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SUMMARY

Development of control for epizootic diseases of molluscs

Background

From 1970's, when world aquaculture of molluscs recognized economical importance, to
present, it is likely that serious bivalve mollusc diseases in many countries on the world
have had an economic impact on farming and wild harvesting of molluscs in the region
but effective control for those has not been developed. Because there is lack of 1) phy-—
siological, ecological and histological knowledges of host; 2) life-cycle of pathogen and
defence mechanism of host; 3) complementary collaboration between relative research-
teams. Since almost cultured molluscs 1s exposed to the environment, it is easy to infect
and rapidly spreads to almost of farming molluscs and causes mass mortalities. In 1970’s,
mass mortality of hard clam Meretrix [usoria from Korea caused socio—economic
problems, and Bonamiosis caused substantial mortalities of the European flat oyster Ostrea
edulis in France. In 1996, Japan has lost up to 60% of production of cultured Pearl oyster
annuary. Recently in 2000, mass mortalities of cultured scollop has caused economic impacts
in China. For preventing from repeating the same mistakes, almost countries has made great
efforts for preventing the pathogens from spreading to the their cultured molluscs. In
Korea, since many kinds of aquatic animals which are included oyster, pearl oyster and
tunicate for aquaculture has been imported during last decade, it will possibly cause to
bring the pathogens to the region. But only Perkinsus atlanticus has been detected in
manila clam in the region. In order to ensure that mollusc production can contribute to
food availability, the unidentified diseases of cultured molluscs in the region have to

classified and controlled by health management.

Subject matters

Disease monitoring had been carried out periodically for importance farmed molluscs,
oyster, manila clam, mussel, scollop and pearl oyster in order to develop of control for
epizootic diseases of molluscs. During the disease monitoring of the molluscs, several dis—

eases are detected which are reported and unreported in Korea. Marteilioidosis which has
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been detected and Mycoplasma-like organism infection and Viral gametocytic hypertrophy
which did not reported are observed in oyster. Since Marteilioides chungmuensis infects
in the cytoplasm of oocyte, early developmental stages outside the oocytes have not been
located due to a lack of observability in histological sections, and the inability to experi—
mentally infect oysters under laboratory conditions makes the detection of early develop-
mental stages difficult, PCR diagnostic method for Marteilioides chungmuensis was deve-
loped during this study. For the development of diagnostic method for Perkinsus sp.
infected in manila clam, PCR method was established and after that, PCR technique were
compared with histology, hemacolor staining and RETM culture for diagnostic sensitivity.
Since Birnavirus infection was detected from pear]l oyster during monitoring, PCR method
was established for Birnavirus diagnosis. During this study, mass mortalies of abalone and

manila clam occurred, the causative agent of those mortalities was studied.

Results

1. Development of guideline of disease monitoring of molluscs

Guideline of diseases monitoring for molluscs in Korea was suggested by the results of
farmed molluscs, oyster, manila clam, mussel, scollop and pearl oyster. The frequency of
sampling should be determined by the cycle of infection by the pathogen and prepatent
period and sampling should be carried out at least fourth a year. The sampling size chould
be determined by assumed prevalence, the sample size for each site 1s a minimum of 30
or sufficient number to ensure detection at a 95% confidence level of pathogen carriers.
The number of sampling sites must be selected so as to maximise the chances of detecting
pathogens. Account must be taken of parameters having an effect on the pathogenic agents,
such as stocking density, water flow. In the case of gulf area, the sampling sites have to
include the mouth, middle and bottom site of gulf. All sampled molluscs must be delivered
to the approved diagnostic laboratory with 24 hours after sampling. Excessive time and
temperature will cause stress on sample and may alter histological symptoms. There is no
cell-line appropriate to molluscs virus, the samples should be exam by hitological techni-
ques, electron microscopy methods and molecular biological methods. Therefore, each sample
should be divided by three pieces and preserved in Davidson’s solution, Carson’s solution
and -807C. Tissue sample fixed in Davidson’s solution can be used for histological analysis
after embedding with paraffin and stained with different histochemical methods. There is

pathological symptom observed by microscopy, the other piece in the Carson’s solution
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may be good for electron microscopy methods because material fixed in Carson’s solution
shows good ultrastructure. Material in -80C can be used for molecular biological methods,

if available. Ring test is valuable for verification for diagnosticians.

2. Epizootic diseases of molluscs

2-1. Marteilioidosis of oyster

Infection rates of Marteilioidosis of oyster during disease monitoring were different from
sampling site and season. Maximum infection rate was 30% that was observed in station
1, 2 and 4 from June to October in 2002. Annual infection rate on each site was 0% in
station 6 that was minimum and 0.51%, 1.89%, 3.03%, 885%, 10.37% in station 3, 5, 4, 2
and 1, respectively. Gross symptoms of Marteilioidosis of oyster were formation of nodules
on the reproductive tissues and watery oyster in severe case. With histological observation,
Marteilioides chungmuensis infects cytoplasm of oocyte. The infected oocytes showed
undeveloped, degenerated and/or marginated to the cell membrane by the parasite infection.
The parasite made a vesicle in cytoplasm of oocyte by one to six parasites that consist of
nucleus and basophilic cell within the vesicle. Size of the parasite ranges from 2.5 to 20.9
um in diameter, depending on growth and division of parasite. Almost parasites have two
sporonts within primary cells, while unusually 3~6 sporonts were observed within the
primary cells. Biochemical analysis of oyster tissue showed glycogen level as well as serum
protein level of infected oysters was lower than uninfected ones. It suggests that the
infection of parasite may cause a significant metabolic impact. For development of PCR
method, with CHU1/CHUZ2 primer set that were designed for M. chungmuensis 185 rDNA
gene, we get a 500bp PCR product amplified from DNA template of oyster reproductive
tissue. These results ensured by observation of histological examinations. These PCR
product’s nucleotide sequences showed 99% identities with those of M. chungmuensis repor—
ted from Japan. Therefore we establish the genetic diagnostic method with suitable primer
set for the M. chungmuensis, and this method may be available to disease monitoring.

This PCR method was applied for diagnosis M. chungmuensis of in mussel, the infection
of M. chungmuensis was recognized. The nucleotide sequences of M. chungmuensis from
mussel showed 99% identities with those of M. chungmuensis of oyster. These results

may provide important data for infection mechanism of M. chungmuensis.
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2-2. Perkinsosis of manila clam

Perkinsosis was observed in manila clam and causative agent of parasitic infection that
the parasite infects connective tissues of almost internal organs and might cause inflamma-
tory responses and granuloma. The infection rates was 100% in Gochang from March
2002 to August 2003 and 20~70% in Taean during disease monitoring. For development of
PCR method, with pkbS primer set that were designed for Perkinsus atlanticus 5S rDNA
gene, we get a 379bp PCR product amplified from DNA template of manila clam gill
tissue. These PCR product’s nucleotide sequences showed 100% identities with those of
Perkinsus atlanticus Genebank AF140295. This PCR method was applied for diagnosis P.
atlanticus in swrf clam, manila clam, oyster and Thomas’s rapa whelk taken from the
costal area of Taean and Gochang from April to July 2004, the parasite was detected from
all samples and infection rates were 95%, 102, 625% and 46.9% in the manila clam,
oyster, surf clam and Thomas’s rapa whelk, respectively. This results suggests that the

parasite may infect almost molluscs which lives in western coast of Korea.

2-3. MLO infection of oyster

During routine survey of Pacific oyster Crassostrea gigas collected from Tongyoung area
in southern coast of Korea, histological examination revealed that a intracellular microorgan-—
1sms infected the digestive gland of the oyster. They infected hepatopancreatic cells exten-
sively. The size of intracellular microorganism was of 45 to 8 nm in diameter and 200 nm
to more than 500 nm in length. They were pleomorphic. The morphological characteristic of
intracellular microorganisms lacked cell wall and was bounded by the plasma membrane.
They contained typical prokaryotic ribosomes and fibrillar DNA-Iike strands. No additional
internal structure has been observed. Based on the lack of cell wall and the cellular

localization, the intracellular microorganism is considered as a Mycoplasma-like organism.

2-4. VGH infection of oyster

During a routine survey of Pacific oyster, Crassostrea gigas, in Tongyoung on the sou-
thern coast of Korea, basophilic inclusions were observed in the gonadal tissues. They
were detected from March to May at prevalences of 3.3~7.196. The inclusion bodies were
Feulgen-positive and stained red orange with phloxine tartrazine. Electron microscopic
observation revealed non—enveloped, icosahedral particles 40~45 nm in diameter. These
morphological characteristics resemble those of papovavirus-like inclusions previously des-—

cribed from Pacific and eastern (American) oysters, C. virginica, in North America. Although
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many mitochondrial bodies and intact sperm cells were observed around the inclusion

body, no host reaction, such as hemocytic infiltration was detected.

2-5. Birnavirus infection of Pearl oyster

During routine survey of Pearl oysters, necrosis of muscular fiber, hyaline droplet
degeneration of oocyte nucleus, atrophy of hepatopancreatic tubules and a inclusionbody in
the hepatopancreas are observed by histopathological observation. CPE was not observed

in the innoculation of cell lines. Birnavirus infection was identified by PCR method.

2-6. Abnormal hemocyte of mussel

During routine survey of mussel, abnormal hemocyte infiltration on the gill tissue of
mussel was observed. The hemocyte has enlarged nuclei with abnormal marginated chro-
matin. Some nuclei of hemocyte appeared with a ring—shaped or crescent—shaped chromatin.
The condensed chromatin was Feulgen-positive. Transmission electron microscopy did not
reveal the presence of herpesvirus in the hemocyte. In order to detect herpesvirus, her-

pesvirus infection was detected by the formation of 700bp PCR product.

2-7. Green oyster syndrome

During routine survey of oyster, green color change in the mantle tissue of oyster was
observed. Green spots were observed on the gill, mantle and/or palp, in some cases green-
wish coloration on the whole body was also observed. Refrigent material in the cytoplasm
of hemocyte was observed by staining the tissue imprints with Hemacolor kit. Trans-
mission electron microscopy revealed the presence of irido-like virus in the vesicle that
appeared in the cytoplasm of hemocyte. The virus has envelop and is 130 nm in diameter.

The morphological characteristics suggest that the virus seems iridovirus.

3. Guideline of disinfection of mollusc farms

Since hatchery reared seeds 1s beginning assume the massive proportions of molluscs
aquaculture, the Guideline of mollusc farms is strongly needed for production of healthy
seed. Disinfectants and concentrations for disinfection are prepared for mollusc farms. Addi—
tionally, procedure of neutralization of halogens are described for removing the residual

toxicity of disinfectants and protection of the environment.
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4. Diagnostic guide for important mollusc diseases

Notifiable diseases of mollusc to OIE are Bonamiosis, Haplosporidiosis, Mikrocytosis,
Marteiliosis and Perkisiosis. Since those diseases are classified important diseases of molluscs
and may cause significant mortalities of farmed molluscs as well as wild stocks, con-
tinuous and serious monitoring for the diseases are strongly needed. Therefore, diagnostic

guide for those diseases are prepared.

5. Study of massive mortalities of cultured molluscs

5-1. Massive mortality of manila clam in western coast

Since the massive mortality of manila clam was appeared in Incheon area in 2004, study
was performed for causative agent. The diseased clams showed atrophied mantle. The
condition index of diseased clam was lowered that that of Kunsan clam in same period.
The trophozoites of Perkinsus sp. were founded in tissue imprints and histological
sections of diseased clam collected from Incheon. Infection rates of Perkinsus sp. are
100% in surface—caught clam and 80% in underground-caught clam. The result suggests

Perkinsus sp. 1s a causative agent of massive mortality of manila clam in Incheon.

5-2. Massive mortality of abalone in eastern coast

Since the massive mortality of abalone was appeared in western coast in 2002, study
was performed for causative agent. Vibrio alginolyticus was isolated the haemolyph of
diseased abalones (Halio discus hannai). The strain was a Gram-negative, straight rod,
motile on TSA. The strain was classified Vibrio alginolyticus by API 20E and Biolog GN
system. Many bacteria were observed in the connective and muscular tissue of the foot
and mantle. These bacteria infection is presented in the diseased abalones and seems to
be systemic. Necrosis of the connective tissue end muscular fibres was noted and could
be associated with the presence of the bacteria. Experimental challenge ensure that Vibrio
alginolyticus 1s a causative agent of massive mortality of abalone. For establishemnt of
PCR diagnosis, specific primer set are designed that are targeted on 16S and 16S/23S
intergenic spacer. Since the nucleotide sequences of 16S/23S intergenic spacer are unre—
ported in Genebank, the sequences are registrated as AY601670 in Genebank. In addition,

monoclonal antibody are produced for immunological diagnositic methods.
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Table 1. 2001 World Production of Marine Molluscs(FAO 2003)

Species .
Country (Common name & Scientific name) Production(mt)
Pacific cupped oyster(Crassostrea gigas) 3,490,972
Sea mussels nei(Mytillidae) 568,305
Yesso scallop(Patinopecten yessoensis) 960,294
China Blood cockle(Anadara granosa) 232,229
Japanese carpet shell(Ruditapes phillipinarum) 2,014,426
Constricted tagelus(Sinonovacula constricta) 597,374
Marine molluscs nei(Mollusca) 1,248 835
Pacific cupped oyster(Crassostrea gigas) 174117
Abalones nei(Haliotis spp) 29
Korean mussel(Mytilus coruscus) 13,653
Yesso scallop(Patinopecten yessoensis) 66
Inflated ark(Scapharca broughtonii) 7,359
Rep. Korea
Blood cockle(Anadara granosa) 3,842
Japanese hard clam(Meretrix Iusora) 26
Japanese carpet shell(Ruditapes phillipinarum) 16,433
Oriental cyclina(Cyclina sinensis) 25
Constricted tagelus(Sinonovacula constricta) 1,550
Pacific cupped oyster(Crassostrea gigas) 231,490
Japan Yesso scallop(Patinopecten yessoensis) 235,613
Clams, etc. nei(Bivalvia) 1,777
Cupped oyster nei(Crassostrea spp) 16,100
Thailand Green mussel(Perna viridis) 89,200
Blood cockle(Anadara granosa) 40,000
Cupped oyster nei(Crassostrea spp) 264
Malaysia Green mussel(Perna viridis) 6,380
Blood cockle(Anadara granosa) 70,816
Pacific cupped oyster(Crassostrea gigas) 16,837
Abalones nei(Haliotis spp) 2,496
. Lo Japanese carpet shell(Ruditapes phillipinarum) 315
China, Taipei . .
Hard clam(Mercernaria Mercernaria) 28,164
Clams, etc. nei(Bivalvia) 257
Constricted tagelus(Sinonovacula constricta) 51
Philippines Slipper cupped oyster(Crassostrea iredalnei) 19,042
Green mussel(Perna viridis) 13,513
Cupped oyster nei(Crassostrea spp) 31
Australia Blacklip abalone(Haliotis rubra) 53
Australian mussel(Mytilus planulatus) 2,497
Singapore Green mussel(Perna viridis) 2,853
China, H. Kong Pacific cupped oyster(Crassostrea gigas) 610
Total 3,952,316
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Table 2. 2001 World Production of Marine Aquaculture(FAO 2003)

Species Production(mt) Value(US$’000)

Opysters 4,207,818 3,474,955

Abalones 5,425 73,882

Mussels 1,370,631 616,401

Molluscs Scallops 1,219,127 1,667,949
Calms 3,109,024 3,465,561

Cuttlefishes 16 66

Marine molluscs nei 1,344,763 644,685

Crabs 164,232 675,061

Crustaceans Lobsters 35 1,325
Shrimps 1,270,875 8,432,149

Marine crustaceans nei 36,278 145113

Flounder, halibuts, soles 28,459 303,201

Cods, hakes, haddocks 703 2,069

Miscellaneous coastal fishes 362,265 1,769,246

Marine fishes Miscellaneous demersal fishes 9,330 54,715
Tunas, bonitos, billfishes 14,018 204,540

Miscellaneous pelagic fishes 163,790 1,355,506

Marin fishes not identified 512,460 399,617

Table 3. 2001 World Production by species groups(FAO 2003)

Species Production(mt) Value(US$'000)

Carps 16,427,626 15,986,670
Brown seaweeds 4,691,270 2,852,500
Oyster 4,207,818 3,474,955
Miscellaneous aquatic plants 1,219,127 1,667,949
3,109,024 3,465,561

16 66

Total 1,344,763 644,685
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Table 1-1. Sample size based on assumed pathogen prevalence in lot(Ossiander & Wedemeyer 1973)

Lot size Prevalence(%)

1 2 5 10
50 46 46 29 20
100 93 76 43 23
250 156 110 49 25
500 223 127 54 26
1000 256 136 55 27
2500 279 142 56 27
5000 288 145 57 27
10000 292 146 57 27
100000 296 147 57 27
1000000 297 147 57 27

>1000000 300 150 60 30
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Fig. 2-1. Map showing the sampling stations of Pacific oysters.
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Fig. 2-3. Large nodules on the surface of the soft tissues of C. gigas caused by infection
with M. chungmuensis.

Fig. 2-4. Microscopical observation of Marteilioides chungmuensis—infected tissue. Unstained(A)
and Hemacolor stained(B)

sivfstd, oocyteol] HEE AT ATo] FAVETS SN TS
oftiel =o A Aol ¥ FElet U3 Fig. 2-11,12¢9F 22 Jejz
M. chungmuensis®l ZHE =& At & kst = 7[Aste] dAE &a|A]7])aL, ol
7 E =25 A "Bvkal Has ) em (Matsuzato et al. 1977, Matsuzato & Masumura 1988,
Park & Chun 1989), H3F Wae] e o] W5 AArAld Eub opet AT A9l
o7 Wt ti(Park 1999). T3k M. chungmuensis”t =l <
kS v X += WHAg Bk v itk(Imai et al. 1968, Chun 1979). M. chungmuensis+
Abgho]l ¢hd3d] FEEE 1083 11€d % =9 i oAl #&EH(Park & Chun 1989),
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Fig. 2-5~12. Histological observations of M. chungmuensis infected in C gigas. 5. Mal-
development of oocyte infected with M. chungmuensis was shown. 6.
The parasite in the oocyte showed eosinophilic cytoplasm and baso-
philic nucleus. 7. 2 to 3 sporants was observed in the oocyte. 8. 6 spo-
rants in a oocyte. 9. Hemocyte infiltration observed around infected oocytes.
10. Heavy infiltration of hemocyte and inflammatory response was shown
around infected oocytes. 11,12. Spolulated parasites near gill
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Fig. 2-13. Observation of semi-thin section of oocytes infected with M. chungmuensis(1%
Toluidine-blue stain)
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Fig. 2-14. TEM observation of M. chungmuensis. Primary cell of M. chungmuensis. Early
developmental stage of M. chungmuensis(M) adjacent to the nucleus(N) of the
host cell(ova) in the gonad of C gigas.

Fig. 2-15. TEM observation of M. chungmuensis. Ova of C. gigas containing two primary
cells of M. chungmuensis adjacent to its nucleus(N). The cytoplasm of both
primary cells is disintegrating but the primary cell on the right has two
sporonts(Sp), while the one on the left is unusual in having five sporonts, two
of which are producing spores(Sp*).
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A 32 FH=F A== FI|BFWMarteilioides chungmuensis)®)
_]

W71 8% Marteilioides chungmuensis= 3= Crassostrea gigas®] A4l A2 Aol A€
Ao 7%, Phylum Ascetospora Sprague 19780 Z£3l= AEY 7|44 dAEEo|t}
(Comps et al. 1986, Park & Chun 1989). ©] 7|A&2 Ao MxAdye] Zdsw, e
TH o7 Aol 3~35 mo]tHComps et al. 1936).

a7 A Fo] =] wAo] WA= gkl tha] Al 1001 EQF Aol gk 1

5 4
o] FWFE vhiel ZUEo] BAE FAAL B wk ojet Seke] BAHQ WAl we
A

al. 1976, Chun 1970, 1979,
o, A7 tha Felrt 9
ov] 8~94e] A% BIES

FAAANAN 7B

%
2
rO
l-'O
lo,
M4
o,

i

UEdS flste] Ade = As ol dar]dsed ddd AAE Aol A
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FAFSHAl YERtH(paired t-test, P = 0.174). ¥+ 2 g Ha, Mo 2 vzl 2+
56.4~62.0%, 55.1~589%, 53.2~55.8%= UEtWth ZAZRAIE (M B Hab)¥ vz 714
9 o3 Aol yEhA] ktktHpaired t-test, p=0.111 between H- and M-groups,
p=0.562 between H-group and uninfected oysters, and p=0.673 between M-group and
uninfected oysters). ¥3FE ek Hat, Mot 2 v|gdolA 22t 4.2~17.0%, 9.1~
20.1%, 87~256%= UYET 3] "E%k% Hat, Mt 3 B[ ol A 24H2F 11.5~27.7%,
169~251%, 10.7~256%%= Uetstorn, 84 HuxE vehfia, 580 HAAE Yl
o 2y #AHE Folk Aol= BERE A ek tH(paired (-test, P=0.930, P=0.384, P=0.085).

g do AAAINAZF 512~11.41 pe/pl, He2> 3.08~4.04 pg/ul, M- 3.74~6.24 g/
W= AN AEAAG na) Aelgge]l ofF U Alom vehtor] AAAE g
ol Wawulel o] Flak W, MMl QoE A% FasATHFig. 3-3)

4

= a7 ASS FEe] W 7t HE SA7 L =S HAMA I, AT
¢l WAyl WS Aajets Aow dex] 21l dtH(Matsuzato et al. 1977, Matsuzto &
Masumura 1988, Park & Chun 1989). Park et al.(1999)&, WAa7iAZo| 7dd W3 5 A

Lo,

zé /51 ]

Table 3-1. Results of ANOVA and Tukey post-hoc test(=0.05) for absolute values of
tissue glycogen and serum protein in each sampling month.

Uninfected

Parameters Month H-group M-group oysters P
May 148 25 = 160 1.8 < 20.2 2.6 < 0.001
Tissue June 119 22 = 135 20 < 168 05 < 0.001
glycogen 3
(% of dry July 38 05 = 47 1.2 < 57 09 < 0.001
tissue) August 1.8 06 = 22 05 < 40 05 < 0.001
September 20 0.7 = 21 0.7 < 6.8 06 < 0.001
May 40 0.7 < 6.2 0.7 < 114 05 < 0.001
q June 35 04 < 6.2 1.3 < 83 04 < 0.001
erum
protein July 37 05 < 48 0.3 < 72 05 < 0.001
(g/D August 31 05 < 41 05 < 51 0.8 < 0.001
September 31 0.7 = 37 0.7 < 65 1.0 < 0.001

Data represent mean + 1SD
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Fig. 3-1. Glycogen concentration(+SD) in infected and uninfected oysters.
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3-2. Biochemical composition of infected and uninfected oysters.
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Fig. 3-3. Serum protein concentration(+SD) in infected and uninfected oysters.
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A 4R Far)1Fe] PCR Ay A

I. 329 d27AF

.M E

= Crassostrea gigasv GYETOZA o Aoz nlws] E o dAA A AJitE =
EFE AQAG A AR, 2, T SOl ztol ABabdo] B2 & FFoE T, &
o, AE, ZRA S5 Ut 5 A Aol BAE AL e TP S8%E A
o] THFAO 2001).

AA7HA B wpel wrEd F=o] Azkgk 7S AW SuA el tFHALE &
kel w1l ¢l wlo] A BAFO| B Y S (Quayle 1961)S F3st= Mikrocytos mackini(Farley
et al. 1983)9} ko] whavol] dwo] Ao wehs AAlstar A 4] HIAGA Q1 HH
= Fsl= M. chungmuensis(Comps et al. 1986) ]t}

WAV AFLS = (Chun 1979)3F A2 (Seki 1934)0lA4 iy wf glom zHd&o Wl
(Imanaka et al. 2001, Ngo et al. 2003), A3}std 7+ EA(Park et al. 2003), <
et al. 2004), FAMAY =84 A (Ttoh et al. 2003a, b) 5ol tis] Haen} o

wazh ey ddAe] M. chungmuensis®] ol F-7F 225k AP S S8 B
g 4 7] el EIEA] Eeta e Ao o] VASES Hista e AE
U ol B A 947 Ha vk o] 7S 27| AAGAY BdsTo gls 9
A PCREHE 7o)l Hasly, 719 M chungmuensis® FU WolE v|wdlr] 935t
18S rRNA°] H7IME& o2 PCR primers A|2Felal, PCR 27& &Hsto] FHH
o] Bitss RS ARSI

3Tz =
o 5

o] A RUHHES fste] AFH T ARE APl o] &3k

2-2. DNA =&
=9 AAAE dAste] DNA o] AREetith A A 5e4 DNA 2]+ High pure
PCR template preparation kit(Roche, Germany)E ©]-83}3th Z2 A5 20 mgell tissue lysis

buffer(4 M urea, 200 mM Tris, 20 mM NaCl, 200 mM EDTA, pH 7.4) 200 (S #7}35ke]
A 3}sE 3 proteinase K(0.02 mg/ml) 40 S H7Fste] 55TCoAA 1A17F &<F W3t} o
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7o binding buffer(6 M guanidine-HCl, 10 mM urea, 10 mM Tris-HCl, 20% Triton
X-100(v/v), pH 4,4) 200 s H7Fete] £33t & 72T A 1023F HAskem, thAl 100
 isopropanols F7Fsle] Zgtelith. ZHE High pure filter tubeol lysis solutions &7
A 8000 rpmoll A 187+ ARt Washing buffer(20 mM NaCl, 2 mM Tris-HC,
80% ethyl alcohol(v/v), pH 7.5)% 8000 rpmoll A 1&7F 23] AlAsA T Polsls washing
buffers A A7) ¢15Fe] 14000 rpmol A 10537 Y& 3 filter tubeS Evrd 15 ml
microtube®] %71 78] 70CZ Y3 elution buffer(10mM Tris, pH 85) 50 wlE #7135k
14,000 rpmellA 123 A4l eldtel DNAE w88kl 219 DNAS HF sk 50 ng/
w7F FEE 3% A260/280 nmol A =43k}

2-3. PCR % agarose gel M7|¥ =

$oll A 3k DNAZ template® 3] PCRS 2 A8+t Primere GeneBank®] M.
chungmuensis 18S rRNA gene(Accesion number AB110795)2 ©]-&3}o] Table 4-13 70|
CHUI % CHU2E A|#etSth PCR WES-Z71-2 Table 4-23 #Fo] PCR WEg-Z712 1X PCR
buffer(20 mM Tris-hydrochloride pH 84, 50 mM KCl and 1.5 mM MgCl2), 200 uM
dNTP(Bioneer, Korea), 0.2 uM primers % 2U Tag DNA polymerase(Bioneer, Korea)S =%
&ted 50 ng®] template DNAE %718 ¥ DNA Engine DYAD(M] Research, USA)S o] &3}
o] Table 4-29} o] WHSA|A T2 WSAAHES 1X TAEMO mM Tris-acetate, 1 mM
EDTA) buffer AellA 15% agarose geloll loadingdt 3 100VolA 1587F 7] %38}
Ethidium bromide(Sigma, USA)Z EAet & UV-illuminatorE AF&3le] PCR AAES &9l
SFAT.

