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Summary

The olive flounder industry, a representative species of domestic aquaculture industry, has shown
steady and continuous growth since artificial seedling production technique was developed in
National Fisheries Research and Development Institute (NFRDI) early 1980’s. As it is a species with
aquaculture history longer than 30 years, the study of its diseases has a wide variety compared with
that of other species. But in Korea, researches on diseases of cultured fishes have been limited and
focused only on several specific diseases (Kim et al., 2006; Cho et al., 2008; Kim et al., 2010), and
there are few researches on diseases of which the causes are not known.

Recently about 20cm long olive flounders in farms on Jeju Island had been increasingly thinner and
perished within 1~3 weeks. Unlike Japan, where the causes of emaciation disease were found, there’s
no report on its causes in Korea.

In this study, to identify emaciation infection in cultured olive flounders in Korea, a primer set useful
for aquaculturing olive flounder was developed and a test method was established and applied to the
fields. In addition, the features of emaciation were identified using PCR, microscopy,
histopathological examinations, molecular phylogenetic systematic, real-time PCR etc. and
experiments were performed to determine the causes of emaciation.

To analyze the causes of emaciation of olive flounders with emaciation symptoms in Korea, a primer
set identical with MM18Sf/MM18Sr primer set was developed. The MM18Sf/MM18Sr primer set had
been made from small subunit ribosomal DNA gene (SSU rDNA) of E. leei reported as the cause of
emaciated turbot in Japan. In the PCR test, for which DNA was taken from intestinal tissue of
emaciated olive flounders in Korea, all of them showed negative reactions. We made the EM-F/EM-R
primer set from the base sequences of the Myxidium sp., which is registered in GenBank (NCBI,
USA). The primer set was applied to emaciated olive flounders in Korea, and the response was
positive. Therefore we came to use it for examining emaciated olive flounders in Korea.

To observe the infected area in the emaciated olive flounders, PCR was performed on extracted
kidneys, intestines, spleens, brains, livers and gills. Whereas the causes were found mostly in
intestines in Japanese report on emaciation, in this study PCR was positive not only in intestines but
also in kidneys. In case of significantly emaciated fishes, it was positive in all internal organs except
gills. Detection frequency was in order of kidneys, intestines and spleens.

To identify the infection situation of emaciation disease, 216 olive flounders out of 24 farms were
investigated in the period of 2010 to 2013. Most of the infected fishes showed significant emaciation
in abdominal area. The weight of emaciated fish was 30~40% lower than that of uninfected fish and
33 (50%) out of 66 farms were positive in infection test. Yearly infection rates were so high with 8 out
of 21 farms (38%) in 2010, 12 out of 25 farms (48 %) in 2011, 2 out of 4 farms (50%) in 2012 and 11
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out of 16 farms (63.1%) in 2013 that they can cause serious damage to farms.

The tissue sections of organs were observed with optical microscope, and many spores of circular or
oval shape were detected in kidneys and intestines of emaciated olive flounders. In other organs
except for kidneys and intestines, some spores were observed, but it was difficult to examine because
the number of detected spores was small compared with that in kidneys and intestines or no specific
histological abnormalities were observed. Therefore, histopathologic emaciation examination should
be performed mainly in kidneys and intestines.

According to gene sequencing analysis of PCR products, the gene homology between pathogens
detected in emaciated olive flounders was more than 99%. According to gene comparison analysis
using the GenBank database, it showed partial agreement with the gene sequences of Myxosporean sp.
and was found to be a new species not registered in GenBank.

To investigate the outbreak trend of emaciation infection in wider range, total 900 fish were
systematically examined in April, May, Sept., Nov., Dec., 2014 and the infection rate was checked. In
2015, the same examination was conducted in March, May, July and October with the different fish
number. As a result, the infection rate was 18.3%~71.6% in 2014 and 16.3%~90.3% in 2015, higher
than in 2014. In addition, according to the infection trend analysis depending on the sample size, the
infection occurred in any size and the size of 11~30cm showed the highest infection rate. In periodic
infection rate, Sept. and Dec. in 2014 and March, July and October in 2015 showed relatively higher
infection rate. The reason for the high infection rate was not identified yet, but it is assumed that it
might be related with marine environment of Jeju Island region. It might also be related with the fact
that olive flounder seedlings are brought in from other regions to Jeju Island.

