — DN N R L R X
NHEEHFIIE S N7z 1979 4 1T IXFIBMEL £ EIC
BT 5720, ool Sk @ik B AR S
(DLUF, B &b, BARKEEHOEES L
O B B A e S N TE 2 (HA
IS, 20032) 0 E DT, 2003 4E D S IIMALAT
Bk AKFERETIE L~ & —, 2016 4E A & 1 [E 37 BF
JEPAFETE NKETE - BCEBERE (LT, KEMZE - #
FERE) 1CBWT, BG5BT B FE I 7E A8
EfiE N Twb, —7, 1973 F LI £ E O #REHF
WL F 723 =R T AR v ¥ — AN
sh, BEEEOEEEMSS LICED LNz, 2D
KR, 2015 4F1CiE, JKEERFZE - #E BHE© 5 WFFERT
D 1174, #REFEOREN e B X Rk
75O 121 MiEic BT, RIEHmEICHET S
Foe - BB ED ShTws (&) &EEH»
o & 0 HEMETR S . 2013 0 (%) EEE RS
< 0 AT 2 - MoRRT e HE E k2 | 2014) (Table
1)o 2013 SEEORIGMEDOFE N EEX S FE L, MIH
34FE, HRREH 10, H¥H2F, ZoMm7fEo&F
T3HEFETHY, o) bAMI2HE HREH4IME €
DAl 11 FOAF 27 FTId, 4R 100 75 AL, EofE
WAVEREWREE oo T (M) KERAWEL
¥ —,2015),

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

Organization Institution Facility
National Fisheries Research 5 1
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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CORBEWEIIH L, WEHEREEIIXE S 72K
PEALCKEEMEZRAL, Tho0EMBIUE
HEeREICEE -FRLUTIET TR EHEES N,
EERRBITAETHL I EDPLEEEFIIOEIMNE
DT ohb, BEEINEEWOANBNLZEROESW
W& D, BHHEME MR EMICKINING, 2D
IH, BEAEEBIZIENHEBOPOGEEMIC
Ko &, FHTAETIE 1927 F BB = R EAE )
BRI BWTT ) Seriola quingueradiata DFE

i (BEVYa) BRBELAZZLREL SN, 1965

FEEHI D KEDFENERL, BGEARTHZHLT 572
DEMEEIREFEORKE L L CHEX N, KERBK
MEBEOWERRELIOH T 2HEMBESER S
2o BICHEOAERMBECIIAATE (ME) HRiC
X BB RHET L2 LICE ), BRSNS
b5 &L BICEENEHEDLSHL 2. BEAEE
ORI, 20114EE 20134ETIZ1005 2T
o Tidvwad b0, #F30FEMTE1I0~1305
FOBTHE LTS (BMKELAKEERERENS,
20152, 2015b) (Fig.1)o T & J %% L CEIHAE
DAL R olo—o0HKI, BRAICHERTLEN
PREMIHBEND L) o b ThH D, BE
AEEBICHVCONLEE L, HWIRROHMM - 4
AThHooW, 0%, BHAEBRKOREBIIfEVnT
¥ A Pagrus major ¢ F * Paralichthys olivaceus %
Lo, e ORMETHEEZKEICAET 5EMIH
MENT, BIIe A CRBEHICHLLBEEZET S
ANTHEEISEREFEICL OELR SN, BEO< /&
I ATHETOEEICKRE (EFELTWE, EHEE
BETATHAI LD OLARWITERBENERS N,
F LRGN ZEBEIIRDOON TS, KETI,
NF R KPR O~ Y Thunnus orientalis HHFIC
FEHENTEY, BHEEENORBOE L2 L
NTwd, TOXHIZ, BEHEREICLDEEININ
SEWIL, PREHERCEMELTHEET LD
NTVRBEZ &ML, RELTHREYOREZEET
AHREWAEEFIHE ) HEITRE v,

LLads, BEANBOEHEERREIIBY
T, FHEPRECHECTAEANFNLIELIERON
b0 TOERD—DELTTA NVARLHBEIC & 2 &G
HEBIUFEROFEILIZEROEEDNDH D, (B
H, 1995 WM 5, 1997 ; Muroga, 2001 ; ¥EEH & ,
2005) TNHDH BEI, BREEIEHAEORE
WCXEZ RIZTTET TR L, BREEG BV TIEIK
EERZ RS - LM SS2—F T, Kk
SR & 5 RREFIIH T 2 W EEOEED,
EWENR)AsO—2L LTRSS TBY (BT,

. 2000 ; Waples and Deake, 2004), FEi4 R TIZ,

REARDORRE~DITZ R 572012, [HHEMR
Har & AT BT 2B LabeHE (1) | G
BEEBR AR E SR EE RS, 1999) XHETE,
MR AEBRE CTEERIECTHRD SNad o EEN
ROBEHDOAEZHITL Tb, —F, BHEEIIHNS
ALHEETIE, B/EFRS CERORERBRREOH K
PELICEMEEEICZERZEZA 570, L)wvoZ)
DB RZ LD LEND S,

1-2 A IV ARG AE

WEANEOHEUAEBRBIIRETLEYA VAR
EwE LT, A VAEMEEILE (viral nervous
necrosis : VNN), 7 4 v X ¥ % ¥ £ E (viral
epidermal hyperplasia), 7 4 v A ¥ KE (viral
acites), 7 V< LY EM Y £ VALK (Penaeid acute
viremia: PAV= white spot syndrome : WSS) 3%
LNTWE(FEHE,199), NOHDT AL VAFFDHT,
VNN &, BHETIE 1990 FICEmHERE SN VS
A Oplegnathus fasciatus DIFHEAIZBNT, WD T
FEEFBVERE LTHHRE SN (Yoshikoshi and
Inoue, 1990), #D% b ¥ <7 ¥ Pseudocaranx dentex
L ERBLTH) FELFHRBHIRATERLT
Wb, ZIZFBHICEN T, NF< Y T4 Lates
calcarifer, ¥ —&X v b Scophthalmus maximus %2 —
I8N A Dicentrarchus labrax 12 3\ T BB D 9% 5
KB % (encephalomyelitis) & 5 W id 7 4 )V A PN
i - ¥IEE (viral encephalopathy and retinopathy :
VER) ®¥#i% CTHE ST Tw b (Glazebrook et al,
1990 ; Bloch et al., 1991 ; Breuil et al, 1991), VNN @
S, IR TN, kML X UEFEOA
FECTHRASN, BNTOFEFZzEDT 2R S HEIL
DEEPL|REND Y, NEROFBEICL ) EHERE
HOFMAPKERCT S L, T/, BHEBICSH
WTHRASLKRELA-BRAIRRLIECTT LI L
ORI KE ZBEE 2> Twd (Munday and
Nakai, 1997 ; Munday et al, 2002 ; Sano et al., 2011)
(Table 2),

ROV TR T =7 VFHAD VNN 1B L CTEM
REBRB b, Mori et al. (1992) 12X Y RN
A NVAOWIRP D THL M I N, ERY 1 v
ADNR—F ) T4 VA (I FTTL VAR, RX—%
284 NVAE) &, EEPH 25 nm OF 20 @ART
IyNa—72EFEY, BRIIT I A& ZADRNA
MRIERNA F1) A5 —¥% 32— F92%RNAL (3.1kb)
Ly Vs ER a— N9 5 RNA2 (14 kb) @



6 Toyohiro NISHIOK A

27 D1 A RNA 5% o TWwb (Thiéry et al,
2012)s RNAZ2 22— FENTWBENESY /37 H#ElE
FOZEREBE (T4 3 KmoHy 380 #HE) 2B
ZIRBEMFIOLB S, N=F ) ¥4 W ADFEMERK
W=7 V8 A VA (striped jack nervous necrosis
virus : SINNV), F I N F M7 £ v A (redspotted
grouper nervous necrosis virus : RGNNV), <> v
Bl £ WA (barfin flounder nervous necrosis virus :
BENNV) BX U5 7 78 4 VR (tiger puffer
nervous necrosis virus : TPNNV) 2% 9, #h#h
A DODOFERELBETFRICHEHEIN TS (Nishizawa
et al, 1995, 1997), F7=, PUMF COFFRKIBIZLD
MERIE <7 VRS AR, b7 7MHBBEL, *
VNIRBITY A TENCHEOIDIZFTITONS
(Mori et al, 2003)c VNN IZWH% L2 fEALL, i
DEBALREOBESTED LN, HiERiEN & o 2R
WHEIRZ R L, RIS R I M B A < IR AR
B BRI OB BRI X 5 =R L L
9% (Yoshikoshi and Inoue, 1990 ; Glazebrook et al.,
1990; Mori et al., 1991: B IC 5, 1994) o AR DZHHIZIE,
AR (RO ZIREN) 2P SINNV ¥
XM % H 72 8E A (immunofluorescent
antibody test : FAT), RNA2 &fzF® T4 g% FiE
B & § % RT-PCR (reverse-transcriptase polymerase
chain reaction) ¥, BLXTFAISA4 T b A% —7
~ ¥ Ophicephalus striatus B0 SHL S WAL
MR (SSN-1) Hsk > E-11 fifa 7z & 0¥ #Mifn 2 A C,
MR T 2R ESREBET L HikR Y
7% % (Nguyen et al, 1996 ; Nishizawa et al, 1994 ;
Iwamoto et al., 2000) o

THAEER BT 5 REROE % EGEMHERI,
TANVARERALPOFHA~NORBEEHETDH S
(Arimoto et al, 1992), BiBRxRE LTI=TY, =
Y 51 7 Verasper moseri B X ¥ < /N ¥ Epinephelus
septemfasciatus TiX, ELISA (enzyme-linked
immunosorbent assay) 2 & 0 HAMEHORRK 7 A
VAT HHURfi % e 5 HEEP RT-PCR ik 72
I RT-PCR WIREY 2458 L U 4 D0 BETRICER
W75 4 < —% M/ nested PCRIZK Y, HEFEM
PO T A VABRBETFERBTAIETIA VA -
J)—BAEENL, ThooALLBONLZR
WeAFI ¥y I THETHILLEDI, FHAOHET
Kk, FFTF I CRBLABICREL VIV
PEBRELZBAKEHVDEHEFIENTHL L INT
W% (Mori et al., 1998 Watanabe et al, 1998; L5 |
2002)s LU, NFETIIFBOBFBRFEL2ERL
TH, VNN FAE LEEZHBRIESRD DN

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
Pldatycephalidae 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 K. 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 K. 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 £. 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 e 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 Mugi! 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 Thunnus orientalis Nishioka et al. (2010)
Pleuronectidae ~ Baifin flounder Watanabe et a/. (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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HEBWESHTBY (BEHDS, 2005), AFEICL >
TREERFUNOBEREOMADPFREL 2o T
%o BIZIE, =Ny OBEBEETIE, BAOENEZ
IR - SIBEKOEBICLVEELZZIANVA - 7 —
ORefE, BHE/NETHTT S L LIELIE VNN 2%
ELRBRETICES, ChZABTEBAKTICEET S
TAVAPRERTH D EHEREINS, 2000 F DL,
RIKBEDN—% ) 794 VAREOREIZBWT, 4
REBELIELDNELZDODRRATS PCREIZLD
TANABEFFESHECREENTEY, Thbo
RIKBHERT A VADOREREERE (LELVERT) I2hoT
WwhEk#EzZ 6N5 (Barker et al, 2002 ; Gomez et al,
2004 ; Sakamoto et al, 2008), L7=3-T, FEHAERE
WKHAWARARBAREE LTRRAZERATLZ L
BHEWAEYCO VNN ORBAER & 2 5 HEEIH
Vo —7, FHREICL S VNNIREELTY 7+
VERBOWMEIED LN, KEH TRESE-BET
Mz H 7Y FEAE, ARANTFEF, NFaouAg
VARBRTELRY L VARKNT, B IOk
BREETANVAYKD D, £z, DNATZ7F VO
RHHREINTHEY (Sano et al, 2011), FRENER
HHBEDENT VWS D ODDEBHIEDERTH S,
NHNH L, ey TIREFBERELT 75 V55
ZHEENTBY, TNAFERTIEITZ2F L5
iRt sgds s h T (BH - 3, 2012). #E
WZBWTY 7 F O, VNN ZEOIHNIFEE
WCHHTH S, LeL, BERECHEHT L ALHEN
BRARIFICHE T A L2 HBME LTBY, BiEY
AT 7 F U EBOT B oW TR T oI iR S
T, 22T, K®WXTIX, 77FVICE6%R
v VNN BB 20 THRETS 5,

REEILTIE, #im (BB1E) & $28ETE
92000 ~ 2009 EFEICEWN A EBETEAE L 2ER
OFERREL D T LD, BRI EOREY A& EREC
BOWTHEOREEEIIEEYEZ2ERTEAHL
7oo WIT, W EONFEE LTHRINTHE X
YV IN% Epinephelus akaara (£ 3FE), 7HAT<FA
Branchiostegus japonicus (4 %), B X FKERR
DRERFHFICEICB W CATENOMNHEIEE SN
TWBRKFE7ux 70 (B5E) IZ20WT, "—¥%
J T A NWADBERGRRTE L £ OB BRI R ICOWT
BEFL7ze E6ETIE BYAEL THELTHEHE
NERRIBOR—5 ) ¥4 WV ABRGERRZFEL,
VNN BEHiE LCOEEZ e L, RBICRAE
8/ (E7E) TiX, VNNOHZREEREROMES
BI o TEDOBFBRMRIIOVWTEE L,

% B, ABFZEDE R M P ISHRSER Y D o 72720

H# i, M ATBIR AKEREIIEL Y F — 2R T,
BUEIRERSE - BERE L HBEIEDY, BEE
O EF RS W XK EN S EE TS (LT,
EBTE, 2015 ER)T), AT BERSIIEANEX
KEMEFESBTE (UT, BFBTE), LESE
EPIHBEMER LETE (DT, L@TE), B
BERG I OAREKOKEN LT EETE (DT, 58
T, BRSEESSERKENERLRTE (LT,
HEBTE), BEEELEWEXKEMNERERT S
(T, BETE) LRRL7

F28 EHAENFESLIVERLEEBRICSHITS
BROFEERRT

21 [EU®IC

BPrEoOFERFECEDIEEANEHOEN A
BICET R, IMLEICEREZ VI E
Marsupenaeus japonicus O LT SEPFEERETH
% Skeletonema costatum TEETHZ EEFHLPIIL
T (Hudinaga, 1942), fl A4 o FARRY 2 505 % 1
ML7Z2DBBENTH D, 7V iZZDH% 1963 4
POBERBETOEEBIUVEMIEBIbhb 1)
W2 otze 1950 R F I (5445, 1950) *
27 177 ¥ Haliotis discus discus (JFEF, 1952), =%
F I 4 Mizuhopecten yessoensis (Yamamoto, 1955),
< Pteria penguin (it 5, 1963) HOHEOME
BT 2R RBWICHD LN, SNHEDI B,
7 7 CHHO N TR AR ERAME 1960 ~ 1970 £A OB
TICE DEE SN (FE, 1966 ; Bith - %, 1974),
¥ 72, HY 3 Portunus trituberculatus OFEH 42 B 3
BR25 1960 SERIE A HEM S 0 (R, 1961 5 AR,
1963), 1973 FARIZ 34 100 FHEKORE Y = D EFEDS
LENTWS (HARFEEENS, 1983), —H, A
T 1960 FERIEIZ = ¥ ¥ Clupea pallasii, 735 4
Acanthopagrus schlegeli, “ 5 7 7 Tkifugu rubripes
BIUORFAIZoWT, RAEWNOZHBINE 213 A
ITHBIZEI VB ZER»SHMELFAEREDS
X220 mm OHAICITHEL, ZOEGREREK
ERBEISHFEE Sz (B, 1959 %E S, 1960 ; #
H, 1962 I0F, 1963), =D, 1960 FAHE R IE
Wah/>T 4 3 XY RT A Y Brachionus plicatilis sp.
complex DFAREEMR LT FAOMHERE LTEAT
LRI VBEFHRAOETIWREERY (R,
1960), & 5ICiE, KETHIHET ZFFREOLE
BRICEY, SHEKMEREOBER COMFEIE S
WA ENEMEE SN2, FORE, H40AaH I
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BWTHMERES 2 SN, HRBoEECEESNS
HEFRBEOIHEML 7 GERT, 1986 ; HEF, 2004).

L2»L—FT, BHERENCEETZIEML R
MIEIEEL, FodidFHAaRMCRETRBIC
LBZREBEFEETNS (Matsuoka, 1989 ; W 5 ,
1997), MEWAEM OWETFREICE T 2 BRI
1980 FEH L W HAE 0, FREBRICHAE T 5 By R
lZonwTid, £8 (1995) % Muroga (2001) 2k Y
WY FLHOLNTWE, TOFTH YAV AEHRE
FEHE (VNN) 27 V< 2ty 4 VA (PAV
= WSS) H0 v A4 VAR, MEMEREA®HECHEE
B mESOMER, BLURREOERESDR
WIXE L ENAEEDERORTZ2HFEL L IR TV,
RETE, BEANEOEHAEREICBIT 25K
DEERKEBIRTEFORNEILIEBT L7220, FET
» B OEERI L BEHORBRAERRIZOWT

BB,
2-2 EREENRECEES (1984 ~ 2010 F£E)

BREANEOBEE AR, T& L TRBEEOHLE
DDA E LTEREINTWL Z b, KE
I B, KEBREMELY Y —BXO (i) £H
EhREO VHRIER LTT S iz T3
HAEE., AF - BRER (£8) ~BBE~] OkE
T - HARSRRIEEmS, 1986 ~ 2003 ; KET - KiE
WAEBZEE > 7 — - 2004 ; KET - KEBAEHEE >
¥ — - EEE»RED L DS, 2005 ~ 2010) OHFT,
1984 4E B~ 2010 SEE WM A E S W2 EAMED
F=F B E W, BBREDEDFICHT L ER
Tk, B (BMOKEXRE) »% #h 5 FET L IKE:
KR D [KEB OFEN O ERE K OB I KE
BWOBFRICE T B EARFE] (BT, FEAKE) 12
IPRLTER, SRETIC, 1% 1984 ~ 1987
EED4ER, 52RI1T 1988 ~ 1993 £ D 6 £/,
5 3 WL 1994 ~ 1999 £ 6 4 [, 45 4 ki 2000
~ 2004 4EFE, 555 KIZ 2005 ~ 2000 4EBE, 56 Wi
2010 ~ 2014 FEDZENEFNS EM NG EE L LT
RE - AEPBRENTWDS, 22T, EKFEHHIRE
NEE, 37%bb 1984 5, 1988 4F 5, 1994 £,
2000 4EFE, 2005 4EFEd X O 2010 SEE QR W £ RET SR
HEEEREZ S WREBIURESHYWS Y =8
ZEteFOMIZX S L Table 3 1Z7R L7,

2-2-1 falE

FIECIZ 1984 4F 12U, A FEHT 31 F3E T4 5,000

TP HEE ST, 208, 1988 4£ Tk 36
TR 6,100 JTEM, 1994 4E ik 33 HEHETH 8,600 A
&, 2000 4ECid 36 FE TH L AR T THMLZ
A, FOHBGHEE, EEHE D ICEA L 2010 E TR
4T TR 7300 K E Lol TOXHITARET
1% 1984 4E A B 2000 4E 12 A1 TRIERCR 4 B AT N
LTBY, HMrofafBcBEEERMORENBZ %
bh, KEBEEFTRICRLEEZ5N5, 2000
FELNRIZZRE U R BB S HESL S N o 7o D
RELS, EENFTRLRoZHEIIOWTD 1AH:Y
7o) OEBEEVS R, BAEEBEKELIWE L
bDEEZLNSD,

2-2-2 ER%EE

FRECcII 1984 FICE N REI L EETHLE
6,000 FEMK, 1988 41213 16 BT 6 4% 6,000 5 A
RSN, TOBEERITRIL, 1994 4FET
13 17 B T 6 R MRE, 2000 4F 13 16 FE% TR 4 MK,
2005 4F 13 14 FE T 2 £ 7,000 FEME, 2010 4R 11
TR CTH 1E 9000 HHEMAESEE I N TS, AR
TIE 1984 4E A & 1994 4B (2 h T TR B S X U4
EEAHEML T35, 2000 SELRE T SED 4
BMOLMA LT WD, HFIZ 2010 E DB R TIE 1994 48
DTERENBAERE o TV, THICIE, BEEHE
HEEHAREERATFVEE (AR HZER
£, 2003b) 2BV, |HHEIGEAEELIS LR
LTwWi-% 8000 FHMED 7 V< ¥ D4 EHEHNR
TLAZEFEEL TS, BATHRALIIC, H
KIZBIT HAHEE ORKEEEFHEMITAIHICKRKT T, &
M7 NVRILE, ROCTHYFI THRLEN-Z RS
BEEEL DL LTINS ORRBEPI LR LN HE
ENEMT SN, BEFEOEMEIMIZI VoY
T304EULE, FFITHBEULEERLTVS, L

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

Number of the

L Finfish Crustaceans Others™
basic principles

Year

1984 Ist 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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L, BERTHOEEICELE THREERED RE
LD SRR, EEREBRD L TE T2,

2.2-3 0Ot

ZOMDOEELEM OB EEDONGHEE X UEER
(&, 1984 4£ T3 23 FEHTHY 18 4% 2,000 HHEHAETH o
7232 DML, 1988 451213 29 HE3H T#y 32 18 5,000
FEE, 1994 4E 13 30 ¥ TH 31 AR, 2000 T
(& 28 IR THYy 38 MR AE MK, 2005 4F1x 29 M T 31
BAE AR, 2010 4F 13 28 TEIH TH 3B EMWATH o 726
1988 4F T A FE s 30 B Mk & 8 2 7= 14%, BRI
HBHODNBEHKEMERLTBY, NEHEHRED
1988 E LARER & 2R IBAE 2 ve FICHE IR
OBHHHADHLEERENTH ST b, KIER
ROMERBECRBEINTB ) FEI RSN TV D,

2-2-4 FEWGRE

1984 5EH 6 2010 FTO 2 EMD ) H E DM
B Y725 22 EBiIcblo THEEES N, os
ET 100 HEAED EOBMAERIFEE SN2 E085H 5
B 2 MR HEO TR 2R L L Table 4 1IIR L

2o BT = Y Y, <% 5 Gadus macrocephalus,
A X % Lateolabrax japonicus, ¥ <7 ¥, 4 ¥ ¥
Parapristipoma itrilineatum, <% 4, 7954, N
% /N ¥ Arctoscopus japonicus, 7 ) £ Sebastes
schlegelii, 713 Sebastiscus marmoratus, * =% 2
Y Imimicus japonicus, © I A, I AT, *H LA
Pleuronectes herzensteini, < 215 L 4 Pleuronectes
yokohamae, -5 I D 16MHFH WRHRETEs <
I ¥ Penaeus semisulcatus, 7 V< L ¥, a7 F
A L. ¥ Penaeus chinensis, I ¥ T Y Marsupenaeus
ensis, N7/ aAF ) HWF3I Seyvlla paramamosain, 7
W3, 4TI Portunus pelagicus, T2 XN
= Eriocheir japonica ® § T, TOMWTIEYFHF/NF
A Trochus niloticus, + 37 ¥ Haliotis diversicolor
supertexta, 7 7 27 ¥ H, diversicolor diversicolor,
AHA4TIYE H gigantea, 7O T7JE, TV T7ITE H.
discus hannai, ¥ . Turbo cornutus lightfoot, /34
Babylonia japonica, 7 7154 Scapharca broughtonit,
KREFHA, 37 A Pseudocardium sachalinense,
Fa vt N T Meretrix lamarckii, > 7Y
M. lusoria, 7 7 7 = Pseudocentrotus depressus,
IN'T ¥ = P. pulcherrimus, LV INT VT =
Strongylocentrotus intermedius, ¥ % L IH%F 7= G,
nudus, < F < 3 Stichopus japonicus N 18 T H o 7=,

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 schlegelii
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. lusoria
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 £EEMAKILL EHRE