Table 4-1. PCR primers used to amplify 18S rRNA

PCR product

Primer sets Orient Oligo sequence size(BP)
18S tRNA s<'3nce TGCTGAGACTAAAACGTCTG 500
antisence TCCGTCAATTCCTTTAAGTT
Table 4-2. Condition of reaction steps and PCR cycles of 18S rRNA
Temperature(C) Reaction time Number of cycle
Pre—denaturation 94 30 min 1
Denaturation 94 40 sec
Annealing 52 3 min 35
Extention 72 40 sec
Post-extention 72 40 sec 1
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2-4. PCR th=2| &7|ME =tel

7194538t 1% PCR AHE @ == F2S agarose gelolA] Z= A3 ste] Zeh
o] QIAquick Gel Extraction kit(Qiagen, USA)Z PCR M-S AASATE AAl¥l DNAE=
pGEM-T easy vector(Promega, pGEM-T easy vector system, USA)°l ligase buffer 5 f,
pGEM-T easy vector 1 ul, PCRAF= 2 pul, T4 DNA ligase 1 uf, Deionized water 1 W=
E5tete] Ao wEe A4MdEtAch PCR productE 3k plasmidE  JM109(Takara,
Japan) competent cellol heat shock ®WH O % transformationdte] 2%(w/v) X-gal 40
20%(w/v) IPTG solution 7 g, ampicillin 50 pg/mle] ¥3He LB agar(Bacto tryptone 10 g/
¢, bacto yeast extract 5 g/ ¢, sodium chloride 10 g/ ¢, bacto agar 15 g/ ¢ ) plateo] =23}
o] 37TCNA 18A17F Mi¥s 5 PCR 4be +3dA7F AdE #WA Hes ddsiglnh o] He
S 50 pg/mf Ampicillin(Sigma, USA)°] 7}¥ LB broth(Yeasy extract 5 g/ ¢, pancreatic
digest of casein 10 g/ ¢, sodium chloride 10 g/ ¢, Difco ; Miller)oll A th=F vj<kst & 4]
Baste] £33 A o2 RE plasmid DNAE EcoRIC®E Athsle] inserted DNAY %
o} @Z7|E gelsgdrt. #el3l plasmidE Sanger et al.(1977)¢] i o2 A7|MES HA5)
$3L, automatic sequencer(ABI 377, USA)E A}F&-3Fo] T7 universal primere} Sp6 universal
primer® G719 X500 EAE A7 <9E GeneBank?] Blast AMS E3Fe] o]v]
=5 AR AL Blalselth

3. Zn g nE

kAl o] AAARRE 3 DNAS T33O 7 M chungmuensis 185 TRNA gene primer
¢l CHUI % CHU2%E ©]&3F PCR A3 500bpe] AbEo] dojHthFig. 4-1). o] AFol A+
521 S1~S10& PCR A% 5 W44 A3 790l gjlvo] PCRAT ZA¥el ez
Arbe A3 AR E 3k A Ay ARl PCR 4AHEo] M. chungmuensis 185 tRNA<]
FARRIA] Lol 7] fgte] A7|MES w4 A3} dEAA BiE M chungmuensis®]
AR} 9926 A3k Aoz et thFig. 4-2),

A7 AT AE Yl s 78S el7] wEel 27 ZEA7IdE dA o]&staL
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3+t primerg Al#ste] FA AebHe] 278 :@]'1:10]' ittt 1 A3} Fig. 4- 1JJr 7101 500bp
°] PCR WHg A= 25 F dMen, 7159 A7 9 (GeneBank 110795)3 Hlul gk A3}
9% oo FeAds QT F ATk wEbA o] IAHE dATIAFY] AW HUE o
Agte Ao 7 werkdE

AdEl PCR WHS Fste] AFEX9 dar|ds Ao 7449 g9lst Ay 159X
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M dar] s gae glssien, ol A AEd G271 AFe] A7 E 52
ko] wolM HEE VAT dAss Aor YEth o2d dake dar|ls

] % 2
NAARE del= Fad A2z AlF" Zlolth

M S1 S2 S3 4 S5 S6 S7 S8 89 S10 M

- L F X "

500bp P

Fig. 4-1. Agarose gel electrophoresis of PCR products. Lane M ; 100bp DNA ladder marker,
S1~S10 : sample

Query: 10 ccagaagccaa—tcactcecagettectegggacccaacaccggtcacagagtgtaaacge 68
frfrrrnnnnnnl LI O T O OO RO RN RN BN RN RN AN N | IEE R RN NN irrrnnrnnnna
| NN | B EEEEEEERENREENEEEN] | B R R R RN | EEEEEEEEN]

Sbjct: 1063 ccagaagccaaatcactccagettcectecgg-acccaacaccggtcacag—gtgtaaacge 1006
Query: 69 ggcgtcgggccggtcggcatagtttggggcacaccgctaccggggtatctaatcctgttg 128
[N ] 1ni [ ]

Sbjct: 1005 ggcgtcgggecggteggcatagtttggggcacaccgetaccggggtatctaatectgttg 946
Query: 129 actacggtggcttccgtectttatcgacggaaacgectctagacgagtgecttegettteg 188

Sbjct: 945 actacggtggcttecegtectttatcgacggaaacgetctagacgagtgecttegettteg 886
Query: 189 gctgtcttgcaaggatcatcagattttacccctegecctgeagttcactegtetecgace 248

Sbjct: 885 gctgtcttgcaaggatcatcagattttaccectecgecctgeagttcactegtetecgace 826
Query: 249 gctcccgttgatcatcacctgcgctcttggaacgccgagcgcaggtttcgttctacgatt 308

Sbjct: 825 gcteccgttgatcatcacctgegetettggaacgecgagegecaggtttegttctacgatt 766
Query: 309 ccatgcaaaaccatcgagcacgagctcgecttgatcacctggtttgggtcacggacgtgg 368

Sbjct: 765 ccatgcaaaaccatcgagcacgagctcgecttgatcacctggtttgggtcacggacgtgg 706
Query: 369 accgacgcacgccgaggcgaacgaacggtcgtggcggagcggccatctcgcccggcgggt 428
i

Sbjct: 705 accgacgcacgccgaggcgaacgaacggtcgtggecggageggecatetegeccggegggt 646
Query: 429 cgaccgcacgctccgecgttggttccgactacagacgttt 469

Sbjct: 645 cgaccgcacgctccgecgttggtteccgactacagacgttt 605
Fig. 4-2. Partial sequence of Marteilioides chungmuensis 18S ribosomal RNA from Pacific
oyster. Thick letter is shown to difference of the sequence of isolated parasite
by this study with the sequence of Marteilioides chungmuensis 18S ribosomal
RNA in Genebank(Accession number AB110795).

XXXViil



4. F3 53

Bondad—Reantaso MG, McGladdery SE, East I, Subasinghe RP (2001) Asia Diagnostic
Guide to Aquatic Animal Diseases. FAO Fisheries Technical Paper 402 Supplement
2. Food and Agriculture Organisation of the United Nations and Network of
Aquaculture Centres in Asia—Pacific, Rome. Pg. 144-146

Chun SK (1979) Amoeba infection in oyster (Crassostrea gigas). Bulletin of the Korean
Fisheries Society. 12, 281-285

Comps M, Park MS, Desporates I (1986) Etude ultrastructurale de Crassostrea gigas n.g.
n.sp., parasite des ovocytes de I'huitre Crassostrea gigas Th. Protistologica 22,
279-285

FAO. (2001) FAO vyearbook, Fisheries statistics; Aquaculture production 2001. FAO
Fisheries Series, No. 64. Rome, FAO.

Farley CA, Wolf PH, Elston RA (1988) A long-term study of "microcell” disease in
oysters with a description of a new genus, Mikrocytos (g.n.) and two new species
Mikrocytos mackini (spn.) and Mikrocytos roughleyi (spn.). Fish. Bull. &6,
581-593

Imanaka S, Itoh N, Ogawa K, Wakabayashi H (2001) Seasonal fluctuations in the
occurrence of abnormal enlargement of the ovary of Pacific oyster Crassostrea
gigas at Gokasho Bay, Mie, Japan. Fish Pathology (Tokyo) 36, 83-91

Itoh N, Oda T, Yoshinaga T, Ogawa K (2003a) Isolation and 18S ribosomal DNA gene
sequence of Marteilioides chungmuensis (Paramyxea), an ovarian parasite of the
Pacific oyster Crassostrea gigas. Diseases of Aquatic Organisms 54, 163-169

Itoh N, Oda T, Yoshinaga T, Ogawa K (2003b) DNA probes for detection of Marteilioides
chungmuensis from the ovary of Pacific oyster Crassostrea gigas. Fish Pathology
(Tokyo) 38, 163-169

Itoh N, Tun KL, Komiyama H, Ueki N, Ogawa K (2004) An ovarian infection in the
Iwagaki oyster, Crassostrea nippona, with the protozoan parasite Marteilioides
chungmuensis. Journal of Fish Diseases 27, 311-314

Ngo TTT, Berthe FCJ, Choi KS (2003) Prevalence and infection intensity of the ovarian
parasite Marteilioides chungmuensis during an annual reproductive cycle of the
oyster Crassostrea gigas. Diseases of Aquatic Organisms 56, 259-267

Park MS, Kang CK, Choi DL, Jee BY (2003) Appearance and pathogenicity of ovarian
parasite Marteilioides chungmuensis in the farmed Pacific oysters, Crassostrea
gigas, in Korea. Journal of Shellfish Research 22, 475-479

Quayle DB (1961) Denman Island disease and mortality, 1960. Fisheries Research Board of
Canada Manuscript Repory 713. Ottawa

Seki H (1934) The abnormal development of the oyster gonadss in Hiroshima bay. Bull.
Japan Sci. Soc. 9, 93-99

XXXIX



1. M
AFFA Mytilus galloprovincialisi= %-eluete] F8 57 F FF oM Bitgo=
oo 160ESR & viAE tgoR 395 AAstL o] AAHeR wg Fad Folvh

AFEA Y Fa FAFo] = yar|dso] e Ao

Txo] A#AAAE BT _7F vk M. chungmuensis= Paramyxean®] Yoz <
shm o] 2 = Crassostrea gigas®] Waol Fd=Eo] WAoo HAFAQ TS st
(Comps et al. 1986). ¥ AGoM= =9 FA7AFH ] AS ¢J3] 7/I2E PCR 2
Wz A WS Fote] XFEAe gt M. chungmuensis®] 73 olF-oF 22344 o3k
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F2Al AFHR o] AMAAZEE BEE3 DNAS F307 M chungmuensis 185 rRNA
gene primer?]l CHUl % CHU2< ©]&3F PCR A3 500bpe] AbEo] AojxthFig. 4-7). A
A= 21mke] Foll Al 6ntbE]el A PCR Y/ wk-g-o] YERd 28%2] 7HAI7F 2 E]o] dSdTh o]
Aol AL Alzol| ot WHe|Z2AHJAMA T} Fig. 4-3~63 2Z2o] A2 Aol M. chungmuensis

ZFdo] golxie} ek A Ay Adojxl PCR AH=Eo] e M chungmuensis 185 rRNA
o FAARIA Lolr 7] 5t AVIMES B Ay dEA BuE M chungmuensis
o] FHAtel 99% A A eth= A= YERITHFig. 4-8).
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Fig. 4-3~6. Histopathological observation of mussel infected with M. chungmuensis. 3.
The parasite was observed in the cytoplasm of oocyte. 4. The parasite has
eosinophilic cytoplasm and basophilic nucleus. 5. The parasite did not caused
mal-development of oocyte. 6. Only 1 sporant of M. chungmuensis was observed
in the cytoplasm.

AA7EA Lzl vhell oJstA AT ASS S AR el fAEE Aow dEA gk
S (Park et al. 2003, Imanaka et al. 2001), <+ ¥&2] Iwaki oyster?] Crassostrea nippona
(Itoh et al. 2004)°l 7= Ao® Wy v} oy B A Ayl M. chungmuensis?t %
SR = FoEE Aow W Rk olgd A A= G| AlEFe] F3) [waki oyster
A 7F Al Fol vk oujoln) webA e olmjgjo] T TE ST gk
FAE dAd, G 8FE olmHFY T o7t dojues Ao FAHE
I

-lN

s9s -

e Aotk e, AAZA oled ExF Aolg PFT F A FABEI wHAA &
7] Wzl o2 AFT F = APANt Dasid

B AT A3 A PCR WS Botel AFHAY dasldE A3 49 HA% 2

3, g zAs ot A8 BAHA e AFDANA BarlaFe] Bde Hlsge

AT AEE BarldFe AGE Seluee @l dER darlE

| A GarlaFe] de4Rs welt Fa@ Anw A
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M1 234567 M2S89 1011 121314 MI 16 17 1819 20 21

500bp P

Fig. 4-7. Agarose gel electrophoresis of PCR products. Lane M ; 100bp DNA ladder marker,
S1~S21 : sample

Query: 1 gagactaaaacgtctgtagtcggaaccaacggeggagegtgeggteggaccegeegggeg 60
ftrnnnnnnrnnnnnnnnnnnnnnnnnnnnnnnnnnnnRnnNRNNRRNRRNRRLRRNNRRRRNRRRR}
[(EE R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R RN

Sbjct: 598 gagactaaaacgtctgtagtcggaaccaacggcggagegtgeggteggacecegecgggeg 657
Query: 61 agatggccgctecgecacgaccgttegttegtcteggegtgegteggtecacgteecgtga 120

Sbjct: 658 agatggccgcteccgecacgaccgttegttegecteggegtgegteggtecacgtecgtga 717

Query: 121 cccaaaccaggtgatcaaggcgagctcegtgetegatggttttgecatggaatcgtagaacg 180

Sbjct: 718 cccaaaccaggtgatcaaggcgagetegtgetegatggttttgecatggaategtagaacg 777
Query: 181 aaacctgcgctcggegttccaagagegcaggtgatgatcaacaggageggtcggagacga 240

Sbjct: 778 aaacctgcgctcggegttccaagagegcaggtgatgatcaacgggageggteggagacga 837
Query: 241 gtgaactgcagggcgaggggtaaaatctgatgatccttgcaagacageccgaaagegaagg 300

Sbjct: 838 gtgaactgcagggcgaggggtaaaatctgatgatccttgcaagacageccgaaagegaagg 897
Query: 301 cactcgtctagagecgtttcecgtcgataaaggacggaagccaccgtagtcaacaagattag 360

Sbjct: 898 cactcgtctagagegtttcegtegataaaggacggaagccaccgtagtcaacaggattag 957
Query: 361 ataccccggtagcggtgtgccccaaactatgeccgaccggeccgacgecgegtttacacect 420

Sbjct: 958 ataccccggtagcggtgtgccccaaactatgecgaccggeccgacgecgegtttacacet 1017
Query: 421 gtgaccggtgttgggtccgaggaagetggagtgatttggettcetgggagattacggetge 480

Sbjct: 1018 gtgaccggtgttgggtccgaggaagctggagtgatttggettctgggagattacggetge 1077
Query: 481 aaagctgaaacttaaaggaattgacggaa 509

Sbjct: 1078 aaagctgaaacttaaaggaattgacggaa 1106
Fig. 4-8. Comparison of Partial sequence of Marteilioides chungmuensis 185
ribosomal RNA from mussel. Thick letter is shown to difference of the
sequence of isolated parasite by this study with the sequence of
Marteilioides chungmuensis 18S ribosomal RNA in Genebank(Accession
number AB110795).
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1. A—] =

Mycoplasmai= "1 Z-& prokaryotic 7| BAZA A EHo] A glom, whx] o]Fukel ¢
FAuo gut o]Folx UrHRazin & Freundt 1983). Harshbarger 5(1977)& Crassostrea
virginica®l HE74] A A Ee] Y9 ¥ mycoplasma-like organism(MLO)E Ao & Hil
gk olgl], AA7FA mycoplasmaZl Y FHFEEA Kl vp Qlth o 7d, filamentous
MLO7} Bthe] A -$-(Litopenaeus vannamei)o] 7H7goll Al #2E 9l oW (Krol et al. 1991), X
M --(Penaeus japonicus)®] 1H7dol A = EAE v AoH(Choi et al. 1996). B3t <+ A5
32 Urastoma cyprinaeol <%= MLO®2| 7ol Had v} Qi Comps & Tige 1999). 124}
AA7EA Frzel A ol MLO® #del tigh Biale gISdth $3A199 g2t =l o
gk MLO®] 7ol AW RuUys Ay Ay o] 1 A3E Histiz}l g,

HUE RS #l5to] iﬂﬁg G s Al wel "H =89

1 BA AAE flste] A& gl 22S 4T
A 25% glutaraldehyde(O.ZM cacodylate buffer, pH 7.2)% 1A|3F 1243 &
tetroxide(0.2M cacodylate buffer, pH 7.2)2 F114 3}99tHChoi et al. 1996). LA E A &=
Aol whel Eponell ¥ufshe] mAldH S wHEQIY M-S 5% uranyl acetate®} lead citrate
2 3} Jeol 1200 EX-22 80kV= #2313

MLO°ﬂ e 7‘1‘}%91 ez ek AR 737% Fig. 5-13} #o] Welz2g4 Wil &
& =9 7+ 22 delA MLO7F #2= A

o] A A Eo] MLOZF 7ol ol )
daE MLOE wi¢- otgst Jeis 7=

intracellular parasiteo|th, F3AAdAnF 2oz dAze MLOS Heje= oy 7IA= vehyt
ow, 1 FEle T2 70| 45~86 mme @A 200~500 nm ©]/Fe] Azl wEg
T e #FEEJom 2 Aol 70~120 mm=E FHEEAHFig. 5-35). Fig. 549} 2o] =
U] Eoldk dee] MLOX: o] Atk MLO+ A2 el prokaryotic ribosome¥}
fibrillar DNA-like strand& 7FAaL Q&= Zlo] ##EH At o] 23 prokaryotic microorganism
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Fig. 5-1. Section through digestive gland of Crassostrea gigas. Hematoxylin—eosin. Scale
bar=1 ym.
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Fig. 5-2. Mycoplasma-like organism(MLO) in hepatopancreatic cell of Crassostrea gigas.
The MLOs(arrows) were found free in the cytoplasm. Scale bar =1 ym.
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B b
Fig. 5-3. Electron micrograph of round MLOs. Scale bar = 100 nm.

Fig. 5-4. Electron micrograph of MLOs with spherical dilations(arrows). Scale bar = 250 nm.
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Fig. 5-5. Electron micrograph of a MLO showing fine structure of the cell membrane. Scale
bar =50 nm.

._ bhﬂj?l.‘ : _‘_.1-': o --II .:_ _‘:’

Fig. 5-6. Electron micrograph of MLOs(arrows) associated with mitochodrias(M). Scale bar=100 nm.
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AEZ W 7138 f2Ex gu v EFZ=2 ot} ribosome W #&E I HFig. 5-6). F=o] 1F
ZEE g2 FFEJAAT giFEe] S A ] s o] )

= “
= Ao Btk Add s FHelA o] nksor Hol= A2 s wEEA

Mollicutes= intracellular membranet} membrane-bound structureE 7}FA|#A] o™, wheba]
MLO<% living membrane vesicle® ¥ tHDavis & lee 1982, Razin & Freundt 1983). u}t
A AEetA 1gd ddolguty dHE MEe THe A2 MLOWEE] 4 I
ARl aqrzxloltt, 2 AFE F dEE A 1 AR AEd el dEE
AZY PAES AEHe]l Zojyo] don, A dddeow o] A7l i
Mycoplasma® F4 €tk & Agelx d2d v 33 A9AE o Alxde 34
Ho] QoA el g E o] Mo 5o]dtAl membrane-bound cytoplasmic inclusione
Aste Aor A =717 wig 2 rickettsia-like bacteria®tE T E THRenault &
Cochennec 1994). o]&]gt <452 mollicuteE WeRATh whebA 2 Aol A vepd 3=
A A AE AE Yol EE vAdES MLOZ ddhE ol

Filamentous mollicute= 7]=¢] Ao A A W= At A-(L vannamei ol A%
vl 9ltH(Krol et al. 1991). T3k UdEo|A F=AE BMH(P. japonicus) A= A=t
(Choi et al. 1996). o]#3F mollicuteE°] 7%+ filamentous©] i, terminal bleb& 7Fzl 7}4]
S 7HAAL AT B3 ATl AAshs Ul cypringe=HF8H #2E MLO:= rod HE 7}
A2 JATHComps & Tigé 1999). shA|wE 2 Ao A] #gd¥ MLOT short rody round
typeo. &2 olA7A HauE FeEots= thh tEA vElyth Mycoplasma®l S E]E growth
medium®| nutritional quality9t A7 =2, WEA DA wel Agdvan deiA
21t} Filamentous grothi= EA4A o2 A el A3t oA young logarithmic growthe} &
Aok Aol tHRazin & Freundt 1983). 3FA1%kE filamentous phase:™= LA A1 A& ctA| o]
1, filamentous phaset™ T-&°] AQl FHZ vl LA AQlo] XWX & FEejrt |
HRazin & Freundt 1983). & A4 #&E =9 MLOE P|EZEgolset o] iy
A= vl o]= MLOZF W% 3}s3stal 22 genomes 74|l 21 parasitic modes 3}
Ao ok 9o 2 mycoplasma’l ¥ biosynthetic abilityE 7HAl&= AE 458 =
A= Aot

Mycoplasma+= U&eh 3l 55255 Ha¥ a3 tH(Tully & Whitcomb 1979, Lauckner
1983, Sparks 1985). o]#1gt MLO FolA E2 Fo olujgfeol HALe} #Ho] &= TEE
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&
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A tHAzevedo 1993, Bower & Meyer 1991, Bower & Meyer 1995, Hine & Diggles 2002).
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A 6-A =9 Viral gametocytic hypertrophy

1. A &

2002 11958 Ad 39, AAAY 67149 = FAA A v AlgE AHF (StationH =
3070AD, 37Kl AA F 2239 FAblA =o AAA Wl SYAR 1= VGH(Viral
gametocytic hypertrophy) &&43-S AL A48T

VGHE papova-like virus®] o= Yelhuts Zoz dEA o Qe de|ol &
ol X279 labial palp Ao 79 Z(Norton et al. 1993), v=r(Meyers 1981, Farley
1985, Winstead et al. 1998, Winstead & Courtney 2003)3} 7Hubtte]l W= (Crassostrea
virginica)® A4 A (McGladdery & Stephenson 1994)0 4] H.a1E o] 9lo ™ Crassostrea
gigas, C. commercialis, Ostrea lurida 1213 O. edulisd| A= FrAF HA7F 71 o]AHE H
13 (Farley 1978) W32 Mya arenaris®] o}7fn] Ay 9 O & 2o T4} #

Aet WMAE 7]t tH(Farley 1976).

A BUHPS 98 APS FE ARE el wet du=egel sgske] Welxs
siqom et FHAAANAd AAE flete] Begole] nHE 242 4TAA

2.5% glutaraldehyde(0.2M cacodylate buffer, pH 7.2)%= 1A%t 4% 3 1% osmium
tetroxide(0.2M cacodylate buffer, pH 7.2)2 174 s}3tt A4 H A5 AH wat Epon
of Xujste] mAAHS THERTE A2 5% uranyl acetate®} lead citrate® 3}o] Jeol 1200

EX-2= 80 kVZ ##3sdth

3. 23 3 1%

3-1. VGHe| & &

VGH®| -5+ 51t Foll HdEe] F=eAA vehdes 2oz gRle ek 2002 ol
+ 395H 59, 2003l 495 69, 18jal Aol we} 7¢, 89 = FEEATH 2002
9 3YellA 59 Alolol= St 3, 2, 6 LE]al 5ol skl e 1090 F A G(St. 3, 4)°l
A dAA o R FREHA O B AGAE YERA] gth 109 H, FEE dde] d A
Aol A HEE A gFkth 20029 20039 7 E T HwES w, 200399 EAEC] =
gom, AgHo g St 2, St. 6 283 St. 5ol EL WHFES VeI, St 33 St 1
o] Aoz YERET St 4+ 2002 10€4 13 3N AI7E SRlE o O o2
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UehA] ekskth €= TP 2 SHES JER XS St 20/ W AEAHow w
St. 5ol A 7HE e et HEbsttHEig. 6-1).