To identify whether emaciation disease could be transmitted within a same fishes or among the other
fishes (red sea bream, black sea bream), two groups were built after PCR infection test a donor group
showing positive reactions and a recipient group showing negative reactions. The test result showed
that infection occurred within olive flounders, the same fishes, but was not observed in red sea bream
and black sea bream, the other species. This result, in relation to species specificity, is estimated that
emaciated disease causes infection only to olive flounder of the same fishes not to those of different
fishes because factors such as host environment and living conditions do not fit for fish of different
fishes. However, up to now, more investigation is required and in the future, a more detailed study is
required to find out infection occurs to fish of different species. Moreover, according to the result of
the histological examination of the renal tissue after cohabitation, the same spores as those where
emaciation is generally observed were observed for the same group (recipient group) detected in PCR
and for red sea bream and black sea bream of different fishes, the PCR result and spores were not

observed.
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To establish diagnosis index of emaciation disease, hematologic analysis was performed and non-
specific immune response to emaciated and non-emaciated fish was observed. The result of the
hematological analysis shows that hematocrit and GPT (farm-B) displayed higher experimental values
than control values, and that GPT, GLU, total glucose, total cholesterol, and total protein exhibited
lower experimental values than control values. As a result of measuring Lysozyme, NBT and MPO
which are non-specific immune responses, lower experimental values were observed in three
experiments. It is assumed that the stress by emaciation cause and the damage of internal organs
destroy the primary defense system.

According to phylogenetic systematics analysis, all of 4 isolates belong to Parvicapsula petuniae and
gene homology with the 4 isolates identified in Korea was 99.7%~99.76 %. In addition, according to
the result of the gene comparative analysis using GenBank database, P. petuniae and high homology
of 92% were observed for 18S rRNA and emaciation occurring domestically has been identified as
Parvicapsula sp.

For morphological identification, according to the result of the microscopic inspection of the fish
species suffering from emaciation, the spores were classified into two forms. One from form was

where two spores gathered in the same or different direction and spores with lengths of 16~18:m And
widths of 4~5um Were observed. Also, spores with two polar capsules gathered on one side were
observed. The other form was a form of small spores with lengths of 5~8m and widths of 7~9um

And a form with one polar capsule and lacking part of spore was observed. In this result, spores
morphologically similar to P. anisocaudata and P. pseudobranchicola n. sp. occurring in a olive
flounder farm has been observed and spores typically observed only in Parvicapsula sp. have been
confirmed. Therefore, emaciation occurring domestically has been identified as Parvicapsula sp. in
the same way shown by phylogenetic analysis result.

Real-time PCR we analyzed the number of pathogens in tissues of Parvicapsula sp. and the order of
infection. Through Histopathologic examination we checked its correlation with the results of real-
time PCR. Infection concentration of Parvicapsula sp. in tissues was investigated. The highest
infection concentration was observed in kidney with 2.6 x 10°~1.7 x 10’copies/mg, followed by
intestines, spleens, brains and livers. With the result we could identify more infected cases that were
not detected on PCR. It is assumed that minimum infection concentration for PCR examination of
Parvicapsula sp. is 10°copy/mg.

To check the result of real-time PCR of Parvicapsula sp. we performed correlation analysis through
Histopathologic examination. A number of spores were observed in all of the organs, and the presence
or absence of infecting spores corresponds with the results of real-time PCR. As Histopathologic
examination is accurate but unfavorable in immediacy, it is difficult to respond to infection

outbreaking immediately. Real-time PCR is assumed to be more useful for the Parvicapsula sp.
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examination, with which it is easy to diagnose latency and initial stage of infection.
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AR AR NG A}, Tl AFE] 9F el HHHA FFo| gl A
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Table 1. Culture mediums used in this study

Incubation temperature

Fish Target organs Medium
(T)

Olive flounder Kidney, Spleen, Liver TSA, TCBS, SS, BAP 25

Table 2. Oligonucleotide primers and conditions used in PCR amplification

) ) ] o Product size
Primer  Oligonucleotide sequences (5'-3") PCR condition Reference