EORDOERFEARINE FTIT, EFH 10T
BHRUEOEENERS N, EEFNIEL SRS
LAHhBENDD, REZKELANSEIL AET
X ¥ ¥ % & Spirinchus lanceolatus, 7V, I+ 37
T ¥ { Acanthopagrus sivicolus, FBRETI bYr <
Y Pandalus hypsinotus, 7 I A7 25 1) HH¥3 Scylla
serrata, 7 + X V'Y Pengeus latisulcatus, %DM T
\X, 7a¥YAA Pinctada fucata martensii, © 7+ 7 F
Chlamys senatoria nobilis, £ % X 7 4 Patinopecten
albicans, ) H A Fulvia mutica, 7551 74 Mactra
chinensis, 3 W 274 Tresus keenge 5°3 - 72, ¥
7o, I HETEENBD NI AEHO
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7 T VA Pleuronectes obscurus, 77 ¥ ¥ ¥ T X
Cynoglossus joyneri & HIED Y IVER T H A Scapharca
subcrenata TH o712,

2-3 EWMIISEROSREEIRR (2000 ~ 2009 F£E)

H#kh ik, 1990 FE2 bKETOREE T,
EANMEOBEAEIICRET AERZEEBL, =
NODOEREBEEEREE OB TETLZ LICE
Y, EHRBBRICEITS I LB E UCHEEBIERE
MEELBB LA (FH, 1990), Z0H, 2005 &£
5 2012 ¥ CHEHEM AT O MTREER/ 1 EE
REzy, BHHRERRBREEHERCBTER
RBMPEBENT. T2 TR, FEEEREREE
T 2000 ~ 2006 FEFE F CRE SN F— & LEEEE
REHREEEAICB W THRM Xz 2007 ~ 2009 4
EEFToF—F%mic, MEEEEBRBTEELTYS
FROFERTICOVTHRNRG, P, EHYEKE
HEREES O 2010 EE4 5 2012 £ D 34ER TIZEET
3toBMEICE LT, SEMNRERREERDZ KL
LTWhWEHB L TEIE L, T/, MEWAEERE
BT EFEORERREE T LOLEMS (1997) B
FUBEEHS (2005) OF—5 &0 1989 SEFEH 5
2009 EFEIZ BT B VNN OF&fafELZ T L7,

2-3-1 ERHPARERBREICSTIRBRERR
(2000 ~ 2006 EE)

(1) EEHRREROAT

WA R PICRE LER P KRB THOER
WNEE, AENSRE BAERY ER EHoMFR
BERRBLOWNAETH S, BT 77 v 7 ARE
FA=NVTAFLN £/, Ty —FRAEIZLD,
WMERICHL P E 2o BERARTEWEL 720

(2) ZhnH%Es

2000 ~ 2006 FEEIHEANELEEAEL TV
ZEORIERE T, 39 WERFE D 63 OFFEHE L ~
y— & 16 KERSS, HRHO 16 FEY (BUKED
78 - BB OB EBIRTE) DFF 95 #EF (2000
FE£3RABE) TH5,

(3) EELEENRE

2000 ~ 2006 FFEEOFEHAERE - AFRIHERICEER
ENTWBRIES & A I AN TR AR A
ENTVAHHEEEE Table 51 Z/R Lz, B, 934
AWz, BEANED S HAEDIT 49 (46%),
HREAS 187 (17%), F ot (GREBWESB X O
REVE) A 39%E (37%) DAFF 106 FE A3 A B

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
ShTwab,
(4) &IR%

ERBIEHRARESTEE SN RRES (HAMA
WFSE, 2015) 2EARE L. FEEATEESNTE
5%, BEBEICBOYTRIEHRINIERIZ, K
Bo(R) LEBLI. RBEEDEBOERIZONT
&, EHRETOERCESESE L, T, BH
HOPRLHECRERETIERBILLAGNTED
(Spark, 1985), HARTRIRHFFER S LT 5 B
EOEW#HIZ, THEHEOWERE/ ) 7suh
HiIZogfEEhaZehs (MH, 1998), ERWEL L
TF &

(5) MW E&HF*

R S N ERE RICHET A ENSE, EROEE,
AN, HEORRE X NELREROFELIRTIZD
W, BEES (2005) OFEICELEHR L, T4
bbb, EREmERE, £ 1BBEOM—0ERE
WNEBIIBWTIOORBRIERELLEER 1L L,
ERBEROEENZBORTRRZKEER AT —
VTR
(6) BMIRERIRRRERR

2000 ~ 2006 4E B (20004E 4 F % 5 2007 43 A)
WZEENT 44 BORBOBLEPBE SN,

B, TRE foMiIBIsENOMERNE
Fig. 21 & D72, AETHEGBIEL 72013,
LI AD121 % (38%) THolo RWT, IF54
2461 (14%), 7 a ¥ 45194 (6%), + =%z
Beoal LA BENREFNRIIGTD %), <7
V1118 3%), 7 T Epinephelus bruneus %10 £
B%) THolo HRETIE, 7NV EORKEDN
50 f4 (55%) & D %L, WATHYF I D 224 (24%),
SYIED1H 12%) DML koo TDMTIE,
ra7IERE1TH 52%), 7AT=H54 (15%),
AHTATIENR 4 (12%) THoTz.

(7) BEEBIRRREERT

EREBOHREFELIT, MERH»162 4 36%), 7

AWARMP 124 25%), RNAFDBHE 17%), F
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DJapanése flounder: 121 reports
DRed seabream: 46 reports

B Black seabream: 19 reports
BDevil stinger: 13 reports
BMarbled sole’ 13 reports

@ Striped jack: 11 reports

BKelp grouper: 10reports

@ Other: 87 reports

OKwuma prawn: 50 reports
OSwimming crab: 22 reports
B Greasyback shrimp: 11 reports

WOther: 8reports

OJapanese abalone: 17 reports
B Red sea urchin: 5 repors
BDisk abalone: 4 reports

MOther: 7 reports

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

ABREA 55 (12%), ERHEPA0H (9%) THho
72 (Appendix table 1 ~ 3),
TANVAFTIE, VNN OBREMNOHEED LS,
WWTPAV 2315, HEREN L4HTH o7z K
BEMEREROF T, il Zuxrua, 44
=N Argyrosomus japonicus, TAT T A, yay
5 X5 Choerodon shoenleinii, <% 4, FxAfAua<iv
IN% Epinephelus. coioides, <7\ Scomber japonicus
IZBWT VNN oFENRESI N, VNNIZZIh
TRENOFEEAZEL L 24 F U LOHE,S
HEENTEBEY (Munday and Nakai, 1997 : Munday
et al, 2002 ; Sano et al, 2011), FEHAFEITSHDE
myzLEZLNE, ZOMDT A4 NVAFITH I,
Y A bNZ Epinephelus malabaricus, ’>< 7 L7 F
Lethrinus nebulosus T<*5 A4 F7 A4 VAFKH (red
sea bream iridoviral disease : RSIVD), &¥ # L A4
Verasper variegatus, * A % 5 VU 4 Pleuronichthys
cornutus T A W AMERE MW AJE (viral epidermal
hyperplasia : VEH) #%8E L7 /2, #/ aR
I8NV Sebastes oblongus, =T HF L AL D74 VAR
M B fE (viral hemorrhagic septicemia : VHS),
EIXDOENFTANVAIE, I F¥H T I Y Haliotis

madaka OFHBEFEDPF 72 1TF8E L 72,

M T, WEEMEED 4, MEMEEBE
WREAS MM, ETUARPOMHLEEL, vaFL
4, eI XA0FEMITEFRE, 7IA/IF)
HFEIBLOFTFIOEEE (R), YFero=
Tripneustes gratilla DY HH (R), ¥4 1y oD
TUETF VAV RAFAEEFRE L/, 2OH B
AU ADEERIOEF RER, FEER Aeromonas
salmonicida (2 X A FEGHET, KIEAS 17CHIER D KIR
RECRAELEETRERRTHLLENTWD (R
5, 2006), AFIFEOBRE () &, FHFITE
ERPRHEHTHA2PMEOES B ELRTEBY (B
B, 1997), 7IA/aXYF¥FITiRrs ok ED
REEMERTH S (FEIF, 2002), ¥Iesrv=n
HAFRTIE, HEEOAOBRE CHREIIFE SN T
WV, MBI AEREEZONT WS, $/2, [
L —HORFETE, LHARTHBEESIN TS
VN7 v ZCERIBE D Tenacibaculum sp. BRED
BEERAH D (Suzuki et al, 2001), AEHIX, AR
PECEHIICBHBEICDL o THRELTEY, Yk
FymbIINT v S OEPTERREEBERIRR S
EHBEING, —F, BKEHICE T, VT
LY OBPTE (R) 235, 7hH Y= TRIEE
MEPERESH (BHE, 1998), Y757 =Tl
EREVFERBELEDIL TS (BlF, 1994), #4&
KRR JF B OILREIEM T % & EIRmE OSBRI
£, YoeFr v =icBITBBkkE (Taniguchi ef al,
2006) DIEASHREING, FILLERVBELZA
T, WEEMBIEASY R X 25V Sebastes thompsont,
Far2axny, ruyf, ¥y7Y, AXF, F=
Fa¥, yvuarsNg, NII7LI7F suyyy,
RYATUE, MEEBEREENA = a, SR
9 U FEDAF Rachycentron canadum, W IE (IK)
TEINT7YY=, Ya—FEFRAETELI A EAY
TIHH o7

FEHRBTR, AZ-—FHEORENIIH L&
b% ol T, 199EFEFT T 0HEEOFA
BREAImE SR THAz)Y (FRS, 1997 BEMS
2005), AEFEHROFEHEICBWTI VLY, /<
ZEOVYHRLVEE (R), 7avAo7iv—
ZYURIIE, AYITOIZYTSINETE, AVFT T
Plectropomus leopardus DFERIEHIE, <FFD M)
IV FIE, A VINF Seriola dumerili, ¥ TVNY DF
ARXTFZTIE, <54 DOENEFENF/ITENS
Nize REFRBRCTHICREPHER IS EH
WORWBAMEIX, AZ—FHETTIAL, =42
¥, AL FVA, ravAq, F5/aiNnN 47
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FARNETIZO VA, ¥YFXLAIH VA Tanakius
Eitaharai, A5V, ¥4 3 AN, A ANNVTH o
720 ATUT T ORMBEEIE TIX, Ichthyodinium J& R
HEZRHEIRAPLHFROIE R THEMMIEL, NP TR
PHRLTICE S, Bkt LT A8HKkELFT 5V
MLEL, BERICEVEELF V5V MEBRWI-E
K CTHELZERNSELZEBERENTYS Mori
et al., 2007) o

HERW T, #FHzxF A, =7 IO Ochroconis
thawytschae £ 7213 O. humicola D¥EFT A4+ 71
A, WFA, AL AIEDI XS ERARESIR
F =4 A€ TIERFEEOEBENRE S iz

AR TIE, HI 32 Licmophora B ORI
T2V 7 ERFE (R) ORENH .

2-3-2 EHPERERERBESICHBIIRRRE
% (2007 ~ 2009 FE &)

(1) EHOAF B LU SRS

HBEF R OFRIH SRR A U, R AR EER
B2 5 MENIERTINE L2, ST 32 B
(2007 £ 3 AREELD) ThH b,

(2) ERBIRERRFEEIRR

2007 FEED S 2000 EEIZBWT 21 BE X b 354
DEIFRAEOBEND Y, FHEBIRLHER IR
%% L7 (Appendix table 4). BEEBITIX, A4
VARG (33%), MW 1414 (39%), FHEBF
3 (8%), AHF6H (19%) THotzo WAINR
WTIX, VNNMB7ABETHRAEL, ~afLATT 2
T LA I A NVARGSE (R) AYEERE S AEKHES
THRELL, HIBEHTIX, XAVT7 I, Y14 I%, b
T A THEMBEEED, Y4 My, s S77, 2=
TUETET) ARBENEN I BT OoME SN, 7
T v THBERBREE (R) 2511 THHTHESh
Too BERFETRAFIDI Z 0 aF LENRESH
7oo RINABHOFECHHALH 6T, R 1 2 oMk
ENTze TA VAR TIE VNN OF &P LA THE
Eh, BRE LCTAEEBHS CHEL > TWAELEER
bbb, 72, TI2T7VATANVABREE (R) 2%
BEBETHEBERE IO TREOHEN DY, &
HAERICB T A EZERONE IE ORI R % #
CTWREDFH L, IEHO 772 I%EIZ, R
FTEAFTATIETHERINTEY (Kamaishi et
al, 2010), FPOEBEHINAL THRE SR &0 D,
SHOFERNZILET L E LD CERBOEREE
DREBRLERREORB T B2 ) BEIFD 5,

2-3-3 VNN OF&£EIRR (1989 ~ 2009 &£ &)

1989 £ 5 2009 I F TIIARIBMIEDL X UHEH
BHESICBWT VNN oRAESREsh A58
Q0B I, ZDHB, ¥IUNY, 71, I=T Y,
€T ATIRFEEN0EUEICERATV S, ¥
TV TIZ 1995 FEICERBH BRI RV BELI ATV S
(Mori et al, 1998) 12d b 5 F, 2000 ELAREC D
WMERD L, S, EEAERBICBVWTHERE
ZEfi3 5 PCR AR LI HETHAZ UET S
*V VBB EOBBOBM OBRIE LV L
REEZL, —F, YT IS OEFED VNN HF5E
Tid, ZBWOHBRLHEEHARKLHAFTHZOWHEB &
UHE T 2 AARBOBEEIEBEINTH S5, B
BRI EPENZ LIRS TS (BEES, 2005),
1989 ~ 2009 £ FED 21 FEM D b, AR THIFEx S
ELEFUNSRILER THTIIAIX34EM B
LU 7 a7 aid 7ERT VNN BREORED D - 72,

2-4 £&H

PHWELHNE LEHEEONREIL, BER
WAL L2~ ¥4, Zu¥4, o5 X, 2L,
I, TOCEZRLICEEREESINLTE, &
NoOREEIX, BADBRLTEESRTEBY, £E
BAREIZES L7: b 00 FENRBEICKE 22 bk 4
WIZERHL I E RS

ARBE TR L 72 2000 ~ 2009 4R B2V HE E 72RO
BEIZ A8 ETHY, T4 VAR 1234 (26%),
MERAS 176 B (37%), EWHH 401 (8%), &4
HUREA 58 1 (12%), RHEMF8L#E (17%) TH o7z
BHRPOBEIRD D b, BWEEICLA Y #E SRR
1%, AJETIX VNN, RSIVD, EEMERE MEEE
BEWE, Y7V AR MEERETAEE A7—F
HIE, FRGETIRERE, AMETIIHEE R
E () 23 DH, ThS 0K, 1989 ~ 1999 £ (H
RS, 1997 ; TEREM 5, 2005) (2BWTd FAARICHE
ENTWBI LS, BHAERRECHE R RE
T5ELERBOMEIL, REJBBLTVEREN
5o

ZOHTH VNN &, BB oEBRERL K
RBFEARE, HIRHRRHEARD, #HERREIZBW
T, MEGErL AEOHMEAETRIBEHREINS
BRCTHIEVZ D, BEORNBETHLFTINY
TIX114E/, 7HA 7<% A4 CTIE34ER, rsuvrsn
TR 7TEHTREOBREND Y, REEEEZBIL)
IR RBLETH B EEZ N5,
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E3IE XINFICBIBIN—2/F91ILIDRES
R

31 {FUBIC

FIONYE, AAXAFENTRNTBICHEI,
25 60 cm BEICHE T 2BHEONYET, FHE
Um0t EmES, PE, 583 ToRERIcS
i L, ERTIXIFICETNES L OCHAREREETOSE
HEIZE CERT 5, F& UTHBREMIC X 1 iRE
Sh, EENEBERTIE, —RIC[7av] LK
N, EbOTEKRTD L -OHBMENEL, BHRE
MELTHRODN TV IEELRBENSETH S, LH
L, MERBEOENPEERLICXY, EFEIEER
BELLBHI LTV D, EEEBDO—DTH S ML
WKBITEFINT OERBERIL, 1955 F0 28 ¥
2EREIC, 1956 05 1968 ST T80 b v H b
185 b Y CHER L TW7z2%, 1995 55 2006 E 125
FTRLMN 254 bYOBETHYERLTWD (R
A RILETAES BT, 1956 ; P E N E BB RHE
TERREL , 2004, 2005, 2010). #DEIIHETOEHMICE
BNzl 2y, BEAREIIEEE LTEWEHESEE
Nb, T2, REIZEEENTRNC &2 BB MEEH
P ERRWEHEE SRS (B S, 2003) Dk
DENCHHEEDIBL RAROEREIPNENW) ZICE
EWNRN T LS, KRBT & 5 BEOH
Rz HNE T2 RBWEONZEL LTHET
H5bo

FINY OBEEEICHET HH%EIE, 1960 £ LD
FIG SN, BHAREINC X 22RO KERE, MLt
BELTYFIX2ET LY (¥4 8ERR) Brachionus
rotundiformis DA N ORERR, BEARELEIERH
FREOMIBIC L ) FEEMHAE S, AR
FREFHEIC D S FEBNOW RIS WER 4%
HMfdm b L, 1988 £ LIMEICIX 10 HEkZ B 2 5 4
EVUEEZoTWS (fBKkS, 1990)s L22L, H
5~ 10 HOFAE B & OMFaEE» & Haic s
FTORER, BL2ETRRZL I, FRAHIC
LIFUIET A v AEmEEEE (VNN) BSEEL T
CEBEOREEEICKEE &L TS (Mori e dl,
1991).

VR T VHBAEREIIBITS VNN OBk E LT
PCRBEICHESCERRAORER, IHPOHEEFR
FAERAKOBRBEVRREREN, Tho2RENICER
FTHIEWCLYVERBRORBELFIETE S Z LGS
hTwb (Mori et al, 1998 ; BJ - HIT, 2000),
FHIZBWTDINY OEFHEETIE, FBEOFES

VNN ORBEFBICAERTH B LH{ESIRTNS (I
‘o, 2002) LAL, FINTEAREZ 7%
INF IR TREDNS V) 21, EINR O
HEEEIIC PCRBERICI =2 — L &2 AT AN
BRERNT 2 ZEFHELV, T2, BREINTIRZE
FPRNZ b, EFEBRIVEERICL ) ERTEHR
ZRINOMEICEEELRITTIENBEIND, —
F, BE SNV T VEATIE, RRAHLIVIZA
THAEERICHED O TERPBSEVIEE, T2, Fk
AEWIE E SINNV I3 S HROMBERENF N &
#*% (Mushiake ef al, 1992), EFTFE&TIZFINS
@ VNN BiBssi & LT, Z#imidcc 1 ~3FER L E
WHAZ AV, 33— FEIC L 2 ZBINEE R RIMEE
B (7u>7 74 YNPL10, HAZ + b= A4t)
12X D 100 m]/cm’® DEIEIREE TILEE L -3 (ML
T, SRAR TR L 22K E UV RMEEKEET) %
BATZILICLY, FRMICET 2 VNN O%4E
BFBRC& B L 9% o7z (IUTF, 2000 &4, 2002),
LA LZads, HAZERPICHEET S VNN IZEKR
ELTHEE > TV D, 72, BHE, RAFINS
PHEPCRIBIZEIOVNR—=F ) 5 4L W APKRHEINT
BY, A LTHVS RRAIRYIR L 4 5
AIRENTWS (Gomez et al., 2004 ; Sakamoto ef al,
2008) o

Z T, KETIE, 2002 FICETHTEFIIBNT, &
WAEBCHN-BASCERAE S 7 M % PCR
WEOBREL, YA VAOREREZIEETL L LD
12, A NVAPRE SN HATICBI) 5 BRIk %
BHRAEL. £, WRNED 2 AT, HHREB L
CIMNBE IR O FE 4 AT ORR B TRESI NI F
INFTRBEACBITER=F ) ¥4 W ADBEGRN
FREL, CNOOEERELY D LI, BEHAES
B HARED VNN O BERERB L OB #EICo
WTEZ L7z, '

3-2 MEBLUHEK
3-2-1 AIEBEXI NS

(1) ERHA

199 EEDOFEHAERE TIZ 199 FEB L T 1998 £ I2F
JEGR BT e T S M- Rk A 88 ik (e
£ 335 cm, FHKRE 763 g), 2002 4E TiE 1999 £~
2002 4 I R R TR E S 2ok 119 fE R (R
28341 cm, FHEKRESS g) HABRICHEL 2.
REAEEEKE (50 kL) KREL, BA8HEKE
ARSI SR (7 a7 74~ NPL-10, HA 7 *
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k=2 2%t) T (100 m]/cm?) L7z UV ALIRHEAK T,
EBARIMRVY MG L 1~ 34EBBE L A
A MLy bOMBIIRTT Y LY (EAH) - X
WA A H Todarodes pacificus : &R (B IEFEHR
REHH) 21:1:1:308ATERAEL, RELS
IVHIEERED 3 DOEETRIML 7z, BAEINIC
I DB-ZBREFE ML
(2) EHEESLUHADTER

199 FF R AREFra—FE Bz v RiBE S0
mg/L) TILHLAoBEZELL-ZEN2EH L, &
BFUOHORERRESIRLD, Frorzunry
A Nannochloropsis oculata T 72 13 EMHRAK 7 2L 5
Chlorella vulgaris B & L fLEFEM (74 v 27
V=, ZY—CANF v A8 BRIz RIS
BEEZEDLET, YFIXAVEILY (¥4 EHE
¥), TINF 3T Artemia salina %, BEHEF (B
MW TEME) ZHREL, 25~ 27COHEBFXKERT
BREBLEAET L. HE46 & 58 (FHEEK 318 ~
370 mm) TRT-PCR EMEoHf 11,400 A2 D 1
F, BELKAERICERE LS Ux4x15 mB
EU°2x2x1 m) IZPEFEL, UVREEKEFWT
BAFE GRASAME) 2R LERL . REI
1 EEFER ML 7

2002 E1X UV MUE K T L 72 2 BIR % HE K
8 (60 kL) WUNZEEL, 1999 4F & E#EOEERFICH
Bl HEi39~42 (F¥HL£E 255~ 314 mm) T
RT-PCR &tk ofef 78,300 A Z Iy EiF7-1%, Bl
FKAEPINCRRTE L 72 /NEIHICINE L, UV LEEKR D5
KCHAHAZHEHLER L2, ARICIZ4HEN %
RELZ-FATHEM® L &b, 2002 FAEAD—
i Bk 200 B DARRIC T EIcRE L, &V U ALE
KIS CHAKIRTHEE LR E M L7z
(8) PCRICKBN—4/ &) 1L ZD&H

N—% /) ¥4V AD¥MIZIEX, RT-PCRE&EB LT
nested PCR &% H w7z, RTPCRIZIZ 1 kY220
1 7213 2 EAOEER (B # 20 ~ 50), 5 @ #4D ik (H
70 ~ 80), MEMRBIOHE T 7238 (Hih 80 LA %
U770 B (KE 270~ 1510 g) TIXEM L%
K50 mg ZEERINCHAEICH Uz SR L 240N,
PCREIZE ABEEZBZ L) T TICTUTTREL
720 MRAALREA DO RNA OHIHICE, HROBEEM
MRl (7A4V V2, 29 RyYI—#8) 2H
VW, Yo a7 VIS TRNA 2 L7z, 5507
RNA 13 Y% 2D 01% DEPC (diethylpyrocarbonate,
FhATATFATE) WE LB THERL T,
Wi H U 7-RNA1uL % 8 ® & L, Nishizawa et
al. (1994) ®# % L 72 RT-PCR |2 # U RNA2 ® T4