FrohA VGHQ] HHES 2 YepA = FRARE 20020 = giFEe] 3 A
oA vteERd WA 2003 #F Alo= oA JRAAE v B2 E It MceGladdery &
Stephenson(1994)¢] Hire|A Ueld A% GAT FZAUNA BFel A2 Ao vgiAxE
(hypertrophyed cells)®] &3-& Awstar oy, I v & A3 W& A3 e}
AA gk 2002 ¥ 20031 AFele] 9F, = Al whE WA w]golA Zo|7b v Bl

S e SN FUE SAGRE 27 AW 95 REE wi R3]G5 B

o
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i
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2 e 97148 BYEAR #EEE 2 A2 YA ue AL O 7PgRE 2
H+ g (multi-nuclear)®] AWAIZE FAsAUH(Fig. 6-35), 5UA WF7F 23t
Aol geuE YeEhZlE don(Fig. 6-2) 7MFEAZ 2 949 HFEE A3
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Fig. 6-1. Prevalence of viral gamtocytic hypertrophy(VGH) in Pacific oyster Crassostrea
gigas from 6 sites(Stn 1 —@—, Stn 2 O+, Stn 3 —V¥-—, Stn 4 --—
—, Stn 5 — Il and Stn 6 -—[]-—) in Tongyong and Geoje(n=30).
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Ar Yebsth Al wet s E oA v GAE e SRAVE g R dAMEo]
2he 7)1 % gt (Fig. 6-4). S 9A FHE A27F SEAsHA] &g+ Heits al
of wet opxtel AR ETE HFEVE Flom WEghe] FAE FYAel wet tEA e
Wth(Fig. 6-2,3). 18 B9A 7+ A 24 ¥ &%
22 aF wojrtely, v WALEE e Gtk dRkE A g AR EHE
H&E(Hematoxylin & Fosin) @A = A FE24 4
DNAE Hdelxdo=z 5= Feulgen ¥HEolxe 2 HebE&(Fig. 6-4), Phloxine
tartrazine G E T3S YeELUTHFig. 6-5). B39 el oA dd oz Tk
SHA Yo F7|% tefFste] H Ao A= 15 moll A 2 AL 60 m= FEE AT
HFsEo| Hil% 3l 9l Papovavirust T &=, papillomaviruses 12|31 polyomaviruses
o]aL Ao, - FE(papilloma), TF-9F 2] o]t} ofo] wksll VGHel #HE =o|v th&
7ol A9 AR o A FAd oleel Eye FYgolu, v wiAo] AFEA] &grt
B ZA A BZE virus YA 1 7|2 Bo} polyomavirusoll Z7H7FS-u o] H ] Ho alof A
+ paillomavirus-like virus®Z %slal JQtHMcGladdery & Stephenson 1994). McGladdery &
Stephenson(1994)¢] ®.a1o]] w2 Papova-like virus® AJXW EA=2 A¥7F v s Ao
Bes] AREM, A NkEs oiRE 9A YEiA, Setels 328 & JNG 578 olste] 3t
A METE BES ZoR HuHEgon EEA =2 NEE Bl F9$E YEtha o
olefgt H|thA| L] Edol B tsta =9 HdAoluh, A4 Fsfol+=
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3-3. oM F=-FoiMAtein|d 2HE

TR n A o m nAlF2E dEg A3, SJA el vrele 2k 4xprt 7S A 3l
Ao (Fig. 6-6), Hlolz]2 JA= envelopo] $1= AH20W A9 Fe|= 27 o] oF 40~45 nm
2 BFEEJHFig. 6-7). o] &2 e 542 papovavirus(Akermann & Berthiaume
1995, Dimmock & Primrose 1994)¢} FAFsH Aoz A et BAA 7] e] dAE =
7b A BEEE RS BV delA B B4 PR e AR EHFeE e o
Aok o Z A A (chromatin)o] 35 o] YElE Zollon, S4A FHoE @
nEZeg et GAEAEZ)7E oA A= Zlo] #FHJHFig. 6-8). &, FAo2= ANt
A FEoR WUEE Afoly s YAE = A thFig. 6-9). PAlF2 B A=
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=
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Fig.

Fig.

Fig.

Fig.

6-2. Two inclusion bodies(arrows) in reproductive gland of male individual.
Basophilic homogeneous inclusion bodies are among germ cells. Surrounding
tissue lacks necrotic cells.(H&E) (bar=35 ym).

6-3. The inclusion body i1s organized into a ring-like structure of condensed
chromatin. Unstained regions are found outside and inside of the inclusion
body.(H&E) (bar=20 m).

6-4. Inclusion body(arrow) is Feulgen positive and the other structure(arrow head)
has an indistinct outline and spotted chromatin debris.(Feulgen reaction) (bar=25
(m).

6-5. Inclusion body(arrow) has several nuclei at its margin and stains color of red
orange.(Phloxine tartrazine) (bar=25 um)
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Fig. 6-6. Transmission electron micrograph of inclusion body, filled with viral particles.
Arrow heads : edge of inclusion body ; C : condensed chromatin. Scale bar=1 gm.

Fig. 6-7. Details of viral particles, which arenon enveloped, icosahedral and 40-45nm in
diameter. Scale bar=100 nm.

Fig. 6-8. Transmission electron micrograph of inclusion body and surrounding tissue.
Arrow heads : edge of inclusion body ; C : condensed chromatin ; m : mitochon-
dria ; S : head of spermatozoa ; f : flagella of spermatozoa. Scale bar=1 ym.

Fig. 6-9. Released virus particle(arrow) is observed outside inclusion body. Scale bar=50 nm
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Gebel el w2 FRANLS NG FuEAE ghou) wule] AAg HAe A%
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2-1. A=
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(0.2M cacodylate buffer, pH 7.2)% 314 3}3th. 24 H Al5E Ao w2} Eponoll XEwj
slo] mAEHS BEQdY AME 5% uranyl acetate®} lead citrate® o] Jeol 1200 EX-2
2 80kVE #Eaelth

Mo AFzo] A 2 o] AHH] Fon Ha

= &
wedol HRom AU AR AAEe] Qoid HAe] wHe optull WE Fe

p 5ol #REo} et 49w Aglom, A AAsL HasHe et AAE A% B
%_L-‘ﬂ?iﬂr. e ol @ AAEe] QoA flpgos WA Rl Sold Welets 34

=g e 2ARES AAste] Fotold] Edse] sviRatz Gad At A7 A
4

24 el Ba FEE YaEel 5 s Aol BRHUHFig. 7-2). oleld BAe v}
Zeb QA ga FReA ek olHd @S AT B Agow AYe @4
M9 fabetAl gEEelt aey o) d7 w4 gL 54 UE A

macrophage®t &= JEje] 7} o2t 285 3§

el dh B A el Wi £ dAbse] 7S ARl d

1o
i

>,
D
ofo
o

AN AA BF Ay Hre] AEA YA oz ZemelR vesicleo] #EE ST
(Fig. 7-3). ©18g visicleWloll Al vpo]e] 29} Al YApE5o] #HEH Y o (Fig. 7-4), A+

271 270l 130 mielelw, Fel= Sy 9ot =3 envelope 7HAAL 99

tH(Fig. 7-5, 6).

7ol olgjkutole] 2 Tl thek HarolA AA7EA] Lelxl ol e] o] mulo] 2]
= 3 ol oy wlolg 2ol tigte] et HA Fkon, 2L AgE o] FolA
A eskEol e Eatstal, wolel o] PEjvk 27](A17% 380 nm), DNA Ao 5o = <lat
of olgjenfolfa® EFEA sith 7MY AS HaE olg|wuleldl s PSS FEFH
= Crassostrea angulata®) X B9 7FdF 07 olrn| %2 9] IALS fbslar, dto 7+
= do7l= 5A-o] Ak o] AHATE wEske vholEa dAe AHE AEW SAAE
PAsl= E-o] AtHComps 1970, 1972).

Fol#) 2= Crassostrea angulata®t C. gigas(+4)7] 2 745, o] =nlo]g] 29
C angulata= op7trvt ¢} AfFxAol o7t deojup AA )& d=vt
(Comps & Duthoit 1976, Comps & Masso 1978). C gigas®l] thst o] npolg|x~ 7L {243
o] HALS e, upeb FFo] o] AW #AFEHAS wWjE oyster velar virus diseasez}

|
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HER] FRARE AH Q¥ ek xERZbo| FEFITE 1o A
= A7 @AEEaL Y tHComps 1983, 1988, Elston 1979, 1980). o] =)

]
Qi BAZ 498 242 SR ARG WE] GMstel BRSw, 2

| = . ]

FUAZTEE WA= Aol #EEHAT vlo] Y AYA= O]/“‘I‘Xﬂ O] 380 nm¢} 350 nm
19, 250 meF 190 mme] AAUE=7F %= nucleoidsE 7T OVVD94 olg| Lnfol e A
velum®] A3 A Zojl vt 743t} o] nlolg A% ol Aol 272 230 nmolth

[}

Fig. 7-1. External view of Green oyster

Fig. 7-2. Refrigent material was observed in hemocyte of Green oyster
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¥ APA% B olelwutole i JolRAZA Aol 130 mzA WA wad
olvfshFrel olewrtolel ot Hlw W =77k vhE AL o)elwrtole] soltk, oleld 7]

JelzE feltebe] ERel e FAMNE FUsE ol wntole2sh fAR
a7leleh @ ARAA FE olewrtole2sk FH

o ole|mntolel g o7
At AQA B BEL T F UE FI

z
A&7k gtk ofze & 4

< BuARA & 3t
TolA Aol ARA A ERlE ol mntel vt 9l WAARA FA o] H=Ad

Fig. 7-3~6. Transrmssmn electron micrograph of green oyster 3. Large vesicle was
observed in the cytoplasm. 4. Virus particle in the vesicle. 5. Virus particle has
electron dense core with capsid. 6. Empty capsid and mature virus particle.
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A 874 AFZEN(Pinctada fucata)®] ¥yulelel= 9%

Az Feln FAHD Q= AR AR ®alsh A AAG FHee 2ol
Be Agolth AR A, 104dATE AAR AN N AFzAe] Ao, 2 3

% me g2 Yenua digeag 2ee) g7~
A

“
iie)
=2
N
ey
N
Mo
0%
jhu
=
N,
R
o
il
i
i

o Fol 2 01 B 1}n}o] 1 7FA =0 Tl = @] Aol Tellin clam Tellina tenuis °A
birnavirus-like virus® #9 o= H13}% 3 (Buchanan 1973, Hill 1976), 71 1<l njolg] A=
TV(Tellina virus)® %™ tHDobos et al. 1979). 1 &Jo|l % oyster Sol% A} vlo]g]~

o] AES Hasta 9o}, oFolA 2 %= IPNV(infectious pancreas necrotic virus)<t
AR A Qo= FAIAQL vholE 2o S WEs] WE A A Fskth T A9
FA AFzNY thFEAet BEste] gAY, EFAEY] 5 FAAGY T oF
5 (Miyazaki et al. 1999)¢] #|7] o} Suzuki(1998a) 5] birnavirus 79-& 1 9912

=

Hekit) o] Marine birnavirusMABV)E 1 52do] w9 ¢Fgt o= Awsia 9lon

(Suzuki et al. 1998b) F2°lu T5& 29 59 4 2EH2VF HFA o2 AEsds 7
A& Asta JtHChou et al. 1994, 1998)

B A A eyl FAE I e IAFFINE ooz 2002 2003l A Al

X, Polymerase chain reaction H(PCR

13t

A5 AP nolu sy 43S

H) 2z s
A3} PCROl ¢J3te] birnavirus el glso] 1 U&& v 2.

N

.

2. A5 2 4y

2-1. Ml zZdj 2ol 2|5t Blo|2A Ak 3 Mz MEHAM AL

AR ) 7F2] olrtu| el 43S Hanks' basal salt solutionol] o] & 3}ste] 100 g
Mg %, 2000xg(4TC)oll A 1533 A4l ste] 45 HS membrane filter(0.45 gm, Corning)
2 A5, A HF sAul5E S0uE st wlelg s HFHoZ ARSIt

CHSE-214, RTG-2, BF-2, EPC, FHM A%+ 10% fetal bovine serum(FBS, Gibco BRL)
o] #7}4d Dulbecco’s modified eagle medium(DMEM-10) 2.2 24A]7F nljFalo] whEnjF &
Hhol# 2~ HEAME 05 mLA HEsL 20TolA 1A F2A121 & DMEM-52 20~25T el
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A 27D 7E vfFste] A EH A 8 I cytopathic effect, CPE)E #2353t

2-2. RT-PCRol| 2|st w{Ljdlol2{A ZICh
RNA #&+= d7e] Az (239 1 g)= 2ol Ultraspec-II RNA Isolation Kit
(Biotecx)E AR&3te] B]3}%l L, A2 SZ o= Taq polymerase, Reverse transcriptase<

o]-&3st RT-PCRY<S AFE3F3th PCRell AR-g-gh primer-E Table 8-13 o] A}&3}H o,

PCR WHg-Z72 94T A 5%3F predenaturation A1Z1 & 94T A 30%3}F denaturation, 55
Toll A 187t annealing, 72ColA 137t extention ¥H$-2 30cyclesE ZIA| 71 & 727C o) A

53%-7F postextension A7 WHOo g2 AAIEH T o714 22 PCR productis= EtBr = 44,
1.5% agarose geloll A719F5A1Zl & UVE 7FA A A Eelstitt

3. 2 3

Birnavirus+= 20024 12€9] AlmoA HEHAoH, 1 99 AlRdA = HAEHA &Skt
vlole 2~ FElE 98t At Axe o 2k

3-1. Mzl 2ol o|5F diolBfA Zch 2 M E MEfM ZAL

Hlolg) 2~ B8] 98kl CHSE-214, RTG-2, BF-2, EPC, FHM A ¥ A3 A&
F3ko] CHSE-214, RTG-2, BF-2 A%+ 20Tl A, EPC, FHM A%+ 25TolA 2547F 1)
et A AE WAL BHI A3} BE A FA CPEE #25A] ey}

3-2. RT-PCRoi| 2|8t "folz{A &It
AFzMe] A3 A RNAS FZ3}aL birnavirus® primer setZ ©]-&3F9] RT-PCR&
AAIE A, 20029 129 M-S A= Fol Al 3ukElel A oldE A7191 440bpe] FHAHE

S A Aol WFZEel birnavirus 7H el = ATHFig. 8-1).

Table 8-1. PCR primers used to amplify 16S and 16S/23S intergenic spacer

. . . PCR product
Primer sets Orient Oligo sequence size(BP)

sence 5'-GGTCAACAACCAACTAGTGACC-3’
16S rRNA 440

antisence 5'-GTTGGGATTGACTGCGTAAAC-3’
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M 12 3456 728 9 10 11 12 13 P

Fig. 8-1. Analysis of birnavirus in pearl oyster samples by RT-PCR.
M : Marker, 1~13 lane : pearl oyster samples,
2, 8, 13 lane : pearl oyster infected with birnavirus
P : birnavirus positive

3-3. B{LIBlO[Z A Zieiof o|8t EX SR W5}
Bimavirus7h 7498 ARE 9934 Tl vehba Qgtont Welzgsgon:
ob7bu] mA ] HF FAL 23 gule] 9% D WAEH A WAL Rol: Y

7} &g #EHA G (Fig. 8-2).

4, 3 %

FF2I A HEE birnavirust o 7oA F2 HEHE vlold 224 Sl IF2MYG
Aol e Ao AFHARK ol FFshAl A= CPEZF #3854 ¢stovt RT-PCR
= o]&3k npoly 2~ Hwkel A birnavirus7lt HEHAN ST, o] A& npolH 0] 7] Y 9
g Aom Aztwolzint gk 7o HARG RIAbe} Adatgle]l ZAbste] AFAAANA HEE]
%QEE Suzuki (1998 b)O] Ba gk A3} o] I owpoly| e I AAS] RS ofgh Ao
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Fig. 8-2. Histopathological observation of Pearl oysters infected by Birnavirus.
: Necrosis of muscular fibers

. Hyaline droplet degeneration of oocyte nucleus

: Atrophy of hepatopancreatic tubules

: A inclusionbody in the hepatopancreas
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2002, 2003l AA v} safere] Adx= oA A E e T2
2 A, Polymerase chain reaction H(PCRHY) % A AR
g Ay} 20021 d 1229 A8 birnavirus o] PCRH o2
AELE o] &3 AEMFHOZ= nlo]g 2 ujgo] o] FojxA] %
A NA ofb7tm] 228 24 AL At dule] 95 Bl WA 23] 2ApA WA o]
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Syt A AakE L e AFEAE AT X (Mytillus galloprovmczazs)oﬂ 23},
Aaree 13dESRE HAAA 7R EE 479vEH (569 Y) ol tHFAO 2001). ZF9x]2] 2001
WS AAA AR 260 Eo R = upx|g 7hgd] tggo =z 7 Bo] Aty oA

=
Tl gk AW RUHE A, AFEHXA 9 opyiu] 24 oA AxE 45 F
= 7k drE5e] #EEIY ol 5 FHEsHH 5AES &

do5dl vls] A om o] vl glom, dle] At Zedle AAY AEHA
SHAE e TS e o3k 454 FHEH] 54l oyt v
¥ Herpesvirusell theh ¢ 543 FAFsEAth

19723 o]3 AlA oJgygtel A ©-2 T/ HFolA herpes-like virus o] Hilw
At Farley et al. 1972, Renault et al. 2000). Herpes-like virus 7+ F= Crassostrea
gigas(Hine et al. 1992, Nicolas et al. 1992, Renault et al. 1994), +H Q2= Ostrea edulis
(Comps & Cochennec 1993, Renault et al. 2000), Tiostrea chilensis(Hine et al. 1998)¢} H}=]
2t Ruditapes philippinarum(Renault 1998) oA X% w} At}

odae AFEA ] oyt 228 B A By FadAdAn g4 s S

4
olgdre] FEjsh = ﬂ]/ﬂl?iﬂ MBS 18kal herpes-like viruse] zle& 913 PCR

|
Ke)
=
o,
v}
>4
N
N
o2
2
e
mim
QL
32,
:L

)
ﬁX}LU]gzﬂ 1%% o aﬂ Carson _g_@']oﬂ _‘J—I_Xé‘é‘]— E} ]%7( = Davidson ,g_@lloﬂ
TAE T MZSS 3 oELEéioﬂ}q g 3 lﬂy X]‘O]Eﬂ_]oﬂ El‘ngﬂ' N4e& AX lﬂy E‘L}E]-.Tﬂoﬂ
i WSl e Setag AAR 5 HE 443 DNA 232 99
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2-3. TAtsio|Edd MY

AR 44 AZS 98, 749 HA9 gill, mantle 2 digestive glandE 222 Carson
GAo A 0.2M cacodylated buffer2 AU &<t A2 3+ 5 3% glutaraldehyde o2 £ A
4CAA 1A% 143 1% Osmic acid® 27} 14 & F dFo)A £AH o= g
£ A7]a, FEHoR 107 59 cacodylated bufferol A tA] =3} AlZl vt} propylene
oxideZ F3} sl Eponol 2w 3tk Al&2E 80~100 mm= Ze} copper gridell <&
uranyl acetate$} lead citrate= JAste] AxAn|H o2 A3

2-4. PCR &4

BN A ol @7 #EE= JAE AEste] PCR 418 AAlstd e, AES A
Aol s A YRyt fFAd IFE9 gill, mantle 2 digestive glands 4
Astel DNA #go AFgsdth A A Zo|4 DNA *#2]+= High pure PCR template
preparation kit(Roche, Germany)& ©|&3}th. =2 A& 20 mgoll tissue lysis buffer(4M
urea, 200 mM NaCl, 200mM EDTA, pH 7.4) 200 plES F7ste] 23} & proteinase
K(0.02 mg/m) 40 0= H7}ste] 55T 1417 EoF WX &l3it} o17] binding buffer(6M
guanidine- HCl, 10 mM urea, 10 mM Tris-HCI, 209 Triton X-100(v/v), pH 4.4) 200 wE
A7Vsle] E35ksk 3 72T oA 1027 W5k o, thA] 100 xl isopropanols #7fste] &3+
3tk 9% High pure filter tube©l lysis solutions %744 8000 rpmoll A 1&7F 44 &
25l tl. Wash buffer(20 mM NaCl, 2 mM Tris—HCl, 80% ethyl alcohol(v/v), pH 7.5)%
8,000 rpmeollA 183+ 23] MA3AY. Hold= washing buffers #|A37] 915Fe] 14,000
rpmoll A 1057 FA1EE 3 3 filter tubeEs Wvr¥E 1.5m¢ microtubeo] %7 wlg 70CE H|
A2 elution buffer(10 mM Tris, pH 85) 50 wE F7Fske] 14,000 rpmel Al 18#37F 914 #2
sto] DNAE w83ttt &2l¥ DNAS HFE %+ 50 ng/pl’F HE% F3% A260/280
nmol| A 2733t

oA #23F DNAZ template® 3}o] PCRS A3 AFE% primers(Arzul et al
2001)2} positive(Le Deff & Renault, 1999)= NCBI®| S&5% 914 %+ OsHV-1 genome
sequence(Accession number AY509253)E vlRro = UxRQl H AS #adkitH(Table 9-1).
PCR %Fg2 1X PCR buffer(20 mM Tris-hydrochloride pH 84, 50 mM KCl and 1.5 mM
MgCl12), 200 uM dNTP(Bioneer, Korea), 0.2 uM primers % 2U Tag DNA polymerase
(Bioneer, Korea)E &3%3lo] 50 ng® template DNAS #7}3F 3 DNA Engine DYAD(M]J
Research, USA)S ©]&3}le] Table 9-29F #o] WHSA|A FEE WHSAAMNES 1X TAE
(40mM Tris-acetate, ImM EDTA) buffer 2ollA 1.5% agarose gelell loading?d % 100Vl
A 1587 A7) % 31e] Ethidium bromide(Sigma, USA)E A3+ & UV-illuminatiorZ ©]
&3te] PCR A =S Felstdith

Ixviii



Table 9-1. PCR primers

Primer Direction Sequence Tm(T) Coit(t:ent Pr;(ilemt
Gp3  Forward 5 -GGT TGT GGG TTT GGA AAT GT-3" 538 45 698-bp
Gp4 Reverse 5'-GGC GTC CAA ACT CGA TTA AA-3’ 53.2 45

Table 9-2. Condition of reaction steps and PCR cycles
Tem (TC) Time Cycle

Preheating 94 5 min 1
Denaturation 9 30 sec

Annealing 58 30 sec 35
Extension 72 30 sec

Elongation 72 5 min 1
3.4 7

20019 11958 20039 99 74 A $93 AAAGE] 6ARAA AQF A% BAE
$E AR A3}, 2 obrbn] 24 s
Atk 4 A7Ish FaE S0l FHEHs 2002

d 5~649 F & F< station 349F AFFE oAMRE BEEACH, YA ARl = A A

S5 P2 Ik o] AdH = ovoid cellsell A #&ERl oY, ofE Iy Hol 7H
A2 A o BF Z2 259 Y] A4S /Mt 3EE FE o] 24 olA
¢ = 7k HZ3A QL do] wE ] Avk(Fig. 9-1,2).

ol a7 AXMAU ] DNAE 937 918l DNAE 43t deoxyribose?b 7Fi3ll 3t
aldehyde”] & o]&3}+= %Zﬂ(Feulgen)oﬂ WS AAE Fetdwn g sk

= zl
o, ol dgHe] Aol W0F AMow DNAZE 43 Fntes Hehl= A e

st u) AA T Al ofzbu] AW %A ] o|AF o] M E7) SelE Qi) )
1

3-2. TAtado|dd

agE A7E 6301 HlsA) 3, Aol FEo R Beld FHE s Se okl

o] MEAT|Ee] WA

wEE A Fdy A w5 A AR HholH A ks BEEA] dTHFig. 9-4).
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Fig. 9-1,2. nght rnlcrographs of abnormal hemocyte 1nfect10n on gill of mussel 1 Many
abnormal hemocytes have marginated nucleus. 2. Abnormal cells with condensed
nuclei and chromatin margination.(H-E stained)

Fig 9-3. Abnormal cells with condensed nuclel and chromatin margination. Abnormal hemo—
cytes stained Feulgen positive.

Fig. 9- 4 Transrnlssmn electron micrographs of abnorrnal hemocytes showing a crescent-
shaped condensation of the chromatin.
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3-3. PCR &4
Gp3/4 primerE ©o]-&3lo] PCR3F A3} ¢F 700bpe] =79 productZ} 1014 #HZEo] At
(Fig. 9-5).