(bp)

VHSV-F  GAGAGAACTGGCCCTGACTG

94°C (30")-57C (45")72°C (45") 444
VHSV-R ATGATCCGTCTGGCTGACTC
VNNV-F  CGGATACGTTGTTGTTGACG
94°C (30")-55C (45")72°C (45") 758
VNNV-R CAACAGGCAGCAGAATTTGA Cho et
al.,(2007)
MBV-F  GCACCACGAAGGTACGAAAT
94°C (1')-55°C (1')-72°C (1) 597
MBV-R  CTACGTTGCCGTTTCCTGAT
RSIV-F GTGACTGCACACCAATGGAC
94°C (30")-58°C (45")72°C (45") 698

RSIV-R  GGCTTTCTCAATCAGCTTGC

Y VHSV, viral hemorrhagic septicaemia virus; VNNV, viral nervous necrosis virus; MBV; marine
birnavirus; RSIV, red sea bream iridovirus.



1.22 g5 AES 913k primer set A =}

AR HE oYdFo] daAZ By E. leeiel small subunit ribosomal DNA gene (SSU
rDNA) S 2 5B #|2H¥ MM18Sf/IMM18Sr primer set (1,589 bp)E & U 3HAl A 213513 21 (Table
3 and Fig. 1) =] g HA9 & A= HE DNAE #Elste] PCR 2385 4

Algk A3, 2% PCR 4RSS YEMRIHH(Fig. 2). el EA et 95 st
7] %13l GenBank (NCBI, USA)ol| =¥ HN3ExZ(Myxidium sp.)e Q714 E=25H
degenerated primersE A Zsl3lal, A9SY HXEZFEH DNAE 28t PCRe AAIE
Az} kA WS 5HolE o1, DNA sequencings 3+ 97149 B4 & g gXx 9

95 AtS 93 A 2L EM-F/EM-R primer setZS A 25151 th(Table 3).



MMISSf —»

Olive floundsr 0227230 |OTEETTRATTOTAOOART GATATATRCTOETOTOAAARAD TASRODATROATRTOCASBTTCADATOAST T T-——2A TRASAC TRORA ARCACTOART A

Red ooa broam
o AEZ43447

bot
Ila-n fio whiting ~FC034840

AR R

AFGE1418

Tol lowtai | AEQEA83S
CC127230 158
AEZ45447 158
Co138798 158
AF411334 187
AYBZODETL g8
Co44s238 i7a
AF311336 124
AFGE4840 i7a
AFGE1418 176
AFE4838 180
CO127330 aT TRAATCTAGET AAATC-G0BAATCETATRE0ICAMB00EA
AEZ4E44T7 L. e
Do139798
AF411334
AYBZODETL
Co443238 .. .
AFA11835 T.ATTASTA-AADCA, ACAT T TRA. C.TT.
AFQE484C T.8TTABACTCAACCAACT—BACTLT TRTCA TI'IE;-. C.aT. .
AFGE141E  T.ATTABACTCAACCAAC T—OBCCTORE00A TTT3A. C.08. AT....A. .
AFE4888 T. .-TF;-&CTC.-.-CCFGCTI‘FETCTI‘I‘ITC?-ETa‘-Fw’-Tr-ﬁ.’-Fv’-FFTE'I"CFw’-F-'I'I‘I‘IEr-. C.aT. . TT... A ACATATTRATT— 27

DQI27230 CRATAATTCEATORASTT G TEC——TOTATTAACTAST TR TRAGT TGT T Ta0 TCACGAASETET TAATESAT AACE0EEAAT TAGEETTCEAT TO0EE 234