FIHMEFWIBE L2 Tbb, MR 54 ~v—& L
T F2 (5-CGTGTCAGTCATGTGTCGCT-3) & R3
(5“CGAGTCAACACGGGTGAAGA-3) #MEHL, #
=B B 1213 Super Script I Reverse Transcriptase
(—=E7414 v ¥v—%t), Tag DNAARERIZIE
Takara EX Tag (#5554 7 8) 2RV, —
< VY4 75— (GeneAmp PCR System 9700, 7
T4 RNSAFVAFLX) W2&h, 42CT305H
OHUEERIEEB I v, KIZHBT T HH O
W, BCTHORHoT=—y>r7, 72CT4HOR
HOMEBEREDFTA 7 VE BB 2oz B,
RMOBEEB L UTRBEOMERISORERIL 5 M
& L7z FevT, Nishioka et al. (2010) D FE:ic#
U, Nishizawa et al. (1997) 2885 L7z T4 HIROE
BIIEOVWZ4LADDOR—=5 ) T I A4 NV ADEETH
n9 b, RGNNV BEFRICKENE T 74 —Td
% RGnf (5-ACCTGAGGAGACTACCGCTC3) &
RGnr (5-CAGCGAAACCAGCCTGCAGG3) #%# H
V> nested PCR #3827 - 72, nested PCR Tix PCR
BB (10 mM bV R 3R : pHS83, 50 mM KCI,
1.5 mM MgCl,, 02 mM dNTP) O&E% 25 ul &
L, Taq DNA &RE#EICE Takara EX Tag (¥ 7
S5 F8) %25 unit, HFFI5Av—%02 uM &
L 720 ¢cDNA (complementary DNA) O ndefti,
BEENIBCD R, 7= r265T o 305,
HERER2CO0HEL, BOOBELERED
BMERIGORERIZ5 58 & L7ze PCRIEIC X b HEIE
ENTZRB DO RT-PCR OWIREW D 1 uL O %
FrSr—=1re L, LBROPCR K% 3004 7T
#YEL7e RT-PCR B & U nested PCR I & % #iE
EYOMEHTIE, Y Ak ER /EDTA BEH (046 M
Tris, 046 M =78, 001 M EDTA) THEL/Z20
% Nusieve 3:1Agarose (B T x/804L) TERIK
BrBIiw, TFYTATOI FTHREE, TV
A4 W3 A—%— (CSF-10CFC, I RE - /54 F#h)
I2& 9, RT-PCR TIX 427 bp, nested PCR Tit 258
bp DEIFEY OFELERL 7=

3-2-2 KEAFINE

(1) BEHT

KRF INT OWELFT % Fig. 312, BAEB IV
K& &% Table 6 1278 L7 2002 4E 9 A &> & 2003 4
12 A O BICE T O R (18 8 4A) & ik (75 k),
AARMEOERE Q7 A4 B X OJuNdE R (12 &)
DAERICBNT, EBDD VTR LA L )
N5 12D X Iy i % AF Lz, 134T



MEREFB.OD 7 A v A MEREERICAE D B BRI 72

TR L 72 IR T 36 REI LAIC RilT & IC#A L%
R PITRE L, IRBEROMBMAR B, LR B,
O, TPBE, BRBE, BB X OVERR E MY v v
E LT L7z ZORRIC, JEEED IR S22 )
MENT NTAEEMREHIRT L7z SRNL 20 7 vid
WA S 5 T T -80C THHRAF L7z

(2) PCRICL 271 IV ZBIGTF D LR HEORTE
BWL72% 7D ) B 50 mg % RNA fhliic
it L7zo #A TV h 6 RNA ofiiiti s X U PCR
2 & B IEIREY OMERRE, Al & RO FETERL
720 BB BT BT AV A BIET- OB DE N
IZ2WT, RTPCRTOYA VAT TIEZS 5 A
V- T —1) ZMEx v, nested PCRIZ & 2 iz
Ty ZFEMREZFEH L CEEEERRE LT,

(3) IEHMARIC L BT 1 IV X8k

PCRIZE D 74 VW ABIEF M Shi-—H oY
YT WIIDWT, E-11 Mg (Iwamoto ef al, 2000) %
HAWI A VADGHEZFER LTz Thbh, EELZN
E L2 v 7z 9 5/ o HBSS (Hank's balanced
salt solution) % Nz &L, 4C T 3000 rpm ® 15
GG Lz MURL 72 i 2 9LI% 045 um D 7 4
V% — (Millipore #L#) TA#\ L /2%, HBSS T 10
EARRIN AR L, PO T VORI 70T
L— MTEE L E1L MRS, AL 2B 50
ul ZHEREL 7214 25C T 10 HRI3s3E L, MifnZEMsh
ROFHOAEA S Reed and Muench #:12 & 1) 50%
OB L TIEYT B 4 VAR 7 4 v 2l
& L TCID;/g & K& 726

(4) D BEY A )L 2 DIREM R
EWFE&CHREAEISNZF UM (FYEE
5.3 =045 mm, ‘FHAKRELI + 046 g) = fitilfa e L7z,
MEFUZ BT E F CTHiEH® 500 LoRER) 5L v
ARANZINEE L, 7Kil 25C C 3 HHfHE LAEEECEI

15

B, RARFIUNY LS EILMRICE ) 5B L
7oA VA, E11 MR CRAAPREICE D 3 EHEE
Loa—=V 7Lz 70—V T L4 VAKRD
) 5 HE TR S e KR @ 18k (RGERi02
FR) & ERBORKMBEFRD 1 ¥ (RGFuk02 #) B
X UBPER R & LT Y % i fa il 3k @ RGOka99 #k
rHWT, FIONFHEAICHTEREERBRE B
ol 1 AKX B0 20 fEfk% A L, HBSS T
AV A G Sl % 10 TCIDsy/mL (CFRAE L 72 4 L
A 50 uL & MO EH A PIEARRNCHEE L /-
% 1001 RAEIZINE L7zo Bkt BEIX ¢ id HBSS % [F
FRICHRE L 720 MEAIIKIR 25 ~26C T2 AMEE L
FBURERRAE L 74 VAREOREIIFEEHDOH
BLOUOWDO RT-PCR MAETHEN L 720 £/, —HD
A TIZEIL ML) Y4V 2AOFESEERH
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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

5 Capture ‘ Number Total Body weight
Coprune plaet .oy = o0 et of fish length'lem)  "ig)
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 23.9*t1.4 210+ 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 4151231
*1Mean * S.D.

*2Include four individuals of artificial produced fish.
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Table 7. Betanodavirus (RGNNYV) 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 (RGNNYV) detection from
reared brood stock of redspotted grouper by PCR
method in 1999 and 2002

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

Year Number

of fish Eye Brain Gonad
1999 124 ND* ND 0/124 (0/124)
2002 10 0/10 (0/10) 0/10 (0/10) ND
* No data.

HIZ X DR 72 B oMYA % Nguyen et al. (1996)
D HFEIZHE U TH SINNV &7 ¥ 54k % v IFAT
(Indirect fluorescent antibody method) 2 & ) 458
HEOHRMEB I kol

3-3 & R
3-3-1 AIFEBXFINEG

(1) PCRICE BHEALPSDNR—5/ 4791 L ADIEH

1999 B L TP 2002 LR ICEE S N HEA O PCR ¥
WL BR—% 7 ¥4V ADOKRBIRIELE Table 7 I25R
L72e 1999 SE A A TIX, HEN 20 ~ 50 DFHEA T
X PCREEMHTH o 7225, HRIFREEDHE 70 ~
90 C—MOMAITEM KL EORETHERL,
IS DEMEIERT-PCRE®ETH 72 LAL, &
D% VNN OFER % /R T EARIZAE R SMICIERET
RELBEBINEL Bo2d, WIFHMEFRLLA
#5 1,300 ~ 1,310 O BFHR B L 72 26 M4 Tk, RT-
PCR TR TH o> 72b DD, nested PCR Tid 18
WD 5 7 4 W AREBETFFRE SNz,

2002 £ EATIX, VNN OEIRZRTHRTIERD
SN oS, HER 110 ~ 120 ORBEICHEA L L
THEAE R~ U 72 ADS, 8kl BT VNN @
ERZEL, BCEEAPPCRBETH 722 LD
VNN OFEDVHER SNz, MR ~E% L -fEA L
FUEEBHCTEFITEICTERFOAD T AV A KG
RRZHELALI S, HE70 ~ 120 © 90 Beikig,

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 oW b BEHETH o7 L
2L, H#130 ~ 160 @ 35 ik TiE, RT-PCRIZE
T3 o 724 nested PCR Tl 6 ADBHIETH - 720
FoB, HIE2H» BT TERLA-HE 450 ~ 470 ©
30#E T, nested PCRAST R T OMETHMETH -
720 PCR TYA VABEFIRBENTA, ZOH
BT VNN OB 2 EREZ R IHEARCTETIIED
b hoiz,
(2) PCRICK AL EDN—2/ Y1 I ADIKH
199 FEB L2002 EDERBADPCRIEICE S
N—% ) T4 VABETFORBHER % Table 8 1278
L720 1999 F 0 BB A TIX, 124 RO AR %,
2002 SEQOERBA TIE 10 BRI OVWTERB X %
ZFNENREL72HER, WIhomEIcBWTh RT-
PCR, nested-PCR & b IZBEETH o 1z

3-3-2 RRFINH

(1) PCRIEICK BT 1 IV X 18H
PCREBICIABRRFINTPOLD T 4V AKHE
Rx Table 9I12R L7z, HFRWBERSTHREI N
18 kD 5 B, RT-PCR HETIEY 4 VAEETIIR
HWENdo722% nested PCR Tid 4 HE (BH=R
222%) oA VABETFEE SN2, FRRICHE
PRI ClE S N 75 kTt 3EA (=
40%) & 22 fEfE (BRI 203%), HRECHEES
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Table 10. Detection of betanodavirus (RGNNYV) from each tissue of wild redspotted grouper

by PCR method
Captured Detection rate by RT-PCR (nested PCR) (%)
No. of fish

area Retina Brain  Oblongata Spinal cord Heart Liver  Spleen Kidney Gonad
A 18" 0(22.2) 0(16.7 0(111D) 0(11.1) 0@6.n o0(67D 0@67 o0@LD 0QLD
B 75 40(26.7) 2.7(29.3) 1.3(240 13267 0267 0(21.3) 0(253 00187 0(8.3)
c 27 3.7(51.9) 3.7(619 740407 374449 06D 0 0 0B 0 (0
D 12 8.3(25.00) 83(16.7 0@16.7)

0(33.3) 0 (0 0@ 0 00 0

Total 132

3.8(31.1) 3.0(31.1) 2.3(25.0)

1.5(28.8) 0(18.20 0(14.9 0166 0(12.9 0 (6.0

A 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
(RGNNYV) from the wild redspotted grouper in 2002

Captured area RT-PCR Nested PCR Cell culture
Middle area of Seto 410300 /10 (60.0) 416 (66.6)
inland sea
Wakasa bay in Sea g5 ;3 g) 715 (46.7) 4/7(57.1)
of Japan
West area of Kyushu  2/12 (16.6) 3/12 (25.0) 0/ 3(0)
Total 7137 (18.9)  .16/37 (43.2) 8/16 (50.0)

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

N7z 27 BECIx 2ME (74%) & 14tk (519%),
MG RHR T S 7z 12 R Ci 1 EE (167%)
& ARtk (250%) TdH oz RAEEIHEETIZ 132
B4k d 5 % RT-PCR T 6 4 (45%), nested PCR
T 44 iR (333%) 254 VARETIHRE S,
MERITWTROEIRIZB VT D nested PCR D FAS
o, MENBERBTHRESN-FI NS 18R
o) b A EEE, EEBOWBRED S AT EES
LHEBT &N, [AhOBEEDP S D 74NV REET IR
ENGhole RT-PCRIZE B A VAR,
BRI TEEZRIED LN d 57255, nested PCRIZ
X AMIME T, MANERBEEREB LSRN
WL BERBEOMIZIX, ThPhEaEE (p<005)
AR b7z,

HMEEBIDOPCRICE BR—% ) ¥ 4 )V ADKRHE
£ % Table 101/ L7z, WHMEAHRR MM, HEBE, 8
OMBHEBOVTNIITBIT LY LV AKRBE,
RT-PCR T 38%, nested PCR T 31.1%T& o 72D
L, (DR FPE, RER, EEE X OCAEEROVWTh
P ORERTIZ, nested PCR THOA 182% Akt TH -
yALS
(2) HEEHRICE DY 1L XS EE

PCRETHE L 2o o—8HOY ¥ 7N (HEIEHEL,
Bk X OHERE) 25D E1LMRICE 55 4 VAL E

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

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

Control 0( O/Zb)

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

*2 Jsolate 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.

WR%Z Table 11 12" L7z VA VAR GEHEINHE
Rz, BEENEREOFINY TR 6EEDI L 4/H
&, HERBEBOBETIZ7TEED) B ABEKTH), W»
TNhD RT-PCRETEHEROT >IN TH ol JLM
PR nested PCR B3tk - RT-PCR & 3 LD 5
&, A NVARGES N ol A4V ARSI
12, WAL T 10°° ~ 107° TCIDy/g, Bt Tk 10%
~10” TCIDyy/ g, EBETIE 10°° ~ 10 TCIDyy/g T3 -
720
(3) DB 1 IV X DREMEHER

FIUNYRKBAEHD 558 L7 RGNNV ¥ (RGEi02
%, RGFuk02#) #% f\» 7= W M Bk OO f% £ %
Table 12 & Fig. 412, RGEhi02 BB & BB tEnt i
D RGOka%9 Bk BRI DIET- A DRIEMLE D [FAT &
$% Fig. 5127 L7z HBSS % 3:H L 72 leMd K ©
BRETAZRD SN Dol 14 HEDORBRETE
tX RGEhi02 #k %% X T 550%, RGFuk02 BEu B X As
30.0% 35 & U°9% £ H1 3k  RGOka99 #k T B [X 2% 20.0 %
THholo BEAEIZOWT RTPCR THEX B 2o



18 Toyohiro NISHIOK A

7R, ETORCHOMBLS X 25~ A )V A
ZF2 &, E-1LL M T 4 )V 205558 S hv 7z,
T, R LT N ToORTHOMEHERICN—5 )
5 A N ARERBUEOFAED R S 7z (Fig. 5)o

3-4 £ =

FEFEIC BT S F I FH A REBETO VNN
DFEAEIT 1991 4~ 1994 4 F TRO bz, BElE
kEfE) KBTI, 4K 3~ 16mm (Hi#E10 ~
35) OAFfICTEA LA G5, 1994), T &E
7 ~ 20mm OB 5 VNN OFSIE & KL
&, THIL B IR ARE SRBRYy  (BLIL & KR M e & ~
¥ —) IZBWVWTHHEHHLNTWS (Mori ef al, 1991)
FE L THAPSOEEMLEIFICLVEET LIS T Y
@ VNN TiE, H# 10 F Coffailicgisys2 L
M, EEEFERT —HEEEZLNTEY (Arimoto
et al, 1992), ¥ I OfFAINZHEAET S VNN b &

60
s f
= 40
g 30
o
E 20
S 10

0

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 (4 ), Control (2&).

<7 YO VNN LIS, #a o 0mERIETHE S
LTwa eI Nb, AW THA L 22 HAD
PCR i Tl, HRMB X OERBA S 7 4 Vv A
R ENT, BRBMANR=F ) 57 4 LRI
BIRLTWB I EEZWHLENIITELRD o720 —FH, ¥
<7 VOEBBAIIBIT S SINNV K 5 P,
R RWIEE, FRTRWIEERINENEL 2
LEMEZRL, JUROEERD EAIZBAKRNTOY
L NVADWH % BT D EEZ 5 TWS (Mushiake
et al, 1992 : BB, 2000), EWFEDF VN7 HlA
HE TN VNN 29384 L 72 1991 4E~ 1994 4E 123
5 HATEOREBAERIL 2 ~ 84ETH 5 A%, FMIH
BREWEAE T, MM AERICHOINERS L 2o
THH (B, 1994), VNN BiBkase & U TR
MW IEFT TOHMOBHR T — FANC X 2900 HB X
UV R Z W fFICL Y, FEA MR T
D VNN O3RN o7 (1T, 2000),
i, RO RV S ORI & ¢
NI, S OISR & UV AL KO LD,
WAL SDNR—% ) 77 4V ADQEE(EIFEOFES ML
WEN, VNN OFEMGF-SHP LzboeEZLN
Ho SO ENL, FINFHIUT VLRI, E
1T D ZE R R A S BRI T A IV AHSHEIN L T
HEMEINL,

Y7 YD VNN TIZHRY b ¥ 3 — FIT X 5ZH50
HHEDATIE, Fa~D SINNV EGeZ I TE 22 Wn»
(MW, 1994 5 A6, 1995)0 1999 4F & 2002 4ED F ¥
NG ZFGIRDOWFEC & B VNN Bhksa s Tid, <
w27 AW AEGA BT & e h o7z, I
VNN OFFER R o72b 00, Ao uwT—i8
DA T VNN D FE4iER nested PCRICE ) 7 £ )L A
EEF M SNz LM S D, —E8T VNN 235
AL 721999 A FEF T, 34EBRIZBWT Y nested
PCRTR—% ) ¥ 4 WV ZAD R FER SN, 3~5 %

Fig. 5. Specific fluorescence in the retina of dead redspotted grouper challenged with
betanodavirus (RGNNV). (A) RGEhi02; (B) RGOka99.
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HEBBEIZ PCR T A4 VABETHPHRE &Iz 2002
FAELETIE, HIE2» ARCBVTHL YAV RE
EFPBEENT, ThenZ ik, R—=F /594
VAR L72F I T, AP IANVAESE
ZICHERT &S, RABICH D ABEEEREL TV S
TEERLTWS, BRERREZFAEL 2002 F4EE
T3, nested PCRIZ X 2B HFAH #5130 ~ 160
TIE171% TH - 7245, O 450 ~ 470 Tid 100% 12
EL2Z DL, KRBT Y 4V APENSE
REDMOTATHEL TWAEEEZLNSL, TS
DOFATIE, BEMBZHV ZIANVASEZBZ
o TELTY, BREMEETLIIANAEZRELTY
EHEAHATH 505, BHED L VIZEEICDA-T
BREPERTA2HREEORELEZOND (KM,
1997) .
RKRFINTIIBITFBER=% ) T4 )V ADBEHIR
WTIE, HEDED 4R THEEINI-RRFING
132 k% PCRETHRELZZFER wWIiho@gT
BEINZFI NI P55 RONNV #EFRICHEFRY
% nested PCRICE D 74 VAREFIMHIBER, %
OEHEKDO—EBHL 51, FINFREAITHEEEER
TIOANVABEI MR THEES N, ZhbnZ
»h, RRIEHFAICEBLTWAEXRINTH, K
H%ET5RGNNVBOR—% ) 74 VA2 AL
TWABZEPFHLPIC ol LzdoT, RARFY
NG RER L -BAOBE A E~O[AH I, EldE
BCHETS VNN ORFIRL 2D LEZbND,
BRPEEORAEBORKRABITBITER-F /5
ANVADOBHTIE, ZhETic, 7THI6R27T#HOMA
S PCREIZIY YA VABETFIIBRE IR TY
% (Gomez et al., 2004 ; Sakamoto et al, 2008) . AF;
BRI THESNIZKARATPCRIFICE BT VA
BRETFOREPESAFEORINEIE, RT-PCR TIE®
54 H3100%, 7V, B4 Katsuwonus pelamis B
X OF Y Thunnus albacares 1%, TNEN33%T

»Y, RGNNV EzFR & SINNV BIZTEZGbE

7z nested PCR TlZ, #4147V Kaiwarinus equula 7%
462%, =T TN 300%, BV FH233%, <YLk
THIN S, australasicus B 200% TH - 7z (Sakamoto
et al, 2008), KRBT ERAXFINIDTIA N
AMHEX, RT-PCR T45%, RGNNV EzTH®
nested PCR Ti2 333%TH Y, Zh* TIZHARRE
DRBRATHRE SN TV D74 VARBIEL KT 5
L, FINFREIANABBEIBAEICMEEMNT
5hb, —7%, 48283 nested PCRDO W A L
AR TIE, FIRE L WP NEEIBE L WA NE
HERE DI, y ZHRME p<005) WKL) EEE

BREDLN, WHIZE o TRAFINI DT A VR
LORRBELRDEEZOND, ZOHEPSTL N
A D BEGRPE NI S BARBORRBTIHAT
ATl HMHAEER~NYANVAREARZRFHAL
HRELRBETELTUREEZRT. RRAZ VYD
PRDV (Penaeid rod-shaped DNA virus) O#HERT
B, ERFEMCL VBT 5 LML TV L
o (HEAS, 1998), BEOBRICIBIT 6 KKFY
NI DA NVABNEZ EHHICHEL, BEECA
FRHLBRHFEOBNZILBTILENDS 9, Th
LOT— ik, BAGBHELEATLIRHCHIEE RE
TOROEELREMRICE VB S, PCREILEIE YA
WABET OB TIX, RT-PCR THEE % o 72804k
i¥, nested PCR TRETHMEL % o725 nested PCR
IIRT-PCR OMIREW 8L L PCR 2175 2 &
%, RT-PCR %$&E T nested PCR 238k & 7 B #ufk
PBHh, UMDY 7 VIZB W TDH nested
PCROFNE P oTze LIz oT, RARAITBITS
TAWABREOEEERET 5121, nested PCR %
AVZZLBERHTHLEELZOND, E5IZ, ¥
ANZAERBTEHEMBE LTI, BRAOBETD
BRI B R EMIEYUTHELEZDL
N7z, Sakamoto et al. (2008) i, RT-PCR&d 5\»

FREEPS EINMBEERACTY L VA5G RA
72, TANARGEINTY R, T2, hFFD
KIXD winter flounder Pleuronectes americanus Tl
B &M oMfk%E 7 — N L SSN-1 (Frerichs et al, 1996)
MiEAWTY I NVADGEEEBI o 7245 R, 440
EFLFRICIEEL LT A VAKSBESI LD
HTH o7 (Barker er al, 2002), AHFEIZB VT
E1lMBTY A VABGE IS NZF Y 7 Vi, RT-
PCRETHMETH o 2o RT-PCR BEDHH BRI
10* TCIDsy/mL @ 4 NV RAEESETH B 2 & h b,
A NADFEEN50% EEHoDIE, Th5D
BAENDO Y A VA BGESIHA 10 TCIDsy/mL YA ET
HolZ liZkBrEZONE,
AWFEIZHWLRAF UNF L, ERLH LETHE
EINTVEIEPLBERLEZEZONSD, —HD
fEfE T2, FBET 10 TCIDsy/g, WA S 107 TCIDsy/g
DET ANV ABEHMAEE S, 2 nested
PCRIZ L ) FEWZHTdH 5.0, I, JBE, B
EFERDP ST A VABETFPREB SN, C0OX5 %
RIS, PRI DY 4 VR B AR L 7 Rtk
BEEEZEEL, WEISNRETEREIHEITL Ty
AIRBLEZBZONFRYKLEbNL, T/, RAFY
INFTR—F ) T4 VA EYE L TRIBEIREIZD 5
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FlasHE SN TWD (Gomez et al, 2009). TN 5D
WMREZEZADLEDL L, R NVADNF VNG RRME
DEAED LBl EZboTnb bbb
%

Pk, RETHRRTEALIHIZ, VNN ZZHEL R
MEfBTIZ, 1300 HULEIZBWTH 7 A VA ZHERT
T, BAEMORRKET VNS O7 AV ZAEGLRITIZ,
WL ) R TEWELODT AV ZZEG LT
WARBRERPELET LI NS, FINT O AR
WRIZBIT S VNN o540, S0 5 oREiaikic
E5 L ENTz, EWIT4TIZ 1991 £ 5 1994 4F
12642 L7z VNN Ti&, R TRERT M-
7oo FO%, FEWIH A 3 ELN OB B D ZHEIH
ZARY NI — FAITINE®S L, UV LK Z W
LB EEBI )T EICX Y, MW EEERRET
D VNN OFEHEE R o7 G, 20000, L2 L,
2 ) BP0 F RIS —B oM T VNN o
FENRD SN LLER, BHE RV OO nested
PCRIZE D I A NV ABEF VMBI EINDE X H %o
720 TOEAHIZVNN OFEIFHRNRN—F ) T 74 )V AD
Heth 235, A S AEMIHA & REHU AR 2 o 7201,
Tl U 72 BBt 5 & 0 Bl & DIEGe T A b A s
TNz E2z 6N b EBRIC, BAHBITET
D 1999 FEDFEAFEIZB VT, T2 & 54D
b CEREZRBEAEBUIA) oRBIHZR S i Twiz
BAOEEPLOZRN AL, R Fra—FHlcE
LINHAEE B 2 v UV BRI & 0 Bl AR L7z
fill H T, He 25 O M VNN 23584 L BEsE
WAL TWwWab (FA, 2001) 22 EDH, FIN
FIZBT LB DS B, KA B O F)
MR AR KL RoTWD LR LIRS,

EAE THPIEAILHET B4 A EEIETELE
DRAEEFT R

4-1 (FUOIC

52 EOBEIHBAERRIIBTCT AT A D74
W AMEMFEEIEE (VNN) 25, BEUEIChz D F8EL
TWhHZ ERRNLT, F72, HI3FTITBWTHMARE
(A3 2 BRI O RRF TN T 257 4 )V ARG
LTWwWaZEaRL, RAMOPTYAEY TO VNN
DEGIRE 2N HFH T EXHLNIT LIz, AETIE,
FONY LRBRICRRBM D ORI 2R L, FE
BRI ATAEET LT AT T 4220 T, VNN
DFEEIRVEOIENR, YRR O B X AT OFE
HEE TR B DR 2B B IO W TG L 72,

TATIIANE, HRORMAPEBLE 2SS F
MO KEE 30 ~ 200 m AR T AR EORM T, it
Pt 2 b i i 2sm <, v 84 R e 7 X2
LawEfhf e LT RilE0EE R KEL R L
o TWwah (BLA, 1999) (Fig. 6)s LAL, WT4FIE
BHRPRDLOOHY), TIFVAH (Yyu7=y
A Branchiostegus albus, ¥ 7 < % A Branchiostegus
auratus & &) OWMERIL, 1986 40> 11451 b v %
Y— 27 & LT 2000 F 2T TEBITRA L, 2005 4F
VIREE, 1,000 b 206 1500 b > O CHER L T
W2 (Fig. 7)o ZD7-DFEMEDOT G & LTI
D S, 2007 4F1CiE 3RS T4 R 30 mm
A ZOFW K 8 TR E SN T VD UKEIT 5,
2009) o

EHHITETIEIBLIENS T H T < A HADERK
Bt B X OH AR R OB E2 B2 - TBY (K
BE S, 2001), 2004 4EI2IE 4R 98 mm A4 X Off
1.6 TR E RS 21282 o720 LaL, 2004 4£12
TR B A2 P S A 2005 F ISR & L CTHE M L T 72 fE
B POREENIEL, TR0 EAB 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).