I} PCR WHS- A2 w]Fo] Bo} herpes-like virus 7+ o]}

744 B A= virus particleo] A3 #EF A gEogr). o]
213k herpes-like virus #92 Y #3553} ostreid bivalvesE ¥ &3}= F-2F5 5ol A
B HogAtH(Farley et al. 1972, Hine et al. 1992, Nicolas et al. 1992, Comps &
Cochennec 1993, Renault et al. 1994, Hine et al. 1998). Manila clam®|A]% herpes-like virus
7Fdo]l Bal HA=H], virogenesist % fibroblastic-like cellsol| 4] dojup Lo A=
AT A9 2] virus particles Ao WA A gFtom, Aol uto g WUE 9l
EH U, e FEHoE AFEHM AEFY FHo] HFEJTAL S THArzul et al
2001).

o]# g apoptosisE UEME @4ES herpesviridae familyol o8] Zd%= 218 E9a}
= & o8 vlolg]x Yo% YERITHChou & Roizman 1992, Kruerger et al. 1995, Hanon
et al. 1996, Koyoma & Miwa 1997, Mastino et al. 1997, Wilson et al. 1997, Kieff & Shenk
1998). Apoptosis:= bivalves”} herpes-like virusell 7% E Fob dojdriy & = it}
(Renault 1998, Renault et al. 200a, Arzul et al. 2001). A7} apoptosis”} Z18&}A] ™, 3l
o] &7} apoptosis®] SrEolH, AMALS wEA oS wel 2o RYoR 550 E]J"—’,

NFEAE F= A nEZ=golet gH 49 = -4 3t Cohen 1998). Apoptosis

Fig 9-5. PCR analysis using primer pair Gp3/Gp4.
1-5 : samples, N : negative control(distilled water),
P : positive control(OsHV-1 DNA), M : 100-bp ladder(Promega)

Ixx1



oA o] M= 3k wo] &AuY Ao R HAFETHArzul et al. 2001). # ol A 9]
2P A% W3t E = apoptosis®] SAS HA #F T & AdAdTh A w5 A A

=
2 nuclear matrix9] AL oy 7AEEoA Hal Fo]$k3lal, apoptotic 3¢
)

A
2[_1,

2 5013}74]1% 0131"‘{ J%UWHLE Wk ofbztn] AP Fto A ak - E It vkoF
| herpes-like virusell Z@€ X5 Fxo] Wol7| =t E3st= AES d+7F g 5= 3
Aol ®Wsletar shob) herpes-like viruse 2449 &< T-lymphocytes®l apoptosisE
ks (Kieff & Shenk 1998), 42121 &l T-lymphocytesi= F+4 herpes-like virus 7%
= AAse T8I A4S ot o5 e w5 ol ey =E HEZWA viral
clearanceS A AAIZ < Utk Apoptosis®] == Hpolg| 7t s0o] WA e PESt ¥
&5 o] AF Fo|th thA e wpolg a8t AUt S AY = ot HE AEES el H
a1, vpole 2~ Aol ¥ Zo]th(Arzul et al. 2001).

SHAIRE 2 AFAFe A= Sl TP e e e 9 S8 dnkelA
o] ofyg}, ofrtule] A Al Fie] FRt apoptosis7b o] Hrh Ela Wb
FEENA virus particles 3] o] w2 gdgkom PCR WS Ao A% 5

Pk

R al MA =
AN FAd 9H-g-S YERNAATE olest e AVEs TFE & o 35 Tx] of
7ha) o] o)At #BEEE 2208 herpes-like viruse] 7EY 7H5AS Zou xE tE

Hsk o] H3k Hioln X

EagL ;i?gl TF sk B ol W, 24 W d A&, L5l 9] so] B
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A10"2  FA A5 vjBL AFT

[. A A5 A9 738 2 A= A

)
1. A &
MEEle &o a3 S BHFOE HFY Fol H3 Yt Ao deA gom, A
3} sl o 2

gy 2333 YrhHug & Colwell 1995). H|B g W& oAl g0 2

Aol = Ao dHA Qo we AAZ IJHE FLetal ArHAustin & Austin
1999). WA=, H|B g2 uHitfe] AMAdl= HFE=(Sorum et al. 1993, Diggles et al.
2000) & " olyg} FHFFE(Goarant et al. 2000, Takahashi et al. 2000)ol ©]Z7]7}4] H
RS Uetdl= Fol 7 dow, de] gtE A e FAelth ey AAzbA] A&
o] vjEg e tsj = Harl vlud wx] GtHElston & Lockwood 1983, Dixon et al.
1991, Anguiano-Beltran et al. 1998, Nishimori et al. 1998, Liu et al. 2000, Lee et al. 2000).
of2e], Ao nwlrg ool Ylito] Vibrio alginolyticus® &73% H|E2] o] thal X1
= g Aok HT A& Akl A FA FA AE(Haliotis discus hannai)®] Tt =FH AL
7} wbAEte] 91S FHele], 1 A3} Vibrio alginolyticus® BYE A o] AAra Ze o
st AvtE Bt

i
N

2. A 3By

2002 6974 AE A ARGAGAAM HEo] dFHALstY e HdES FAEelA
AP 2 gukstth A8 haemolymphS 1 ¢ A2 F531o] 1% NaCle] H7FE tryptic
soy agar(TSA, Difco, USA)®} thiosulphate citrate bile agar(TCBS, Difco)oll HE3ste] 20T
o A 241 7F vieFEt 3 A E HES API 20E9F GN plate(GN system, BIOLOG, USA)E
AFgste] Aste A S Sl Ao, Ew 52 Vibrio alginolyticus ATCC 17749
= AHgSte] 2= H]ﬂz‘s}‘}iu},

2
ME A%e 242 Rt AYe Av)w Ae dulssgeld] wgstel Aol uet 4

ol
= 224 Harris's haematoxylin®} eosin®. 2 G Aste] #stan| 7 o2 2313t

2-3. DNAS| ==
AEo] hFuArdelFo s W Vibrio alginolyticus PD2 5 15% NaCle] #71¢
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tryptic soy agar(TSA, Difco, USA)d HFsle] 27ColA 24417 vio¥ste] 6,000 rpmol A 5
3 AR st 4Rl pelletS TE buffer(10 mM Tris-HCl, 1 mM EDTA, pH7.6)°l 13]
AFsto] Aozl pellets DNA 8ol AREs T Al5elA4 DNA #2l+= High pure PCR
template preparation kit(Roche, Germany)E ©]-8-3tth. Vibrio alginolyticus PD2 5 20
mgol tissue lysis buffer(4 M urea, 200 mM Tris, 20 mM NaCl, 200 mM EDTA, pH 7.4)
200 s H7bste] #E3gE 3 proteinase K(0.02 mg/ml) 40 wlE A7Fste] 55CoAA 1A%
<ot W8kl o 7]9 binding buffer(6 M guanidine-HCI, 10 mM urea, 10 mM Tris-HCI,
20% Triton X-100(v/v), pH 4,4) 200 W& H7Fste] 33 $ 72TCAA 1023 HAsEH e
™, ThA] 100 w0 isopropanols H7Fste] &35ttt Z=HE High pure filter tubeol] lysis
solutione® %74 8000 rpmolAl 183+ YAE 3t Washing buffer(20 mM NaCl, 2
mM Tris—HCl, 80% ethyl alcohol(v/v), pH 7.5)% 8000 rpmellA 1&%tF 23] AlAstict &
}ol= washing bufferE #7137 98k 14,000 rpmellA] 1027 LA 23 3 filter tube

¥ 1.5 ml microtubed] =7 "8 70C= ®¥A elution buffer(10 mM Tris, pH 85)
0 wE H7Fste] 14,000 rpmeollA 123 ¥4lEelste] DNAE skt +2l¥ DNAS
T 5T 50 ng/w7t HEE FEE A260/280 nmoll A =73tk

[

il

o)

B

2-4. Polymerase chain reaction(PCR) % agarose gel M7|H &

oA E2lgk DNAE template® 3t] PCR< AAI3H . Primer= GeneBank®] Escherichia
coli 16S ribosomal RNA gene(Accession number, AF233451)2 ©]-&3}o] Table 10-13} Zo]
165-F, 16S-R, 16/23S-F % 16/23S-R& A48tk PCR ¥H8-%312 1X PCR buffer(20
mM Tris-hydrochloride pH 84, 50 mM KCI and 1.5 mM MgCl2), 200 uM dNTP(Bioneer,
Korea), 0.2 uM primers % 2U Taq DNA polymerase(Bioneer, Korea)S &33}lo] 50 ng9l
template DNAE %7}t 3 DNA Engine DYAD(M] Research, USA)S ©|&3}o] Table
10-29} o] WkEAlA FEE WAL ES 1X TAEMUO mM Tris-acetate, 1 mM EDTA)
buffer Aol 15% agarose geloll loadingd & 100VelA 1587+ A7 %3Fe] Ethidium
bromide (Sigma, USA)E M3 & UV-illuminatorE A}&3Fe] PCR A &2 sHelslgith

Table 10-1. PCR primers used to amplify 16S and 165/23S intergenic spacer

Primer sets Orient Oligo sequence PCR product

size(BP)
sence GTGCCTAATACATGCAAG
165 rRNA antisence CCGCGATTACTAGCGA 1362
sence TTGTACACACCGCCCGT
165/235 rRNA antisence CCTTTCCCTCACGGTACT 830
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Table 10-2. Condition of reaction steps and PCR cycles of 16S rRNA and 165/23S rRNA

Temperature(T) Reaction time Number of cycle
Pre—-denaturation 94 5 min 1
Denaturation 94 30 sec
Annealing 55 30 sec 35
Extention 72 1 min
Post-extention 72 5 min 1

2-5. PCR ¢th=2 d7(AME =ftel

A719953te] &1gk PCR Ab=el #@ 5= P& agarose gelolAl Z= AFsto] e
o] QIAquick Gel Extraction kit(Qiagen, USA)Z PCR M-S AASATE AAl¥ DNAE=
pPGEM-T easy vector(Promega, pGEM-T easy vector system, USA)el ligase buffer 5 wu,
pGEM-T easy vector 1 ul, PCRA= 2 ul, T4 DNA ligase 1 uf, Deionized water 1 W=
E5tete] Ao wEe A4bdstAch PCR productE 3k plasmidE  JM109(Takara,
Japan) competent celloll heat shock W'H O % transformationdte] 2%(w/v) X-gal 40
20%(w/v) IPTG solution 7 g, ampicillin 50 pg/mlo] ¥3He LB agar(Bacto tryptone 10 g/
¢, bacto yeast extract 5 g/ #, sodium chloride 10 g/ ¢, bacto agar 15 g/ ¢ ) plateo] =23}
of 37CelA 18413 Mgt & PCR 4H& FdA7F AFdE 9 Hebs desint o =t
S 50 pug/m¢ Ampicillin(Sigma, USA)e] #7}e LB broth(Yeasy extract 5 g/#, pancreatic
digest of casein 10 g/ ¢, sodium chloride 10 g/ ¢, Difco ; Miller)oll A th=F v <kst & 4]
Balste] =33 Ao ZRE plasmid DNAE EcoRIC®E Athéle] inserted DNAY %
o} Z7|E Feletgdtt. 223k plasmidy Sanger et al. (1977)¢] WO g F7IAES A3k
31, automatic sequencer(ABI 377, USA)E AF&3}o] T7 universal primer®} Sp6 universal
primerZ Q71X ES B4t BAE F714 9L GeneBank®] Blast A4S F3dlo] o]n]

S59 FAde] 97199 m st

2-6. Vibrio alginolyticus PD2 32| WM AlH

Vibrio alginolyticus PD2 w55 1.5% NaCle] &% TSA broth(Difco, USA)ol| 5 &3}
20CoNA 24A17F weFsk o2, 10,000 rpme-2 1587 AA 25t pelletS 3t Hird
4= 3A8te] #o %7} 41x10° CFU/me FA Akl HAdA Aol ALgatdt). Al
o] Fk= TSA plated] AR Fste] #45 Agste]l GQlsiditt. w3t A A%
ol =7] 3-4 cm9 FAE(Haliotis discus hannai)< o] ALgstaT 7Y %7}
4x10" CFU/mé3} 10° CFU/meel wole 0.1 mi¥ ¢2% uﬂ-‘é—oﬂ FALst

JHGFE FFOT FASAL FAR AR $2 20T Fxo] B

ftlo
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A7 AEE #EeA HJAME lAE haemolymphE 23 ske] 1.5% NaCle] ¥ TSA
w219} TCBS v Aol A Fste] &2 - A 3FATH

3. 239 4 3%

3-1. Mo =2 & Sd

HE A59] haemolymphZH-H ®2ld 5 I8-S49 @ o 2 15% NaCle] g%
TSA Hix]o 4] swarming S 3= 545 YERSATE Table 10-3¢] WeRd nhel o] API 20E
9} Biolog GN system®] A#=E £ A3} PD2 strain®| Vibrio alginolyticus= 7% 3t}

Table 10-3. Biochemical characteristics of Vibrio alginolyticus PD-2 strain isolated from
diseased abalone
Test method Character PD-2 ATCC17749

Utilization of :
a-cyclodextrin
dextrin
glycogen
tween 40
tween 80 -
N-acetyl-D-galactosamine -
N-acetyl-D-glucosamine + +
adonitol - -
L-arabinose - -
D-arabitol - -
cellobiose - -
i—erythritol - -
D-fructose + +
L—-fucose - -

+ o+ o+ o+
+ o+ o+ o+ o+

Biolog GN system
(26°C, 24h) D-galactose

gentiobiose - -
a-D-glucose + +
m-inositol - -
a-D-lactose - -
lactulose - -
maltose

D-mannitol

D-mannose - -
D-melibiose - -
B-methyl D-glucoside - -
D-psicose + +
D-raffinose - -
L-rhamnose - -
D-sorbitol - -
sucrose + +
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Table 10-3. (Continued)

Test method Character PD-2 ATCC17749
D-trehalose + +
turanose - -
xylitol - -
methyl pyruvate - +
mono-methy succinate + +
acetic acid - +

cis—aconitic acid - -
citric acid - -
formic acid - -
D-galactonic acid lactone - -
D-galacturonic acid - -
D-gluconic acid + +
D-glucosaminic acid - -
D-glucuronic acid - -
a-hydroxybutyric acid - -

B~ hydroxybutyric acid - -
Biolog GN system

¥~ hydroxybutyric acid - -
(26°C, 24h)

p-hydroxy phenylacetic acid - -
itaconic acid - -
a-keto butyric acid - -
a-keto glutaric acid + +
a-keto valeric acid - -
D,L-lactic acid + +
malonic acid - -
propionic acid - +
quinic acid - -
D-saccharic acid - -
sebacic acid - -
succinic acid + +
bromo succinic acid + +
succinamic acid - -
glucuronamide - -

alaninamide - -
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Table 10-3. (Continued)

Test method

Character

PD-2

ATCC17749

Biolog GN system
(26°C, 24h)

D-alanine

L-alanine
L-alayl-glycine
L-asparagine
L-aspartic acid
L-glutamic acid
glycyl-L-aspartic acid
glycyl-L-glutamic acid
L-histidine

hydroxyl L-proline
L-leucine
L-ornithine
L-phenylalanine
L-proline
L-pyroglutamic acid
D-serine

L-serine

L-threonine
D,L-carnitine
y—amino butyric acid
urocanine acid
inosine

uridine

thymidine

phenyl ethylamine
putrescine

2—amino ethanol
2.3-butanediol
glycerol
D,L-glycerol phosphate
glucose—1-phosphate

glucose—6-phosphate
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Table 10-3. (Continued)

ATCC17749

PD-2

Character

Test method

Presence of :

B-galactosidase(ONPG test)

Arginine dihydrolase

Lysine decarboxylase

urease

trytophan deaminase

gelatinase

cytochrome-oxidase

Production of :

H2S

indole
NO2

Utilization of :

ND

ND

API 20E system

(26°C, 24h)

citrate

glucose

mannitol

1nositol

sorbitol

rhamnose

Sucrose

melibiose

amygdalin

arabinose

=

SHI—

w3 st fEY] 2

(Fig. 10-1,2), ¥ H-Fof metazoa2] 7ol #2EAthFig. 10-3).

o #AhE

At (Fig. 10-456)S 24 w]A}e} |

alginolyticus 2]
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Fig. 10-2. Different ciliates in gill tissue were observed in infected abalone.

i

Fig. 10-3. Metazoan are found along the foot in infected abalone.

Ixxxi



Fig. 10-5. Bacterial infecion of foot in infected abalone. Necrosis of the connective tissue
end muscular fibres were noted.

i_; <

Fig. 10-6. Bacterial infection of muscular tissue of foot in infected abalone.

Ixxxii



3-3. HelM A

Vibrio alginolyticus PD2°] ¥94< A&7 918kl 4x10' CFU/meet 10° CFU/m= &
Abek Ak, Ak & 19 el ZhzE 50%st 100% AR, HAks 19 welwt ebyko
W 1 o]Fo = ERA 2dthFig. 10-7). AAMAERE BEE 7#FE FAE #5759 5
A%k FFZ el

3-4. PCRt ¥7|ME &4

Vibrio dlginolyticus PD2 o4 23t template DNAZH-EH 16S rDNA<F 16S/23S
rDNA intergenic spacere] W3t 16S-F/16S/R(A) % 16_23S-F/16_23S-R(B) primers& ©]-&
g PCR 23} 72h 1362bpst 830bpe] AtEo] dolXth(Fig. 10-8). &% PCR AH&2] 47
Aa B0 A= Vibrio alginolyticus PD2 7ol W3t 16S-F/16S/R(A) primero] 2|3k AbE
L GeneBankel] 5E% accesion number AF513447.121 Vibrio alginolyticus®] 16S ribosomal
RNA gene®} 99% 454 YeE I tHFig. 10-9). 16_23S-F/16_23S-R(B) primerel 2|3k A+
=21 165/23S intergenic spacer2]l 971442 GeneBankell " 55% 97]4 <€ 24 GeneBank
o AY601670% S=3FAHE A 1). Vibrio alginolyticus PD2 2] 165/23S intergenic spacer
o] 97| LE Fig. 10-100] YeRd vie} o] -89 d7|Mde] Vibrio parahaemolyticus
o} 93% ol FAHdS YERAT

100

80 4

60

Mortality (%)

40 +

20

0 1 2 3 4 5 6 7
Day after administration
Fig. 10-7. Mortality of abalone by injection of different concentration of Vibrio algino-
Iyticus PD2. Concentrations of bacteria were 4x10" CFU/m¢(—@--) and 10° CFU/
ml(——CO—-).
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Fig. 10-8. PCR result with 16S-F/16S5/R(A) and 16_23S-F/16_23S-R(B) primers(M : Marker
bands)

Table 10-4. Vibrio stains used in phylogenetic analysis.

Species Sourse Accession number
V. parahaemolyticus J Clin Microbiol 38(6), 2000 AP005083
V. cholerae Nature 406(6795), 2000 AE004341
V. vulnificus Infect Immun 71(10), 2003 AE016801
V. parahaemolyticus(2) ] Clin Microbiol 38(6), 2000 AP005082
V. mediterranei Int J Syst Evol Microbiol 51(pt4), 2001 AJ294422
V. agarivorans Int J Syst Evol Microbiol 51(pt6), 2001 AJ310650
V. pelagius Int J Syst Evol Microbiol 51(pt4), 2001 AJ294424

Ao HEe] giFuAldddo® HE dEoA eE PD2 o5 FHEHE AT
Ao} FFHFC Vibrio alginolyticus ATCC 17749¢F vk AY3}shs A4 Axz T3
9l Vibrio alginolyticus® SR A}t T3k Vibrio alginolyticus PD2i+5¢] 16S ribosomal
RNA9] 7|4 dS #2435 A3} GeneBankel 5% accesion number AF513447.1%1 Vibrio
alginolyticus®] 16S ribosomal RNA gene¥} 99% 454 UEldo] ol sivkds] Qi)

Vibrio alginolyticus= red abalone?! H. rufescens(Elston & Lockwood 1983, Anguiano
~Beltran et al. 1993)¢} South African abalone?l H. midae(Dixon et al. 1991)] W AFo =
HaE vf 9low oure] okAl o Bx}7| Haliotis diversicolor supratexta® VYUMo E Hal
¥ vk thLee et al. 2001). H3F oAM= @A ek V. carchariae’t AT 0=
H i1 vF 9 tH(Nishimori et al. 1998).
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Query: 4 cgattactagcgattccgacttcatggagtcgagttgcagactccaatccggactacgac 63
IIIIIIIIIIIIIIIIIIIIIIIIII:::::IIIIIIIIIIIIIIIIIII::::::::::

Sbjct: 1318 cgattactagcgattccgacttcatggagtcgagttgcagactccaatccggactacgac 1259
Query: 64 qcacEﬁtttggqattcgctcactcthcaagttggccgccctctgtatgcgccattqtaq 123
1

Sbjct: 1258 gcactttttgggattcgctcactttcgcaagttggccgccctctgtatgcgccattgtag 1199
Query: 124 cacqtqtqtaqccctactcgtaagggccatgatggqttqchthtccccaccttcctcc 183
n

Sbjct: 1198 cacgtgtgtagccctactcgtaagggccatgatgacttgacgtcgtccccaccttcctcc 1139
Query: 184 qqtttatcaccqqcaqtctccctqqaqttcccqacattacthctqqcaaacaaqqataa 243
[N ]

Sbjct: 1138 ggtttatcaccggcagtctccctggagttcccgacattactcgctggcaaacaaggataa 1079
Query: 244 ttgcgctegttge acttaacccaacatttcacaacacgagctgacgacagccat 303
9??==?=9 qll%l%qq'.

1
Sbjct: 1078 gggttgcgctcgttgcgggacttaacccaacatttcacaacacgagctgacgacagccat 1019
Query: 304 qcaqcaqctqtctcaqaqttcccgaaggcaccaatccatctctggaaagttctctggatg 363
n

Sbjct: 1018 gcagcacctgtctcagagttcccgaaggcaccaatccatctctggaaagttctctggatg 959
Query: 364 tcaaqaqtaqqtaaqqttctthcqttqcatcgaattaaaccacatqctccaccqcttqt 423
1 1

Sbjct: 958 tcaagagtaggtaaggttcttcgcgttgcatcgaattaaaccacatgctccaccgcttgt 899
Query: 424 gc ccece tcaattcatttgagttttaatcttgcgaccgtactcccca tcta 483
gogggccccegt A ggegat

I I
Sbjct: 898 gcgggcccccgtcaattcatttgagttttaatcttgcgaccgtactccccaggcggtcta 839
Query: 484 cttaacchttaqctccqaaaqccacggctcaaggccacaacctccaaq qacathtt 543

Sbjct: 838 cttaacgcgttagctccgaaagccacggctcaaggccacaacctccaagtagacatcgtt 779
Query: 544 tacqchtqqactaccaqqqtatqgaagqqtgtttgctccccacqctgthcatctqaqt 603

Sbjct: 778 tacgécgtggactaccagggtatctaatcctgtttgctccccacgctttcgcatctgagt 719
Query: 604 ?F? gtatctgtccaggqqqccqcctthccaccqqtattccttcaqatc?g?acqcatt 663

Sbjct: 718 gtcagtatctgtccagggggccgccttcgccaccggtattccttcagatctctacgcatt 659
Query: 664 tcaccqctacacctqaaattctacccccctctacaqtactctaqtctqccaqtttcaaat 723

Sbjct: 658 tcaccgctacacctgaaattctacccccctctacagtactctagtctgccagtttcaaat 599
Query: 724 qctattccqaqqttqaqccccqqqctttcacatctqacttaacaaaccacctqcatchc 783
i [ "

Sbjct: 598 gctattccgaggttgagccccgggctttcacatctgacttaacaaaccacctgcatgcgc 539
Query: 784 tttacqcccaqtaattccqattaacgctcgcacccthgtattaccchqctq q cac 843

Sbjct: 538 tttacgcccagtaattccgattaacgctcgcaccctccgtattaccgcggctgctggcac 479
Query: 844 qqaqttaqccggtgcttcttctgthctaacqtcaaacaacgccgctattaacgacgccg 903

Sbjct: 478 ggagttagccggtgcttcttctgtcgctaacgtcaaataaagccgctattaacgacacca 419
Query: 904 ccttcctcacqactqaaaqtactttacaacccqaaqqccttcttcatacacchqcatqq 963
1

Sbjct: 418 ccttcctcacgactgaaagtactttacaacccgaaggccttcttcatacacgcggcatgg 359
Query: 964 ct catca cti cccattgtgcaatattccccact ct cctccc taggagtctg 1023
S AR T A 9

Sbjct: 358 ctgcatcaggcttgcgcccattgtgcaatattccccactgctgcctcccgtaggagtctg 299
Query:1024 gaccgt tctca ttcca t tggctgatcatcctct accagctagggatcgtcgec 1083
asegtqtcteagttceagtat cteag BIRSTTSS

rrna [N
Sbjct: 298 ééééétgtctcagttccagtgtggctgatcatcctctcaééééééééééggatcgtcgcc 239
Query: 1084 t?qqugqqccttacctcaccaactaqctaatcccacctaqqcatatcctq cgcgagag 1143

Sbjct: 238 ttggtgagcccttacctcaccaactagctaatcccacctaggcatatcctgacgcgagag 179
Query:1144 gecega qqtccccctctttqqcccgtaggcatcatgcggtattaqccathtttccaat 1203

Sbjct: 178 gcccgaaggtccccctctttggcccgtaggcatcatgcggtattagccatcgtttccaat 119
Query:1204 ttatcccccacatca gtaatttcctaggcattactcaccc tccgcocgectcgacge 1263
. qlqlllll Illqlqllllllll q qt}qlllq q
Sbjct: 118 ggttatcccccacatcagggcaatttcctaggcattactcacccgtccgccgctcgacgc 59
Query:1264 cqttatcgttccccgaaqqttcagataactcgtttccgctcgacttgcatgt 1315
"

Sbjct: 58 cgttatcgttccccgaaggttcagataactcgtttccgctcgacttgcatgt 7
Fig. 10-9. Comparison of the nucleotide sequences of 16S ribosomal RNA gene of
Vibrio alginolyticus PD2 strain with those of V. alginolyticus(GeneBank
accesion number AF513447)
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0. AE-e] wB ey YA Vibrio alginolyticus®l] 93 Mono-
clonal antibody AJXF

1. A= 2 Y

1-1. Op2A HA

Vibrio alginolyticusE TSBe| 2% NasClE 7}t vjx| & o]&-3slo] 30Cel s}y nj st
U 2% Formalin® & ¢l 9 PBS A3 v FAE 543 & Fdo= ALgeai &
2 50~100 ugg complete Freund's adjuvant®} 1: 12 43o]x 6582 female Balb/c mice
o] HE7to] F913tt}. Incomplete Freund's adjuvant® ARE3le] 14~28Y Fot 25F 7HA o