AEZ4E447 234
Co13979d 354
AF411354 gas
AVEZE0ETS 354
Oo445283 817
AF411335 L& 358
AFCG4340 L& 343
AFGG1413 L& 345
AFOG4833 L& are
CO127230 454
ARZ4G447 454
Co13979d 454
AF411354 435
AVEZE0ETS 454
Oo445283 417
AF411335 455
AFCG4840 443
AF0G1413 . 445
AFC34838 o+ 4TE
CO127230 532
ARZ4G447 532
Co13979d . . 532
AF411354 . . 693
AVEZE0ETS B . 582
0o4435283 618
AFA11835 STE. . .G 552
AFCE4840 . N:R .G Ea4
AFGE1413 TS . N:R .G 545
AFC34838 I - T -G 673
IJG12 EGC BOTCETAGT TEA, AGAAA ATA AOAGTA ATA A 823
EGIGS Gﬂ 828
AF411334 829
AVEZOET4 823
Coaaszss 811
AFA11835 S G, AGEC . ABTEAS.TS.TE. 852
AFCE4840 T...8.. B+ - ———————. TEETOaTG 8aa
AFCE1413 T...8.. B+ - - TEETOSCE 8ar
AF034833 T...8 DBl TL AL @ . —.TEET.G 8ag

DR127230 OCTCATTCAA L4 ATOSTAASASCTASTAA TRAALT TCAL ETTECTASTEACTTE08A3 TET 300 T TRAAT AAAGCAAABTA0TOAAT T3

ABZ43447 T3
Da139798 T3
AF411334 729
AYBI0ETA TZ8
D2443298 - 71
AFA11336 ACT.GAC.G. LG 751
AFQEA840 a&.——08a8a. LG Faog
AFQE1413 &.———08388 LT ¥a1
AFGE4838 GA-———0334. . N 7aa

DR1Z27230 ACAASCOTCOBCTOGAATAET AST ASCATOATACSAATATOSG TRADICCAATOOATATTAD -Eﬂ-m-ET—E'I'CTnEn'ITF-FGr‘-BE-EnC.—-T ]

ABZAGAAT 821
Co13g7ras 821
AFA11334 822
ANEBZ0ETA 821
00443283 . g04
AF411835 CETIRD 240
AFCE4840 . .'I'C'I'mTﬂﬂr-C EZ=2
AFGG1418 L TCTTETORAG. ... .. T B+ R - 823
AFOG4835 L GTATOAAT. ... .. @.T..A TADGAATATE. S S 88z



DQIZ27280 TTeAGSECATTAGTACT TEETEA0EASMETIAAATICT TASACCOACCAAABACTCAC TAATECSAAABCATTCAC CAAEAC TS CATTAATCAAE 52

ABZ43447 g921
D2139794 921
AF411334 =
AYB20ET4 s

Coa43258 S04
AF411335 .. 840
AFC34840 . R A . L
AFOG1413 -8 i T 923
AFCE4833 T a g4z

DO127230 AACGAACETTREARATTOEAASACEATCASATACCETCATARTTCCACACAST AAACAATRCCAACTTASAT TCAGCATATATAATCATATACET TAACT 1021

D2139794 1021
AF411334 1022
AYBZ0ETA . ceen 102

Coa43258 cee... 1204
AF411335 S S ALTa 1049
AFC34840 i+ LT LT L85 1020
AFQG1413 B« TT.. LT ...@c 1021
AFO34833 i + T.T.. L. .80 1081
CC127230 TCTCCEBEF-.#-CG—#EETEEBECTCTGEE&T:&T#T#ETFEFMETCTE#AWF#A&E#TF&CBE#:‘EGB:;-D:;—-D:.:—-GE;—-ETE&-'ED:TE 1119
AEZ45447 1119
D2139794 1119
AF411334 1120
AYBZ0ETA 1119
Coa43z2538 1102
AF411335 LT TLA @@, . 0al.C. 1139
AFC34840 e TE..T. G B ECECAD. LT 1118
AFC31418 BTG T .G.. . G0aTAC. . . 1119
AFO34833 L TALLT..G. B L LT 1159

DO127230 CAACTTAATTTGACTCAACACEREEAAA0TCACCAGAETCOIGACA TCAAT AGBATTEACABAATRACAGATCTT TCATRATACGETGAT TAETEATECAT 1213

SEZ4Z447 1219
C21397348 1219
AF411334 22
AYBZ0ET4 1218
02443233 . 1202
AF411335 . 1239
AFC34840 AL B B TT.A 1217
AFCE1413 ... . B . S S+ N - T T A 1219
e e ) B AL 1257