AR S VNN DERT A VA THER—% ) F
ANAHPBH SN0z ik L7z, BORICIEE
BRI TdH B VNN DIRRGDFRD & % W D A7)
HnubshbZ bths, VNNIEZTHT <514 O
FKeHHETLLETORED—DLLR>TWVS,
KETIE, 7, 7THT7IFAHATO VNN D5
AR REEREBIE, YAV ADSHEB X UG EEY
ANVADBETENMEBI e olze EETHITICLD
JAR Y 4 )V ZAHRGNNV BB (E T THo7o 2 &b,
ABEFRICEZEIB VY & F TGRS
X OREMEEERE L. T/, BALZFAFKRICLS
VNN OBZZRE L2 RIZ, T4 IV ADRBYRER
RWET L0, BAELTHHATAIRERT TS
A ARG TR E LTS 2 RARANFHICON
TIANVATAEEZBI RV, ZNO5OKRICEOSNT
AHEOMEEPEIC BT B VNN OB % i U7z,

4-2 MEBLUFE
421 FHTTEA DEEERE

MEAEOMEAL LT, EWE (2004 4), W
(2004 4E), BRI (2004 4E) B X ORUERRF (2004
~ 2009 ) OHAMEHOME TEMICE Y ESH
Te Rk % 7 (Fig. 8). i, A2 LRETE
NENORTICH HiaEMFIME T 721 3KERBS~
s U7z ME AT, AfAE 1 kg l2xF L T HCG (human
chorionic gonadotropin, #EE##IE) % 300 IU ®
HETEHARIES L TR EFEL 2o AT
PEH L 72BN RADHEB A D G L 72K 1 & i
BLTZRINEE 2. 2B, B3R AT
(Morisawa, 1985) THEMRA L, HRAFHIHAS 72 K¢
VRO b D%V, BoNZkIN 2% L T
TS CORMWAERICMHER Lz, ZHINZ, 2004 £ T
IR L2 A @ik R RV R EE (Ta v

128°E 132°E 136°E
38°N = L

38'N

Sea of Japan
o
36°N I 36°N

34°N i
e,
#

32'N I 32'N

Pacific Ocean

East China f
Sea T

30°N T T
128°E 132°E 136°E

30°N

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 Y NPL22, HA7 + b4 v 248) o
BL7 (BEHE 100 m]/cm®) UV LA % 7 L
72100 LAKMEICRA L, B ELAINOARZFAEKIET
H5H50KL T2 ) — MKENNE L IR - 19
~ 28 ¥ /kL)o 2005 ~ 2009 4F 1%, f%aR3 % VNN
Bkt 3% i L7214, k9% 0.3 ~ 35 JTHL /kL D
BETHBKENERNE L7

SMUF MR OFEE TIX, 2004 FI1FTFIXVERT A
V(F A EER) EHE 32D, ¥4 IXYRT AV (N
) ZH 12 00MHEL, Z20RIBERICADLYE
TTNVTITHE FEEHECE o TEHROGHL
72 AR —F Apocyclops royi, 4 Y7 I Neomysis
intermedia R° Y ¥ r ¥ LY Plesionika semilaevis @ I
YFRESZ, RBIIEAFRZEE L. 2005 F
VUBOMEIZIE, SHINF—F LT CHIIER L%
Moz FEKIRIE 20 ~23CICHTEL, H#H43 ~
75 (£FEH 19 ~59 mm) 1ELR, MMz AEK
A HED 1T, Bk THOKEICE L CERA R
TER L7 BRMEFIE, 2004 FidKiEE 20C 2
BIRAIET EETI6T & L, 2005 4F BARE X B ARK
i (12C) CFTIERT s E7,

4-2-2 THT7IHEAHAICH TS VNN BRE

2004 4E 12 A 25 2005 4E D 1 A i2H 13 TAKIR 16T
THEBEHOMEMA (H# 61 ~ 90, n=20~60), BL
COMICHT Lz (H#80 ~ 86, n=48) » 5%
NBDHE T 7213 % 4 L7z, Nishioka et al. (2010)
\2%t> T PCR ¥ (RT-PCR, nested PCR) 12& ) ~X—
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5T NADIESY V8o EgIET OME, E-11
Ml (Iwamoto et al, 2000) ZHW/z 74 VAL HEEE
BghMoflE, BXUYALNVAEEFHENEZBES
Bolz. 72, WWBTFEHEERNV <) ¥ CTEE LR
BOHBIUHW (0=3) koW, /X574 YYH%
FEBRLTzo AR MFVY Y - 2 F T UL OR
7 (BRI 2B L%, Nguyen et al (1996)
OFFHEICHE LT, PLSINNV 7 Fhihz Huwizdt
PAREIZE D 7 A NV ZABEE R L2,

423 4L REETF OEEEFI OB

RTPCRT % & 1 72 PCR E ¥ %, FreezeN
Squeeze A¥ YA T h (N4 FF v Fit#l) 2HAWT
REA2TNVICHENWT T I —AF A ORER L7
BMUMBIE, Y-z ATk AW
ABI Prism dye terminator cycle sequencing ready
reaction kit (7794 K84 F ¥ A5 4 A48 12
L DBEEL 727%, ABI PRISM3130x]l Y= A5 4 v 7
TFrIAY— (TTI4 N F VAT 5 X)) 12
VY=LV A B hole 74 VAKDREEN
LR, EEBEBRBICESE, EBEAEICL
THYERR L 720 75588 % NV CRET L. IS8
DFMEIIE PHYLIP version 32 (Felsenstein, 1989)
RV, T2 FZ v FEITE DY 1,000 BOFEITHR
EEBI ol BIEMEHZEREZLEET 52012
N=F ) FTANAOERZETRORER, Tib
5, SINNV #fzFHIZid SJOri # (Nishizawa et al,
1997) , TPNNV #H{nF &2 id TPI3Kag # (Nishizawa
et al, 1997), BFNNV & 1z ¥ #! | i BF93Hok B
(Nishizawa et al, 1997), RGNNV #& 1z ¥ & I2 &
JF93Hir #& (Nishizawa et al, 1997) 3 & ' RG91Tok
¥k (Nishizawa et al, 1997) % H\:72,

4-2-4 PEIAINADTNEZICHT BREM

DEEL2R—F ) ¥4 N ADFEREOTERIE, A
THESRZIN A (£E226 £ 15 cm, AE
197 £ 33g) IZHTARERRKICL VB Rtz 7
AT YA IRAHROGHKR RTKyo0d) Z#HET
HHEBX L, NI HAHKOSHER (SGWak97 ;
Iwamoto et al, 2000) %=HFE3 5K, HBSS
(Hank's balanced salt solution, Gibco #t#) % HH
THRENBXZHREL, FhEFNR2KEERT
IRBX 1 Ak#Elcog ey a5 EEZHAL,
10" TCIDy/mL (3% L 72 ™7 4 VA £ 72 1% HBSS
# R LR G 720 100 u L oS Lz, #A

&, BaoBdEkEe A ERRRERE (ESF-30, #
JRFEREME) XD ERLBHAF VTV P EUS
SR, ARV REERRTRELZEK (U
T, WFLEEK) ZHVWT2BCTHRAATL, &
HEEHH ML T 14 HMBIE L7

4-2-5 A INABRERE

VNN ORBRFEREZHEET 57201, ERTETER
BEBHIZEELTWAET ATV 85A (&5 288
= 2lcm, n=3), Z5PICHADOEELE L THEHL T
w7V (&8 221 = 16cm, n=8), HAADET
HHY v ¥ (kK47 = 61lcm, n=10), 1%
¥7 I (K50 £ 06mm) BIUPaRE-F (KR
600 ~ 800 um) %= PCRMFICH L7z BT AT
FABB, T Y, Vi yIEiREE2EENICRE
L7z AHHT X 1A YE7-0 3EAEDE &Rzt
KL (0=3), INE—FZ1HRMAEL7-D 700 ~ 900
ka7 — L THRECH L2 (0=3), 72, 2005
E£D4AFT9 AICEEE, BHE, LOBRBIWT
RIFROHARBROME CTEMIC L D BES NIZRA
TATEA (&5 287 + 21cm, n=234) 122V,
ENooH BB & UERERZ EENNICRE L 72,

4-2-6 FEKE & VNN HEEDRFR

TAT YA OHEEEFEROFAF KR (20~ 23C)
EERFICBITAEEAKERE (12~16TC) 28&EL,
fEKEE VNN BEOHELRAEL 72, 200641 B
5 HiZ nested PCRICX 2 MHIEHN17% (n=60) @
KEEH» S, EIEEICEY BT 400 MEDOT T <5
A fefn (&R 48 = 05 cm, AAE 17 * 04 g) ZFV7,

R, BERBALLEAE EBICE - VEBIZAR,

FARF O —VTHE L EHITEICERL 720 KRS
BS 7o HEAAIE 1000 KA 4 1812 90 R3O UNA L 7o
REBXEEhZh 2 KEiRT, #HEKEOENIZLY
miEX (213 = 08C) & MEhiEX (143 = 05C) %
RE Lz, RBRYME3ARE L, RAALEES
1 LB K OFKTHE Lo 74 VABRIIR
ReRET L7720, RBRFBROMA (n=20), R
MM ORTA, B L URBRK TROAZRMERE (n=10)
DHRERZ B L, EHBIC PCR 3 THRE L 720

4-2-7 VNN FhfgxdsR

VNN ofikr 2z H#9 & LT, 2004 4F 5 5 2009 4£12
B A EHAEBRET, HADSOBEERE L ATK
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NoDT A NVAEEZBRT 572012, BT AV
2AHets, ZREIROHEH, B L OHKOKREITEICDOV
THET L7z T%bb, 1) BEOY A IV AL
HREB I b3, HAKICUV AR EKEZHE L7,
) ANTEHICHER L7224 o H % nested PCR
THRAL, BHEOBA»r O/ -ZRINEHETAZ L
o AL, KIS UV RELEK T 72 13 EHAL
MK E V7. %8, B O PCR AR A7H B
T5FT, THINIATLEEOR Y MglZ, 15 L
@ UV WLFGEK F 72 E BB K Z W72 L7z 22 L
AN LB CHEIB L7z, ) [ U< nested
PCR &t Bifa 2 58-Il 2L, Z2hon
B/IRAF T2 b (05 mg/L) &K T 14
g UCTAEREICAE U7z ARSI E AL K %2 Wz,
BB, AFXFTFYMEEWE o MY VEICLNE
L7z (N5, 1998), V) KRZHEMPHDT A IV A
Fra HigE LT, MEEA» SR 2 RZHIPE 9
o N TIPS (160 mM NaCl, 4.2 mM KCI, 1.1
mM MgCl,, 2.2 mM CaCl,, 2.0 mM glucose, 20 mM
HEPES, pH 75) T 3 Mm%, nested PCR TR
EHIWT S 7 HEBAR DR L 2R S 7. SRR
it > > NT 1, ERLBEK %2 Vv
THEL7ze SNHORBRIZBWT, & H e CHHEf
DA NVAKAER PCRIETB I kol 1KY
D OfEE L AL Z, H#Ew0 ~ 10 TIE 5 ik %
723 10 ko4, Hiig 11 ~40 Tid 2 ~5 kT
A by, UHER, BREBK, BRERE M, H#m4l DiBETE2 £
7o 3MEMRCTHEAZIZH LM E Lz 1 oA T 10
~ 60 MR Z A L 720

(43 f& R
4-3-1 PHT7IHAHRAICH TS5 VNN OFERE

2004 FIC 2K 20 mm (H#E49 ~52) 1T EL
2T ATRYAMMERDY B, BoRicTaE T4
KA CTHR L 720 BRI 045 f & LMD PCR
RAHE R % Table 13 1278 L7z, 12 A A, Nod Kk
FECAKIE < RRKIE CRIRDEIR S 5 7 & ORFEWEIRE
TAHMEAERLIL, TOBIEET HMEHIFRD b
(Fig. 9)o RT-PCR REDHR, T oD—EHhr 5w
ANV ABIZFREE N7z, BT, 2005 4FD 1
HIZiE, No3KHEIZBWTY, FAEDITEI% R H5Y
TERDSFERD b, NS D—EAS RT-PCR BatETdH -
720 No2 & Nod K#Tix, BEATE 2 RdHEAIE
HHENT, EEXFTW/MHTIERT-PCRIFTRTEN
THolze 72721, No2 KD 1 EEDITH Tl

Pehole TNLDTH T A 55D RT-PCR H
WEEY (RTKyo04, RTKyo05) D¥iF:fcs]% SINNV
(SJOri #k), TPNNV (TPKag93 #&), BENNV (BF93Hok
Pk) 3 X O RGNNV (JF93Hir #, RG91Tok #) &
L, oty JMT LR Choids
~ T RGNNV EfEZTHIZHH S 1z (Fig. 10). R
AR A REOM LR, —HOBEHOM (BRI (12
VNN Q48 THh 5 ZREMEDHER S, HLSINNV
7 FHEE VBB ALY R ) ¥
7 AV AN RPUE M &7z (Fig.11). £72, RT-
PCR Wt T - 72500 H F 72130 0 JER i % Hefl
L7z E-11 MiAz, Ml o sREME % £F 5 M 2 ah 3
iR bNn (Fig. 12), ZoEyghfix, HT10% ~
10%TCIDsy/g, BT 10°° ~ 10" TCIDs/g Td - 72«

4-3-2 DEEYAILADTNZICKT BFEN

THTRZAFMELDON=% ) 5T 4V Ak
(RTKyo04) % #ffi L 7-3BxIX 1 &~/ 7 Fwfatko
Y AV ARk (SGWak97) % #HE L 72 3kBRIX 2 (Bt
XFHRIX) 35 & OV HBSS % 4 L 72 ilBRIX 3 (Bt i

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

Live fish Dead fish
ek . 20,2004 Jan. 5, 2005 ]?]Zcrf(i” ggg‘;’
1 7/20° 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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RTKyo05C
RTKyo05F
RTKyoO5B
RTKyo035A
RTKy0035G
1 RTKyo051
| RTKyo0SH
JFHIr93(RGNNV)
[;(i‘l'ok‘)MRGNNV)
| RTKyo04B
RTKyolSE
RTKyo04A
RTKyo04C
RTKyo0dD
BFHok93(BFNNV)

[ SJori(SINNV)

o
0.2

a7

TPKag93(TPNNV)

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 xum (B) Immuno-
staining using rabbit anti-SJNNV serum. Scale bar = 100 x m.

g o2 SR % :
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 xm.
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X) o<y HEMAICB) 2 REETHD L O CHk
D74 ZEGAli % Table 14 IZ/R L7z Wl
ANVARBERLUSAD, fIdEMEf 4 HE X0 EE
ARGEEE 20, 5 HH X ) g eHing 2 A28
Bahiz, RBX1TRIHHE LY, HABRX 2 TIX6
HHI DTS EIZE S, SERTERIERAEX 1,
2L BITH0%ITEL 720 FETAITTRTENEIEL T
Wize AV AREEATNE, RMEEX 1o THaOHD
10% ~ 10" TCIDsy/g. M #% 10*' ~ 10" TCID;,/g T
H Y, REEIX 2 DD HTIZ 10 ~ 10 TCID,y/ g,
i TiZ 10% ~ 10" TCID,)/g THh o 720 RERIX 3 TiX
FREB L O TEIERD 6T, ERANL T [ VAT
B XN o 72,

4-3-3 EFKEDE

NR—% ) 77 4 )V A HKEG L nested PCR O
HEERAT10 % (n=20) DT AT <1 Hifaz B bk
i CInidX : 21C, X : 14C) < 3 EMETH L
7otk % Table 1512, R THROHER % Fig. 13 12
AL 7z THRIX T, fE MG 10 HUREICE TS
DRI, WIFNOKE S LRI oM T
L., ZN50THAOPHEL L RT-PCRIZE D 7 4

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
(ved tilefish 5/10 (2/5, 3/5) 108010101 10811092
isolate)
SGWaky7 -
(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

ositive/examined)
Experimental ;rf?:;(eljgh No. dead P — 4
groups —o0)  fish RT-PCR detection N Ok (nested
n=90) n dead fish PCR) detection in
surviving fish

Elevating of 1 562 26/51 6/10 (10/10)
water
temperature
(21.5£0.8") 2 54 26/51 2/10 (7/10)

3 4 0/4 0/10 (3/10
No elevating ( )
(14.3+0.5) .

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

*1 8D, standard deviation.

*2 One fish was dead by accident.

WV ABET I &7z, 72, AFRMTIE, nested
PCR (RGNNV #) TEIZT A )V ABIETF A S
N7z —77, MIMRXICBT 2T, NiRXIC
RTCA7% L, BBTEHED ST RT-PCR TY A )V AELT
WM SN h ol F/z, AEMD nested PCR IC
£ 4NV ZHHES INRXK IR TEREICEKL, &
BRERIGRE L D DR E A o RETH 572,

4-3-4 IAIVAEBRE

HHTETEEEN TV T AT~ 5 4 #4a L iR
EMIZOWTRT-PCR BLURGNNV f 75 4 v —
I2X % nested PCR # B o2, wWihoWk
MHEDHN=% ) 74 2 3HH S )5 7z (Table
16)o —H, 4 WATORL BN RS CHEI N T A
T4 REEIBIEIXRX=F ) ¥4 )V A (RGNNV)
AR S 7z (Table 17)o RT-PCR EIC & 24T
&, EFERR S S 4OV A s T S

100 ¢
80 |
60 f
40 |

20 F

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 (O49) and
at 14C (O@) .

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

No. of positive

1 » samples / examined
Samples Length  Region for _samples/examined

(mm)+S.D."! examination nested

RT-PCR PCR
Japanese h(?l’se n_aackerel 991416 Eye o8 o8
Trachurus japonicus
Golden shrimp -
Plesionika semilaevis TN Eye 010 10
OpossumEheiin 50¢6  EyeBrain  0/3%  0/3
Neomysis intermedia
Copepod , 0.60.8 Wholebody 0/34  0/3
Apocyclops royi
Ted tilefish™ 28774212 Eye o3 /'3

Branchiostegus japonicus

*1 SD, standard deviation.

*2 Reared broodstock.

*3 Three individuals per sample.