2 FYsith v W 3 AdFY Fo] u¢A Ay o] boostingdth. Boosting 3¢ %

1-2-1. slo| 22| =oHHybridoma)2l M =
Hybridoma& ©]-&3& @Z&34Ae] A A4S ofef Fig. 10-904 & + ok d=&3
5 7] fstods, WA FAS mhg2o] FALete], AF o] dof Fol| 1 3t w3
AT B HEFL 5 R Wol] sojubA wreth 54 dhy vbgshe B ©HETY Ut

Wolx| Al ¥ Y3l hybridomas 4= & U 7Aool solA Al HER Ut FAE

N

A717F FA9AA Hoh WEE vhezo A vFS wojuo] HigE FElsh Ut wekst
myeloma A¥¢ §8A171th g3 A ¥EE hypoxanthin, aminopterine, 28] 2 thymidine®| #

7k ol = WiIA(HAT medium)oll A wiFste] myeloma®t BRZRbo] Fotsl A=
(hybridoma)& AEld oz A=th ¥oJX hybridoma A FolA st SAE LSt

MAEE A (screening) o] GEEAAE A = = Aol

1-2-2. slo| 22| = oHHybridoma) M= MEHo| 22|
Myeloma M3} BHEZTE §3HA W 93 hybridoma® THEO A A 9H §3F= 4]
1 FololE myeloma Al¥EY BHITER glon AlAo]= myeloma AlE78] =& BEX
T Y AESE EAEHA @k 2212 ® hybridoma AEE A7) 98ke] o5 o
MEZEE myeloma®t BHEZ o] §38 AEXE dojof 3tth. Hybridoma #|Zol AR5
+ myeloma ME= 8 BEHEZF7E SEANERE ASE o] Aozl Alxo|ng ~2x2 A&
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£ . Myeloma cells
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_ Assay for desired antibody in
culture supernatint
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Fig. 10-9. Pathway of Monoclonal antibody production
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MAEEL A3 AlgTo|A 2 zet7] wiZo myeloma Al X<} 7 8%
HE 2] ol g A ek olFHA =Wyl dAlE BAMEA] KdhE myeloma AlE
wol EAlsHA =W, dydor 5245 H dste dAE AASHE hybridoma 85 %
il o & oS FAA "rk olet 2 ANS WA 98k, hybridoma®l Al
AFE-5 = myeloma Al¥o] E o2 EdWolE F=819, myeloma A¥7F BHEZ9F 3
2 et FolWElEE wETh oyt R4S flste] dAE AatelA] EshE myeloma Al
29| nucleotide®] gl Ao EAW|E F=dte], 5™ 7oA DNAS EA7F o
oA ¢kAl e, BHEZF9 §FEA 22 myeloma MEE JA AAT = A HE

A},
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DNA EAlel= 34 $de] 952 purine¥t pyrimidine® 7]7F Zast2 =, =471 dojut
7] A= ol A7IE AlEZE AFSEA o™ Aedstelok gt o] T purine$ 719
At AlE YoM phosphoribosyl pyrophosphate®} uridilic acid®%-€] A]Z}= =4 (Fig.
10-109] de novo pathway), ©] purine AgA AL aminopterine®] 2= 3tgEo] 235Ho]
Aol & 47k 9lal, A3 o2 DNAS| HA7F FA 5o AEs A= il v 8y '
€9 MFEELS aminopterine®. = A elsttigte o|H] A<l purine BEE Aol oA (Fig.
10-109] salvage pathway), nucleotide® &A4E 4 dom =X ka1 4 4= u} o] 74
2+ thymidine¥} hypoxanthin® 2% Z+Z} pyrimidine?} purine nucleotideS W=+= A o
2 o] I}AM F23 &i7} 212} thymidine kinase(TK)$} hypoxanthin guanine phosphori—
bosyl transferase(HGPRT) #h= &4 E5olt) 1822 AM¥E aminopterine .2 = 25}t 2
%=, wjA|el thymidine®} hypoxanthine “Yolthd M ¥x= TKe HGPRT &47F &A1)
7] Wigel A @Al Aobds o dew, v AR QAL §8E hybridoma AE%=
=2 7 "t aejeE TKS HGPRT £49 #4dx & shtdats Sdwo)7t dojhd,
H AHE3E= aminopterine®] £¢] = wiR|o A thymidine©|t} hypoxantineS %ol
nucleotide AgHdo] A AdS & 571 fle Zolth olgfgt el & o] &3dto] A
AAEA] B3 A WHE myeloma AlZo] B thA] TKY HGPRT &4 5 3shubel f-x 7t
ZdHolE frdle], EdHo] H myeloma AEE WHE0] hybridoma A Zol AF&3FATE 9]
1A myeloma A|¥3* aminopterine®} thymidine, hypoxantine®] &% ¥iA(HAT
medium)oll Al 33 4= AT myeloma A X<} BEZ 1o §-8E o] AojA hybridoma A3

o= BHIZF7} Alwst G40 TKY HGPRT 247F 7] wiitol, o] viA|e A hybridoma

e
rE
o

M @ a4
k1

A
rob
w
(o]
(L
(0]

DE NOVO PATHWAY SALVAGE PATHWAY
Phosphoribosyl Thymidine Hypoxanthine
pyrophosphate TKF HGPRT*

+ - :
Uridylate (Fll} midine (hy p(f)xal1th1ne
_kinase) guanine
l l 1 phosphoribosyl
I transferase)

l l

Fig. 10-10. Biosynthesis of nucleotide and principle of hybridoma selection
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st = &= Zolth WA myeloma AES §3E A &Eo BHZIE
ol Al&ste] A 4= gl AlxEel7] i, wigsttt B A5 Sy
) o]} Folste], HATo] Eoide wix|dlA= AA3] myeloma®t BEEZT7F 8%

(K

)

HAT selections AXHA 4t hybridomaZ} QoA H, o5 FolA st FAE Ais=
hybridomat|32& Aol stH, o5 AEE AAste dslv GEE2AAE ABilsh=
hybridomas| 25 &2slidl, 7 AZZREH das GFEFAS 4S5 kFig. 10-11).
WA, hybridoma A|Z£E Z4zte] AEE M2 Uro] A2 UE vjEg Al wjFEn. vl ol
o= Ax o]FojAH ELISAE o|&ste] mMds mMAE Fd vhgAIA dah= A7 7

£°1%l hybridoma S%8& Aldajdlrh o] A4S 2 ¥ HEFolstd, date dFE2IATS
AAksh= 8lbe] hybridoma 285 45 o AUtk A3k hybridoma &&°]

25 wgete] wgdo] EAlste dEEFAE FEste] AHEE F Jon, kg Bt
o hybridoma &%

o
= Ayl O*OVJ G ETA = Hgx

1-2-4. ELISA
0.196 poly-L-lysines ©]&-3lo] 96well plateEs 2o A poly-L-lysineS coating 3+ T2,
1217 % poly-L-lysines A|Astx vl® M (Vibrio alginolyticus) (0.D=1)2 poly-L-
lysine®] coating® plated]] A4 1A7Fse F2F A|7It) 22w A2 0.05% glutaldehyde
= o] g3dlo] ALoA 258 FoF uAAZItE Low salt washing bufferE ©]-&3ko] 33] A%
3k 3 5% skim milk® 2204 1A]7H5¢t blockingS 3+ the Low salt washing bufferZ
o]-g3slo] 33] M|A3F & hybridoma cell®] supernatants 220l A] 1A 7HseF WA 71T} Wb

S A7l Y} High salt washing bufferE /\}4‘10}@ thA] 53] A3 2 Goat anti mouse
£ 500081 = dilutiondto] Aol Al 1A]7F RES-A| 71‘:} High salt washing bufferg Al-83}
53] MZAH3 & TMBE o]&3slo] WA ZITE o] 58 oA 10~20% & ON-H2S504=

oy
ol gato] W&E FA AT ELISA reads o831 450 nmol 4 FHEE S a),

2. 43 4 3%

% 56719 FE(Fig. 10-1D)% A58t 23dg shdvh ARe] 7]EL izt st
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Fig. 10-11 Result of O.D Produced from clone of Vibrio alginolyticus.

Xciil



AR P aAge] AAF2 FAF

1. A-] =2

T

fl

Q] Perkinsus sp.i= ool Abda 212 BAIE 7HAAL de= Ao dEA 9o
W Y2573 Al (Azevedo 1989, Figueras et al. 1992, 1996, Sagrita et al. 1995, 1996,
Cigarria et al. 1997), ¥¥ (Hamaguchi et al. 1998)c] E3¥3&+= wvix|2t+ (Ruditapetis
decussatus, R. philliphinarum)®ll 79 %E Ao g HauwQioh wmal B3n)o 9] HAle o
¢log waEoA L ¢t} (Andrew 1996, Burreson & Rogone Calvo 1996, Soniat 1996). $-
g Yol A AlE a9l wEAEre]l Manila clamol A% Perkinsus sp.”7t 79 Eo] F93
Aol o g FHE I It} (Choi & Park 1997, Choi et al. 1998, Park et al. 1999).
Perkinsus sp.©] #d& 2dstr] 9 wmome FHo WA Wt Ray's

fluid thyoglycollate medium (FTM)oll A& HolA ajYgsts WHo] =2 AE5 L Q).

s

o] 7=o] AL gl ARg= A 9tk (Marsh et al. 1995, Hamaguchi et al. 1998).
B Aol s Aaliete] Fd Bt A& A GelA FAEE v e Add 3
G5 2AEAS HexzAsH o r HAbste AdA W AE HE5S 919 Hemacolor
2 FTMel| wj<Fsle] hypnosporeE &elsli= W3} Waste] PCRH O 2 Perkinsus sp.2
g 2 AT7IZE Ftell HEFHAE BAE I At A A

% L2
ANF G v =S gde g dF 2AME A AEs Hagit

3

4~

A

[eZ]
=
o Al
=Rt

k]
o
M
>,
(o
=}
[

= Aol 1425 AAste] (Fig. 11-1),
| 7h2 A2 1 m% ZHEe] 78S 34 AAste] Alm HFHA] wbek FE A gst

of 743 TS FAson, olgh= v KA dom HFE AFHAS] D ARkl A
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St. A %i- iy
i e
B“ ::— -
'r |
: ‘-' b1
C;t. B _...- -.‘

Fig. 11-1. Map showing two sampling stations (St. A in Taean & St. B in Gochang).

o] e whHo g ko ZLlojtof wubEigt) SEfolE R RS FU|F AXRAZ US
Hemacolor (Merck)® A ZAe] A Aol whe} AAEATE A FHEE B3 th3 4008 ~
800H 2] dr|H oz 7AF] HAARE sk

ARg 22 A7te Adstel A M g 100 w2 8H?<?H°ﬂ 3087+ 14l

n
At thE Davidson® (315 1200 ml, 95% ethanol 1200 m¢, formalin 300
ml, glycerol 400 m{, glacial acetic acid 10%)°l 12~24A13F A sE & 70%L=o HE=SEAL
=hte 4 AldR geste] Al wel st dAS vhso] HEEAM 5, dAn| A stol A
HFAT o] v FARIe HEE ddste] 22 WHoeR uAysdn)

2-4. FTM2| v 2Foll 2| st Perkinsus Z4Z (Ray, 1966)

s Ray9 Fluid thioglycolate medium (thioglycolate medium, fluid 7.3 g, NaCl 5 g,
distilled water 2425 mi)o] A A|BS Y1 A oS 3~7U7F vjdste] mjtelS o
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=

E2 T AN 7Y FAE #AsA T FF AL potassium
iodide 6 g%} iodine 4 g& 575 100 miol o] AFAo R 3, AFESH woi= #3e) 1
[ex]

mE SHT 25 MR S|AAA AFEEE

2-5. PCRE 0|23t Perkinsus sp.2l A&

Alge] op7in| & dFHsto] ofrin]E AFste] ACCUPREP kit (Bioneer Co.)E AH8-3}o]
DNAE FZ=3}th Primers®4] PK5S (5'-cgt cga ata cac cgg at-3’, 5'—tag tcc atc gtc acc
a-3')& AH&st3l

DNA+ DNA thermal cycler (GeneAmp PCR System 9700, PE Applied Biosystems,
USA)E o]&3le] DNAS Z=Z A AT = Tag DNA polymerase 1 U, dNTPs 250 uM,
Tris-HCI, pH 9.0 10 mM, KCl 40 mM, MgCl2 15 mM¥} dye’l &3%+¥ PCR PreMix
(AccuPower, Bioneer, Korea)oll primer pairE 1 ul, DW 16 pxl, DNA template 1 @S 7}
sto] Z3kgk oy 7oA DNAE SFHAIZATE PCR %712 initial denaturation (94T,
5min), denaturation (94C, 30sec), annealing (50°C, 45sec)¥} extension (72°C, 45sec) 2 final
extension (72°C, bmin)e] ZF7Ho® 25 cycles¥H23t3dtt. =Z¥ DNA 18 w=S TAE
electrophoresis buffer (40 mM Tris, 20 mM acetate, 2 mM EDTA)d] £3jA12] 1.5%

agarose gel’dolA 7|9 Fste] o] fxatoA WM=S 2153

2-6. PCR ¢th=2 d7(AME =ftel

A719953te] &1gk PCR Ab=el #@ 5= P& agarose gelolAl Z= AFsto] Zeh
o] QIAquick Gel Extraction kit (Qiagen, USA)Z PCR A5 AAHS T AAlE DNAE
pGEM-T easy vector (Promega, pGEM-T easy vector system, USA)9| ligase buffer 5 (4,
pGEM-T easy vector 1 ul, PCRAH= 2 w0, T4 DNA ligase 1 uf, Deionized water 1 plE &
shato] Ao wWEo] 4Astth PCR productE &3 plasmidE JM109 (Takara,
Japan) competent celll heat shock WS =2 transformationdle] 2% (w/v) X-gal 40 wd,
20% (w/v) IPTG solution 7 g, ampicillin 50 pg/mle] ¥3Fel LB agar (Bacto tryptone 10
g/ ¢, bacto yeast extract 5 g/ ¢, sodium chloride 10 g/ ¢, bacto agar 15 g/ ¢ ) plate®] =%
atof 37°CelA 18417 miet ¥ PCR 4HeE +dA7F AFlE W14 Heks st o] J
25 50 pg/ml Ampicillin (Sigma, USA)°e] 7} LB broth (Yeasy extract 5 g/ ¢, pancreatic
digest of casein 10 g/ ¢, sodium chloride 10 g/ ¢, Difco, Miller)ol| 4] o= v ksl & A E
g)sle] =83t A|g o 2 RE plasmid DNAS EcoRIC 2 Zthele] inserted DNAQ] F5-¢}
2712 Feldtgtt. 283k plasmids Sanger et al. (1977)¢] W o2 A7|MES EX3

31, automatic sequencer (ABI 377, USA)E A}&-3le] T7 universal primer2} Sp6 universal
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primer®Z A71AEE AT FAE 9714 ES GeneBank®] Blast HAS E3lo] o]

2-7. PCRE o| &%t &AM H

200497 495 E THAA B 1FAGe] AN v, 2 55 % 1F 4
WA Ae ophnle AA the DNAZ FZelo] 919 Wl we} PCRYoR

Perkinsus sp.7t@ &9 WslE ZAFSIA T

A wmE F7188 AAE gz de g 3o W SHA ol Al
Z Bt} (Fig. 11-11,12). ekl Ab7} urasl 22 Fo1 20044 39 249 QAF JEL H.tof
A Ado FYgskA Eakar Aol veob gl 2070A (27.19~35.36 mm, T, 2.92~821
g)ot AF Fol lste] & AT 2070 (27.35~39.60 mm, T 4.10~12.94 g)°] 271%F

& el Hol ¥ ATME gustAth AR

H =
stttk s Ao xS HAPE B e Ak oA A g HW%% /‘}%ﬂ‘ﬂ
Aol Al AlRE AH GA 2 7T5TAY AAe =% 14Tk Perkinsus sp.
2 ANE (n=6)9] T, ofrtv], wizh, W "9 4glye] AEE RS whso] Ax
U} Hemacolor ¥ Diff-Quick A %82 2 ®E|x2] 38 vhEo HEGN $ A4 %
Al

o 919 whol utek PCRW S A-§-3hglc,

31 OFAI X}

=}
o

rlon
o
K
0z

2001 12€3} 2002 3¢, 69, 8¢, 11¥, 2003 1¢¥ 3€ 69 % 99 XA F2
Table 11-1¢] 3ZEAIS AAF Ete] 2+2F 70T, 11.0C, 250TC, 280C, 105C, 55T, 1357,
250C, 27.0C9om, nFdA A =2 717+ 54T, 1507T, 24.0C, 26.0C, 88T, 16T, 65T,
2207C, 25.0CSTh & 2A7IEE] vls& EiQbx o] Z42b 1.027, 1.026, 1.022, 1.009, 1.257,
1.026, 1,025, 1.026, 1.008%1e.w, 17429 7}7+ 1.025, 1.024, 1.028, 1.017, 1.025, 1.026, 1.026,
1.020, 1.018%t}. 2001 12€ =} 2002 3€, 6, 8¢, 11¥, 2003 1€ 3¢ 69 2 9¢ H<t
Aol 72 Z+7y 2659+3.14 mm, 27.30+2.86 mm, 28.39£2.29 mm, 28.27+2.62 mm, 28.95+2.50
m, 29.3942.90 mm, 30.57+2.18 mm, 31.37+2.02 mm “12]3l 32.24+2.47 me] Atk 13X S92 2001
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Table 11-1. Water temperature, salinity and shell size of the clams in two culturing beds for
Manila clams

Locations

Date Taean Gochang

WT(TC) Salinity Shell size(mm) WT(C) Salinity ~ Shell size(mm)

Dec. 2001 7.0 1.027 26.59£3.14 5.4 1.025 31.34£3.36
Mar. 2002 11.0 1.026 27.30+2.86 15.0 1.024 32.25+3.67
Jun. 25.0 1.022 28.39+2.29 24.0 1.028 33.87+3.84
Aug. 28.0 1.009 28.27£2.62 26.0 1.017 34.58+3.25
Nov. 10.5 1.257 28.95£2.50 8.8 1.025 35.87+3.16
Jan. 2003 5.5 1.026 29.39+2.90 1.6 1.026 30.34+2.85
Mar. 135 1.025 30.57£2.18 6.5 1.026 34.59+3.11
Jun. 25.0 1.026 31.37+2.02 22.0 1.020 33.24+1.61
Sep. 27.0 1.008 32.24+2.47 25.0 1.018 33.89+2.01

W 1293 20029 3¢, 69, 8¢, 11¥, 2003 1¥ 3¥€ 6¢€ 2 9¥€9] uAdA|He| Zpae 7+7zt
31.34+3.36 mm, 32.25+3.67 mm, 33.87£3.84 mm, 34.58+3.25 mm, 35.87+3.16 mm, 30.34+2.85 mm,
34594311 mm, 33.24£1.61 mm “12]3l 33.89+2.01 m= LFA| o] o] g5t

3-2. Perkinsus sp.2l A&

3-2-1. % FE2| Hemacolor &4H

3070 A1e] o) %k ofrjm] Wb Asld 2 sjzbte] A®lE F
st A3 Axb= Fig 11221947 1719 3% E4Hor &Koz XA ds JUA
7} WA= o] Choi et al. (1998)2] Azpe} A X]5 th

Perkinsus sp.®] Bj<ts} agA o] xR Add 73982 Fig. 11-3¢] vehigich
Bt Goll A& 2001 1293 2002 3€ellE RE A oA HAEHA Fokrh 2002 6L
o] Fubof| A] 33%Nte] HEEH T} 8YellE et oprtmlel A 7b7t 33%9} 166%7F HEE
Ak 1190l T Holes HEEHA & vbdo] olrtu|el Astyol A 7zt 33%7 A&
Atk 20039 19% 390 @ FatolAqnt Z27F 33%7F AEE AT 690l 9 F oA
6.6%, 23t A 33%7F HEHJ oM, 9¥ell= F oA 33%, wellA 10.0%7F AEE ATk
FA o= 2001 129 23FAolA 66%, 20029 3Ll olrlel A 3.3%7F A
ZHAAT e 2= AEEHA Fokrh 20029 69l AR ot A A7
3.3%%F 6.6%7F AEF AL, 8YellE T A 3.3%, ol7tulolA 10.0%, AstolA 16.6%
7b AE= Ak

_?i',
|
111
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Fig. 11-2. Trophozoites of Perkinsus sp. stained with hemacolor showing a eccentric nucleus
and a characteristic large vacuole in the cytoplasm.

30 -3
I tdantle

25 1 Gill F25
S F oot
FEE Intestine

20 A = Adductor muscle - 20

—a— |nfection rate (%)

Prevalence (%)
Infection rate (%)

20 + 20

15 4 F15

5. r 5! = 5 ARR _[]
MDec2Mar02 hn Aug Hov “03Jan Mar  Jun  Sep

Sampling date

Fig. 11-3. Seasonal prevalence (%) of Perkinsus sp. in the organ stamps of the clams
(n=30) stained with hemacolor solution. Clams were taken from the culturing
beds in Taean (upper) and Gochang (lower) from Nov. 2002 to Sep. 2003.
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1149oli= op7bu) e} asbatoll A 6.6%9F 3.3%7F HEEATE 2003 Aol = 19l AsldholA
qho] 33%7F AEE AN 3= i, st 3 Fato A Z7h7E 3.3%, 10.0%, 20.0%7F HE
Hoch 690l Ry} sstaol A zhzt 10.0%, Wit B2 A 242k 33%7F HAEE AT 9
Doz 95 uta} oprtulo A Zhzt 33%, 4dtaell A 10.0%, F-2ol A 166%7F AEE ek

o]5 A gojMe] A ZdeS Ejeke 01 12¥€3 02 3¥olE AEHA &kl
27101 023 6¥ 3 8ol ZHzF 33%9F 20.0%7F A EATE ALl T3 11937 033
43} 39l 77 66%, 3.3% R 3.3%7F AAEATE $E A9 01d 1297 02 3
o z+7F 6.6%$}F 3.3%7F aEe]l Ak 029 6¥7 9¥-& 10.0%$F 23.3%, 1193} '03d 1
43} 3¢ellE= 7247 10.0%, 3.3%, 26.7%7F A=l AUk 039 6€7 9€ol= 27t 20.0%
o} 13.3%7F Adso] Ak 22 AdE&e B2y ok (e o], 9Fu; 9 dhoj A
Fdgo] ok, nFAAL oyl A 9 sjzk2el A EA YehtEE ol 24 oA

o

=4
T ES A9ES Btk 9 gl A e ofFHd e 51 AsHAE v Bl

R
— &

o

Perknsus sp.¢] Q&A= ob7tv], &, o) Fw Aoty Astugl FA
th Z=AE= 7 713 23 =AYl 1~12 cells® trophozoites7} ol £ %

ARG = AR cystAlb FEREW AFAE ol Fa UM (Fig. 11-4). ol=d JFAU

9] trophozoitest= ¥¥ H+ BMEFOoRZ AY FAQ diFES AAsh= 1719 Avkst ¥
oF HAlE do] a7l Ao #Hodurt o] FA JFAe HgA TR s 7hHE

o] Hgol B AT

2A Aol A A FH T mpx ko] dd Bl 224 HEE2 Fig. 11-50] YERQIth B Q] & ol 4]
= 01d 12€, 20029 3¥ B 6¥ol= ojwdt A AR AEHA] strh 024 8YA = ¢
T, obbu] g RAptoll A 33%, AstelA 6.6%AEE AAT ol HEEA skl 11
doll= o) Fuhat ol A zhzy 33%, obrhiel Asttel A 16.6%7F HEHAAIRE I zhLo M=
AEHA okt 03d 1doll= o FH, &, 2ol 42 6.6%71 ob7brlelA 10%, 28kl
A 166%7F A=H Ak 3ell= Fu sty 3 osizhzoll A Zh2t 6.6%7F HEHAAL obbr]

ot

oA 132%7F AEZHAAT Lol = HEH A okt 6€ell= o F9a) dellA 242k 33%, of



Fig. 11-4. Trophozoites of Perkinsus sp. in the matle of the Manila clam detected with

the conventional histopathological method. Note some trophozoites with a large

eccentric vacuole in the connective tissue. HE.
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Fig. 11-6. Hypnospores of Perkinsus sp. after incubation of Manila clam mantle in Ray'’s
fluid thioglycolate medium (RFTM). The spores are stained large dark blue
cells with Lugol’s iodine.
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Fig. 11-8. Seasonal prevalence (%) of Perkinsus sp. in the calms from Taean and Gochang
from Dec. 2001 to Sep. 2003.
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Fig. 11-9. Detection of Perkinsus sp. in clam by PCR amplication. The specimens were
taken from the costal area of Taean and Gochag. 1, surf calm (Mectra
veneriformis) ; 2, Manila clam (Ruditapes philliphinarum) ; 3, Oyster (Crassostrea
gigas) ; 4, Thomas’s rapa whelk (Rapana venosa) ; M, size marker ; NC,
negative control ; PC, positive control.
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Fig. 11-10. Partial sequence of Perkinsus atlanticus 5S ribosomal RNA. The sequence of
1solated parasite by this study are same with the sequence of Perkinsus

17

61

71

121

137

181

197

241

257

301

317

361

377

cgtcgaatacaccggatcccatcegaactccgaagttaageggegcaaggeceggatagt 60

cgtcgaatacaccggatcccatcegaactccgaagttaageggegcaaggeceggatagt 76

actggggtgggggaccgcccgggaagtecttagggtgetgetggettetttttaaatege 120

actggggtgggggaccgeccgggaagtecttagggtgectgetggettetttttaaatege 136

actcatggcttgtgeatgegtgcaageccccggageccectggacaatgttateecaget 180
trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrLLLLELE Ll
trrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrLLLLLLLLLR

actcatggcttgtgeatgegtgcaageccccggageccectggacaatgttateccaget 196

caacaacgagcaacagtgctatggcaagtagtccactagagagecaagtcegacaatetet 240
rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrEErELLLEENLLILENNILILLEILINILLLLLLLL
trrrrrrrrrrrrrrrrrrrrrrrrrbrELLTLEbENLLILNININILLILINININILILILININILLLLLLLL

caacaacgagcaacagtgctatggcaagtagtccactagagagecaagtcegacaatetet 256

acaacattgtccaagggggaaaggggggcgcgcgaagt tgacctgcagcagagggaaaag 300

acaacattgtccaagggggaaaggggggcgcgcgaagttgacctgcagcagagggaaaag 316

atgctgagttttgetgecacceccaactttgegeacttggegaagttgacttgcaggegagg 360

atgctgagttttgetgecaccccaactttgegeacttggegaagttgacttgecaggegagg 376

gtaaaagatgctatggttggttgcggacca 390

gtaaaagatgctatggttggttgecggacca 406

atlanticus 5S ribosomal RNA in Genebank (Accession number AF140295).
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Fig. 11-11. Incidence (26) of Perkinsus sp. detected by PCR amplification. The specimens
were taken from the coastal area of Taean (upper) and Gochang (lower).
Twenty individuals were used each trial.