DQIZ27280 GaCCaTToT TASTTeETa8ATAATC TETCASATTAAT TECEET AL G0 BASACCACAATCTO TAAT TBATTACAT TGOCACTTATT TOBGRATTBAT 1319

ABZ43447 1319
CZ139734 1319
AF411334 1320
AYBZO0ET4 1319
02443233 I -
AF411335 LG LBTEL TOT.A T.TAG.. .. 1333
AFCE4840 T .38 TEA T ATC. . 8ACC—. . . 1314
r-Fl:-3141-3 T8, .80 TAA T GTG. .8A00——. .. 1318
AFC3a843 i L GAATAT. T GTCA ATTC—A. . 1354

DQIZ7280 CTTAGAGASACTACCAASTTCAACTTOSEA8AASTETOACAATAACAGATCTATEATECCCT TORATRTTOTEEECTAGACECA0ACTACAATEACAECA 1419

ABZ43447 c 1418
bQ139739a 1419
AF411334 1420
AYBZO0ET4 14159
Co443253 R .. 14cz
AF411335 . .. 1438
AFC34840 . T. AT.. TG 1414
AFQE1418 ... A.. [ T. A T2 1418
AFQE4883 ... A......A I TS 1454

DQ127230 Q0AAATAITTE BOTOEAAARAIT AGAC TAATCATTAA——TTA0TATCATRATCABSATT BAR0OT TATAAT TAT TESTOATEAAMETISAATTOITS 16817

ABZ43447 16817
D2139794 1617
AF411334 1618
AYBZ0ET4 . R 1617
Coad3z288 . .. 1800
AF411336 A a T A T, 1633
AFO34840 A i P T.@. T..GT. 1814
AFOG1413 A. . . GA. . .T.@. LT..CLTT. 1518
AFO34833 AL . .03... 0C.E0CTOT..3.TE.GT.GEE. . T.A.. T..G.TT. 15584
«— ANAIESr
CC127230 'ETF-F-IECB:F-A'ETG#TG’-ECTFIET‘EWGMTF-C'ETCTCT'ECCCWFGTAG#C_ 1538
AEZ45447 1533
D2139794 18338
AF411334 1583
AYBZ0ETS R 18338
Coa43z2538 R 15435
AF411336 G 1829
AFC34840 B 1882
AFOG1413 B+ 1584
AFO34833 B 1802

Fig. 1. The small subunit ribosomal DNA (SSU rDNA) gene of Enteromyxum leei which was reported

to be a causative agent of the olive flounder (Paralichthys olivaceus) emaciation disease in Japan.
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Fig. 2. (A) Total DNA separated from the intestine of Paralichthys olivaceus having emaciation
disease and PCR results obtained from a reference primer set made by using SSU rDNA gene of
Enteromyxum leei. 1-8; A: Total DNA seperated from the gut of P. olivaceus having emaciation
disease, 9-15; B: Total DNA separated from the gut of P. olivaceus having emaciation disease, (B) 1-
3; DNA of E. leei provided by Japan, M; 100 bp DNA ladder.

Table 3. PCR primers used for the detection of new pathogen

] ] ] Expected .
Primer Oligonucleotide sequences (5'-3") . Function
sizes
MM18S-F  CTGGTTGATTCTGCCAGTGGTC . .
Detection of E. leei
1,589 bp Pal la et al., 2002
MMI8S-R  CGGTACTAGCGACGGGCG (Palenzuela et al., 2002)
28S-F CTAGGGGAATCCGACTGT . House keeping gene
P (28S ribosomal RNA)
28S-R ATCAAACTAGAGTCAAGC
EM-F CAACCGCAATGTGTTTACTC d2b Detection of new pathogen
p .
EM-R CCAAACAACCTGCCACAATG (in this study)
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Fig. 3. Location of the Jeju olive flounder sampling station.
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1.2.4DNA &