*1 Seven hundred to nine hundred individuals per sample.
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oz, B LHIeTolBoEER (Rl To
4 BOBBEERL) PEIANVARETFIRES v
(32 ~67%)o nested PCR TOMMHREIZ, T332~
483%, HT222~633%Thoize 74 NVAREF
DB, WS WD S TN & B LT
Wb BOBFHEL, BLAL0O%4E, BTPCR
BEOEEIZEICBOTHBEEE o7z,

4-3-5 VNN Bhkgxdse

2004 5 5 2009 FF I BT A VNN BilgR K & PCR
BRI VEEIPOR—F ) ¥4 VABBRH IR
HEBEDOIRIL%E Table 18 IR L7z, BHAER L
UREETOBERBEFOHAKRIZ UV LB EKE H
W7zt I i, RT-PCRIZE ) 4 &I 26T,

nested PCRIZE D 4 FIFRTTY A WAREFHR
Hans, PCREEROBFA»LOZREIREH, UV
JLFRHEIK & 72 I BB K CTHE LK I T,
2B T 18T RT-PCR B & U nested PCRIZE Y
Y4 WV ABEFPBRE E N7z, nested PCRIZ & 53
AR, BRELTF TV N TOZRINNE ERLHE
BARICE VAT LANEL TR, 7T8FHT TS
WTT A VABGEFEIBBE N h o lee ATIVERE
TP L7 RZHIP % nested PCR BHOBTFTAL
BEL, BRETFVY Y NCHELLZZHEINPSOF
BEEMRLBEEKTHE LLMNEN TR, 1268FH
D3 % 16IT nested PCR THDA Y A )V A EEF IR
HEhz, 20 1HEMNCBVTY A4 VABETFIR
WMEnhiolk, #EPIRELR105HRED) LD 2
WRTH - 720

Table 17. PCR-based detection of betanodavirus (RGNNYV) 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:1U)" (cm)+8.D.*2 (g)=S.D. RTPCR  nested PCR

a4 , Eye 0 22.2

Apr, 26, 28 (0:0:54) 31,6t1.7 359+64 Brain 0 14.8

Kyoto Gonad NT"3 NT

a1 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
Gonad 0 0

’ Eye 6.7 51.7

Yamaguchi May 27 o 467913) 33.741.5 496£72  Brain 0 25.0
Gonad 0 0

e Eye 3.3 63.3

Nagasaki May 19 (0:30:30) 30.9+0.7 360+24 Brain 0 317
Gonad 0 1]

Eye 4.2 49.1

Total 265 (3:116:146) 31721 398+93 gf)‘:::d g 22)'2

Total 4.2 53.2

1M, 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 otf Washi'n.g of Disinfection D.etection of beta_noda\./iruS
meastre broodstock™ unfertﬂfzzed Fertilized Sea water in seed production trials
Q a8 eggs eggs"? Larvae  Juvenile RT-PCR nested PCR
A No No No No uv uv ) 2/ 475 4/ 4
B Yes Yes No No uv UV/Ele. 172 172
C Yes Yes No Oxi."s 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 E =

2004 FEICERETECHEEBESN 2T AT A
MAOERABLECADS, MWy v BHEETR
ElE LRT-PCREBIZEIOR=F ) F T4 VAR
MHEN, ZOMWSEEES % EN LER AV A
WV AIERGNNV IZFE & 1172, FEMR A T,
BRSSO bR, FARBERBIZLINR—S
I EFTANABRBESRB I N, Zhoolep
5, THATIFAHADHETIZIVNNICL L EEZS
Nieo ThiE, 7HAT7F5LI2BT 5 VNN OHDT
DMETH DL, 2B, THTTALODHI NI
4 VA% (RTKyo04) OFEMERERICOWTE, &K
ROBETHEITHTIFACHLTBIRI)RE
THo7zh, BYLEBRAPAFTERP /2720,
RGNNV IS 2 O NF 2 F NI 2 120 D
FER, B LN F AN VNN B 2 ER%
BLTRCLAEZEDRD, THTYT A4 HREPRE
WELHTHZEPEPD LN,

RGNNV iz Zh E THREEOAEIOKRE ST
B (Nishizawa et al, 1997 ; Iwamoto et al, 1999 ;
Chi et al, 2003), ZDO¥EFERBIRE L 25 ~ 30T &1ith
DR—% ) ¥4V A (SINNV, TPNNV, BFNNV)
DOHTHRD BIEESETH S (Iwamoto et al, 2000).
RGNNV iZ X 5 VNN T, KiEA%25~ 30C DB
WHEELCERCER2 D 203 26N TH
Y (Mori et @l,1991 ; Chi et al, 1997 ; Zafran et al.,
2000), COERBFEIIREERICI VRS LTY
% (Tanaka et al, 1998 ; Thiéry et al, 1999), AHf%
TTATRIAHRADP O TSN A VR, =
HRERICH LT, B RGNNV & R K o i i M
FRL72. LaL, RT-PCR T A NV AEEHFERE
N7zT 7T AHADHEERICBWT, H2EMT
0% RiEOFETIZRD SN 0D, HTADILEHE
B4 VABRETFRBREESAT, VNNICXsLEE
ZONBERERTIREI S hd oz ZHIZ, #HEBEK
BAETANZOBEBEERREICHTI6CEELL
BholzZbitinrtEZONS, ZHOZ LiF, BR
B LT h 75 A HADOHFTKEL 21T & 14T
THE LIS, 2ICKTIF 4CRICHERTT A
WABRMELZ 5 I CTHPEB L2 itk D EM
oz, THT YA RAOETEAKRIE, 17CH
ELERTWRIERS TAS, 2004), 2Dk
KRR Tl RGNNV OFBEEREIEIH L L L TD
W - BROWMEREEIZEVW D EEZ NS, —F,
VNN BoER (EE#ERPLEORR) 22 L THT
L7z PCRRAETIIEETH - LBE LD iz,

NS OREFEHRE TS rOABYBEEICL S
LEZOLNEY, TORREZHBAT L0123, 5%
MATEETH2EVWETITRDONBE, AV
AMEFERL T VNN OBS2HERT 5L b1, i
DERGIERHKREB LI URBEERNICI B TEZEL,
REHGEFREL CRENRELTERTAZ &P
BETH 9o

RRBEBITER=F 57 L VADRERRIIDOW
T, PCREZHVWAFHETE, BHEROALZ ST
IR ICERTHEHEBEORRAN YA VAL
BRIIBRELTVWD ZEFHESIR TS (Gomez
et al., 2004 ; Sakamoto et al, 2008). —F, ¥ ~=T Y,
RUBTBEIEINY OFEFHEEBE TR S5 VNN
DEBRLZBERKT, BHAPLOREEZEETHS
EWRENTWS (Arimoto et al, 1992 ; Mori ef al,
1998 ; Watanabe et al, 1998 ; £4§5 , 2002), % Z T,
E#TEICBIIE7 AT ~F 4 VNN OREGEE % i
ET B0, PCREZHVTHELLER 77
TR A BRBARCHEEED DO 7 4 IV ABBETFIIR
Bahhdho/d, BEEHABICERALZBAPSE,
T X 7 B R IS b B T E BRI RGNNV %8
BMHiEN . o2 ek, THTF I RATREL
72 VNN Z, BEAEICHVWERAHA»OEER
BCLBZL2HIRBLTYS,

VRT7VTREOEGEEREICEIT S VNN OF;
BHiE LT, PCREII VHADERBEZMRAEL,
PCREMOBAP L OZRHW 2 BH AEICMEHT 5
Z &2z T (Mushiake et al, 1994), %3 %>~ b
LSRN EET A EBRELICENTH S
ZEHEESNTWS (Mori ef al, 1998), RIKT 4
TI5ADOH, BB I UCEERIZBIT YAV RER
FORMEOLERP L, BAILZBT LA NVAERD
HEZHWTAEHE LTE, BHPRDELTWS L
HEE SN zo LIzho T, ATEBICHEMT 2 RAH
£ DH% nested PCR THREL, BEOEILOZHE
MEEREICHERAT LN, VNNBBIZAER &% 2
55,

NS DRERBEIZEDE 2004 EH 5 2000 F D
BEHAEICBVTER L 4BOBFBRAEICOVT,
VNN OREB L FHAICBIT 274 VARETO
MR E LB L7, 0%, PCREBAEICL 53
AENZEZBIRY, ZRZEMRA XI5 MK

CDHEEL, EMABEKCTHFREAZETLLSEA

i, AL DS T4 VARETEECRB ST, &
FERT AT Y54 W ERETO VNN BBRICHRD
ThdIEPVIEI N, DRSS (2010) &, ¥4
HAEHOATIRIFOBICERINTWAEREIC
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LI REOMB B L O 4 v 2 &% KIFIZHK
LEEDLZEEHREL, T, HrEAEIIBNT
&, RZHREIWOHEEI G ABRIERE  (Flavobacterium
psychrophillum) DOIEEIEGDSERICHERTH S Z &
S & Twb (Kumagai and Nawata, 2010) o

SR L7, ATIIREE TG LRI E
nested PCR F&PEDHEf 2 SERILL 72457 C A T4
L, ZHIMZ2EMA L&Y P THER BHRLH
KTHET B HETIEZ, T —EHoHMA D 5 nested
PCRIZE D YA VABEFVPHREBSINTZD DD,
VNN IZXBTIEED LN Do Tze TDOHIEIE,
T ANV ADRTACKIR D B % B4+ F 2 7 > b &3R50
R 52 &T, LYiBRpERsHREEh, 2ol
BT ANV AMEMREEZHIRTE %, 72 PCR
WA RS AR % £ TOINE 2 LB A M
VR 2 KIBICHIRTE A 2 L5, MliAEZ
X DRIRINCERT A LM REL D SR, B
BFDOT AN AEGAi % S 5 IKT S5 ®HH LD
ST ALELRDH S

BHE O TOICE TS 4 I0 A EHFIEIEED
S oE

5-1 (FU&IC

EIETRFINY, FARETRTHTIA %W
D 1, FEE A E SR O HESRIC BT B T A4 v A
FEBIERE (VNN) DA HAH 5 OEEIZFHETH
e, FUHo { VNN OB HRIZDO W T
WBRFze TNOOMATIE, B ILIERR /N TR
ZEDWYPADVES TH D, LL, NABHNRIY
P AR B 7 KI AT DV T O VNN IO W T,
BRI REEN SV, 22T, AETIEI/u~/ 0%
x5 & L7z VNN BBt SIS W Tk %,

7 uFE, AZXFHIANR IO RICOEI R
HWERHBE TR 50T, HATIEZu<x s 0x2lif
DKW 9= 70 Thunnus thynnus, I F I <7
U Thunnus maccoyii, *7NF Thunnus obesus, 7>
¥B IO Y FH Thunnus alalunga O 6 FEASHE S
NTWwWb, ATy ru~xroid, RPN R
ZHUIIAA L, ERTH S ) 2 BRI DBV
e TuBHOPTIIRERMBTH ) BEHIC
Pl 2B TRWAETH 2 (EH, 1999), <
FOBFIIH RSO EESEML TB Y, 2010 4FD
EFIC BT AR REIIB LI Z186 T M THD,
It 30 4E TR L7 BRiciim L T s (FAO, 2015)
(Fig. 14)o 2O &) iR OB, 7 o<

FuOEFIZOWTIREET CHHEBERFER
4 (International Scientific Committee for Tuna and
Tuna-like Species in the North Pacific Ocean : ISC)
T, BABFEESBEREMEISESWTWS &l
L (Pacific bluefin tuna working group, 2014), [ElF
F 2% H 4 (International Union for Conservation
of Nature and Natural Resources : IUCN) &, ik
DEND D LHEAEYZHET HY X MT, KL
WAEEMICH X Bz, k)i rzax s aniik
T, BBRICENEO D 5 BIREHIRD LN T W5,

HARIZBT 5~ 7 n HORBEBAM OB, HEE
AREERTZERT (BUKEERTSE - HCE B8 1 B K RE B R E 58
1) RERKENSINL 72 1970 FFOKET 70 Y =
7 N [~ 7 aEEEEAM SR ICBWTHIBEh
720 ERFIRENET O 7 0~ 7 ZEONIEE,
2070V 2y MIBWTEKA (KE 100 ~ 500
g) REBEAMEE LTHH LRI TH S, €
D%, BMERSL BREINCHET A2 ED B I,
1979 4\ 22 KCHLALAY E AR EPE U AR B A= 2 Al o B 76
DEE o7z (Kumai, 1997 5 BEJ, 1998), —F, ~ 7
THOEFREICET LMY b a2 B I %29 PRI
KFEF CAHZEHS (Western and Central Pacific
Fisheries Commission : WCPFC) ZFi&$ A HAT
X, Zu~x 7 uREOMFERLEME B E Lo 4
FEB L R HEMOMBEPNERINTEY, TBETH
T, 1997 475 HAREINC & ) 15724590 % i
L, i OmRERMHIEYVHE SN (FFK, 1998).
DX, BHEOBET o~ u R AEICH
T HIFGEAHED DTG R, S REIN D WK R A7 HE £
DOFFERF O EHATE R S AHLH AR B O AT 1367 L
29oH 5 (BT, 2002 : Kumai, 1997 ; Sawada et al.,
2005). L22L, Mkt 20 H £ ToOfEHIATf)s
BT T 2 HF HHIFD 51 (Kumai, 1997
AEFE | 1998 ; Sawada et al, 2005), AFfE% % ERICA
FET AT, SIEMIMORCEBIET 22 L mbE
L8 Th b,

2.500 === Bluefin tuna = Southern bluefin tuna
g Yellowfin tuna — Bigeye tuna
) — Albacore tuna = Total
£ 2,000
=4
(=3
(=
— 1,500
X
I’

2 1,000
2
<
o e
= 500
]

0

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

Fig.14. Global capture production for tunas (FAO
Fishery Statistic in 2015).
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RHEFFETIE, 1997 4~ 1999 412 334F 2 Hl i 2 o
IZBWT, ML 10 HEE CoFAIcKERT T
B HEBIHHEIRD SN FHEAINCIE T 5 5%
ELT, N—=F ¥ A VARERD VNN 255 4 7
AHETHEISNTWEZ NS, Zuxrafffaiok
HALTICH VNN OG0 E S hiz7-0, Mz
PCR A L7/, N—=% ) ¥ 4V A EEFH
SN VNN OFEPHEREN, 22T, KO
WELENICERET S 0121E, VNN OBk %
R T 2LEDNH L, AETIE, ya~vraff
FEfLDFELT L VNN O BIfR, fH RERIC B 5 BBkt
FBLOEMAFT ¥ MILkbro~wra VNN E
H7 A4 W ADARTEARRIZ DOV THR S,

5-2 MEBLUHE
5-2-1 HERFA

BAUL, 1993 FICEETEFHLEOE ((THE) %
T o 228 (140 x 10°m®) S L7218 (B
e ALY MOSMTERE L2 R (EAE 40
m) (21995 4F, 1996 4FE 5 X U8 2004 412 INE L 72 3
HECHUREE 2 ~ 4 8F) OGR4 B2 1 L7z (Table
19, Fig. 15)c {00 ) MR B AEFNICBWTHR
PEUNDSHERR S 72360100, IRERER A v ~» (HEWw
243 um) EHWTHEHRIPZERIL 720 LIS T
BETEOHRMEDOIIOATIE R L, AL DZ
LIRSy T A R B

5-2-2 {FHEEDET

ZAEINIARE K I — Nl (53 7 FiEE 50 ~
70mg/L) T1~24r0, BWEAFT 52 FTIRHEEK
R e (ESF-045 B, (#k) £ AERT#  HSE-
100, (k) RATESAEERTE) CERLUERA F &
5 YN DFERGTH DRI HRRET N 7 L85 50
mg/L & ik (DU, BFREAK) <1 45HONE
EBIho7t%, 200 LAKFEE 7213 500 L KFEICILEE
L, %l 5% HAKTHRAKICTERL 2. HAICIE,
% Bk 2 IR R EEE (bR TACH TR )
TR L7 UV LB K, MKEREE CUEL -8
TRAERITRE T B4 F ¥ & v b2 bds L7z BIRALH
K& w7z

FHEREICIZ50kL 2> 27 ) — PR R, 1L
4013 01 ~ 1.3 Mk /KL OB TINAE L 72, B
BEREOFAIIZYFIAVRT LY (BEK) 252,
ZOH, RECELETT VT ITHE Ny 717

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

Group of Starting . Body* Year of seed
year of  Rearing place weight™! p
spawners . production
rearing (kg)
2000, 2001,

1 1993 - barriernet 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).

F FE3A DT OMMUTA, GHOA Y T FA4 T
¥ Engraulis japonicus (T OWR %50 L7z, fFH
Kl 25 T2 TR S 2WE S ITHREL 2.

5-2-3 {FHERAICH T B VNN DORERR

2000 FF DK EIC TSI EE 2P (MMER 19 H)
EHEM (51233 H) ZFRELL, 10% rhd:#% & v
<) CTHEER, BHEICEVEZHSum D857 4
VUIRAER L. A bFY Y V-2 F Y v (H&E)
ez BTV, N, BB L OIRO MR dul
IR MSE CRIZE L7ze $LSINNV w73 FHifkB X
O FITC RS ¥ F 1g 7 % Pk (Dako #18) % v,
Nguyen et al. (1996) @ JFEICH#E UROEHAREIC L D
TANVAPE O B2 %572, 72, PCR A
D7z, 2000 4~ 2002 412 IEHIE M R0 M E BRI
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L, 2002 ~ 2008 R ICIXBH S i BEE 2 A RN 72
(80C TR FATIZS ~ 20 koL H %, MM
TIEEERFNCIE £ 7213 B 2 #8337 & L 7=, Nishioka
et al. (2010) 1ZH-> TRT-PCRB X M4 DD EETF
# (SJNNV, RGNNV, BFNNV B & Of TPNNV) 2
R RS IA 7 —% 7 nested PCRIC L D &
FEFRE5E L 72 E-11MB (Iwamoto et al.,
2000) RV A VAGEEE EENMEORER BT
Rolze

5-2-4 JFRIRE

VNN DG HET 5002 3HEMAFEORT L
TR E 28 AR (M 14 R, HE 14K, RSV
WCHEHAEICEE LTERA LW Y+ I XY ERT A
¥ (# 14,000 fEfk / BeAF, n=3), 7VFITHE B
9,000 M1k / WK, n=2), "o 7T T EFOMUFAE B
150 B4R / 4K, n=147) BI OB HEI ¥ 7 FA4 T ¥
fF (LR / Befk, n=2) % PCRICft L7z, F 7,
Rk a<r7ufhf CEFHHFEO0S £ 01 kg, n=141)
BIUOEAE CF¥KE 1730 = 372 kg, n=109) %
L7 PCRAEIZIZ 7 u~ 7l b X O BA T,
H, W72 302 mEpIcEEl, FARB LU
B IREERE/E L7 ¥ 7 VIZPCREIC X
DWBEEZTAHETICTHRE L.

5-2-5 [FhESREER

BBk oML, IIER ORI CICHEICHER
T AEFOEE L L UIEIK L SBKROLEFEIC
XD Table20 D & 9125 DIZX4 L7z,

Thbb,

R D IHBEEZ ERE T, FEHEB X UHEEFEKIC
UV LsgK z o

FEI - PEBLTI— FETBZ 2w, HEEBLIY
FFKIZ UV A KL H.

MR : JIHBET BRBKTB I 2w, BPEEBIT
FHFKIC UV LB K% A

MRV : JEHE EREKTE I v, SERIC UV
MK, FEKICERLEEKREER,

SRV IIHEEBHRBEATBI 2w, EEBIT
fE R ERLERK L

BEAEOREOHM oW, Hih 30 i T
BEEETETABTHLZHARD RFpIkE L, £
LT, W) RFBEDI b, MEEERRE THH#AD
PCR BN BEWTH o Z-HEF RO = B E ORI
B E Lz T/, BAORY RIFHIEIIH 215D

B2 DT Fisher D EHEMRECTREZB IR o7,
5-2-6 XREEFREICHT BT 1L AEZMHEER

SERITIE, 2000 £ VNN CRRC L7227 a7 aff
B BHBEL, A VARG 10%° TCID;/mL
D7 A4 WA (Bluefin tuna nervous necrosis virus :
BTNNV, BTKagQ0#k) #H /e 9 A XX
V-, KEIEEBREE® 03, 05 10, 15 20
TR L /ERKE 4995 mL L), #ET AR
50 ul $ORE Lo, 1, 3BLUSHHRIEHE
WKWImL $2oRBZIWML, TOFERDOT 4R T
MUY AN A07215 mL F 2 —FIZ AR RE
DYER ZFIE L7z RICERILL 23807 A v 2 e
Jifii % E-1L MRS & D BE L7ze SFRRICIETE K
ERVT, BERAYANVZ50 4L 2 FARICQLEL 225
2 4V ABRYAT 2 KD T2e T AV ARG TIIE, 48
JxhwA a7l — 1 IWAKI##) /v, #
B (2013) OFEICEL, Y4 NVABREIMB L
RNERERE KD, 2B, FREFRLORRIIBVT,
7 AV AR D REE T & TS R UG O W IR KRR
%, KEMES (Pocket Colorimeter™ I, HACH
) FHWTHE L.

53 # R
5-3-1 VNN O#ERE

(1) EAEVHOXERTORE S LTER

2000 420 & 2008 FEDFAFRBRICB VT, HEDY
WCEREEKZ ERRDONTRERCTT 2 FH5, #
AFEOHRICHD S FHFKIED 23 ~ 29C OHPHT
HEMRI N, AT, FEHMET LFERE
zR, ENP OB TRCT 2 EFFRD 5Nz,

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

Disinfecting methods Juvenile production
Sea water No. of
Group petilized maintained Sea water No. of No. of PCR-
o of seed . success .
eggs for fertilized . trials negative
production cases
eggs cases
I ND" Ultraviolet Ultraviolet 4 1 0
II Todine Ultraviolet Ultraviolet 24 4 1
Il 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) FREEHEER

2000 4E & 2002 4E\ZFETC L7244 (H#% 19, n=5)
DI PRARRE AT T, AR R R M B AR A 2 B
IR e A EIERRD DN D o 72A, BhE
BB W TIFATIC X W fERESEBE I Nz, — T,
fef (H# 33, n=5) Ti&, M, EHEB X OMEICE
W, SRS IFAT I X AW 408
AR 517z (Fig. 16),
(8) A IV A8

T L7274 (H#h 17, n=10) DA % P
L7z E-11 Mifgix, 3 HH X Y Mfasskibs 2 Mz
MREABE SN (Fig. 17), 10 HHIZIE, 7= Vv
DETOMBAEEL 72 7 4 )V 2 10°° ~ 10°°
TCIDs/g T o720

(4) PCRIC& B1FHADLP S DY 1L XHRH

2000 4E DT 4a A 5, RT-PCREEIZE h R—% )
77 4 VA RNA2 BT (T4 #I8) A S h, X—
7T IANVAD A BT RN FNENRN LT T
f~<—+tvy bEH W7 nested PCRIZL ), RGNNV
BRI TIAA—TOAPCREWNRFEO LN
(Fig. 18). 2000 4F ~ 2002 FFICEFH LI L 27 0
~ 7 UM BT B PCR M £ % Table 21 (2,
2002 4E~ 2008 FEIZH/ME F oA (H#E 0~ 30) @
PCR MiAE# % Table 22 [Z/R L7z WEFRDOY >~ 7
WIZBWT S nested PCR 12 X A#HERIZ RT-PCR X
DEL %D, HEHOMBETIE, BHRATIIHKO
~5DFMTIE T ANV ABEETIIMB EN D o7
25, H#H6 ~ 30 DA TIEERITY 4 VA BETH

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 xm.

Fig.17.

. L e A ;
Cytopathic effects (CPE) in E-11 cells infected with filtered homogenate of

Y 20 S

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

cells. Scale bar = 100 ¢ m.
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M sz, —F, BEHICBI S nested PCRIC &
L=, H#0~57T105%, H#E21 ~30T
11.0% &K <, Hi6 ~ 20 Tl 23.6 ~ 33.0% D i pH
TEL o7,
(5) EBRBEAESLIUOXR 7O~/ O, EREHHSD
71 IV ZBIEFDIEH

R L7 AIC BT 5, RT-PCR B:0MA T3,
TRTOBMALTH, B, HHEBEOVTIICBWTH YA
VABEET I EN R o7z LA L, nested PCR
XD, MEMMAMDATEMDE LU HE I RMAMDR2 S
RGNNV ZlD w7 £ )V 2@ FH e 27z (Table 23).

Specific primer sets for

SINNV genotype

Specific primer sets for
BFNNYV 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 11
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

e
B
Sp ecific primer sets for
TPNNV gaenotype

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 BE669f / 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) 5/8 (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) 0/7 (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)  49/297 (70/297) 19/103 (31/103) 25/106 (35/106) 5/118 (13/118)

Total
2.8% (10.5%)  16.5% (23.6%)

18.4% (30.1%)

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

o . Date of RT-PCR (Nested PCR)
sp;::x}:eis Lzeath Age Sex Tissue
m.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 & 01(0) 0/1 (0/D) 0/1 (0/1)
8 & o1 0/1 (0/D) 0/1 (0/1)

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

Jul.2001 8 & NS*2 NS 071 (0/1)

Aug. 2001 8 Q NS NS 0/1 (1/D)

2 9 9 NS NS 0/1 (o/1)"
9 9 NS NS 071 (0/1)

Sep.2002° 9 & 01(0/1) 0/1 (/1) 0/1 (0/1)
Feb.2001 5 ¢ 071 (0/1) 0/1 (0/1) 071 (0/1)

Mar. 2001 5 @ 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)
Apr.2000 5 ¢ 071 (0/1) 0/1 (0/1) 0/1 (0/)

5 9 010/ 0/1 (0r1) 0/1 (0/1)

5 ¢ 010/ 0/1 (0/1) 0/1 (0/1)

May. 2001 5 9 0/1 (0/1) 071 (0/1) 0/1 (0/1)

5 & o 0/1 (0/1) 071 (0/1)

5 9 071 (0/1) o1 (0/1) 0/1 (0/1)

3 5 9 0 (/D) 0/1 (0/2) 071 (0/1)
5 & 01 0/1 (0/1) 071 (0/1)

5 &  o1(n 0/1 (0/1) 0/1 (0/1)

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

5 4 o010 0/1 (0/1) 0/1 (/1)

5 &  on(m 0/1 (0/1) 0/1 (0/)

Apr.2002 . 6 & 01D 0/1 (0/1) 0/1 (0/D)

Jun. 2002 6 & 011 (/) 0/1 (0/1) 0/1 (0/D
Jul.2002 6 0/1 (0/1) 0/1 (0/1) 0/1 (0/1)
Sep.2002 6 @  0/1(0/D) 0/1 (0/1) 0/1 (0/D)

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

RRrsn<racik, BELEBERPLY A4 VARET
B SN b orzd8, RkZ o~ ruiifacid, i,
By S d RGNNV SEmFEOY £ Vv ABETF
P &/ (Table 24), —J, SBREYRH»HIZY
A WABEF RPN Do 72

5-3-2 VNN BB EOBFS LU ZOME

(1) BABRXISE LAY L I(THIE S KU R IHFIE

VNN Bt o e yu~ 7 affifi 2]y B
7fAE BB L U PCR CREOHAZ Y EIF 725K
BIE % Table 20 I2/R L7z, AEF1IGHIOHEL B
v, MERITIE, 4EFHF LACHRAZID &
F72785, BEADSIEPCRICE D o4 VR BEFHHR
HENiz, I T, 24 \E B 46 CHMA % B
DEY, 20351613 PCREEMOHEAIEETE
RRIBITH o720 MEMTIE, 6 FIOMABTREBEET
THAZFINY LIF22 X TELP ol WRNVT
i, AEZ1PIOATHAEZIRYD LIF5ZLidTE
PPCRICE VAP ST A VABRBTIREB S iz,
WHEV TR, 80 MHFHIT 26 B THEAZELY BV, &

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

. RT-PCR (Nested PCR)
Captured Individuals Bod}zkw;:lght

area & Total Brain Eye Gonad
West marine
area of * *
Koshikishima 141 0.49:0.12 10(4M*1 7(35) 5(30)  NS§*2
Islands
Adjacent sea
of Nansei 109 173.00+37.22 0 (0) NS NS 0 (0}

Islands

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

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

. Measured chl_orine
?}jiﬁii Treatment concentration  pegqy Virus inf?ctive Inactivation
concentration tm'Je rate titer™ rate
(mg/L) (min) Before After (%) (log10 TCIDs/mL) (%)
treatment treatment
0.3 1 0.37 028 24.3 5.9 95.3
3 0.24 351 5.8 96.8
5 0.18 514 53 99.0
0.5 1 0.61 0.45 262 =39 299.9
3 0.36 41.0 Ub™2 =99.9
5 0.34 443 UD 299.9
1.0 1 1.01 0.74  26.7 4.3 99.9
3 074 267 . UD =99.9
5 071  29.7 UD 299.9
1.5 1 1.61 1.40 138.0 uD =99.9
3 1.39 137 UuD 299.9
5 1.34 168 UD 299.9
2.0 1 2.20 1.95 114 UuD 299.9
3 2.04 73 UD =99.9
5 1.87 150 UD =99.9

*1 Initial titer was 10697 TCIDso/mL.
“2 Undetectable (<1028 TCIDso/mL).