Fig. 11-12. Infected calms were pushed onto the shore by tides, gapping on the sediment.
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Fig. 11-13. Healthy (A) and diseased (B & C) Manila calms (Ruditapetis philliphinarum).
Clams were taken from farms at Kunsan (A) and Inchon (B & C). B, burrowing
one in the sediment ; C, surfacing one on the sediment.

Table 11-2. Condition index (CI) of clams from Inchon and Gunsan

Inchon
Gunsan clam
Surfacing clam Burrowing clam
No. Shell Flesh Shell Flesh Shell  Flesh
length weight CI length  weight CI ()length weight CI
(mm) (g) (mm) (g) (mm) (g)

1 34.13 1.62 0.041 31.02 1.20 0.040 36.88 353  0.070
2 30.37 1.16 0.041 28.67 1.08 0.046 38.33 3.14  0.056
3 36.10 1.99 0.042 36.43 2.09 0.043 37.21 3.01  0.059
4 34.78 1.33 0.032 30.19 1.15 0.042 31.91 2.25  0.069
5 33.44 1.51 0.041 28.07 0.91 0.041 33.86 2.38  0.061
6 31.65 1.21 0.038 32.02 1.56 0.048 32.34 222 0.066
7 35.31 0.90 0.020 34.60 1.75 0.042 33.76 221 0.058
8 30.05 154 0.057 28.67 0.98 0.042 34.14 2.47  0.062
9 32.43 1.22 0.036 31.90 1.37 0.042 35.01 2.58  0.060
10 30.64 0.97 0.034 32.71 1.33 0.038 34.70 299 0.072
11 36.80 1.95 0.040 28.80 1.08 0.045 33.97 252 0.064
12 30.11 1.04 0.038 27.30 0.98 0.048 32.03 1.87  0.057
13 30.67 0.93 0.032 34.40 1.77 0.043 34.94 275 0.065
14 32.22 1.27 0.038 30.41 1.20 0.043 35.91 251  0.054
15 32.33 1.39 0.041 30.77 1.19 0.041 31.68 1.85  0.058
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Fig. 11-14. Microphotographs of the mantle of surfacing clam stained with hemacolor (A)

«
P
-

and the intestine of burrowing clam stained with Diff-Quick (B). Bars indicate

10 pm.
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Fig. 11-15. Prevalence of Perkinsus sp. in different clam organs stained with hemacolor

(upper) and Diff-Quick (lower).

cx1



Fig. 11-16. Microphotographs of Perkinsus sp. in various tissues of clams taken from a
culturing bed in the coastal area of Inchon where mass mortality was
occurred during March, 2004. Davidson fixative, HE stain. Bars indicate 20 um.
A, gill ; B, adductor muscle ; C, hepatopancreas ; D, intestine ; E, foot ; F, gill.
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Fig. 11-17. Detection of Perkinsus sp. in Manila clams by PCR amplication. The clams
were taken from a culturing bed in the costal area of Inchon where mass
mortality was occurring during during March, 2004. S1-S3 ; surfacing calms ;
M, size marker ; C, control ; B1-B4, burrowing clams.
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Fig. 12-1. Identification scheme of bacterial genus from calms, water and sediment.
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Table 12-3. Composition (%6) of bacterial species in different organs of clams from Taean

Sampling Clam Composition (%) of bateria species

date organs 1 2 3 4 5 6 7 8 9 10 Others

Mantle 60.3 26.7 0 0 0 0 13.0 0 0 0 0

'01 Dec Gill 778 0 0 0 0 22.2 0 0 0 0 0
Intestine  60.9 304 0 0 0 8.7 0 0 0 0 0

Mantle 86.7 133 0 0 0 0 0 0 0 0 0

'02 Mar Gill 50.0  50.0 0 0 0 0 0 0 0 0 0
Intestine 648 29.5 0 5.7 0 0 0 0 0 0 0

Mantle 385 53.8 0 0 0 0 0 77 0 0 0

Jun Gill 63.6  22.7 0 13.7 0 0 0 12.5 0 0 0

Intestine 471 47.0 0 0 0 0 0 0 0 0 5.9

Mantle 50.0  25.0 0 0 25.0 0 0 0 0 0 0
Aug Gill 100 0 0 0 0 0 0 0 0 0 0
Intestine 154 0 0 0 0 80.8 0 0 0 3.8 0

Mantle 244 268 0 19.5 0 73 122 0 9.8 0 0

Nov Gill 235 470 0 5.9 0 73 11.8 0 0 0 45
Intestine 57.7 23.0 0 154 0 3.9 0 0 0 0 0
Mantle 385 385 0 153 0 0 0 0 77 0 0
'03 Jan Gill 273 454 0 27.3 0 0 0 0 0 0 0
Intestine 154  30.8 0 53.8 0 0 0 0 0 0 0
Mantle 0 100 0 0 0 0 0 0 0 0 0
Mar Gill 25.0 0 0 75.0 0 0 0 0 0 0 0
Intestine 445 55 0 16.7 0 0 0 5.5 278 0 0
Mantle 0 0 0 0 0 187 0 0 81.3 0 0
Jun Gill 375 625 0 0 0 0 0 0 0 0 0
Intestine  63.6 0 0 0 0 217.3 0 0 9.1 0 0
Mantle 429 7.1 0 35.7 0 14.3 0 0 0 0 0
Sep Gill 31.3 187 0 125 0 0 187 188 0 0 0
Intestine  62.5 0 0 188 6.2 125 0 0 0 0 0

1, Vibrio ; 2, Aeromonas ; 3, Bacillus/Clostoridium ; 4, Flavobacterium/Cytophaga ; 5, Pseudomonas ;
6, Enterobacteriaceae ; 7, Staphylococcus/Micrococcus ; 8, Streptococcus ; 9, Moraxella/Acinetobacte
r; 10, Chromobacterium.
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Table 12-4. Composition (%) of bacterial species in different organs of clams from Gochang

Sampling  Clam Composition (%) of bateria species

date organs 1 2 3 4 5 6 7 8 9 10 Others

Mantle 63.0 2.8 0 0 167 112 63 0 0 0 0

'01 Dec Gill 80.0 0 0 0 0 0 20.0 0 0 0 0
Intestine  92.3 0 0 0 0 0 77 0 0 0 0

Mantle 64.5 355 0 0 0 0 0 0 0 0 0

'02 Mar Gill 59.1 409 0 0 0 0 0 0 0 0 0
Intestine 628 37.2 0 0 0 0 0 0 0 0 0

Mantle 385 538 0 0 0 0 77 0 0 0 0

Jun Gill 2271 63.6 0 13.7 0 0 0 0 0 0 0
Intestine  47.0 471 0 0 0 0 59 0 0 0 0

Mantle 844 125 0 3.1 0 0 0 0 0 0 0

Aug  Gill 50.0 437 0 6.3 0 0 0 0 0 0 0
Intestine  75.0 10.0 0 10.0 0 0 5.0 0 0 0 0

Mantle 417 194 389 0 0 0 0 0 0 0 0

Nov  Gill 46.1 154 0 38.5 0 0 0 0 0 0 0
Intestine 931 69 0 0 0 0 0 0 0 0 0

Mantle 66.7 0 0 11.1 0 5.5 167 0 0 0 0

‘03 Jan Gill 46.2 385 0 15.3 0 0 0 0 0 0 0
Intestine  90.0 0 0 0 0 0 10.0 0 0 0 0

Mantle 100 0 0 0 0 0 0 0 0 0 0

Mar  Gill 75.0 0 0 25.0 0 0 0 0 0 0 0
Intestine  50.0 0 0 20.0 0 20.0 10.0 0 0 0 0

Mantle 16.7 16.6 0 0 0 0 66.7 0 0 0 0

Jun Gill 16.7 66.6 0 0 0 0 16.7 0 0 0 0

Intestine 555 1569 0 4.8 0 0 0 0 0 0 23.8

Mantle 50.0 375 0 125 0 0 0 0 0 0 0
Sep Gill 110 334 0 0 0 0 55.6 0 0 0 0
Intestine  72.7 0 0 182 0 0 0 9.1 0 0 0

1, Vibrio ; 2, Aeromonas ; 3, Bacillus/Clostoridium ; 4, Flavobacterium/Cytophaga ; 5, Pseudomonas ;
6, Enterobacteriaceae ; 7, Staphylococcus/Micrococcus ; 8, Streptococcus ; 9, Moraxella/Acinetobacte
r; 10, Chromobacterium.
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Fig. 12-5. Changes in the number of Vibrio species (log No./ml{ or g) in seawater,
sediment and clam tissues from Tean (upper) and Gochang (lower).
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Fig. 12-7. Composition (%6) of Vibrio species isolated from the sediment of culturing bed
for manilla clam in Taean (upper) and Gochang (lower).
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Table 12-5. Composition (%6) of Vibrio species in different organs of clams from Taean

Sampling Clam Composition (%) of Vibrio species

date organs 1 2 3 4 5 6 7 8 9 10 Others

Mantle 0 0 0 0 0 0 0 0 0 80 20
‘01 Dec  Gill 0 0 0 0 0 0 0 0 0 0 100

Intestine  27.8 0 27.8 0 0 0 0 0 0 0 444
Mantle 0 0 0 0 0 0 0 0 0 0 0
'02 Mar  Gill 0 0 0 0 0 0 0 0 0 0 100

Intestine  46.2 0 0 0 0 0 0 0 0 192 346

Mantle 8 0 0 0 285 429 0 0 0 0 28.5
Jun Gill 20 0 0 0 0 0 0 0 0 0 0

Intestine 43 0 50 0 0 0 0 0 0 0 30

Mantle 0 0 43 0 0 0 14 0 0 0
Aug Gill 0 0 0 0 0 50 0 0 0 0 50

Intestine 64 0 0 0 0 18 0 0 0 0 18

Mantle 50 0 0 0 125 0 0 0 0 37.5 0
Nov Gill 66.6 0 0 0 0 334
Intestine 0 0 0 20 0 0 0 0 0 40 40

(e
(@)
(@)
()
(@)

Mantle 0 0 50 0 0 0 0 0 0 50 0
'03 Jan  Gill 0 0 0 0 0 0 0 0 0 0 100
Intestine 0 0 0 0 0 0 0 25 0 50 25

Mantle 0 0 0 0 0 0 0 0 0 0 0
Mar Gill 0 0 0 0 0 0 0 0 0 0 0
Intestine 714 0 0 0 0 0 0 28.6 0 0 0
Mantle 0 0 0 0 0 0 0 100 0 0 0
Jun Gill 0 0 0 0 0 0 0 100 0 0 0
Intestine 0 0 0 0 0 100 0 0 0 0 0

Mantle 40 0 0 0 20 0 0 0 0 0 40
Sep Gill 0 0 0 40 0 0 20 40
Intestine 66.7 0 0 0 0 33.3

o O
o O
o O
o
o

1: V. fluvialis, 2 :V. costicola, 3 :V. hollisae, 4 :V. alginolyticus, 5:V. parahaemolyticus, 6 : V.
mimicus, 7. V. harveyi, 8 : V. splendidus I, 9 : V. damsela, 10 : V. mediterranei.
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Table 12-6. Composition (%6) of Vibrio species in different organs of clams from Gochang

Sampling  Clam

Composition (%) of Vibrio species

date organs | 2 3 4 5 6 7 3 9 10 Others
Mantle 0 0 0 0 0 333 0 0 333 0 33.3
'01 Dec Gill 1110 0 0 0 0 0 0 0 0 88.9
Intestine 556 0 333 0 0 0 0 0 0 111 0
Mantle 100 0 0 0 0 0 0
02 Mar Gill 0 0 0 0 0 0 0 0 0 0 0
Intestine 353 0 0 0 0 0 0 0 0 0 64.7
Mantle 0 0 0 0 0 0 0 0 100 0 0
Jun  Gill 538 0 o 77 0 77 0 0 0 307 0
Intestine 143 0 2386 0 0 0 0 0 0 0 57.1
Mantle 0 0 0 0 0 50 50 0 0 0 0
Aug  Gill 60 0 0 0 0 0 0 0 0 0 40
Intestine 0 0 0 625 0 0 0 25 0 0 125
Mantle 40 0 0 0 0 0 40 0 20 0 0
Nov  Gill 667 0 0 0 0 0 0 33.3
Intestine 0 167 0 0 0 0 0 50 0 0 33.3
Mantle 50 0 0 0 0 0 50 0
'03 Jan  Gill 0 0 0 0 0 0 0 0 0 0 100
Intestine 0 0 0 0 0 100 0
Mantle 333 333 0 0 0 0 0 0 0 0 33.3
Mar  Gill 2% 0 0 0 75 0 0 0
Intestine 50 0 50 0 0 0 0 0 0 0 0
Mantle 667 333 0 0 0 0 0 0 0 0 0
Jun  Gill 0 0 0 0 0 100 0 0 0 0 0
Intestine 579 0 0 79 0 316 237 0 0 0 0
Mantle 0 0 0 50 0 0 0 0 50 0 0
Sep  Gill 40 0 0 0 0 0 0 0 0 0 60
Intestine 583 0 83 0 0 0 0 0 0 0 334
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™, =3 BTB teepolti oA @S gGAJste] HMe) Hebs A= V. wpetisoh=
HfFerA ]l Aol 7k Aok EEImo] lofM I 35TolA TESIIAAT V. tapetisi= L5}

A BEle] w2 EoAx zpol7p el ALOWFSoM = (-, -, )& V. splendidus
biovar 18] (+, -, -)¢= zFo]E Hth A mannitiol, sorbitiol, sucrose®] o]-&olA (+, -,
=2, (-, -, )8 V. tapetis¢t AFolE YERN O] E8]it-2 V. spelendidus bivar IZ &7 % o]

ATk V. tapetist= 742 A4S $5ll= indole 2t 4TAA 9] WS 30T A9 6%°l A
)9S arginine dehydrogenase negative, B-galacotosidase positive, gelatin, casein, lecithin
2R TR &4, sucrose, mannitol, amygdalin®] ®]o]-&o] F& ] Vibriot= 2 b
o]7} vt} (Borrego et al. 1996). V. splendicust V. tapetis$} E+2] aconitate, D-alanine, a
—ketoglutarate, DL-lactate, maltose, mannitol, porline, pyruvate®} L-threonineg ©]&%
21t} (Borrego et al. 1996).

Jensen et al. (2003)% V. splendidus®t V. tapetise= w9~ rAFeEA F v ket Bz &2t
A zpolE HastAth 5 WY Ao R V. splendidust EHH7PA| A HEREE o] 3]
A 2ol YA S = WA, V. tapetis= V. splendidus biovar 1 ¢ F2he] meky} A7Z-e FAl
ShAITE @ uk-go] dojubx] eF=th I marine agarol A 18T & 71eAl Aldiwl s A&

2120l A marine brothol] Bj3HH V. splendidust 112 =gk o]
Wsto]l §IAIT, V. wapetist= FAARAWA 2Fo|dlo] Aoz WA Hrta st Ay slErA]
A= w9 FAFSEARE 37C oA 2] A% arginine dehydrolase, sorbitol, sucrose, mannitol ol 4]
V. splendidus biovar 1 &= (+, +, + - +), V. tapetis,= (-, -, -, +, )% A4S YelHo =
sorhitol®] E3E 2F9 ERILRE o]&ste= Ao XWLO}E‘F’ Bttt ¥ Maes &
Paillard (1992)¢} Borrego et al. (1996)2 sucroseZ 2% 9] F&Eal=d AL-&3 A& #|etalsitt

3-3. Vibriow2| ¥ &AM

V. parahemolyticus, V. splendidus II (JH-1)% thZ=Z AF&3 vpx]g BRDe ¥+l V.
tapetis (NCIMB 13622)¢] v}A|ghol] gt WS AN A3 V. parahemolyticus= 27°C Ol
A 107 cells? 10° cellsS HEaS we] F2AbGEL 742 75%9F 50%2 = %A 107
cells®t 10" cellsS HEsHS W= 22 25%9F 10%Atk 3 20CoAAE 107 cells®t 10°
cellsS AEeHS wo] FAAEES 55%9) 365%Pon, = 27 CKT vgren 1007 10%
HEaeds e 47 0% 5% = leEE JFede e L2dTE AFYE]
A AEA Aol 100 cellsS HEAS vl AbgEo] ErHFig. 12-8).

V. spelendidus 11 (JH-01)E AZFsl¥S W] +4 APdELS Fig. 12-99F Fig. 12-10

Hir

S
T .
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Table 12-7. Comparison of phenotypic characteristics for distinguishing present isolate
(JH-01) from related reference Vibrio strains

Vibrio species

. . V. splendidus V. splendidus V. tapetis
Characteristics Preseg_i’tram biovar II biovar 1 (NCIMB 13622)
J (ATCC 33789) (ATCC 34125)

Gram - - - -
Morphology curved rod curved rod curved rod curved rod
TCBS medium green green yellow green
Oxidase + + + +
Catalase + + + +
Motility + + + +
Indole + + + +
Nitrate + + + +
BTB teepol medium yvellow yvellow yellow blue

0/129 (15048) S S S S

0% NaCl - - - -

o 3% NaCl

20¢ 5% NaCl +

8% NaC(l + + + -

1096 NaCl - - - -

at 5T + + -

at 30C
Growth at 35T + + + -

at 38°C - - - -
Acid from glucose + + + +
Gas from glucose - - - -
ONPG - - - +
Arginine dihydrolase - - + -

Lysine decarboxylase - - - -
Ornithine decarboxylase - - - -
Citrate - - + -
Ha2S - - - -
Urease - + + -
Tryptophane deaminase + - - +
V-P - -
Gelatinase + +
Glucose + +
Mannitol + +
Inositol - - - -
Sorbitol - - - -
Rhamnose - - - -
Sucrose - - - -
Melibiose - - - -
Amygdalin - - - -
Arabinose - - - -

S ; sensitive.
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Fig. 12-8. Accumulated mortality of Manila clams inoculated with different concentrations
of V. parahemolyticus at 27°C (upper) and 20C (lower). Twenty calms were
used each trail.

EFIQth 27T 20CAA % HE 3UITHE AlgEo] F43] Z718te] 10° cellso]4h9]
HETAAE 5 90%01de] AFEES Heplder, 10° cellse HE3 ol 27ToA
= 66%, 20CA = 90%7F AVdste] V. parahemolyticus 0= AFEE©] AA 3] =k
npx|eke] BRDE 991wl BT F V. tapetis (NCIMB 136225 B4 10" cells 2 10
cellsS HEFsa 20TA 1097He] FAHALES Fig. 12-100] ZA G V. tapetis 10°
cellsE HF3AS W= 40704 & 270A7E Abdete] AFEEL 675%00H, 10" cells #
TS W 407MAF WAL ArgEte] AFES 7.5%¢l BEatdon, AP Al 2leiA
T Hdatel] ok A1 Al siZhiAe] chonchiolin® 2ol 9 gt ZAMbd = 7k E] R]

2 Ao A vl A $AF R FAA V. splendidus I JH-ODE FAHE #2

v O
HFoME 15y A4 =& JAeS etk 22y "brown ring disease”o]
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Q1S V. tapetisE HHAE Q19 AAAAS A AHEEE V. splendidus 11.°] W3] $H&
Wulol g} EA %2l ZAkel "brown ring disease”?] A E AT A ¢okt} Paillard et al

(1994)= V. tapetisE 19 ZAANAL ) 24 R decussatuse R. philliphinarum®)] B
& BRDE & -&o] vrfal H skl Allam et al. (2001)2 #2 v gbRel Sx|gt= 4t
Ao} Foll we} BRDS/S] @l Abol7k Slvkal Harskgl Ly} v
philliphinarum®} Z=22F R decussatus® V. tapetisS A7 A =
w23 A3 R philliphinarums ol A ZE2AES 100%<] ¥hA w4k 5296, Tk AAF R
decussatus@. F-ET 37%°14 BRD7} g1= vt B389t BRD7F #2E &= Aol
A Y R decussatusi= 89%, V=AY R philliphinarum=s 62%7F 77342] el 2 3|53k

HbH ek AL RphilliphinarumS 719 12%4%ke] 31 &85kt skt £33 Ex= Ae]A
ATE HAES R decussatust= A3 BRD7F RS A] LAt Zed~AF R philliphinarum

17914 BRD7} A= Avkal Basiginy. oA 24t R philliphinarum®] o v}

N
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Z
g € .
i) i'é
rl
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Fig. 12-9. Accumulated mortality of Manila clams inoculated with different concentrations
of V. splendidus I (JH-1) at 27°C (upper) and 20C (lower). Twenty calms were
used each trail.
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Accumulated mortality (%)

Days after inoculation

Fig. 12-10. Accumulated mortality of Manila clams inoculated with different concentrations
of the causative agent of brown ring disease, V. tapetis (NCIMB 13622) at 20
C. Forty calms were used each trail.

Xl%ﬂ Hle) BRDS) W@ go] B AL T Aobol Fol W) ©A5e] g Ay

| Foll 4] BRDS} frAbgE S74-2 38tE4, s 8l 2 7[AEe 79 5 oy 7HA 8]l
oa) MAE = Ao WuHEUTh = Tributyltine
S 71x A3 ZAFS wheisly, diflubenzuron® Anodonta cygnea®l 7} ¢tzeo] f7]Eo]
FAH = A welete 2w Ruddtt (Machado et al 1990). %= AbA 2ol of gk
7h¥ I wolub wbx|ghe] wjzb 9FZof| conchiolin®] WS dATHE Ao HuET
(Malouf et al. 1972). #3 52 oAl & Aropdol RIAL Aejol] = Bldre]y],
Patinopecten yessoensis®| = BRD®} AFsH SA4fo] @A s Qo 2x Agde A4,
FYAY, 1UE AME T s acle] Ylog Ar|FEHJe thE gog: oFHe] W
2o v Aol 9siME faEtta Baustth (Mori 1975, Kawamato 1985). &
termatodes®] 7ol 93| = APHE metacercarias A3 EZo] Qi = FAREE S0
veby | Haplosporidium nesoni (Farley 1968)4) +39]9] 7+ (Alderman & Jones 1975,
Raghukumar & Lande 1988)0 oJaljx = HWHAlE}= Ao ® B ¥l gl

Aol A mpA e HFEs wWl BRD7F EdskA] & Ao R Kol fEubbih vbA]
gol M= BRDO S A71A o Aox AdEdi. a2y el w5stek 79
(3]

[e]
a7k zAENS wel wA s WA £ Geow A%H wuede] Aasi

IN

Crassostrea gigas®] shell chamber®l] <3

EI\I

Rl
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A 1372 v V. tapetis®] el WF wlSo] wojdzte] &4

: o) Ko = 2 =
TAES] FAeH Fo] o] &HaL Utk dre] A3 dYze] njSo] & WEle =5
94 A = Al digh WolsHS Hrbshs Axz2 4y AFEEAL AT (Chu &
La Payre 1993a, 1993b, Chu et al. 1993, Ford et al. 1993, La Peyre et al. 1995, Oubella et
al. 1996). A LA Aits]o] Y Fo 2 WEHe AdEAQl lysozymes T2 95
o] HFFUYAA HAFAXY (Rodrick & Cheng 1974), FAE7} o] 54 S 248 &<t
of gxtyoeldt HAS Fotol d¥Z®E fFel¥olA (Darnell et al. 1986), ol=&d& 43
g vl ek Fas Aol Aldtoly 7T H 2 YA oledE
A= %%@Wﬂ% TH % 7k it} (Chu 1983, Olafsen 1988).
k= T8tal BRDERE 5ol F4te] WEwA] e o
G A AR Sto] goladelel B4, B

5 ZAbske] -8 uebik mkAIEe] Vi wapetis

b
oo
o,
=
>
4
ofr
L)
SE,
i
-
lo
BN
oX,
1o

499 B9 249l wakE Ak

2. A2 % Wy
2-1. A=
Al 27 WY A9 HEuel wkel V. tapetis (NCIMB 13622)2 7121 9 10 cells
EE 107 cellsE HEW g AAgFE FEtan AAMoR T AYZE AT
=3

U poolste] ALg-3}S)

2-2. ¥ 2lo|Rtd o &y

sSulg]el A A gk th5 pooldte] 4TelAl 3000 g, 303+ Y4lste] A& Hesit 42
0.1 M phosphate buffer (pH 6.24)° &3\ AlZ1 Micrococcus lysodeiktiuc (0.2 mg/ml) <Y
1.7 meell 8% 03 mE H7lste] A2olA 1402 437 450 nmollA FFEE SA 35}

o] B71¢] 00019 FF%E 7HAXE 1 unit® EA| ST} (Santarem et al. 1994).