o YTHS Holy YXERE 7h v, 2%, g, ¥ F oprhn] Fo AVES AEs
%3, DNAS #2]3}7] $913Fe] DNeasy® Blood & Tissue Kit (Qiagen Hilden, Germany)S A}-&
stk WAz 229 10mgel ATL buffer 180uL <} proteinase K 20uLS & 7}&ke] 56C ol
A ZAo] ¥S& wj7bA] WkA|Fth WS 3 AL buffer 200uLS Yol 41& t}S ethanol
200uLE ©l3}e] spin columnoll %7 6,000 x gollAl 133+ YA E-2]5A ) Columns Aj &
¢ tube® %71 ¥ AWI buffer 500uL9} AW2 buffer 500uLS o] -&3lo] Al X A4S AF T,
AE buffer 50uLE #718te] HFH o2 DNAS ¥253th #2ld DNAE 23 H7hA]
-80°Cell H A3t

1.2.5PCR % DNA sequencing
PCR< microtubeol] 1uM<] 7+ primer, 2.5 mM<] Z} dNTP, 10 x G-Taq Buffer, 2.5 U G-Taq
DNA polymerase (Gene Pro Themal Cycler Cosmo, Korea) % template DNAZ A F&%H S
743k % distilled water®= PCR Z3H%9] #Z volumeo] 20uL7} = A 3F3ith. PCR =4
2 95Ce|A 343+ pre-denaturation A]Z1 %, 95ColA] 30% denaturation, 55ClA 30%
annealing, 72 Cl A 30% extension®] ¥k 1 cycle= 3], 35 cyclesE WH&-Al 7tk 1E]
, 72°Coll Al 757 post-extensionA] Z1th. PC ZZ AHELS 1 x TAE buffer (40 Mm Tris-
acetate, 1 mM EDTA)E A7195S 913t 4FH o= 3o, 0.5ug/uL ethidium bromide”} 7+

o
¥l 1% agarose gel AolA A7] G453 3 UV HAE7]A bandE B3 PCR S2

Py)
o

A

AHE-& gel purification kit (Bioneer, Korea)S ©]-&3}lo] 3523k 3 ToPo TA cloning® kit

(Invitrogen, USA)Z cloningdte] 714 <E #2418 9] 3 th(Solgent, Korea).

MY EASE BAL A oY B4 et WA=y

Z

FAME | B’ S B P S =L
o}7tm] Z21S A =3ko] Bouin's solutiondll 24A|7F &<t 1A dE ¥ 70% EtOHE AF-E-5lo]
gttt o] 3 ylekd A FEE A]7]a(Leica EG 1150HC, Germany) 3 vj 7] (Leica Jung 820
Germany)E Ahgstel EvlE AAISAT o] § wlelARFOR 4-5um FA9 dHE
zZel f8 Egbol=o BAAA HAERAAC AFE ZFHFE-LS haematoxylin}  eosin

(H&E)S. = AAS Ak 5 B3t n] 7 (Zeiss LT60, Germany) .= 317 3} i Tt
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Fig. 4. The external (A) and internal (B) signs of the emaciated olive flounder (P. olivaceus).
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Emaciated fish -1 Emaciated fish -2

M1 23 456 NM73891011 12 N M

1,000 bp
500 bp
Emaciated fish -3 Emaciated fish -4
M 131415161718 N M 192021222324 N M
1,000 bp
500 bp

Fig. 5. PCR amplification from nucleic acids of intermal organs from the emaciated olive flounder (P.
olivaceus) in the level stages of infection. Lanes 1, 7, 13 and 19, Kidney; lane 2, 8, 14 and 20,
Intestine; lanes 3, 9, 15 and 21, Spleen; lanes 4, 10, 16 and 22, Liver; lanes 5, 11, 17 and 23, Brain;
lanes 6, 12, 18 and 24, Gill; M, 1kb DNA ladder; N, negative control.
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1.3.3 AAE A E
20109 6¥H-E 2013y 12¥7}A] F 663]o] AR 216vteE]e] YA E o
QoA 7S AE A, 6630 AR FAPZE Eoke] it

50% (333])oll 4 €T LS s th(Table 4). 1 T, F2FE <

™

O>”
o

o2

44

=
<)

oN &
fnhi&

=2
R

0%

< 20109 =

oN

=
2104 5 87142(38%), 20119 = 2574 & 12 7HA2(48%), 20121 % 47 &
2013 % 16704 5 117042(60%) N A1 3 1= &<lst A tH(Fig. 6, Table. 4).