D5 H 18 FITIE PCREMDHAZEET AT LITT
X7oo BRI T L VIicowT, B RiPBicas
5 EFRIEIEIZDWT, Fisher DIFHERE CHE
(» <005) Z%do72
(2) BERBKICEBT 1R (BTINNV) OFREIL
WHIEEBIEED 03 ~ 20mg/L D EMFiEAKTI,
3BIUSHEIANAERBLIZEOI A VADOR
F LB X KRR RIEE OWFEE & % Table 25
R L7z IREEIEFERRIER 037mg/L OEMRAKIZ YA
VA #E (10%° TCIDs/mL) % 1~ 54 BIALBE L 726
DOATELEIL 99.0% LT TH o723t L, KHIER
FRIEEE 061 ~ 220mg/L DEMATIE, 74 VA%
155 ML S 5 & ATEILERIL 99.9% P LT o 72
REHEFEBIEEORERIL, 037mg/L ® 5 5 fM0LE
TEDE 514%, 220mg/L @ 3 5 BELE AR K
{73% Lo, RKEEZEHRBEEORESHGE, ©
FTHROBEXIZB VT HUHE 1 5F TOREEED
ol MBS R L 22106, REERRIE
EoBRESSEEL R EMER LIz T, RHE{LL
B EBREKOBREERRENK 2 210k,
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KEEZREEORESGEIEL A EMERL Y,
5-4 ¥ =

2000 E D7 u< ST AH» 5 RGNNV EEFR
OR—% ) ¥4 VABEFIRE SN, HEAR
ZRMAE T, VNN ORETH MO, Bi#
WD ZRERSHEE BB L UOHNERTED S
N, REREIZEY)R—5 ) FY 4 L ADEREIES
Bt &Nz, T2, AP ST 10% ~ 10°° TCID;y/
g DA WV ABRRIMlAHE S hFze KRBTSR
TANADY 0T UFEIIIT DR E RS LT
BOY, avROEHY 2ilizTHES PERFHTH
b, 8B, PCREIX D YA VABRIETIHRH S
NEVEFIIBVWTY, FRAOREBRETEH -7z, &
BOBEAEE CIHTOHOBEZ CHABTHMNOMN
BHYVLETHSHZ LH S (Kumai, 1997 ; BEH:, 1998
Sawada et al, 2005), TNSDETEHIR—% /574
WABEOMMIL B LIEIFEVEEND, VNN 7 u=
FHFHORKBRTICKRE S HboTn5E I LidiHED
THAH9o

— 7, #E A (H#030) o RT-PCR &
nested PCRICX 5% 4 WV AKRHEZX, HEO~5d
fFETIE28% & 105%, Ak 21 ~ 30 DA T 42%
L 110% E HBRE o720, H#6~200D
¥ £ T 13 RT-PCR T 165 ~ 236 %, nested PCR ©
236 ~330% L RFEHWETH -7z, BEARIIBITS
INHDHVEERE, FAOHENPHTREOEL
HREICXY, BEIZYA VAL VNN OFFEIZ
DRPEBNDED DI EIPREINT, V=7 VTIEF
BHRL L BR—F ) ¥ L VA ESEEERT
(LS, 199), Zu=rZaicBnTHARICKER
CHIBS R DIE, 7u<Z7aThFaIOFRLD
KA VAR SEIB NI LICL 2 EHEEINS,

IRBETORBOFHADHEVSHETH L7720, F-

MAETRBEERBRL E/T L EBTET, BEEH
FREHICOWTIZSROBEE L TR s,
BEZEREORBRETIE, EEEREICHER LAY
ok, T4 NVAEEFIIRBENRT, —EOBRER
BOEFEIRRWN S, 74 VARBEFIRH SN
i, 7u<2Z o VNN BESHL D STANMRE
THILERBLTWS, ¥/, RRZ7u~<r7ulhf
NPT A NVABETFPRE SN TBY, KRB TR
TANAZBE L RKk 7 ue s uazBERLE

BHATEIVA VARG L THEBENEL, B
PAMEGEERRTREAE TS VNNOEREZSZ
LR SNz, Liedto T, RRBROERFA D

CR/7ZHIMEHCTEEEETIE, VNNARET
AHREEIEVWEEZ bR, BB VNN ORI
BOLRTNE% O %, AR TIIEE£EY o PCR
METPCRENETH 720D, HREON Y 7 F
A7 Y2 5IiE RGNNV BEFEONR—F ) 7 4 VA
PHRHBENTBY (Gomez et al, 2006), 74 IVAD
BED) R 7 2R T HEA05, REZERICHS
ZEIGBIFERETH A,

BT FAKDOMEIZ X % VNN BEDKBIIES
BET L-RR, 9 FHICX D IS L UV ALHEK
EREALANERI T, 4PIF 48 CRAZRD L
F, PCRIEMDOMAPEETELRIL 1B TH-
Feozxt L, BEEKCINEE LERLEEK THE
L7038V Tk 80 Bl 26 I THAZILY EiF, 2o
IBIRIIBE I8 BITH olze TNENORKIZB
BRI LFBIBICKT T 5 RIFI R TIE, MR D
By BBz 461 Dl oia/z®, Fisher DIEHE
METHEELRZE (<005 FHEOLhEDIo7 L
2L, BREIFVTYMIXAINETEEK L -0%
VTit, PCREMOMMAIERETE LRIIFHISS
WwWZ kb, VNNEADKBIZHREEHHEEZLD
h5, BREKE AW BINNV (10 TCIDs/mL)
DRFEACHRBRTIZ 05 mg/L ® 1 M ERET, g
1BEHIZ99% L L& 2 1), BTNNV & W U RGNNV
BIETFREITH LN IHAHKD NNV (Sevenband
grouper nervous necrosis virus : SGNNV) OAE L
BBErbBIholtHEL T LA (RS, 2013),
Zhid, FLEEFETSH ) EFEKIHT B2

PEUT LR L ELON, F72, 70w

FuBINTIRE, SMUITEE L RITSTIOREIERE
BEE 10 mg/L DOEMIEART 2 55D OME A EER
WWIRWMRETHAZ Lrb (WIS, 2015), EEBE
WKBWUIHBOREBERMZRTAZLICLY, &
HIZ VNN NGRS T 5 2 L i E s, £
7o, AREFFRIIBIT A IEE TITIERRECER L Tw
570, BERKETHESELEBIZHICE, #ObL
(2011) AEHBL N 77 FOZHEMOMEEZFTE
XBE, MAREBCTEREKRKOMITLICLD, K
HIEEBEEORT 2B CIEIEETH D, AL
MREIHI, 2009 FELIRAERTE T, 2001 KAE
WZZFEOR 10 TR Z2INAE L, BREBKOWAK TRER

D ayio4ER Q) 2OREAPRE—REREFATRIEENG, 2) 2OREARPEIPOSEERENG, 3) GHER
TR e EERICBG SE, REZHIT A LAITE S, () ERMICBEREEBEDPS, F UREAISRE S5,
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FEREE 05 mg/LO 1 oHEEZERBL, FOMKBI
BN CHEETAZLICLY, BEEERREIC
BWT VNN @EFEAELTWEY (A, #48).

EEE YAIABREEELTOEMEOEEN
61 EU®IC

[HH#ZW T, 1978 FELEY <7 VOFMAMERDB &
OTEEAEBM ORI M A, 1988 121X 80
RO (FEf) R EETHZ LITHII Lz, LA L,
BEED 1989 0 S 1992 SE TP T, HREFMARZ
HoZhimETE, E#HITEB L PHBITHEIIBVT
T AV AR EREIERE (VNN) D4 X ) FAab
ABIZETL, RELEEICKELTERZE /2L, &
nE, HEW, REAZEB X CLRBERZEOLFER
BV BERICbIoTBIhbh/i-ER, VNN O
Wiz ia0, BEREAOESHERLENEREERICE
FABBREMFRESN, Y7 VO VNN IZEIS
FRENCRAE L, BREAD SFANSINNV PPEE
EHTHZ X5 (Arimoto ef al, 1992 AL,
1994), 22T, BiBakes LC, EWHOBERICHE
AAEERTOY A VA% PCREICE DVHREL, Bl
OBBE RN UERICMT AL B, FHAEICE
BAREOEINE A 10 BGOSR % Hv, PCR
BHEOBATEN,OBIZTRINE, X5V MEKT
HELEEICHY, SFAKCRYLBEKEZ TS
¥ FTUELTHWSZ BRI TWS (Mori
etal, 1998 ; 1B - AT, 2000),

LT ETIZC ORBRE 2 M L 72 1996 4E LLRE
DEESTICBVTVNN ORLERFED SN TE ST,
YT VD VNN BREEICBBRTE 2K EAREIR
BIZE o, LITAHN, ZOBRMNEEZERLIZICH
b5, 2003FICBIFAIT VOB EET
VNN OFED 8 E R D ITHER S Lz,

RETIE, EROBHNKTH SN TELRDP o
Ly=T7 VHEEAEECBITS VNN oFARIK % f#H
T5:0, BRBACHERZRNOERAEYIZOWT
SINNV ORERREBFREL, S TEENLFE
FRHOTCRERBOBEEEZB I 2otz TORKE, £
ENAECHAERAICER SNE T VP BEIE L
HEIN, ZOWEFRICETE, BBRNEOBHEE
2B ol T, SHEADS L SINNV #ETFH
DR—=F ) FIA VAPERIBB ENE< T VICHE
BL, RATTVOXR=% 7 o4 VARBREIRTPR
ROITIVDPOEGEMLIIANVADTTY, YTV
FEAORFHEEI OV TR L7,

6-2 MEBLIUFHE
6-2-1 XTI DEHERE

YT VOEBEREICE, EIEIRICARER T RT-
PCR & nested PCR (SJNNV) TRZEL, REMEET
BEESNLETED 1 HAR (FHHKEDLS £ 11
kg) L EFED 2 BARE (A B OPFHAE 44 £ 038
kg B#  FIKRE3S + 04 kg) #MHH LA, B
HAOfERELTRTY, AVAAIBLTTY (BER
HH) #HWERHEF L EERE L. BRERSh
TeREINE AV U RBAEE (OZF-30, FEREFEKRRK
SHB) TFEFVF Y (05mg /L) FETHATL
SEOEER, 1 KL RV —FA L4 FAREIZINEL,
L7 =AY CTHEHALBATTSHMMEETEH L. A
KW AEEAKEFFT ¥ b (05 mg/L) T34
MEGHE BHERTETFF VIV IVERELLFSY
¥ MLEERE V72, SE KR 20CICHEL
FREICIZEEICEDLET, YFIXVvKRTLY (Ll
B, TATITHAE, RSB EEREL .

FEAUIEE P ICBEERSC KRBT HRD S
N7-B:, BXOEY EIFKZ, RT-PCREWC X HR—
I IANADOKREREBI ol 1 AL D
HrIUEE, FATIR2~5HA0Kek T I3HE
B, MATIE1~ 2 EEKOETT 2 BERE L,

6-2-2 RRERBRRHEED-HOFEZHEE

(1) LEFERATORE

LT EOERRARO—REMA (0=7) & Lilib
TUOEMBTEORARSEFOEEREB LU, ¥4
IAVET LY (n=1), 7 ¥ (0=65), =¥ % (n=30),
AWAALH (n=45), } v Fa s *+*T I Euphausia
superba (n=5), 7 ¥ ) Ruditapes philippinarum (n=5)
EREICH L REOF Y 7VEIFHSOu L EL,
) v URBAEE, B ARER 2 AR
L7z EHRAEYORERMIZ, YAHIAVKRTLY
TlkAf (B 14000 fAfk / Bfk) &L, =73, =
PN, AWAAL ATEE /M, FrFarstF®y
IFHEE, 7YV IR E S AR EANCH L
7zo PCRBMEL Bo/ey =7y (HM7BLUHE
12) »BHRH &z 98 (03S]-1 ~ 03S]-9) & Li#T
EOHET VOB SN 88 (03]JM feed-1 ~
03JJM feed-8) % ¥ — 27 I AEMICMH L7 (Table
26, Table 27), $£ 4B TR FBEIHE-T, N—
% J ¥4 VA RNA2 BzT (T4%EE) v —7r
VARBIR, BELEREY oA BRI E
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Table 26. PCR detection of betanodavirus SJNNV
gene from frozen fish and shellfish as fish feed

Number of PCR positive /

Number of o amined (Detection rate %)

animals or lot

Examined animal

ined . Nested PCR
e RT'PCR e SINNV
Japanese jack mackerel ! 65 36/65(55)  38/55 (69)"
Trachurus japonicus
Chub mackerel™
Seomibar ampiis 30 0/30 (0) 0/30 (0)
Japanes common flying
squid™ 45 0/45 (0) 12/45 (27)
Todarodes pacificus
Antarctic krill™
Euphausia superba o 0/5.(0) 0/5 (0)
short-neck clam™ -
Ruditapes philippinarum 5 0/5(0) 0/5 (0)
. far2
Lriype xoier 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. dei?gr?lg}:?on Source of samples Cluster Reference
1 0BSI e T Kambi Leboratory 1 This study
2 08802 SN0 I Kamuea Laboravery | Thisstudy
303898 (SO in Kamiea Laboratory | This study
403894 RO Ko Laboratory 1 Thisstudy
5 0385 tDre;S CIEIc').ﬁ;irg Igzilsnel?u&;: L%a!l]mﬁla;aryat I This study
6 035J6 P:lﬁ CI,\LIo.ﬁiZO;E Iz;snel?ufs LSanoifzii!;‘g:‘yat i This study
TO03SIT (S Sn Kameura Laboratory 1 This study
8 035J8 Prizﬁclfloﬁ;lmn Igallsnexfug;s Lsa‘ll)ogmyat 1 This study
9 038J9 Detect from diseased SJ larva at I This study

trial No.2 in Kamiura Laboratory

4 Wild JIM™ was stored at -20°C as 2 .
10 03JJMfeed-l Godfor aidult fish 1 This study

11 03JJMfeed2 WAd JIM was stored at 20°C as 1 his study
12 03JIMfeed3 W4 JIM was stored at 0°C a8 | s study
18 03JIMfeed+ W4 JIM was stored & 2°C a8 | g gudy
14 03JMfeeds A JIM was stored at -20°C as 1y study

Wild JJM was stored at -20°C as .
15 03JJMfeed6 fosd for adult Gsh I This study

Wild JIM was stored at -20°C as 1

16 03JJMfeed7 feed for adult fish This study
17 03JJMfeed8 Wid JIM, was stored & 0°C as [ yisstudy
18 %ggv Detect from diseased SJlarva I Ie\ltiz}}?zf%as
19 IS\IJ(%I(\)I;;/Q Detect from diseased SJlarva i ?:irfoztgm
“I'striped jack.

2 Japanese jack mackerel.

SEERHAETHR LAY Farsaicty, &
EIOFZMEREHEE L, &7 A )V ARRK O FE M % fi#
Br UGk 2 e U7zo B IRE LT, Mo
SJNNV SJOri, SJNNV-NC003449, BENNV (D38635),
RGNNV (D38636), ¥ & U TPNNV (D38637) =% fit
A L7z
(2) BFRBRERTORE

2003 4E 3 HH 5 2005 4F 8 H DR, AFEE T
(A), ANEERET (B), fmHRMEN (C), HABKF
#ETH (D), Ko BT (B) B L ORBEAET (F)
DEFH6 AP TARBITE N A EHERAEICH L2
(Fig. 19)o PN S AW IZRE IREE T LT &2
REBEM L, WASHELE PCR A% £ T -80T
THAERE Lo MAESMIIAEE A A ZIEBI OV
i, —EHFITEHEE L, RT-PCRB I V42D #E 1R
T-# (SJNNV, RGNNV, BFNNV & X ¢ TPNNV)
® nested PCR THAL L 720 FHAICHE L 720t S A1,
7V A 4 7 ¥ Etrumeus teres (K 986 + 63.6g,
n=90), ~ 4 7 ¥ Sardinops melanostictus (AR 425
* 5.6g,n=15), ¥ ¥ F I Spratelloides gracilis K 5.4
+15g, n=60), #¥ 27547 (K&E 150 = 69g,
n=293), F &1 Hypomesus japonicus ({AHE 279 + 6.1g,
n=30), A4 b ¥ 5 Theragra chalcogramma ({&
91 + 26g, n=30), ¥ ¥~ Cololabis saira (fKIE
1722 + 126g, n=30), ¥ 7 ¥ (fKHE 355 + 322g,
n=413), A # F T Ammodytes personatus ( & &
154 £ 66g, n=30), ¥ /% (fKE 1615 = 1025g,
n=149), b 9 T ¥ Metapenaeopsis acclivis (KT 4.3
= 11g, n=65), 7 # T Y Metapenaeopsis barbata
(fA#E 34 = 10g, n=65), Y IV I ¥ Trachypenaeus
curvirostris (KE 76 + 22g, n=6), BLUPFANV X4
# ({FHE 529 + 179g, n=80) TH o7

45°N |
.

Sea of Japan
40°N
Miyako.
Nanao, e Draf
Ishikawa Pref.(B) Twate Pref.(A)

Maizuru,
Kyoto Pref.(D)

35°N 1
Obama,

Fukui Pref.(C)

©

Goto, Saiki,
NagasaFki Pref. Oita Pref.(E)
(F)

ol

30°N
East China Sea Pacific Ocean

7

25'N |

125'E 130°E 135°E 140°E 145°E 150°E
Fig.19. Location of the wild fish sampling sites.




WD T A v AP BRICAE O B BT 72 37

6-2-3 KETTIHODYAILZARE - DB

2003 FEWCEGHWICABTENKEK~T Y (RE
208 + 52g, n=62) B X U 2005 E AT KB
ENEFRRTTY (KE 374 = 60g, n=92) % KRE
L7z #hFRASIRE T REITSICH %R, H
B L OB E A LIREICME T 5 % T80T THERAF
L7

B L7297k 1 AR 7- b %50 mg IS
L, TROZEMHBAIE (ISOGEN, v Ry V—>
H#) TRNA ##iiL, RT-PCRBL U2 oD#EE
F# @ nested PCR (SJNNV 3 & UFRGNNV) 2 &
DA NABETFERIBILZ: GElR FERE4E
PCRIZEBR—% ) ¥ A VADKRBZBRENT:
Vo

RT-PCR B & U nested PCR Tttt oo~ T Y
DB F oY 7V HBSS 2z, BREHICIL
%045 um D7 4 V% — (Millipore #8) THBL
72 (BEAM). 7ANVAOSEECETFO 2472 VT
L— b (%% 1mL, IWAKIAH8) TR 72 E1l
g E B, Yo VORERI0 uL FE, 100 4L
OERA AW ZEEL 1 BEE1L Mz Bx /%
12, 1,000 uL ® HBSS THila % 3 M#kiE#, 5%4-M
V2 (Gibco#t#) % & L1558 (Gibeo #LH)
1,000 L icfB#e L 770 20°C T 10 HRI5E3E LIRRZS i
MROBHEZHE L2 S8 A VAR, E11M
BT3HOBAFRECLID 70—V 728w
TANABRE Uiz BRI, 7 A VARG
% 10°TCIDy/mL ISR L 2w 4 VA E W, R
B4 5 F T -80C TIRAEL 720

6-2-4° REELRER

FHRFETERLYTIVBLIUR T VHRAD
LHAKREINCL ) ZHN %2R, Z05MuFaTER
L7z WINROFTADERFMICRTPCREB LT
SINNV &= TR ICHF £ % nested PCR THRELRE
BTHEHILRERLI. BEERICE, <7 VH%
? 5% (05SaiJJM-1 ~ 05SaiJJM-5) & B & L
Ty =7 VmAHED SINagd3 #k& vy, Ethxtig
IZIE HBSS 2 H L 720 500mL #9 A — & —12¥
T 7 A TIZT0 ~ 110 fE4E, <7 JFATIE 180
~ 220 AR ZIRE L, 10°TCIDg/L 2% B X 512
ANVAEBELCT, IkKIRETBE L2, BEIRIX
YRT7YTRIOAM, w7 VTR THEME L. S
HFAREIIZ YT VT 226 = 05C, <7 VT 195
* 04ACTHEHELZ, BHBEZLATCAIEZLIH2ED

BECHY B, WHAEE 20 10% PR S
<y TEZEL, RT-PCR#ZE, E11MCEEY 4
N RSrEE, B X UEEBMRE IFAT 806H4E) 1
ﬁj\: L7

6-2-5 1V AEETFOEEETIOHENR

Kk~ T7T VHFY AL VR 16 % (RT-PCRE A 3
R, rEERR 13 BR) & SINag93 @ T4 HI8 0 15 FE K
Fl%&, ABI PRISM3130xl Y= A5 4 v 277+ 54
F— (TT54 BN FTRAFHZAME) 12X ) RE
L7z A NVABMOBEHEBEBGIL HEEER
BICETXEBEESEICL > THER L2072 EE
FRWTHRE L7z, BENERERE KT S-0
12, HERTHEES N7 SINNV &IEFROREH®RTDH
% SJOri, SJNag93, Jp/06/Rp BXUfa—uwvs¥ (R
NRAVBIURNV ML) CTHEEE LA 03-160, SpSs-
TAuscl974.08, PtSs-TAusc573.04, SpSs-IAuscl56.03,
PtSa-IAusc61.05 DIFEALY % Gen Bank D7 — & X —
ALYV THW: (Table 28) (Nishizawa et. al.,
1995, 1997 ; Skliris ef al, 2001 ; Thiéry et al., 2004 ;
Olveira et al, 2009), FHEMITIELTZDO Y [ VABET
HokErZ SR INW»,

63 & B
6-3-1 YT IRHEREICHT D VNN OFE

2003 £ VNN BB R 3R L B £ R % Table
29 TR L7ze 1ERR (BlT&HAHK) TRHE
2112, 2Mk (EMEITSBRAHR) TILHER7 12K
Mm% B ERT 2 EEFEDON, ZR5IERT-
PCREEME L %2 ) VNN OFRESHER SN, T4V X
OEEGETENCOWTIZ 1 FROHEE 21 OFETHRIZD
WTDAHARTD, nested PCRIZ X ) SINNV #E1m
FRIC I N2,