2-3. @™o &I}t
3~4ut oA AQFH3Fe] pooldt S ARSI dAHS 3 thS 96 well micro-
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plateo] 50 pl1FY3 thS A9 0.15 ME7FEE TSBE 294 3 ALS wrEth Z2F welld
TSBoll 1~2%% 52171 sheep red blood cells (SBRC)S % H7lsle] A-2ox] 2~34]

7w dxs gAY de] TBSE 5% F@th o] molt HnsAugel o4

Ll
oo
o,
N
-l
frt
ke
>
Ol
2

2-4. d3eo| d4Hs

6-10mte] o] vpx|ete] sl zbtoll A A|F 3 45 pooldte] st 5 AT v
& 045 mIH=Z oFste] dHS E83 th3 Ordas et al. (2000)e] WHeol| wa} V. tatetis
o} 22X Escherichia coli (ATCC 13706)°l gt 58-S S4sth 8 83 25 w

= 96 well microplated] 25 w® 5332 TSBol 1x108 cells/ml®Z F-A1Z1 Avted 75 ul
= 7} wellol H7bsle] 22 &3 S 18CA] 3A1%F w%d3tt). PlateE 200go] 10E%F
Ao AAS A AS oS TSBel 5 mg/mlE &3 A1 71 3-(4,5-dimethylthiazo-2-y1)-2,5-
diphenyl-tetrazolium bromide (MTT)S TSB= 108 3AA1Z1 3 H 100 WS 2+ wellol]l #
7hgE Tk 18CellA 1683 hxdstel WA g v 600 mol A F3 =5 S48t ditss
SAsA 2 viA g d3 didlel TSBE #H7bskivh aats A5 (bactericidal

activity index, BD)<> 2389 S3 =/ FFE2 HASHATH

o

|

Fzzol A A 5 FEEA Hol BTN Setelegetzed FARAIZ T3
= T2 AAG oAFsfe] F-{A17 zymosans E-9ke] H]Eo] 10 :

lo] P Fo] H7bek vhs 25CollA 1A1ZF widst § oAelsa AFHsta AxAIZ] ths
May-griinwald Giemsa® ™5 A7stHA] 20071 MEF] &2s 45 AFste] §24&

I FAAFE T h
2-6. @7 =Ml AN B3}
Sufztzol A AP dHo] =t FES w50 May-grinwald Giemsag? 3 20071 <]

AZzZFo A g7t FHT7F A HE (%)S 7813

3. 23 ¢ 3%

3-1. 2lo|&Ate! ol Higt
V. tapetisE MAZ 10" cell® HEstD AA R0z A o] glo]Aaze] AL Fig
13-19 Yebd AAE JFTolMe HE 19 F5HE gholhxqle] gdo] dAst syt #&
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Days after injection
Fig. 13-1. Lysozomal activities of hemolymph of the clams experimentally challenged with
10" cells of V. tapetis (NCIMB 13622) per a individual. The hemolymph was
pooled from 5 clams each trial (n=5). Mean+SE.

HAARE vzl A= WskrE Ao ISl ole @ A= eyt AR Vi tapetis©]
Aol Zedor whesto] Ay 7F 7HA AL Sl FlelaAtde ez WEste] o] o
Aol &0 x tiAE 5 9= s9o] k= AL on|gth Allam et al. (2000)°] ¥}A]
gholl V. wpetiss HFNAS W HE 641735 2ol Aty 1450l gixzae
g0l AT te O FREE FURtE Adeke v 43S vEha ok 2y

ob= WHHE Ordas et al. (200002 Perkinsus altanticus®l #¢1 74w mpx|eke] n]E-o0]9]
Zke] g2 ud A A A, A 2 A g Ao vlE] =2 vk ko]t
dey, d@wdel F 2 7= ool Hls wA dntn Busd=d, o= Chu &
LaPeyre (1993b)2] ]@ﬂ% gho]azql o] G2 Al A ] H| 5ol A wrofQlxte} Wt
HAAZE 271 wiiEoldt Azt U} g Allem et al. (200D)el] m=3 Zgk2o] l= upA| e
Vibrio¥g el gt H]5o] 4 S AR A3 msat wpR|ge] S, Ay ¢ H

T T S P

©

[.

i
_,10

3-2. 72| EMs

=
= dA8 Fasdst JIUNAY] Faso] dAs e, 2HF sl WE Aol= gl
ok @9 gAA e 10HF A HE 195 gaXFe] T YA 1 T A%

N
Ao gastdon, 108Fwe] o] wal gagoel & Ageldrh A gxre AAA
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HEol Wyl Ao §lo] Hit 1.7-24719] zymosans HH2EAth iAol thE 959}
A 2 28] de ATt FRYTE i 7Hes (Lopez et al. 1997b), =AM
oRE HYTUF FHHTERG SRSt @A eEe] Aetrtal ®Basiitt (Lopez et al
1997a, Pipe et al. 1997). & A@AAE &gt 258 Hol= 31 diiite] IAy49om,
B FAAFE L7o)JAAT B HEwolA tixato] vla] E2& 9 25 dA
7F gl E ARt} o]efdk Ayl= Allam et al. (2000)2] ®FA| ol V. tapetisES HE3}
A go]l Skst=d olelgk dholaxtelel Sy ' T FUME FAR S v
A R1zte] gge] T MAARTH AAE Hoshes
w 1e] Aol A el o] ol 249 EAS HluE
= "detlar itk ol AR E AR dwe sdHAle dS
HHow QRgE WEHY] wid dT¢ 7]wo] AARE I HE FAFHNAY Tlsel
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Fig. 13-2. Phagocytic activity of the hemolymph of clam to zymosan. The pooled hemolymph

from 5 individuals was obtained from the posterior adductor muscle of clams
previously challenged with V. tapetis (NCIMB 13622).
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Fig. 13-3. Changes in the composition of granulocytes (upper) and agranulocytes (lower)
in the hemolymph from clams injected with Vibrio tapetis (NCIMB 13622).

H =2 F& gu|str}t. webA dFolE EfFH ol F A% bone marrow poole] EA]| o F-
v FAskA] GATE o]Fe] IS st BAshE AL T2 gdyxdoer £k ¥

Yook AYRAR olESn AAR FBAN EASE Ae v% mE AARA Avisn
A

el I 2L AEA el F3Fs Wol 53] Holo ¢k w23 dWHI dAE
7FA a1 ME3le] (Feng 1965, Santarem et al. 1994), =20] &=& Al7]olE H xS e
AL AbE Sl AAXE Yepdith A 98] o] Ao RA AAAue] x4 1y
ES AlAsSH] fete] e "7 AR o]Esy] wioldt 48t k. (Suresh &
Mohandas 1990, Santarem et al. 1994). @& A4 7]ATo] AU E e FHHT
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7b S7veke AL HHATE 7I8SE AAsH] Skl 23y d4s doA HHAUF Aa
31917] W o2 ®Baxar 9t} (Ford et al. 1993). Allam et al. (2000)2 vkA|gkell V. tapetis

HAANAE W sjHelx o] AT ST AFEHEU S HE 795l
gkl =23k & A&Hom Aasty] AlFtete] 9dA ] HJEH O AHE HEol2tha
Basiieh 2eu Srleke @95 Hlaste] B SRS o] S8 AlEAT o]
g drAxe] B Aie AATele] shtmA (Feng 1988, Cheng 1996), Alirs <19
HEAS W 19 ool F7ksto] 7T~144¢] ®IflolA 2 S7k= AL&drtaL 84tk (Suresh
& Mohandas 1990). Oubellla et al. (1994, 1996)2 o]&ldt & 1-=2] W= HFE FF o 7}

© A% Jd 7t sgd R olFely] wimel, HauAd =i 5o A sdd
o] ZHAFH= olFaty] wiLeltal st vk 2yt Allam et al. (2000)9] Aol A=
A AT AN dAG F7PE HEE e H{Y e ofFe} vy R &
A5ES 7 @9 Al SHEtE S onlet) e ZA A FEEE g
7F friEE Aom sMete Al Eeoldt A4Eh Allam et al. (20000 T o =
< P75 WEo] yH A} e AL VFoR s 5 Axe Ut Tl o
3 548 A At (Borrego et al. 1996b)oll o]3F Ao =53} Aol 42 7o
ok A F7tE e star sFot Altake] s zkgol 9]6} FFol A& AHoRE FA3)
Ak 2 Aol AATA M ghel AAH A G Gt Ao FAET
o] Hl&& FAtete] WolEds dotetaat ath S5 Aeke AldE FYsids W IR
o] dgTtet FagTe] Wslel= F WSyl fle whH R Aldte] FYHENS W
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&2 7 Abell API 20E (BioMeriux)E #4317 %= 3t}

npx| kel wlH g ool {11l Vibrio tapetis®] +2]: Marine agare] 1% mannitol
(W/V), 1% bromthymol blueE #7}sto] H3S THE o oS HIEste] 20Tl L3t
HjFgE $ mannitol®] HIES] wiEel FAE= FEMO wWE R A HEs A
TCBS marine agarell &3 tha 22 20Tk 30TCollA 24417F wf gt b TCBSelA]
=0 eto] PAHANE ol °Feto] marine agarFHelA A ¥= s AdEst=
e st (Noel et al. 1996). 12 @ A8k Akl 9lo] Vibrio splendidus
biovar TIe} FrAMgE o] Wol 2FS s Fshetle oJEwo] At} (Castro et al. 1992,
Jensen et al. 2003). ol#& S Hekstr] flete] AT S wide ths FE/IH S AR
g EEfol= s dukg ) PG AY, G EIAE A8 Elisa¥l (Castro et al. 1995,

Noel et al. 1996)¢] W sH4 wHo] 7fits]o] Qi)

PCRYS AES Ael, Aol et Solg 2 Adgo] 7] W] oiF 289l Ao
FEsl ALgE T Qom, B AF, /4% L vtoleiay A AuWo Ausw

2l tH(Kekkber-Cousin et al. 1993, Stokes et al. 1995, Atmar et al. 1996, Le Roux et al.
1999, Renault et al. 2000, Arzul et al. 2001, Lipart & Renault 2002, Novoa et al. 2002, Itoh
et al. 2004). ¥ Ao A= wpx|gte] nlH g oH ol A4Sl Vibrio tapetis® &S 93k
PCRY & ﬂaé}i A9 HAAZ v e o w BoldE ERIg v FA A AA A

2. A5 % vy

2-1. DNA =& %! primers

Zobell 2216E gtxlufj Aol 20T, 24A13F viF&k V. tapetis (NCIMB 13622)5 3 th3
FERFE 28 AAARG thg, AFRAA FHHAE WEQAT 40 w8 FFA) 10
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9] proteinase K (1 mg/ml, Sigma)®} 50 2] 2 x K buffer (40 mM tris buffer, 0.2%
NOnidet P-40, 0.2 mM EDTA, 1% Tween 20, distilled water, pH 8.0)& &3ttt &3+oY
< 60Ceol 20327, ololA 10Tl 153 A3k 5, I f1dlAl WZAIZ] o5 8000 rpmell
57t HAlstel DNAE F=akdth #diF+ ol7tn|E A3 st ACCUPREP kit (Bioneer
Co.)E AFg3le]l DNAES F=3tE V. tapetiss= Jensen et al. (2003)e] VtF (5'-aac gag

ll

[«

aag tag ctt gct ac-3’ : positions 64 to 83)2} VtR (5-cac gct att aac gta cac c—3', positons
448 to 466)E AH&sHtt (Fig. 14-1).

2-2. PCR

DNAT DNA thermal cycler (GeneAmp PCR System 9700, PE Applied Biosystems,
USA)E o]&3le] DNAES FEAIZTE & Tag DNA polymerase 1 U, dNTPs 250 uM,
Tris-HCI, pH 9.0 10 mM, KClI 40mM, MgCl2 15 mM¥} dye’} &3%%¥ PCR PreMix
(AccuPower, Bioneer, Korea)oll primer pairs 1 ul, DW 16 uxl, DNA template 1 @S #7}
3te] Eekel thS 2704 DNAS SZAZtE PCR 72 initial denaturation (94C, 5min),
94T~ 30sec denaturation, 54 ColA 1Imin¥ annealing@} 72Cell A4 1.5min extension, final
extension (72T, 5min)e] 7S =2 25cycle WHE&A T SZ¥ DNA 18 wE TAE electro-
phoresis buffer (40mM Tris, 20 mM acetate, 2 mM EDTA)o| &3)A17l 1.5% agarose gel’y
oM H7]dEste] Ao fzstel A MES gl

2-3. 50|Me HHA

Primer sets®} PCR %719 E0]4S Table 14-10] FAI3F t2odF= Abgste] €9 9
of w2} DNAS F=3F t}S PCR productE agarose gel %%
t} Alir2 Zobell 2216E S ulX| o] 20C, 24A17F AwjFst S AFE-3FA T

2-4. PCR2 O|&¢t Q&4 HiX|2hol|AM 2| V. tapetis A&

Heod s =2 22S AdEstry] fste] 13743t bix g V. tapetisE TFE AR
oS AAIA AbEetHA 7 248 A3 skl PCRY O 4?* A&z AxES AASAL =
30 cmx90 cmx45 cm® FE=ZF 270 2zt BOU}E]E 1 AT E Y A 30 ecm

2 g g BU)eEA 25T 2~3U7F wXg F ALgskAth =X A1 ukA g 30mta o
MAD V. tapetis 10" cells? 10° cellsS FEAZ F 2 =0l AFSEAA 1, 3,5, 7, 9
de] HAoz 4ute]e] mpAZS 9oz AFHsle] o]Fu ofybn|, 28ty B Lo A&
==
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61

121
181
241
301
361
421

481
541
601
661
721
781
841
901
%61
1021
1081
1141
1201
1261
1321
1381
1441

agagtttgat cntggctcag
ggaaacgaga agtagcttgc

attgaacgct ggcggcaggc ctaacacatg caagtcgagc
tacttcggeg tcgageggeg gacgggtgag taatgectag

Forward (VtF)
gaaattgccc tgatgtgggg
tcgggccaaa gagggggace
ctagttggtg aggtaatggc
cagccacact ggaactgaga
tgcacaatgg gcgcaagcct
gtaaagtact ttcagcagtg

gctgcagaag aagcaccgge
gcgttaateg gaattactgg
aagceegggg ctcaaccteg
ggggtagaat ttcaggtgta
aaggcggece cctggacaga
ttagatacce tggtagtcca
cgtggcttte ggagctaacy
aactcaaatg aattgacggg
aacgcgaaga accttaccta
cttcgggaac tgtaagacag
ggttaagtce cgcaacgage
ctccagggag actgccggtg
gcccttacga gtagggetac
cgatggtgag cgaatcccaa
ccatgaagtc ggaatcgcta
gccttgtaca caccgecegt
accttteggg gaggacgett

gataaccatt ggaaacgatg gctaataccg cataatgcct
ttegggecte tegegtcagg atatgectag gtgggattag
tcaccaaggc gacgatccct agctggtctg agaggatgat
cacggtccag actcctacgg gaggcagcag tggggaatat
gatgcagcca tgccgegtgt atgaagaagg ccttcgggtt
aggaaggggt gtacgttaat agcgtgecatc cttgacgtta

Reverse (VtR)
taactccgtg ccagcagccg cggtaatacg gagggtgcga
gcgtaaageg catgcaggtg gttegttaag tcagatgtga
gaactgcatt tgaaactggc gggctagagt actgtagagg
gcggtgaaat gecgtagagat ctgaaggaat accagtggcg
tactgacact cagatgcgaa agcgtgggga gcaaacagga
cgccgtaaac gatgtctact tggaggttgt ggecttgage
cgttaagtag accgectggg gagtacggtc gcaagattaa
ggcccgeaca ageggtggag catgtggttt aattcgatge
ctcttgacat chacagaagc cagcggagac gcaggtgtge
gtgctgcatg gectgtegtca getegtgttg tgaaatgttg
gcaaccctta tccttgtttg ccagegagta atgtcgggaa
ataaaccgga ggaaggtggg gacgacgtca agtcatcatg
acacgtgcta caatggcgca tacagagggc agccaaccag
aaagtgcgtc gtagtccgga ttggagtctg caactcgact
gtaatcgtga atcagaatgt cacggtgaat acgttcccgg

cacaccatgg gagtgggctg caaaagaagt aggtagttta
accactttgt ggttc

Fig. 14-1. Nucleotide sequence of Vibrio tapetis genomic DNA showing the position of the
primers used in this study.
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Table 14-1. Vibrio stains used for PCR amplification in this study.

Species Strain

V. anguillarum SG 7701

V. alginolyticus ALG-1

V. carchariae ATCC 35084
V. campbellii ATCC 10801
V. harveyi ATCC 14126
V. ordalii ATCC 33509
V. parahaemolyticus VP-001

V. splendidus biovar 1 ATCC 34125
V. spledidus biovar II ATCC 33789
V. tapetisl NCIMB 13622

7zt 229 25~50 mgE 1.5 ml dlFEZAF Ao 27 ACCUPREP kit (Bionneer)E AH&-3}
o] DNAS FZF3ch & Z7o] So3lE 15 ml ol:MEZAF3te] TL Buffer 200 w,
proteinase K (20mg/ml) 20 0-S #A7}ste] 60°Co] 1~3A17F #x]&= B¢ 157 tdo=w &
g2 wiasto] DNAS F28idth 2L 55 919 V. tapetis®] DNAZ 2 I 22 B e
2 DNAE F=39th w8l¥ DNAT 4T L& -20TCo| B#Asto] A&ttt V. tapetist
TSA9 25 CTollA] 24417t wjFst S datslgrol SAAA 24 sz 243t

2-5. PCRH2| & H&
A 2ARE 2004d 495E TE7HA S CEiok A& 3 A FelM AR wpAE, =

—

(Crassostrea gigas), &= (Mactra veneriformis) 2 3% 115 (Rapana venosa)S 3 3}o]

APAR NP e FEFE AL AR ARE AT 2 AT A S
Table 14-291 1Febdl 23} guk. 2719) Ho] B AAE Azste] obrluE AAW e
glo) whlol F3lo] DNAE #2% e PCRE AAele] Soli=g slele el &e 7ol

Atk

2004 3ol AL W A G| wpH e e R HEAES S
ZF N ge HAPE 2T I bttt @& FRlelA AFe FYgskAl ki FFel o
o = JHAIE AlER Sto] ot A dY s AF ko] ol whel Ftek Vbiriod
- Ttk & JYEZF] VibriowS 919 Wwol| wel speciesTT7FA #

185 g FdskAl gk 374A1e A
skl ACCUPREP kit (Bioneer Co)E AH&dte] DNAE FEato]9le] %o we} PCR&
AAEAh dEz2E dJAE dojuA] g kA FellA A F e npAgS AFE-sHS T

ks
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3. 23 4 3%

3-1. PCR

Primer sets (VtF and VtR)E A}E-3to] V. splendidus biovar 1, V. spledidus biovar 1I, V.
harveyi, V. campbellii, V. carchariae, V. anguillarum, V. alginolyticus, V. ordalii, = V.
parahaemolyticus?| Xl 53 DNAE AH&3te] PCR 5&%A1Z] v agarose gel 7195 Al
71 A3Z Fig. 14-20] YeRHRATE AFE-3F primer sets® PCR 718 V. tapetisell thaj 4wt
A14bpe] o] Wi=3 HEHAS ¥ & d o225 HE 1A gk

3-2. PCR2 0| &

AAD 10" cells?] V. tapetiss HEFHRS wWi 19 Fol= opfulolsnt So] W=7} 7
=5 T2 2AANE HEHA FATh JF 3YFo= BE A0 A HEHA AUk
ey ool Foll= ou gk A A HEEA gt (Fig. 14-3).

1 WAG 10° cells®] V. tapetisE FEGILS W HF 1Tl op7u| o} 28l aho] A
MNert FRALJARE o) Futy) Wol = HEHA] Gt 28y 3YFEHE Be 22 A
AEF AR 53] ofrpnjol| A HEwo] Wokar, 543 7dFol = 9 Fuhy & 9

7hn|of el A A& o] okt (Fig. 14-4).

Fin vitrodl M2l V. tapetis AE

r°l'

3-3 #Z Mg F QAMX|A CHZtw AL HIX|[2HO|AM o HE

Ejota} mgR oA AH S vix g, F5, = 2 9EuFe] opyluE AR st PCRY
o7 ZASE V. tapetis® AE733HS Fig. 14-59F Fig. 14-69F 2t} ejetx| oA 53t u}
AL 0%, F& 265~30%, FEL 50~10.0%, HARILEL 0%7F AEHACh A 13
o HpA e 0%, FL 15~20%, BFL 10%, WBNEE 0%7F AEHA 24 BE A
2y} BB aFoAE As AEHA & Wb =o] 231%, F50] 94%7F AEH A

A 20049 3Y HFHAL BAE QA oA AFE wx e Fig. 14-73 o] 2}
oJffto] FEro] glom, e fgEo] 1A A vla] N HE A9 oA
= g Fem A7 A vls) ok

AHeA A A vpAg ) HAAZF BASHA] ek kAl A A g v ke ofrfbw] &
X Z20] Vibriotry 2 AL 2A}sE A x| Ao - upx
= Ao =29 JfAe A9 dwhATe] FFE 21x10°~88x10'e)eH, FAMNA =
L1x10%0190a, 2 AREE atelA A e wpx e 50x10~32x10°]%ich d I
T A BT Vibriotte mEY JMAE 1.3x10% FYAAE 11x10%e|gon, 4k vpx et
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Table 14-2. Size of the specimens used for the detection of V. tapetis by PCR

Species
Sampling date Locality o Shell length  Weight with shell
Scientific name
(mm) (g)
Ruditapes philippinarum 36.76+1.7 1.73+0.2
2004 Crassostrea gigas* 109.47+14.8 12.39+1.3
. Gochang . .
April 24 Mactra veneriformis 40.57+3.1 2.31+0.1
Rapana venosa 50.94+4.1 22.47+09
Ruditapes philippinarum 36.31£1.8 1.75+0.2
Crassostrea gigas 75.50+5.9 8.14+0.8
May 1 Taean ) .
Mactra veneriformis 3947425 2.38£0.1
Rapana venosa 60.62+£3.5 23.02+0.7
Ruditapes philippinarum 37.20+£34 1.71+£0.1
I 3 Goch Crassostrea gigas 115.18+8 12.35%¥1.5
une ochan
& Mactra veneriformis 38.64+2.5 2.31£0.1
Rapana venosa 4947+4 22.4%1.1
Ruditapes philippinarum 37.10+1.5 1.84+0.2
I 21 T Crassostrea gigas 78.03£3.9 8.35%1
une e
t acan Mactra veneriformis 39.56+2.4 2.4+0.2
Rapana venosa 58.42+3.7 23.08+0.7
Ruditapes philippinarum 32.68£1.7 1.76+0.2
Crassostrea gigas 110.17+£13.6 12.71£1.4
July 12 Gochang ) .
Mactra veneriformis 34.21£2.2 2.3+0.2
Rapana venosa 67.33£5.3 23.1£1.2
Ruditapes philippinarum 36.35£2.9 1.83+£0.2
Crassostrea gigas 7744464 8.26+0.4
July 14 Taean . .
Mactra veneriformis 35.72+1.4 2.35+0.1
Rapana venosa 63.46+5.1 23.12+0.8
Ruditapes philippinarum 36.29+£2.2 1.78+0.4
July 19 Goch Crassostrea gigas 106.55+12.5 12.76+1
u ochan
Y & Mactra veneriformis 37.36£2.2 2.3+0.2
Rapana venosa 69.01£2 23.29+1.6
Ruditapes philippinarum 37.64+2.4 1.98+0.2
Crassostrea gigas 76.27+8.5 8.16%1.1
July 21 Taean ) .
Mactra veneriformis 39.1+1.5 2.44+0.3
Rapana venosa 83.06£4.3 23.57+1.8

* Mean+SD of Twenty individuals except 15 individuals of C. giagas taken in Apr. 24.
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Fig. 14-2. Specificity of PCR products using the primers (VtF and VtR). M, size maker
(100-bp ladder) ; C, distilled water (negative control) ; 1. V. splendidus biovar
1,2, V. spledidus biovar 1 ; 3, V. harveyi ; 4. V. campbellii ; 5. V. carchariae ;
6 : V. anguillarum ; 7, V. alginolyticus ; 8, V. ordalii, 9, V. parahaemolyticus ;
10, V. tapetis

(bp) M1 2 3 4 5 6 7 8

Fig. 14-3. Application of the specific primers (VtF and VtR) for the detection of V.
tapetis to different tissues of Manila clam experimentally infected with 10
cells per an individual. Tissues were taken 1 (1 to 4) and 3 days (5 to &)
after the inoculation. M, size maker ; 1 and 5, mantle ; 2 and 6, gill ; 3 and
7 ; intestine ; 4 and 8, adductor muscle.

& AFNA gk g

N

WA el dYxzo A E2|3t Vibriowr= V. splendidus 117} 72%,
Phenon 10/857}F 28% 1o, Q] wix|gte] Z$-ol+= V. mediterranei’} 85%, Phenon 10/85
7 15% 3tk o5 AFelA A E vpAgtE A8 2 ste] PCRe A 23 Fig. 363 &
Algk A F QIMoA Mgk upx oA V. tapetist PIFYNAE 39 5, FP7MAE 4

ol A 17RAIREe] gl = 9

cxlix



(bp) M1 2 3 4

Fig. 14-4. Application of the primers (VtF and VtR) for the detection of V. tapetis

specific to different tissues Manila clam experimentally infected with 10%cells per
individual. Tissues were taken 5 days after inoculation. M, size maker ; 1, mantl
e; 2, gill ; 3 ; intestine ; 4, adductor muscle.

bp) 1 2 3 4 M NC PC

Fig. 14-5. Detection of V. tapetis by PCR amplication. The specimens were taken

e
T

o lo 2 4 lo o

from the costal area of Taean and Gochag. 1, Manila clam (Ruditapes
philliphinarum) ; 2, surf calm (Mectra veneriformis) ; 3, oyster (Crassos—
trea gigas) ; 4, Thomas’'s rapa whelk (Rapana venosa) ; M, size marker ;
NC, negative control ; PC, positive control.