271 2 (50%),

1.34 74 A=
< W9A 2167 T 93vkE|(3%)ll A 9T A FAUE ATk 1 7, AR
(

ZHAEL 20109 % 60mtE] 3 17vH](28.3%), 201110 = 75w}

AC)
of

3 42.6%), 2012\ &=
24vte] 5 8vlE](33.3%), 20137 57viE] T 36WHE](63.1%)2] A ES 2SS tH(Table
4).
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Fig. 6. Gel electrophoresis of the products amplified with the primer set EM-F/R from the extracted
sample of the kidney of affected olive flounder cultured in emaciated disease. Lanel, Farm-A (June,
2010); lane 2, Farm-B (October, 2011); lane 3, Farm-C (October, 2012); lane 4, Farm-D (November,
2011); lane 5, Farm-E (October, 2012); lane 6, Farm-F (November, 2012); lane 7, Farm-G (July,
2013); lane 8, Farm-N (December, 2010); lane 9, Farm-O (December, 2010); M, 1kb DNA ladder; N,

negative control; P, positive control.
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Table 4. Prevalence of emaciation disease in cultured olive flounder (P. olivaceus) of Jeju from 2010

to 2013
Infection rate (%6)
(positive no. / total no.)
Water Farm & ]
. Fish Farm
Year Month temp. no. of fish
()
PCRtest  Total Histological PCRtest Total
examination
33.3% 44.4% 50%
June 18.5 A(6)*, B(3)
(39) (419) (1/12)
Jul 195  C(3), D(3), E(3) 0% 0% 0%
u . f y y
Y (0/15) (0/15) (0/5)
F(3), G(3)
66.6% 0 66.6% 100%
2010 August 20 E@)" HE) (4/6)0 o (4/6)0 (2/2)0 35%
(17/60) (8/21)
83.3% 100%
November  18.1 1(6)* NT
(5/6) (1)
A(1)*,D(2), J(1),
15 K(3), L(3)*M(3)*, 20.8% NT 36.3%
December
N(2), O(3), P(3), (5/24) (4/11)
Q(1)*, R(3)
100% 100%
May 15 S(6)* NT
(6/6) (1)
» 195  AQR)*M(3),T(3) 28.5% 33.3% 28.5%
u
Y JUR)*V(3)*W(3), (6/21) (7/21) (317)
X(3) .
48%
2oi o (12/2(;)
215  AQ),B@*M@),  333% &7 28.5%
August NT
T(3)*, V(3)*,W(3), (7/21) (317
X(3).
20 A@3), BR)*,C(1)*, 33.3% 42.8% 37.5%
October
M(3)*,V(3), X(3), (7/21) (9/21) (3/8)

W(3).Y(2)

-17 -



100% 100%
November  18.5 T(3)*, D(3)* NT
(6/6) (212)
Jul 20 D(9), F(3) % %
u ) NT
y (0/112) (0/2)
33.3% 33.3% 100% 50%
2012  October 21 E(6)* ’ 33.3% ’ ’
(2/6) (8124) (2/6) (1/1) (2/14)
100% 100% 100%
November 18 F(6)*
(6/6) (6/6) (/1)
0% 0%
January 14.8 J(6) NT
(0/6) (0/1)
100% 100% 100%
May 16 Q4)*
(4/4) (4/4) (/1)
ul 19.7 Sy, Q) 87.5% 100% 100%
u . )
Y (7/8) (8/18) (212)
80% 63.1% 100% 60%
2013 August 22 E(5)*, K(5)* NT
(8/10) (36/57) (212) (11/16)
100% 100% 100%
September 21 S(2)*
(212) (212) (1/1)
63.6% 100%
November  18.8  K(3)*, J(4)*,U(4)* NT
(7111) (313)
50% 62.5% 33.3%
December  15.6 C(1), J(3)*, Q(3),
(8/16) (10/16) (2/6)
R(3). V(3)* Y(3)
43% 50%
Total
(93/216) (33/66)
*: Positive

NT: not tested
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135 27| 198

2010~2013 0 =7kA] F 662 AEH F 11~20cm”F 23704, 21~30cm 27704, 31~40cm
17/h4as EFERed, a7¥d 3 dsF 23, 11-20em 23704 5 167142(69.5%),
21~30cm 27702 5 12704 (44.4%), 31~40cm 16704 5 57014 (31.2%)2] HE=ES YERRS
U}(Table 5).