6-3-2 BERBEEDLHOEFRE

(1) BEF&Ic s 2E2RE

VNN FEBIC LEITEE & TS0 HA LM
BREBEBRELLY, Y4 VABRETERE ST,
LHETEOBMTEAOB, B B X CERHE
b PCREMTH -7 LBTHFOHEEAEYIIBITS
T A NVABETOBRERER% Table 26 IZ7R L7z, 7
7 VT RT-PCRIZ & D 65 K 36 Mk, SJNNV
nested PCR T 55 Mk 38 KDL R olze A
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Table 28. Samples used for sequencing

No. & sfi mple Source of samples Cluster Reference Accession
esignation no.
RT-PCR product
*1

1 0sSaisaM-w1 o MY V  Thisstudy LC180341
Saiki, Japan ’
RT-PCR product from

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

3 058aiJJM-W3 JJIM (brain; fish no.31), IV This study LC180343
Saiki, Japan
Isolate from JJM

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

Miyako, Japan
Isolate from JJM
5 058aiJdM-1 (brain; fish no.8), A This study LC180345
Saiki, Japan
Isolate from JJM
6 058aidJM-2 (brain; fish no.29), A\ This study LC180346
Saiki, Japan
Isolate from' JJM
7 058aiJdM-3 (brain; fish no.31), V  This study LC180347
Saiki, Japan
Isolate from JJM
8 058aiJJM-4 (eyei fish no.8), V  This study LC180348
Saiki, Japan
Isolate from JJM
9 05SaidJM-5 (eye; fish no.41), \' This study LC180349
Saiki, Japan
Isolate from JJM
0552iddJM-6  (brain; fish no.17), V  This study LC180350
Saiki, Japan
Isolate from JJM
058aiJJM-7  (eye; fish no.43), IV This study LC180351
Saiki, Japan
Isolate from JJM
12 05SaidJM-8 (eye: fish no.68), \% This study LC180352
Saiki, Japan
Isolate from JJM
0582iJJM-9  (brain; fish no.73), IV This study LC180353
Saiki, Japan
Isolate from JJM
14 0582iJJM-10 (brain; fish no.77), \' This study LC180354
Saiki, Japan
Isolate from JJM
15 05SaiJJM-11 (brain; fish no.81), V  This study LC180355
Saiki, Japan
Isolate from JJM
16 0582aiJJM-12 (brain; fish no.91), IV This study LC180356
Saiki, Japan

1

o

1

=

1

w

Isolate from diseased

Nishizawa
17 8JNag93 SJ°2 larvae, Japan UL ot al. 1997 AB056572
. Isolate from diseased Nishizawa
18 8J0ri SJ larvae, Japan m et al. 1995 D30814
Isolate from diseased Skliris et
19 Jp/06/Rp SJ larvae, Japan I al. 2001 AF175519
B Isolate from diseased Thiéry et
20 03160 Senegalese sole, Spain I al. 2004 AJ698113
SpSs-IAuse  Isolate from diseased Olveira et
21 1974.08 Senegalese sole, Spain I al. 2009 FJ803922
Isolate from diseased .
22 l;;gsoiAusc Senegalese sole, 11 Ollv;éroz;et FJ803920
. Portugal ak
= Isolate from diseased .
23 SpSe-lAuse Gilthead sea bream I Olveira et FJ803921
156.03 Spai al. 2009
pain
Isolate from diseased .
24 g;.SOaEJIAusc Gilthead sea bream, I g]l.vze(l)l(‘)zet FJ803918

Portugal

*1 Japanese jack mackerel.

*2 striped jack.

VA A ATk SINNV nested PCR T 45 #fKH 12 %
BB E e odze YN, FrFrasztFTI, 7
P, YEFIXVETLAY (REER »S5ETL VR
BEETEIRE SR Do,

FHEFED 2 RO YT VAL LOEBTED

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 - .
no. Rearing Fertilized Rearing Sdph*  7dph 21dph
place gonad’! eggs  secawater

Komame Rinsed Treated
1 o Negative  with with NDS  ND 44 (/1)

Laboratry oxidant’? oxidant™
Kamiuza Rinsed Treated
2 Laboratry Negative ~ with with 0/1 5/5 ND

oxidant  oxidant

*! Selecton of broodstock based on the  RT-PCR and nested PCR detection of the
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,

*S No data.

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

BH T VOB ENTEZR=F ) F 74 VA (T4
EIR) DY —7 TRV Y TV E Table 27
2, Y=o TV RAIETEMRTLIEBEERZ Fig.
0WR L7 7 VOB ENRLT A NVRIE,
RGNNV #&f= 7%, BENNV #f{zF# B & O TPNNV
BEFHEIZELY, SJOr R SJNNV-NC003449 &
EHIZ1DODKRELT FTAY —2KT S SINNV &
PRI E N, 512, SINNV #EFEIZ I
~MD3DODTFAY—IZEREENT 7525 —
I Cid, Y=7IFA»roRBE A 9% (0351
~0358]-9) LBHETIhOBmBENS S5/ (03]]M
feed-1, -3, 4, 5, -6) THEIh, Db, V=
7 VA H KT (03S]-1, -2, 4, 5 -6, -7, -8)
LB H T VHFESK (03]IM feed-1, -3, 4, -5,
6) 1, HEEENF—KL Yo7 VHRAHED
SJOri ¥k & SJNNV-NC003449 327 5 A # — I, &
<7 VHED 3Pk (03]]M feed-2,-7,-8) D37 S A% —
MicHESI N7z,
(2) BRARE TOREYREE
RRBNEPOLDOPCRFIZEBR-=F I Fo 4 )L
A BT OB R % Table 30 127k L 72o RT-PCR
REVKRB N0 T VOATHHERIZSIH T
% o 72 nested PCRIZ & A M #IZ, SINNV &1z
FENETINAA T IH522%, =7V 203%, <9
NHR07%, PFTIZERLTI%TH 7o RGNNV &Efx
FRE, INALTVH22%, T VA58%, <Y
NH5181%, ANAAL AW 13% TH o 72o BEFNNV
BETFHEIRTIVPODOAMHIN02% TH o 72,
TPNNV BEEFREBRHE SN2 ol 4T3, F
Yrd, ¥ rFA4IY, Fh, AFENIYS,
R, AHFT, THIYE, BTV TIE, Y4 INVAE
ETERHE I oz,
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0381.7 _
0351-8
03536
03535
03534
03532
= ggﬁi\}lfeed-l — Cluster I
03JTM feed-3
03JIM feed-4
9 031TM feed-6
03JIM feed.5
66" 03833
03539 -
SJOr.SEQ
96 b= STNNV-NC003449.SEQ Cluster 1I

03JIM feed-2
03JIM feed-7
_‘t tuster HI
99 L 03JIM feed-8 } Clus
TPNNV(D38637)

T BFNNV(D38635)
99 RGNNV(D38636)

99

(p——
0.05

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 22 22 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) (15.046.9)

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) are2tize)  © 0 0 0 0
Japanese Jack mackerel A CDEF 413

Trachurus- japonicus (2003, 2004, 2005)  (35.5+32.2) o8 208 58 0.2 0
Japanese sand lance A 30 0 0 0 0 0
Ammodytes personatus (2004) (15.416.6)

Chub mackerel A BD 149

Scomber japonicus - (2004, 2005) (161.5£ 102.5) 0 0.7 181 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) .

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 KAYTFIVHEEY T IVADEIR REE2ODBEFEIRIEIN, TS PCREE

M 5D S SINNV Bz FRA L os s hi,
(1) #&H - 98 AKoBEATO<7 YTk, 92M&E® 5 5 RT-PCR
EFBEEEHov7 Ui, 62 84ED 5 5 RT-PCR T 10 ¥4k, nested PCR T 44 Mtk & SINNV #E1E

Tk 1#4%, nested PCR Tid SINNV #{RT-2 7% 4 FRIDSH E 7245, RGNNV Bz FRIIHE S v
B, RGNNV B2 Erokitish, ZoHbH1 » o7z PCRGYED 44 k4 5, SINNV BEF R
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A 12 ¥RoriEE 7z (Table 31),
(2) imEM
REBREERIIBIL VST IVFABIVYT
VA ORFLTEOEA % Fig. 21 128 L 72
05SaiJJM-3 ¥k & SJOri kT L =¥~ 7 VFAT
E3HRIZLE LIED, 5 HHIZEZK Lz, Toftho
BRTIE, B3, 4 HMOTTI HEIZIETEE 90% (2
EL72. MEEKIZSHBITIEEALRTETY, 11
HEICEZW L7z 7T VHFATIEVTROY £V Atk
WX ICB W TH TR KRE ZEWIT R
{, SHBE»S THRIZATTREL, MEEX TR,
DIMPICERE TOHEPED Tz WIhOTMR D
RT-PCR TRtk 22 0, w4V AEG NI, ¥~<7
AT 10%° ~ 10" TCIDsy/g (35 10*° TCIDsy/
g), Y7 VFTIZ 10" ~ 10" TCIDs/g (F35 10%°

100 —o—05SailiM-1
~£x- 05SailIM-2
80 I —o-05SaiM-3

—> 05SailIM-4

[ —<0—05SailIM-1
-2x-05SailJM-2
e b O 05SailiM-3
80

—>$=05SailIM-4
- &~ 05SailIM-5

Cumulative mortality (%)
)
o

60 I —e—SINag93
--O- Control

40

20

0 o O

0 1

()
w
[
>
-

Days after virus challenge mortality (%)

Fig.21. Cumulative mortality of fish challenged with
SJNNYV isolated from wild Japanese jack mackerel.
Fish (n = 70 - 220) were exposed to the virus (107
TCIDsy/L) at 20° C in a 1-L beaker of seawater. A:
striped jack larvae B: Japanese jack mackerel larvae.

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

TCIDsy/g) ToH o7z (Table 32), F7z, HMARIEAD
IFAT #fic & b, WIFhoffA b RS X 0K
MOCH RO Sz (Fig. 22), 3RIX DT
5L, PCRICED A4 VA#ETFIIHmH ST,
FMIEA D IFAT TREIOLIED b, KM
WCED A NVARGTEES N Do 72,
(3) BIZFHEEIR

KRS TVHETA VARRE V=T VfaHED
N—% ) ¥ 4V ARD T4 IR0 #fnT- By 2 iz

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

No. of positive fish

. No. of fish

Lff;l.‘)’“ (mean body Nested PCR*! C?suolcvtﬂt)l::e

Ve, eight+SD g) RT-PCR -

SJNNV RGNNV SJNNV RGNNV
Miyako 62 .
) - o3 -
(2003) (20852 4 2 1 0
Saiki 92

o s
(2005 (37.4:60) 0 4 0 12 0
*1 with specific primers.

“2include RT-PCR-positive fish.

*3One of 2 was also Nested PCR-positive for SINNV.

*“tinclude 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

: s No. of positive
Test fish Bath-challenged with fish/}?ux of
larvae virus isolate (source)

Virus titers
(Log1o TCIDso/g)
examined fish n=5

. AT Range Average
RTPCR FAT (average) in total

05SaiJIJM-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)

: 9.4
Striped  (5521J0M-4 (Eye of JIM) 55 5/5  6.0-8.3(7.9)
jack (SJ)
0582iJJM-5 (Eye of JIM) 55 55 7.8:9.3(8.8)
SJNag93 (Whole SJ larvae) 5/5 5/5 9.3-10.0 (9.7)
PBS (Control) 0/5 0/5 <2.8

05SaidJM-1 (Brain of JJM) 5/5 5/5 4.3-5.8(5.4)
05SaiJJM-2 (Brain of JJM) 5/5 5/5 4.0-5.8(5.4)
Japanese 05S2iJJM-3 (Brain of JJM) 5/5 5/5  4.8-6.6 (5.6)

jack A Qi o - . - 6.3
. 05SaiJJM-4 (Eye of JJM) 5/5 5/5  4.0-5.6 (5.0)
mackerel
GIM)  058aidIM-5 (Eye of JIM) 5/5 55 4.0-4.8(4.4)
SJNag93 (Whole SJ larvae) 5/5 5/5 5.6-7.6(7.0)
PBS (Control) 0/5 0/5 <2.8

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 zm.



BERERD T A b A MARETCRE O B IR 7 41

Liz&Z 5, =7 VFMABA*KD SJOri #k & SJNagd3
BT 3 » BT, Jp/06/Rp #kTi 8 # FTDEEIED
BNz R T VHEKT A W AKETIT, %h%@’%
BUSHCHERFBD SN, ERFBERZ SO TEE
35 A B CEEDHE SN (Fig. 23). IEJ~1E12LW)HEZE
56 PCR TR ShA-EBES L SBES NIz VAD
BESNEFE—TH otz 7z, F—HEAKTHEM» S
HINLTANVADEFNDFA—THo7z. 73 /BE
FID W T, SJOri #RICHAT, STNagd3 B Tid 2 »
BT, Jp/06/Rp #kTiE5 27, =7 VHEKRTIZEE
16 » i CRVWASED SNz (Fig. 24). 7 3/ BES)
WEDSXEBGBREBITLAEE, KEL(5207 75
AZ =TT bR, RERSTIVHER Y 4 VAL
HA, XA4/£iU%wFﬁW®Fﬁ#%\%én
A NVAERERY, 75AF—NEVIZGHEER
7> (Table 28, Fig. 25),

6-4 % =

Y7 VO VNNBiTiR, BaArsov LV Ar
B R 20 WAERTH S (Mori et al, 1998 ; H
B - BT, 200000 LAL, BEIROBFEIEZEML
TeHEREIZBWT VNN 25564 L7270, BARKHE

CTTGAGACACCTGAGGACACCACCGCTCCAAT TACTACCCAGGCGCCACTCCACAACGATTCCATTAACAACGETS

S TATTACACTGGATTTCGITCCATTCTCTTGGGCTCOACCCAACTCGACCTCGCTCCTGCAAACGCTGTCTTTGTCACTGACARACCOTTGCCCATTGATTACES

i DUAATCTTGEAGTGOGCGACGTCOACCCGECCETGTACTGGCACC TGCAGAAGAARGCTGOAGACACTCAGGTACCTGCTGEGT ACTT TGACTGGGGACTGTIB

Fig.23. Multiple alignment of the determined
nucleotide sequences of PCR products (T4 region of
RNAZ2) from SJNNV isolates.
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Fig.24. Multiple alignment of the deduced amino acid sequences of PCR products (T4 region of RNA2) from

SJNNYV isolates.
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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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WABICHELZAEWICONWTR—F ) ¥4 L ARG
DEJEERELER, BAERBOERTHLHEH
<7 VFRBICSINNV Bl FHEHOR—-F ) T4V
ACEELTWAZ Edbhol, RBEhAZT L0
ADEZTFES] (T458ER) OLBIZLY, VNNITX
DT LAY 7 VFaromH sy 4 VARRE
HHET T VHED YA VAROERE ST LS
Ehn, YT VENAEREIIBITS VNN ORAIL,
WHE T VICBEELTW T A VAD, i &0
BT T UVEHAEKEICELATA, FHRIE
FelibErEIni, BRI T VR <7 VHAILKE
Wy gL ThRfEsh, JTHEOEL A ML Y b
DEFERE LTHHA SR T W2, VNN REERIZIZ, <
T VEORBRBICBIIDLR—F ) 574V A EGIRIR
BARHATH 57270, HHOGHRYT Vb TY
FRICTVANVABEIRI LI X, BEShTwE:
Polze SO, FAFHELENES APV y ME
BB T VORBIEHEDLAIBKR S o, 22
T, BB A VARG LIGES 7 YV oM EEe
FA ARV y MERICH# D - Z2HYZOFH R
GEIE LA VAD, HEEHOEEICENY
T VHBAEANELATNTAICEELZb DL
MEEINT —F, TANVARICEE LT J kB

L7zo= 7 VHACTANVAPREL, BAILOE .

BRI L V74T VNN BS584E LT ErE 2 5
Nz LA L, BEEEOEING & VNN BHFHIC2
HOTRTOFAEMEEEZ PCRIRE L2257 4 VA
BIEFIIBREENT, L#ETE&THYy 7Y UL
ATHEEDOE, B EHBICAEBEEISB TV
BIEFEREINEPo722 00, 7 VHEOY
ANVAPRY T VHEACERE LEEREICL VAT
BRI ETHMIB NG o7 T2, FAK
ERIZIZHAPEBE L ah oG @~ 7 YPFEL
FNOPLHH NI A VARZHIMCE EHI2H
BAREANRLATN-TEED H505, FHEPEIAF
VY MNEATHBEINLTBY, 7 VHROTAV
AHZREIAET B L LICLY =7 I T VNN
FHE L 22 WREME I3 D TR W S S iz BEEAY
DANAAL HHH SINNV ZHEFRIO 7 4 VAR
Hi&h7z2s, B nested PCRIZESNTB Y HE
BIANAPBERELTCWARREL VW S, 2, Bl
BRI T VICHRTEL KL, v 7 IFE~DRK
iR e R AMEREREH< 7 JIChRE EENEED
ND, ThSDEFFEREICIT, PEROBHBHEIZ
2T, HYZOHBELREMELZELICXSL,
BRI T7IPODT A NV AKY B CEEAREL
7oA R, VNN OF4&1E% < 2 Bo4 5 T 18 Jififko

IRTIMBEEETHILNTE L,
ROEFBIIBIT 5RKRAD PCRREICZ L BR—
54 NVAREORETE, Br0BAEILY
A VABZFIPHRBENTWS (Gomez et al, 2004 ;
Sakamoto et al., 2008 ; Gomez et al., 2010). AW FD
FAETIERRYT7 YD RT-PCR & SINNV #E{ET %
M9 % nested PCRIC K B2MHEIZ55% & 69% &
EBloTWwb, ZDOM, SINNV EZTRHR YL X
493 FFZERL, BENNV BEFHIFYT Ik
LA T3, AR AEZTTERL, RX—
5T A VAT D EE L T 5 EERAVR
N7z, 72720, ThHiETYA NV ABRRFO—ER
ERHELZ-bDTHE, BRAOEYHENITIZAEY
DHBERHEEC L 2EMBOMEGYEH 5720, T4 N
ADF X YT ThHHEWR T4 VAEG LAY 2K
WICIR Y AAZZEYZREL T SbMNhivn, L
Telo T, TNLOAYFEIZBVT T VAGEEZB
CHROVWHBETANVA BRI BRREERSEICL), N—
) F A NWARIHT BREENE RIS T 5 LB D
5o

Sakamoto et al. (2008) 3Kk~ 7 ¥ (n=110) DX —
5 ) ¥y 4V ABHRI % A L, RT-PCR & nested
PCR (SJNNV 3 X (°"RGNNV) DR HEH0% &
0% T, FNOPOTIANVALEEERITD, 74
WARGEESIN TR, ZORERE LT, RHKAK
TEEMRG L TW 5B Y A4 VAR 5 5B %
HMEA~NOBEEMEZ ETFHEENS, LAL, K
BIRICBWT, FRIEATORK T VTt RT-PCR
& nested PCR (SJNNV) OBHZEAN11% & 48% &
L, Fhom9) b RT-PCR THMEDBRAESS 12 #
DY A NVANRGHEE NI, RT-PCR D#MHERIL, #
10°TCIDy/g TH B L2 BT HE, TNHOR
FIZBIT B A VAREIMEE W EHEE S, By
YNSRI L BEREZEZONE, <7V
2B 5 SINNV BIZFHONR—F ) 7 4 )b R i
R PCR THRIIE S, MRZEFREICLIYS
7 VR ED 0 DM S5 RGNNV BEFFREB &R
Tw3 (Gomez ef al, 2004), SINNV i =<7 JI2uf
LOBEERELRTY, 7 V0B 5 FERHR
ShTidwniy, LaL, AL7VETHLI L5
SINNV IZx) U TEHEAEH 5 Dh b Lz v,
EPEBICI D RATT VHEIANRAZ IR TY
BLU=7 VAT LTHRESEEZ R L2, —#IC,
BEADOFMHIZ, SMEBIIHERELZEBNTEZY
A, BRI TIIESL LD, FaREFAVE
BHTOR—F ) ¥4 VAOBRRERTIZ, SRKX
DHABITT 720, BEREOKRTT A NV ADFHE
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WM T 20ERYLEIEE L L (Arimoto et al,
1992), #ZC, ATRE EDICIFAT RETHDOY
ANWARBENGZWE LREEEZBE Lz, €0#
£, [FAT TV ThoffEicbBwTd, MBLURH
KBV TROEFRBERIRO LN, 71 VAP BEIL
BIELTWE I EPHERENZ. —F, T4 VARYE
HDOEHER, V<7 VAT 10¥TCIDsy/g TH - 72
DIZFL, =7V TRIPTCIDy/g k2 h, V=7
VCRBVWEREIMEER L SINNV EEFR Y 1 VA
WEZEFBVWI EIREN/, ZOZERIRTY
DOVNNBEDIFLAEY, BE10 T CoOFAET
H5 (HALbH, 194) LB —%T5, LaL,
SINNV BBEF DI L VARSERBNIY T VI
BuTh, BEERICLIVIANZAOBRZEVELS
TERS, YRTIVEDITANABRZEUENRNTT
VT, BBV X v A4V A EKEEC
BHHEZRL, REEREORBIZLZ>TVREI LM
2z o515 (Arimoto et al, 1993),

VTV OBRYPEERTI, 05Sa]]M-3 ¥k & oK
R T VHETAVAKRETE, @R To RN
B SRR Y, 05SaiJJM3#kiZy~7 VmAHE
@ SJNag93 4k L IZIZRM UHETER L 72 72, FE
THRICBT D74V A EESN D 05Sai]JM-3 B i
SJNagd3 ¥R & ZIZM L EKEIERL, Lo 4L
AENVEL ol 2O EHE, 05Sai]IM-3 ¥k
Zy<7 VAR LT SINagd3 £k & R DBk
BEMETETLEHEEI N, 7 VHFAIIHLTD
05Sai]JM-3 #kix, Mo~ 7 VHEKR I WV ETHEL L
BETOHESEL, REEITRWZ EPRB IS
2o TOIZERD, T VHRDOY A NV ADHEY AR
BIHEHBATRLBEILE, BHICHFAICERET S
EHMEEEND, TNET, BHAEEYTRET S
VNN TiZ, BAaD 5 OEEREE P0IBT R
SN T &7 (Mori et al, 1998 ; BB - &5, 2000 ;
Watanabe et al, 1998), LU, FEEAESE CHEEA
WM LTS A2 RADKELEY D, BEHAESRE
BN EZETAITANAICERLTWAE I 05,
N=% ) 774 VARG EEb N5 RRDOER A% E
A4 5z L3, EHAEYTO VNN BEDOTREMEZ
BOLERE LI ENRENZ. L7720 T, KK
SERMAIICE Z TREFEOME %2 £D 55 R LET
HbHo MAT, RREARIFICDTIANVADHEETSHL
WHEENLZENDS, VNN IZEZHOBWTFHAE
HETAEEAES T, FHTHKOKERHE
MBS EPSEETH S,