2 AFANA V. tapetise] BAE 218 DA primer sets¢} o7l E AlEZ 3§ PCR &7
V. tapetis®] Aol &3AQlo] ATt refvl wiFsHE Rl Wil oJsiA = V. tapetis
ZAE FolstA = 53kt Castro et al. (1997)% 2¥9) FH-ol A Brown ring disease

/S WEAL e vpA gl A wjFstAQl WMo R V. wpetiss wESHA ESFATH

24 v el A EFFAY o FHNIEE dre o5 miF 107 celllsH Eo] A

o] ¥k e Wil wors #e Byl adivk adow vt

Hpx|ghol 2 o] o] EAIHE Felar]o= Al WHoerE Brlsstor wjdkA
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Sl SO Sl vEge] 2o Aow A
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Fig. 14-6. Incidence (%) of V. tapetis detected by PCR amplification. The specimens
were taken from the coastal area of Taean (upper) and Gochang (lower).
Twenty individuals were used each trial.

(bp) St 82 83 M C Bl B2 B3 B4

414p

Fig. 14-7. PCR products using the Vibrio tapetis specific primers (VtF and VtR) for
the detection of V. tapetis in the gills of clams. The clams were taken
from a farm in Inchon where mass mortality was occurring. S1-S3;
surfacing calms ; M, size marker ; C, control calm taken from Kunsan ; B1-B4,
burrowing clams.
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T2 AoFr da AEAs wisty] doll S Ak . TEPTHS &
JeHS BAIA Frhet A9} chloramineE A A%t & 4= 3t} Sodium thiosulfate

g SIAY Z7E Tt S8 &= dtH(chloramines A7 A %),
3-1-2. 8 2=+ dibdo= 200~250 mg/1(200~250 ppm)e] FE=2 A& & G &
Ao 2 FAIRHE HAF 100 th

FuAbek 1000 mg/19] F%2] 2 2 =(iodophore)= Labyrinthuloides haliotidis®l] =3}7}
= W= golxeels hds] AxAZ F ARgSte Aol

it =@

=
foft
X jo
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kel oAl JFRAAESE SANE AL dFdA AskEo] A&AoR PAET

of =eksit). =3} =7t FA %= AFElE(hypobromite, bromine &2

Aol daiX = 7hsAol dw), A7 &4

ol A v 7] Aol %*é‘%oﬂ EIAA Xﬂﬂ%‘}‘ﬂok gy e =AY F gl Aode =
W

hypobromous

3-2-2. 25 mg/l ¥4 FERE sodium hypochloriteZ sl H&]sts AL AAHFEA 714
o FAl Agetrh(e: A EFol=). AN 50 mg/l1é] H4 se hdE WA

E Ayt Hgdr) B 22 da TRE g9 AR = Ak olge Ae A%

b Fst Aok 54 7k wjEAl o] e ETh

3-2-3. 8059 A 9 A = 71T

ro

253817] Aol AFA 9} 2mAZEHAES 7ZfRo] Aofof gt

3-3-1. 82 =89 (4d: Betadine) 200~250 mg/1¢] FEZ AM-1r52E XS}

3-3-2. da0HEE& EUAE 50 ng/IEE=E AHE)E Al-2m2ot AJAH(EE 719 AlF e
AH&-ghth

3-3-3. Sodium hydroxide(1%6 NaOH+0.1% Teepol 2-271€} M A7} n¥=2 ¥ #3}o
footbatholl &34 A(FFub Iyt ke Ao AREsE = §l3).
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3-4-1. dast 2L sl A7 A& AR AsES Akt g 35 ppto
a7+ 60 ppme] bromide °©]<&< 7FA|3L ¢lom o] o]o] @ F 23] hypobromite
2 AT 53 R EE 7 QdFs]4= bromine¥} hypobromous acidE 4] &t
o} o]y st JIF AtslEEe] Fo FATHE AR FA)d 548 yERy] wie] A
obde Al A&st7] dol &des FHATI= Aol BFHo|th e o=E AME
A% sodium(potassium) thiosulfateE *]2]ste] F3}sto]of sl (F 3l 2Hx).

3-4-2. ZH7 AFstE S RUHES A oR o] Fojxjof st 5340 AR} =
of Fosof gt oA b 2ES SAHY 5 g7l wiLol feedback loopet 22
erAQl RUEE o] AdA|Eojof Fhrh ARAARUH 3 oA Ak Fof

Bl 54 hag AAS) s AAselel Bk shae] wE AdE WEAks i

ol mekof gk,
3-4-3. IR FE GG Al 2AH White] AL AN e 2
o we] 830 AHeR & vt

2o =ga 9] iodophor7} 2% &2 UeU7] wio] pH7F S FQ38h pHE o] 8kl
M A EA4o] sk, pHS o]l e 2EFr) WolXt) uleld A58 208
ol o pHE-8AFolo] glojok Tl AER Qo =golol pHY} Golakel A pHE 2As7] 9
a4 100 mg/l NasHCOs5 H7kabe] 283 5= qivk

o Ao wme

o
r]I.
l

>
3

ek =2 At frlse AN F
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FAHF] A AHS FEshe o2 Gl B AHE FAA AT
A #1438k Notifiable disease to OIE(OIE®] H.arsfofst #1):= Bonamiosis(HE U]} 7+
<), Haplospordiosis(3FZZ X 2t  7E5), Mikrocytosis(FFo] AZALO|EA ZHA ),
Marteiliosis(PFel g]oF 7+9%) 3 Perkinsiosis(HZ1F2~ F945)S w9 Azhe 7ol dEH

ErEol dom ol dHow <8 we Jsir) =
2 FY5E AE W] Sty wE =89S ATl Ak Ad 3dzte] E A A3 bE
2H4AE SEuatel= viA| gl ¥ Perkinsus atlanticuss = 74
A Eo] U E FY=E 9
guiehe] deM = B2 AAAQ dairt BrbetA HeR RE Fus A

iy
_(}‘L
Iy
o
T

Aol gl FYS YW Flo] asith weA] B A AHRE vl R A F AN
X A A3 Notifiable disease to OIE(OIEC] X asjobdr AH)o] thst ZFAHATGAIAANE
2Hdsto] oo 2 B U2 Y%= diFe AW ES AASaA s

2. Bonamia ostreae }93
2-1. Al

Huvjolztd Fo Eukto A WAStal = Bonamia ostreaeSt EHH1ol A Bonamia sp.
o] Z+dell o9& LA o] AWyt thEvh ¢el%l Bonamia spp. W9l ¢l9] AL HEIUT
A s8s fEiMe AR AA e FAETSH WHE sdste] e microcell
species(5, Midrocytos mackini & M. roughleyi) ¢} T-¥3tojof 3l oW o] ufufjof =X
ol HWEA AZAs AR AlRHW  IJAFIAFTY ZEATA(OIE  Reference
Laboratory)¥} “de]sjjof sty

Bonamiosis®] ¥9¢1%S Bonamia ostreae$t Bonamia sp.2 2534 #A= BEuEic)
gy 7 FelE A AE T3 A Y] gEetk Zpel7t Ql=Hl, Bonamia sp.i 85

Bonamia ostreae®t 7B ¥l T3 Bonamiosis microcell disease, & %4 =2 hemocyte
disease(B. ostreae) =% 3 A= 2] hemocyte disease(Bonamia sp.)%® <& A It}
2-2. =3 3 =Fof st &

Bonamia ostreae= 93 S148=(0. edulis)® O. conchaphila(=0. lurida)?l A3} O.

rol
]
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puelchana, O. angasi®}¢ Tiostrea chilensis(=T. lutaria)?| % 74 ¥ . Bonamia sp.© E% O.
angasi®t O. denselammellosa®} T. chilensisol A A3} Ostrea®t Tiostread] e & 2
v #FF(Crassostrea rivularis = C. arakensis)o| %= 7540 & 4= dth

Bonamiosis™ %4 #=2] hemocyteol X2 7FdS fdsh o
!

2 sl BHLAS HAE sWerE gtk ey AEE = 4

el Has oprhv] Aty WE, AstAedA PAdETE o] hemocyte W9 UFE
o] Al&stAl Al = HAIA el Hal o= HAReE Ao dojdtt Aol w&
oA bonamiosis= hemocyteo] X824 o] WASI}. Bonamia spp. © 2% ®He]7})

q
G7el ROt 79® 4ol weh g FE ok A% 59 Tasmaniadl #olA
o

Bonamia sp. 492 4% 493t A3 SAS el dA Aol gl d s T4F

=
e AT WASAY A AxL 39 JEE 2527l | Fe Agel ok sy
7 e skty. Bonamia sp. 1294 49l 71 F3ista
U 108el= 7ol AE=A B. ostreaest Bonamia sp.) #97131 58 Fwolth
Bonamiosis= A9 HZ] o Re o] s Feth
7+ 7)ol Gl 27 AHoluy 2F oy At A3y wHo =z Adgsioh aev
e|

= b
Az 79 50Y BdolE QA o e AEHA 2E

5o
rlr

™y
B
ol
2
OD:
I

2-3. X|¥ety Zx

Bonamia sp.8] AA&gH o2 &5 (Western Australia, Victoria®t Tasmania)9} w2 W=
(South Island ¢} North Island o}#f)ol| #33+c}. Bonamia ostreae= @vl=, Zakx o]
gdelol, g, e, Go(~asds Ale)), nl=rzizyel, vl B 4™ 5ol

B A1

@ 5 Aok 9% obtE A
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Arxde 394, 92 g e= Yehhe 2~5 m 2719 7145 ] hemocytes W] 2]l A
AZETh Immersion oildkell Al 800~100081 9] wj& = AZA|IZHE &fo|d 10Eo]H =83}
o} A g Hlg)] o] W o g #a Ao ] AA FEELH

2-4-3-1. Alsin|d AAMH
Bonamia sp. ¢+ Bonamia ostreae®] dE|ZQ] 2}Fo]H (haplosporosome} large globules®]
<, mitochondria®] Fefe} A} A LAl H]E)o] At} Bonamia sp.2l plasmodia®l 3 El+=
1 A7)(4.0~45 ), ETrRE AE 9 dlo] {4 FEa A AEA EIE(multi-vesicular
bodies)9t Golgi E42] sERS] wjdoA FEET} Intermediate forme] plasmodial form X
o AZEAY Az AxrF ¢ =2, 375 30~35 mz thh Al Golgiet AEA EgA 0
Al @A ¥ haplosporosomes< ©]H Hpolg| 2ol A oL} & S A FALSHT

=
o

3. Haplosporidium nelsoni 7}

3-1. el
Haplospridiosis®] 9<% 2 2 phylum Haplosporidia®l Haplosporidium nelsoni(=Minchinia

nelsoni)®} H. costale(=Minchinia costalis) 255 AF3ch Awkd o2 Haplosoridium
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nesoni+ MSX(multinucleate sphere X)= vz} 2 H. costale ™= SSO(seaside organism) 2
2 4#A drh

3-2. 3 =30 st I

W2 Yol=(Crassostrea virginica)= H. nelsoni®t H. costale E5°l 7F57do] i, H
nelsoni= = (Crassostrea gigas)ol= 744 o] St}

H. nelsoni= hemocytes, A3x2], A3k A3jo] ZAdTh Ao &gk ofriue} WE
o] HaMmow WAL= sty = FAo= H nelsoni®l sporulation, /4 3|ol= spradic©]
238tk MSXe] XA} digestive tubules®] A A|Eo| SSOQ XEA= AFFZZ oA wHA
sith, ol E-o H nelsoniol 9% digestive tubule®] Ayl Az A<l ulé&g Falt)

ol¢b= &8 H costale= ZAETZZ oMol 2 dAlo] (il sporulationA|ol = &A1 AA
A HAE HASIA = e Sl A 5 T 108 24 Alololl H nelsoni 7+<3 0]

skt HAbs el AEEFAAT AR FAEAY Adder A% HAE AFH 9
4 71l HuxZ YeElstth MSXE 15 pptolde] disE® AlstE =4, 20 pptoll A w2
e FAREo] YERdT o] 20T o] wel Awo] AlekAlE Ao ® YT 20
TolA 10 ppte] Fwse® 273 FAGHH 718SS AHEAZE F oy FaEoaes 19
A ¢kth. H. costale= 5¥3 62 Aol A7} whA) ST},

APE =31 el A om FArTI= AL =7tk Haplosporidum spp.2l A€

A dEA A AR, S

o
4
N
N
o
o

3-8 AEs™ ==

A&« o2 H nelsonit north Florida®l*] Massachusetts®} 7= W] 15=ol] 9] x|}, &
o (enzootic area) 2. %=i= Delaware Bay, Chesapeake Bay, Long Island®} Cape Codoll =7

ek =3 m=re] Axyolel Y] HmelME BaEa vy H costalex= Long

Island Sound®t "|=7¢] 7804 Cape Charles, M| Ho}ol| A B i1E A},

#9 #490S we NF golels Aste] Davidson's H= Carson’s(BEA A7
BES S AN nART 24 W& 1A 100 24 lolae ¥l B

2A0E F3HQ =24 A9 A4l w223t HaplosporidiaZl HE 943} 22 W5
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olx dAow FzHATE Modified Ziehl-Neelsen carbol fuschin techniquer|ol H. costale®)
plasmodia®} X2+ el 4] Fee] A4 sporoplasms Q1gth 7 FRFEE e 2 g dd
= THlsko] AR

o] dAe] 7]AFe] oprtr], 54 AdEA R Ashd el wEET MSXe| IA=
digestive tubules®] Ay Ao A #2FETH SSO ¥ A= A ZzZ oA d&F L)

H. nelsoni®] multinucleate plasmodia(#7d 4~30 mm+tT ZAgxZ HAdte] A3 e
Plasmodiat® 5% F<=ollA 10¥€0] AZ%¥ ) Sporogonic stage(sporocysts 27 20~50 um) <t
FA4~6 mx5~8 = Azl Aylo] =3tw o] yeEbdT Sporocystst A3F VAR
£ gyt B FQ Be ds IRE LAY W eR wEdt A= fAd 5A4E
7HAY Aol M= =t

FH=o| Al sporogonic stage®t EAE AspA o] Ayl skE AT g 2
Agket 7hedel wHd3tEH Plasmodia F 34 F91= hemocyte®] &3 <
Aojtt.

A3lAel Az WE AA LA H costale?] sporulationo] TRE AT A3HA Ay
ol #&E A ¢ki=t} Plasmodiatx 393 69 Alolol A HAE=Hh A% 3 e EA7}
j7bs Hela s WAPRAIS] ZelA fA dAETh o] & 793 3 Apolel= A A
=9A F=

H. costale®] 5 A= 1 2717} H nelsoni®] Wb AXolal IAFE= digestive tubuledl]
Me dEEA Feh

TN H. nelsoni®] sporulation®] €ojur] wjiZoll HAMN 24 = FA0] A3tsi).
¢ FAAE wet sk oyt E A AFA oA o Fe] TS AATT A4S}
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A, ol7bul, B AH o] Selol Fehael wietol Fln® pRRT. B2 D% F 2~
gt wEhgo] A gk}

sofol=s Al d 9 kitE AN & sk

Plasmodium stages(MSX: 4~30 um & SSO : 2~
de] e 7RItk o] @Al oprpn| et 4 AFA oA WAL H nelsoniv 42314 9]
e A Ay gkt

3-4-3. B ZIcHY
3-4-3-1. In situ hybridisation examination of Haplosoroidum nelsoni
ol in situ hybridisation H. nelsoni®} H. costale®] #AAEsHY AL 98] /Ny
Ak o] 7S FH W 593 FA7F Has Jhedt datAE g Easirh vt
in situ hybridisatione % 542 oHeS 12T 4 3 2 W o= B A4 4
£33 4 9SS Aotk H nelsoni®l 7% subunit rRNA geneo] 7|4 do] EA LI
specific probex 2 A = At}
in situ hybridisation®] #4-2 of2fe} 2t} Yol = Positivee} negative controls
wojof gty
i) FF A9 wgt Wi WS A33a Davidson's £ (glycerin 10%, formalin
20%, 95% ethanol 30%, dH-O 30%, glacial acetic acid 10%)el 24A17F o]A 1143k},
1 HE&S A 100 24 1o A7IA e

A 24 A2l el wek Ak 24 Ay FA= 6mel FAR
J

ki
H
n

i) =49

o] 3-aminopropytriethoxylane—coated slidesol] FZFalt}, g7} 2y =2 2H
= 40TE] A7l A BFEERt 3] o] FARAIZIT

i) Eetol= 24 43S xyleneoly thE Aol @3k &ufo] 102 &<t H7F Fol €3
2t AZITh o] AL g o] whE o 100% ol §ulE ¢hd3] AAS L o
Al 2] dlgbEE thA] FstAZIth 28 Fof] A3 =4S PBSE dqo] With

iv) Proteinase K(100 pg/m¢ PBS)E A g]dte] 37TColA 15827F wkeAZIth AukeS X
A1717]1 $138 0.2% glycerine PBSell 5&3F &t Witk ¢ o3 &Efol= 27
< 2xSSC(standard saline citrate)ol] <=t}

v) 27 Ad &Elol=E F& AAelA 42T, 1A 7HE< prehybridisaion solution(4xSSC
300 wl, 50% formamide, 5*Denhardt’s sol., 0.5 mg/m¢ yeast rRNA, 0.5 mg/m¢{ dena-
turated herring sperm DNA)¥} WF-&-A] 71T},

vi) Prehybridisation sol.& 2 ng/ul digoxigenin-labelled oligonucleotide probe prehybri-

(o3
w
)
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disation buffer® xA|skc}. MSX1347 probe?] A7IMEL 5-ATG-TGT-TGG-

TGA-CGC-TAA-CCG-3'°clt}. &£8}e]=% in situ hybridisation plastic cover splip

S Y3 heating blockellAl 90TCelA 1287 =t &5 AAA 42T, overnight
hybridisation A|7]17] #oll &gte]=5 A5 flolA 123 A5t

vi) EEFO]EE 2xSSCE A2 A 57 1xSSCE A2 53t 2/, 05xSSCE 427 of A]

1023 29 &5Ro] =t} 18]al vhA] buffer 1(100 mM Tris, pH 7.5, 150 mM NaCl)

vii) 0.3% Triton X-100% 2% sheep serum BufferE #7FA1Z]1 buffer 1, 250 = W32
A A1Z1t}. Antidigoxigenin—alkaline phosphatase conjugate:= A ZALe] FH ol wha}
0.3% Triton X-1003} 1% sheep serum= %713k buffer 1o 3|43t} &Eefol= %%
AAES F& AR A Ao 2 3A7F RESAI 7T

ix) Eghe]=+= buffer 1014 53t buffer 2(100 mM Tris, pH 9.5, 100 mM NaCl, 50 mM
MgClp) oA 5&7F 28 o] Wity 13 v &eko]=% color development solution
+240 pg levamisole & B2 F & YAE YiolA] 247t st =Tk TE buffer
(Tris, EDTA[ethylene diamine tetra-acetic acid])® M8 S A 71t}

x) €ffol=E dHO0® o] Witk &dfol= HAS tix st FATFAR TYsith

Z9] Mo g §X=2 H nelsonis 7AZ3s}

4. Marteilia refrigence 7} Q9%

4-1.
Marteiliosis®] 9215S Marteilia 49 M. refreigens ¢ M. sydneyiol thal g3t}
Marteiliosis= =3+ M. refreigensoll 23t Aber disease, M. sydneyiol 23t QX disease®
Gz Qdut nare] TR tho|A] T thE Marteilia 7F o] 71 ul(Argopecten gibbus)ol A

dHA A= T T HA FdTh

o

21 x|

O
o

il

o

off cH

M. refriengs 3%t S& = (Ostera edulis)ol AHA2 71AFo| ™, M sydneyi= A=

¢
00!

42 £F 4 =

Y= (Saccostrea commercialis) ™ 7FA = (Saccostrea echinata)®l 43-& 7] %1t}

I 2o ek olgkglol W A|QloA ZIH( Mytilus galloprvincialis) @} T2 (Mytilus
edulis)®] Marteilia maurini 9ol Ba%AJqTt. M. mauriniv= M. refrigensebe] o]
AA 7] wiimol BEsk 2% o] ERsH BFdAdol oAlfn) #l 2ok vholl A Fuo] =

(Saccostera cucullata)®] Marteila lengehi, %2~ Scrobicularia plana®l| X2 Marteila chri-
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stenseni= sproangia®] MXEZAU =3 2] FeAd EAAA thE T W EsH
TR A Tiostrea chilensis, Ostrea angasi, O. puelchana, Cerastoderma(=Cardium) edule,
AFEX (Mytilus edulis), Mytilus galloprovincialis, 7= (Crassostrea gigas)S} WA Yol=
(C virginica)\ Xl Marteilia spp. %3¢ B 1% 31 gt}

Marteila regrigensv= T2 A3PAoA WHlsto] & oF A7 glycogen A4, A3 B4
37 Aolle HxbeE 2 S AREn 27] dACdAE £, 97, digestive duct®t of
7] Agael A dAgieh, AR M. sydneyioll ZFEE Foll A= ¢hdE resorbed gonad
oF 2 okt AJEi7F "t M. sydneyi7t U1 A Ashd Aurt ¢bds] g 2
7] 29 5 604 ool 7ol Isf A o] = A Hrt.

FHA WA ZAA M regregens®] A F&0] 17TC014R1 w3 ool FAETt M
sydneyiv= 5% ol& 7h&oll Addnh ey AW Aldds Fae 1Y HARS
=1, A= dF 3FEY 19 8ES Marteilia spp.ol AES AET 7o ey

%7 WA S AT Seld X gk APAASl 9l el Brbse] HEd F
3 %

2 QA 0 Z Marteilia refrigenss= Z#f2 18] olgglol, BEm YRz 9 A9l

=
o, Marteila sydneyit= New South Walse, Queensland ¢} Western Australia®l 33k},

o

Z2 AALE Y8 23S dFH ] Davidson's B Carson’s(Z QA Az 7 Al
a) gl mAsth uA HE2> AN 109 234 1 o] dS 2HeHA] g
z2 g Ao uwet Hgdl M regrigens ¥ES 9ld HE,

Millot’s trichrome®} & H|5o]#HQl S At dAXAL oS Fol 7% ##

= =4 A S AT F A o 24 Fro] dyle] Fasith
Marteilia®] 7] @Al = ¢, A, digestive duct®] 3ol A #FETh ¢ Ud dA=
digestive tubule®] AryollA #2rHETE Free sporangia 3+ &9 lumenol A #2HTE
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PCR target template prqduct Reference
condition| gene size
C1/C6 ) 8% | Herpes-like virus infec-
AUCT 1/ C.gigas tions in hatchery-reared
C2/C6 or -, | herpes— | O.edulis 709 . . )
—F 50T 1 like virus| R decussatus bivalve larvae in Europe:
A3/A4 72C 1 T 1001 specific viral DNA detec—
| R.philippinarum .
A5/A6 917 | tion by PCR
CSl./CASZ . Ostrea edulis 1325 ) )
(univeral) | 94C 1’ | . Detection of Bonamia os-
—_— __. ribosomal —
BO/BOAS 5T 1’ one purified B.ostreae treae based on small su—
(specific) wc 1| f a heavily infected oyster(O.edulis) | 300 | bunit ribosomal probe
P a lightly infected oyster (O.edulis)
M. refringens
M. refringens—infected M.edulis
2/SAS2
S5 /S. .S M. refringens—infected O.edulis 702
(specific) i . N
. M.refringens sporangia purified .
94T 1’ . DNA probes as potential
. from O.edulis .
55T 1" |18S gene v - “ifoctod M.oduli tools for the detection of
72T 1 .refrmgens fniecte i -eauis Marteilia refringens
CAS1S/ paraffin—embedded tissue
CAS2 M. refringens—infected O.edulis 521
(universal) paraffin—embedded tissue
M. refringens—infected M.edulis

20043 59 A= shae] 7T EAT oA A58 Candidatus Xenohaliotis califor-
niensis AT =2 Bupnjo} Aol tigh el digk AgE AAg v H 5o
Candidatus Xenohaliotis californiensis @52 G o537 o)

The PCR primers developed for Candidatus Xenohaliotis californiensis detection target
small subunit ribosomal DNA and have been shown to be sensitive and specific for this

pathogen and specifically amplify a 160 base—pair segment. Primers are currently designated

ast RA 5-1 (6-GTT-GAA-CGT-GCC-TTC-AGT-TTA-C-3) and RA 3-6 (5-ACT-TGG-
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ACT-CAT-TCA-AAA-GCG-GA-3). PCR amplification is performed in a standard 50 ul
reaction volume containing 10 mM Tris, pH 83 (at 25°C), 50 mM KCl, 1.5 mM MgCl,
0.001% (w/v) gelatin, 400 uM of dANTP, 5 uM tetramethyl ammonium chloride, 40 pmoles
of each primers, 2 units of Tag polymerase, and template DNA. The programme for
amplification reaction is: initial denaturation at 95°C for 5 minutes, 40 cycles at 95°C for 1
minute, 50°C for 30 seconds, and 72°C for 30 seconds, and a final extension at 72°C for

10 minutes.
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