R=F ) FIANADOEEY VRV B 2—FLT
W5 RNA2 @ T4 i, BEOERPEHETHY,

A NVABREOBEREESCHEEICEST5L 3
nTw5 (Iwamoto et al, 2004 ; Tto et al, 2008), %
72, HARTIZSINNV BEFROR—F ) 5741
A& B VNN, Y7 VFACBYTOARE
ENTwB (Mori et al, 1992), —J, BgI—1 v /3
Tl&, F—u v 8A X% Dicentrarchus labrax, = —
T v ST A Sparus aurata R HF I VRO 1
T Solea senegalensis W~ 8\ T SINNV #{zFHI~X—
BT IA4NAICE S VNNDBBELTWS, 2hbd
DHAPOFBEEINIT A NV AD T4 EIRIZBT 5 &
EFEFHOBRITHEEIS, HROY <7 VHAHE
®D SINNV BEFE YA VAL I —a v STHEEEh
72 A VAT, REBEENICEL S E2HE
ENTWw5B (Thiéry et al., 2004 ; Cutrin et al, 2007 ;
Toffolo et al., 2007 ; Olveira et al., 2009 ; Cherif et al,
2011 ; Panzarin et al, 2012), AREF3ZEIZBIT 5 T4
BOBBFEIENTOKR, RASTIro5HS
N7-SINNVE IS AV AZ, Ligoa—aysoro
SINNVEIY A VAD 2SRy — (I, ) LdRE
R0z A% — () HESh, HEOYA VA
HIEHIZOoDZIAF—%BE L2 (V, V)
PGAF—NEVDIALVATIRY T VFAIHT
HFEHEICENDYH D L BN, FHEYANVAD
T4 FEIBOER L HEME OBEEIZONT, FITE
DEREBR I T A I LIXTE Dol 51,
SINNV Z 77 £ )V A ¥kDIFEMRHE EREMICET 5
HEHTIE, WEERBHOBRIIOWT, 6455 F
EMFHLIEPRD N TS,

FI1E REEE

HARGFEOKEERZ AR oREMICHET
PEBMELREEL, KEEZHEIOEELERT
HbHo CNOLOERIIBWCHERECEEET) 72
DICRATEEISLETHY, NHLETHEYOHEE
EEORERNRDONS, L L, BEAOTFHEA
ICRAET 2 VNNIL, BElOKEEERRELED
RKEZEEEREL2-TEY, BBRMNEIRDLNT
W3 (B1E H28), XMIRIBEAOHENAE
BETHEAET S VNN ORGREE 2 S LREDOH KR
PHBCEBL:. BEEHAEBRARICBIT S VNN O
PRI OVTR, YT IIZBWTHRSN, P
BREOEFEREPIIN—F ) 5T 4 VABETIHRE &
NBIEhL, FHEERELEBRAD»SFANTAN
AHNEEEET S EFHSH»IZENR (Arimoto et
al, 1992) RIFRTHEE L3Iy, ThT<F
ABLOr7u=r7uTid, ERRALRLIRROBA
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BRI ST A NVABETFVIREE, FINFETH
TREATRIANADFEEES Nz, $72, FHEL:
TANVADOREE Y BREERICI DVRE L, RBAD
DOBELTz A WA EG G CHEE kol
ANWAEREOREERDH B LERLZ. 2O
P, Zho0MATEICBITA VNN OBRGERERD, ¥
T T YL RARICEAD S DEBEEIEN T L R
HEENT . BERETIEEFOLBELEETS
BE»S, RREEHCHCABEAIRRALEHTS
ZEMD, BARHL L TEATLIREKMAIT, R4
NWACBRELTWA I L2EEL, ERCHTERY
T3 dE 2, VNNBBRO-DIZHEAD
TANARBILETH S, T2, ZHINOHEFCH
BEARDSDKFREREE BT 2720 FF V5 ML
HLEZHAKATHETLIELIEET, 7H7IIAT
W=7 VLR UBBRMENENTH LI L EYDT
RLEBERTHE (FA4FE), —J, BEPNEAE
MEORRSHE CHARENTELRVFINSY T
i, BAOERMEE3ERELL, - FRICX
52BN, UV LEEKE2 Bu A5 CHalo
VNN O34 ZFIETE 7, LAL, BRPOMAL
IZ VNN B R8ET 256055 (E3%E), AIE
RKTHFINGARICHEARENTEL VIO T7TT
i3, BRAF VY Y ML BEEE HALEIC LD,
VNN OFAD %L hoTBY (B58E), FIUNFD
BWAREICBNTS, BRI 5 Y MofERHA
WADDIZ, FEREEN T CREBUEA D SR
TANVAERBTE ZHBORET L 20BN ELRED
BREARSULETH D, 72, ZHINE ATRETHE
B EEL, NFED VNNBRTHE SRR
BT A2 ST 2ERBTRIEE (o, 2015) 0&
ADERTRETH B, BETHEEETE, BTICH
LT A4 )V ABEBRAIEEDE W RGN O RN E T
Hb, TNOHOEMIL, HADOFRERET VNN %
HELHEE o TwWAE IRV A MY ZIEDMDN
FRABICBWTAEATEREEZONS. —F
VT VTEERTEOA ML AIZX Y PCR MM
BABRICET S 20, RAOENEHZ ML
VNN OFEZEB L TWAE (B, 2000), 70~
T b ACHEEE O B R KA o KB BE KR T O BIREIRE
BIHsd Y (Mimori et al, 2008 ; Fi & , 2015 ?), Vi
RKERFFEAT A CHHEERMITEE ~ & — D RKBYFE
LRI, KBERLHEOHIBEASTRZZELS, B
EERPEAREINCRIZTA I AL 2HHL, &

REEF e HIMEEN % % L VNN B o mEL D
BrEhs,

V=7 VREEEREIZBWT B L7 VNN BiBx sk
DOER, Tiabb, PCRBREICIZ2HAEN T+
VE VML B ERINEE L HAREE T2 M
boTF o7 VFATCYVNNBREEL-Z L 2HKL
L, BYEEHOBRET-oREE HEeOHL LTHER
THEEDRRTT VIPCRIRETH ML 2D, &
BT VOB ENTT A NALE YT VRADY
ANVADEEMFIIPFE CLTHolZ & bREREERT
HHZLERL: (B6FE)e R—=F I FIANVAD
RNA2 ##Efy & L7z RT-PCR #:3 & U nested PCR #:
T, WMEY A4V AOKRHERBREER % RE I T
EB0, 7ANVABRETOAOKMB TR, BUKIGIZ
IARBEEZELEATVS, 22T, AR TIL,
KR~ T VH 6 SINNV 2 5 BEL, ZOMmEME ¥~
TIOLRT7IVDFAERHCIZBRERICE DREL
VRT7 VOB AET VNN O E & % o 72 SJNNV

- CHEORERETHE L ZHL2IT L. —H, KR

ROFEEPELBEICBWTL PCR FICL ) R—%
I IANVABEBTOHFEENR SN, RBIFEICED
SINNV BIETHFMHB E NIV X L4 5 Tid, B#E
BIC X AEEOHEIEIZIN TRV DONR—¥
I TANVABRHEENTBY, ThH0EWIZEEY
A NWABESOBBREDIREEIN TS (Gomez et al,
2006, 2010)c T Z D5, HALTRADIHIZKEA
BReA W ELREERH VS Z L id VNN B4 % 1
RFIELEhD, FIT, HHHELTHWSRRRAD
TANWAEEREZ T VEREOL VAL HEHT 5,
T, —MRICERARARZA T VE TIVHESHTN
FUEHWONED, TOEEBRCTEHEREICL-T
ERZNB, SINNV i 60T TiZ 30 oM OME TR
EILENDZ EH S (Arimoto ef al, 1996), EESER
FICHEETER-F ) FT L VABTRELEINDE L8
EEINE, Lo T, BABRICIIRAFER2EH
THIENFETHY, AEORBERIZEDLE-H
RSB OREILEEI NS,
RAROFRBEERPERIITIANADOR S ¥ =12k B
CEDHEHEINTEY (Curtis et al, 2001 ; Barker et
al, 2002), #EXAO~T ViddelEEIrOEWY FiES
THAL, BADEDOEFEB RIS HEL ST 5
EBD, TANVAONRY ¥ =12 Y i8b, —F, K
REINY TIIHERB 2 Tk D, TR, P
RPHEFEBOEERERN O T A VABEFIRB S

2) W HE— X B BEMNE - O - BIVNEE - PIE - B OB TREER - W WX - AF—R - |
A - LGRS - OB - EEBT - SARMF - ANEET - I (2015) ¢ FEREM T uife s T - 16 0 KR
BELAETOr o~y o N L3 BAOEN . PR 27T FEAFKEZREFKE . 529, pp. 73.
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BREDET LTV LREBOADEER, VNN O
ZRSMEME (Gomez et al, 2009) HEDSN/-Z &b
5, TANAEHR LTV HARICBWT VNN
WEYRETEILPEHIEBEENS, VNNOF
AN &) BV S ARRICHE S e R— %
FuA4 VAL, BERHODHLIANEBEEIHATINT
WA ERE T, ASHICEREL VNN IZ X 3TN
ThHEHEEEEND, FLT, VNNOFEEIZE ) KE
DBRBEMED 7 4 )V A DS OBRBE A I LK
LeDRBYRE 2B EFHEENS, HARTIE SINNV 48
ER®Y <7 Y0 VNN Tkl EAREOFaEIZBW
TOARERENTVEYS, BI—1 /SO HEREHE
I2B1F 5 SINNV 12k 5 VNN OFAICIE, 20X
BREERICIOVEYILTWwE EEDbNSE, F7-, BL
KR CREEEEINI-~ Ny ATARTIE, BEEEC
BELERTASE VNN OBBETLIEPIAONTE
D, AEOBEHERNIEEEIND, wFhictd, K
ROWEKFIITBE R DB S 2T 4 IV AWHELE
LTwaEitEashs, #2°T, KRRz HKEL
THHALCWAEHAERR T, BAAkEA L2k
EREOFGBRED, LOHEICREhAZEERD,
WO THARBREDOLEENEBRINEI L LR o7,
SINNV O LR EERLHRREICBIZ VA NVAD
EHEHERICOVW TR, FHZENZLEAH S, i
WHEELT, BAProERMERzHECEZIANVAD

SEETEDRE R o THE SN THBY (Nishi et al,

2016), VNN RR—% /) ¥ 4 VADEFHEROER
RERERS .

VNN ORFBC BT 7 F VIi3BDO T £ W ARG
2B ClROAMBLAEMBEATH B EFEL2RBUC
H5 L RIRAD MR BB D B R—F ) ¥
TANVHBHHENTWEI L ERY, T2 F V3
EAIZBIT S VNN BBoME—DRRETH 5. L
PLZh6, BE HARTEWHRENTWwS VNN B
Bog 7 F 0%, <NF O RGNNV EHEIZHT 2 D
DEFTHH (BH - Ik, 2012). A%, BRed
BIENFEIIBVT, MOBEETEO VNN 727 F»
ORBEPEEINL, T2, 7/ o EHmEAHLE
WEEENOBRICLD, eI92ATEY) Y FYRTF
A, KPEY 7 Tl BEEEE (nfectious
pancreatic necrosis) x5 2T H B~ —H —DH
%8 (Fuji et al, 2007 ; Moen et al, 2015) 12X 0, Zh
5 DMME TR AT 5 MEIMEB I TWwE I E
5, VNN CifEEZET 5 MEORS M TE&
THbo

—7F, RRFINITRIZIZEFOHEBIS T4V
ADH SRR R RE L Z 2 SWARESFETS

e, RAST VRBMTRIIYT VR T VA
CEWEEREEERT IS, FAFROAEIIB
T A NVADBENKRERIC A, bhafBr 5 2
TV B AR S iz, 418, RMTREICBIT B —
¥ )Ty ANVARGEOEFREICLY, RREBIZS
RAABBIIOWTOIBRE INLZLPEETh B,
EHARRERFECHENPEERERICBVT,
BERRE L B ORRBEICOVWTHERREEZIT)
JEICXYy, BHAEBECRATEHINORTE
HE LTVNNDVBS 5L 2% OEEEERR
HEHWRET AL L), VNNOFHBRE#REZ SO
DRABEEOPED—DOTH b, FEBIZH WV CHT
ERBICELTRTAOEFTIZELE THENICY AV
ARH ey — L, BESRDLNIZEEITIIHESR
PTG 72 EOREAT, FBEHRNTO 2 RIEG
e d, EHAELZRZENSEDS L TLERL
BETHb,

WX TIE, BHAERICBOWHRELELTS
EIRE LT VNN PRI BEETHLILERL, FU
NY, TATIA, 20270 DVYNNDOY AL VA
BPEDBFD, ThE ClHiE Sh-Hifir b 0EE
B THHZEEZRN, ADOETRROFINY, 7
NIFTAL, T IVWREBEETLIANVAZREL
TWBZ Ehd, KHEHBOBREIZOWTHIEDT
B L7 2512, TSV A4 NV AEIBREEDA,
M AEES CHARLERAOEE L LTHEA SN TY
LRRAEH VNN OREYEIC 20 E2 2 8505, VNN
OFERICIT TH 22K E2BR Lz, 2D
LD, BEAFOSHOENAREICBIFS VNN B
BRo—BLkhy, MEOREALECEPMIFENTD
%o

I

KR %47 RE o2 DiE, 1991 FFIZEED
IHAFEA B AR HEER S M A EICRMEL, B3
WEBEES LMENROREFERRE L oM CF
B ORFRARERCTICHET S E W 2T, B
HEREREZOFEER L LTERIGE LR T2 D
PHELBLAZETY, Y, HEHOLHEES, &
WHEEE ABFEERIIBVWTIIT IO VNN B
BEL, EBRFLEHRFBICHRBIZBVT,
EFEFIFRIC X Y BROERLHBRSEEMOBBEN 2 S h
TEY, WHERIRFOFEREBABEICRETSZ
ENTET L VNNEEOLWLLHEEE LT
BBRFIIZBWTTA VAZOEBHEOA LR HTHE
HAERBICREZEATHEE, AFREOEKICTHIZD
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RIRBY R ERELHS 2B, BAELXVORER
SEOREICHIRDTEL £ BT, KA XOMKE %
EHwi ERAERERAEDERZEFER FH &
H BBCHATEROELYR LIS, /2 HEEK
SZEYEMENERN e F-R B, KK K
B WA B— #E BB B #HBELZLUK
WREARSE K% mE HBIZEIERBRLEZBHEA
HEE4ORERR IS EEbolze RO OHER
I LCEEOEYELE T,

HERBOTE # FHEHEFE AH #2240 B
MR, TH BT EBREICE, AP ORRBRE
EBRICET 2 IEHRNERERFEIIOVWTHBE %
Bote 72, RBKZEOSE BN &¥%E It
HERZEOEK 5F BBYR, RBRKFOER —
B &R, THAREROKEMSER K REE
ik, BoNBHHORBERONES L URRA
HBiZownT, AFHROBEMRONIGL VEBEEFLS
MBS ES, LDLVEHKLET, &51C, HEM
DEFBRERREZHASPCTE 0, SEOREE
AR O BT DOF 4 s, EEBBTRELTVS
ERIEMORME N2 ETHY, BATBIHL
EFE9,

IKIENFE - SE R B ST R v 5 —
Eofk JE—B Bt R OKEFE - ZEREa
WE7 UV THERSYE Yy —RE) 12, VNN B
Bl & £ 5 ETHREARICOWTRIBIZD 2 ) #Hk
EEBY, ARIEE Yy —EEMREOERE
WziE, AR T TS VNN B R0l
DR L EEICHITEEZ B o7 RHRKFOHE
W BEEIRIE, A NVAZROERE X OISR
PHBISIEE, MERMATSEEREOET B #
+ (R —Merk A H ARSI e B 5 )
1243, VNN MBS ERTFHEOER S BH 2 H 72
P i KA R TR FE I S e R ARG o B B—
I, BRBIRICE T AR B OED FITo W
THIEEZHE, I CAOWBMENELY Y —EOM
fa— Wi, BRI ORI A BRI
DWTHBELZHBIS2IHE T L. WP NIEXKER
FITEBHTEL Y 5y —THEMEBEOES BE 4
+icit, BIEFEFICOWTHRESRTHE T LA, =
NoEDF2OMERBICH LT, ZhENEEHOEER
LS,

BABRERCHENTAESMB I CEERETONK
BEWMOBERICOWT, F YN TEMILEHAEE
FIEROEN #— FRE 7TAHAT7FATIE, H
RIFRKEFFEREERONN  Efr  ETHFE
B, o~/ uTiHRREEEESSEOHM F

B L (B EERFKREWMRFE #R), W
XKML £ CHEEMMZEL Y ¥ —-DEE B
BHEES VTR, 4R ¥ FEWER @3 ¥
EHEEAT Y S FREEEEME L v & - FEER)
TR W EEHEER B FAROKERERTR
RHEEEME LY ¥ —GEMERE V- TR), +
AEMBORE F7 B4 (Bl KETREEMER
EEEREME), A —& FIENRR V<7
DA S 2 B R Z i b v At O] = R N
FHEMEE, HEICERSNERRAOWETE, &
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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 *1 Affected species Year (oum) report?ad ©)
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
Sevenbandedgrouper  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 diseasesin 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 diszase were counted asone whichoccurred in single specks, single disease and single facility
or organization, B: Reported number of disesse in eachseed production trials.

* 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 or stage™® r egur?;%e;:;-a Mof: Shty
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, 4 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 emperor 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 20083, 2004 TL 40~56 2 50~100
salimonicida infection Japanese flounder 2004 T1.20~30 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 Pé6 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 7Z2~3 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 60~70
Spotting disease Collector urchin 2000 SD2~ 15 1 90
Other bacterial disease Red seabream 2002 TL5~6 1 50
Kuruma prawn 2000~ 2006 Z3~P20 7 1~100
Green tiger prawn 2002 - 1 90
Swimming crab 2003 Z4~M 1 75

Total

—
[o2]
1]

‘1 The disases name and rank were onforned to the list of standardizd names of fish diseases in Japan (evised in 2004) by the
Japanese society of Fish pathology.

*2 TL: Total length, FL: Fork length, SL: Shell length, Shell diameter, E: Egg, N: Nauplius, Z' Zoea, M: Megalops; Mysis, P: Post larva.

" A Reported numbers of dizase were munted as ore which occurred in single speces, singk dizase and single ficility 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 or stage™ reg;i?:ie;a(;;“’ Mo&a;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 T~ 14
Kuruma prawn 2000~ 2006 N2~P21 18 1~100
Greasyback shrimp 2000, 2001, 2003 N2~ P7 5 1~100
Swimming crab 2000~ 2005 Z1~4 9 50~ 100
Giant mud Crab 2001, 2002 Z1~3 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~ 12 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 Z3~4 1 50
Unknown diseases 21 species 74
Subtotal 170
Total"® 444

*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: Total length, FL: Forklength, SL: Shell length, Shell diametex, E: Egg, N: Nauplius, Z: Zoea, M: Me galops; Mysis, P Post

larva.

8 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.

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

* — : 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 s . . Size or Number of Mortality
reported cases Name of diseases *! Affected species Year stages™ reported cases™? (%)
%,
Viruses Viral nervous necrosis Redspotted grouper, 2007~2009 L,J 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 12 1~70
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 J 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
Mycosis Redspotted grouper 2008 L 1 60~70
“Eshisyo” *4 Giant mud Crab, 2009 L 1 54~100
Swimming crab
Parasites  Francisellalike infection disease Japanese ivory shell 2009 J 7 5~60
3(8)
Scuticociliatidosis Japanese flounder 2007, 2009 LJ 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 LJ 4 2, 80~100
19 Japanese flounder,
Chicken grunt,
Spotted halibut,
Kuruma prawn,
Swimming crab,
Japanese abalone
Total 84

*t The diseases name and rank were canformed 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.

“ 7 Tentative nama.
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BAGER 2175 720 OWMAEME U CAMBITEY T
TWEEZ LN, BEENEO4 3T ClEEIN
RIKFINT D nested PCRIZK B 4 )V ABHEIX
56%~ 729% & I L h ERTD LN, DB
DRSS, BBRNEE LT, BRI, S
BAERAL, ERMMSECEARED,SZREMNZE
THIEBICREBREKZHVL L2 RELL. &b
TCHALERZDA ML AR EKIRT 2ENSEREOH
HOULEEER L,

8 4 B CIIRFIE D EE LK E R R TRl m i)
BWTATIF4 2R E L VNN BB Z e L
720 2004 FEAZFICHB A RE U2 MEALD, KEAF LR
KIETHEERT 52 RETH LR L THRTT 2 EED
BNz, HAORICERIZD LR, PCRET
RGNNV BEFEOIA VA, FlHir—F ) 5o 4
VAMEE AW BPURETR—F ) ¥y 4 VAL
BRI SN2 RS, VNNKIZRETHDE
MW L7z BERBTICBVT, 8AL LTHWSARA
THTTAHBPCRBHE Y, —HOME»r Sy
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ANWABRGHEINZ 95, VNN OFETEE SR
BIZXBLHREL BRBRELAT T 5 1M
2R 52/KETHE LR HTERE PCRKH
LI UTHFN61% E 5% TH o202 L, 21T
FHAETII0% L B EFEhole T/, HEELZY
ANVAE NI REBEITEFNBRELLEZS, INIRE
AHRTANVALREORTEERL, RRTATY
A4 HEET AN AORBEENHER SN, Bkt s
L T nested PCR BB A %L Hvy, TN BRIE
KRCHEL, »POERLEHAKEACCHETAZ L
PBERNTHLZE#HLMI L, T2, ANLBPHEREE
WTHRZIEINZ %% L nested PCR BEEOHERBFTA
TEETAZLIZLY, VNN ORAZ KIBIZKRT
XprzbLERL
ESETIIEEEL L CHRAMNER SR TRE Y
v/ uikiR e L VNN BB R 2 e Liz. &%
TIRENARFRMSRLEHEISRTWRWRD, ff
MAMOBHEIKREV, REFBTEMIZO W TR
L7-#ER, FECA (FEA) 12 VNN B 2 <
BEOZBENESBDOOLN, iRv—F )T I IVA
MiE % W7z 8B PRI X D IRE SRR 80
HREIN BEIIMRICEY, A LEAEY-Y
103 TCIDyy/g ~ 10* TCIDsy/g D7 4 N A D3 EES 1,
RGNNV BZFH DY 4 VAH PCRBEIZEL DRI E
nN-2&26, VNNARBECO—ERNTH S L
F L% PCREZHWIEEFAETIE, RARYAER
BRBA, THEIEBIUMUFALOER—=F ) ¥4
WAPKHENZZ LS, VNNZHAPLORE
R L B EHMOT 2. AEOBEBAIIERTA
BRI WS RTEER 720, BEROBBTETH
5 PCREREICIZ2HADOEFNITE RV, 22T,
ZHRINHBOFESCHAEAN B X CHAKORE T HIC
DWTHE LR, BFREKTINES L EfLE

KCHERCHAETZIT) &, VNN BEHIIKT
LCHADEE#IEML, ChbolhEidrow
su@ VNN Bilgke LTEMTH L LEZ b,
L5513, BAPLOYAL VAERERIRT A0, &
SRR BN % RS 5 LEND 5,

6 ETIIEEHO VNN BRI 2 ER L2~ T
VRBEEEIIBVT, R—% ) ¥9 LA (SINNV)
WX B VNNDBRELZ 20, BEEzZHEETS
Tedoiz, MEEAEEICHEH U BAL S ICAREICHER
ENEREWICOWTPCRREICE 2 EEFEL
Tole TOKR, ERHAOHBRHICHEHERRELT
WERRI T VD 55%» 574 VABKREEh RT-
PCR), ¥Y=7 VWFA»LOMIBENH DL RNA2
DIEEEY] (T4HBR) 25— L7z O ENS,
R T IRV T VFAOTA NVAREETH S &
HRELIZ, TTT, BMOPERIEICMR, KXAE
ERBAOEEL LTHHC T CHEAE2TTo
Z5, VNN ZREAECTHALEET LI ENTE,
72, BRBEORATT7 V& PCRIRELZER,
SINNV 5%l E 17z (nested PCR BtE= : 20%),
BB, RASRT VO LI9ANAE=ST VF
ABIVVT7 VFAICRERESEER, V=7
TR R SINNV & R4 o0 if v E % R 3R A
RN, BRE Ty ROBABLUIRKTY
H#% D SINNV 220V TZFh 59D RNA2 T4 HIROE
FEEY) & B LR, RuymBEMEERTHRIE KA
HEBRDBEINGE WY S A ¥ — 2o Ehi, UEko
Ehb, EROMKITMAT, EEAATN LK
RIZHPEFELRIEL ) LERH S,

BTIECEELIEZEPLE6REICBVTHRONCEE
ZARIICETE, HEAMO VNN BREICOVWTHRE
BIZEE L 72,