Table 5. Prevalence of causative agent of the emaciated disease according to the size of olive flounder

(P. olivaceus).

. . Fish size No. of farms
Fish species
(cm) Distribution Infection rate
69.5%
11~20 23
(16/23)
. 44.4%
Olive flounder 21~30 27
(22/27)
31.2%
31~40 16
(5/16)
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1.3.6 Fish weight (index)
PCRAA a1 SARESS e HX & doz A e AFse ##s
A3, o gFol #AE AU oJgFol wHEA] ¢k |WAHUY 30~40% WS A5 o]

25 T (Fig. 7).

800
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oo
600 " o0
” 0
M Owo .mOOO
E oOOOOO BO 00 0
2 '
$ a0 oo | oo’
0
ﬁ 0 %@@OOO o)
3 00,08 0000 T 5" g0
O%CQO 5 ....ﬂt'
20 o Fh
M ’ ’0’~¢’~ ke
SR e L
0 0000000 0
0
11~20cm 21~30cm 31~40cm

Fig. 7. Monitoring of the index content in the emaciated olive flounder (P. olivaceus). O: Uninfected

olive flounder, e: infected olive flounder.
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Fig. 8. Histological findings of kidney (A, x200 and B, x400) and intestine (C, x200 and D, x400)
from the emaciated olive flounder (P. olivaceus). Note microsporean spores both in emaciated disease

the glomerulus (arrows) and in the gut epithelium (arrows). H & E stain. Bar = 20um.
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1.3.8 7144 &4

7 Z¥ PCR productsell ™t 42} 97|44

odel Aem yeltil(Fig. 9), AlFEe WA AN TAst= oAdFe] AJA=
B U3 A8F F9 Ao ATk GenBank databaseS Z-&3 FAAF nHlal
2S5 AAZ A, dF G714 E el 150 bp7t Myxobolus sp. (Accession No. JN616264.1) =
Cystodiscus axonis (Accession No. JN977605.1)9} F-#-24 S 2 86% 2 88%2] A Z

Ve oH, o1& GenBankoll 525 %] ¥& wjEE Fol Aow xAlE ),

o4

o
N
N

o\
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EM-F =

2010 PAACCGCAATGTGTTTACTCTTAGTACTACAACARACACAAATATTGTAGGAAGTGTAGT GTAAGCTACGTGGACCGGTCAGTCAGCAATGATTGGCCGG 100
AN L B 100
2012 e 100
Q01 e 100
2010 ACTGCACACAGCGTGAGCTGTTGCAGAGACCCAGCTGRAGT TTGACTGAGCAGGCAACTGCTTGTCGATGAACAGTAGTGGATAATGTTGGATACATGIT - 200
DN PP PPTRPPPPRIIOY 20
I | P PP PP 200
AL TP TP PP TP PP EPPPRTRS 200
2010 GGTCGACATAATGTAGTAATATTATTATTATTTTTATTGACGCTGACAAAACAAACAAMAMCAACT GTTAACGGTGGATCACTCGGTTCGTGTGTCGAT - 300
L P P PP P PP 300
PP P PR 300
D1 P PP PP 300
2010 GAAGAACGTGGCAAAATGCGATARTTAATGCGATTCGCAATGCCTTGTGAGTCATTGAACTTTGAATGCAAATGGCGCGCGACTTTTAGTCGTGCATGT - 400
010 B 400
12 400
A PO PP 400
2010 TTGGTTGAGAGTCATAAATCTATCGAGTTATTTATAACAATACTGTTAGCCCGCTTGTTTACARACGGGTTGATGAAATGTGACGCGTTGRCGCTGTGAT 500
) TP PP P TP PR PRI 500
012 T A A 500
A PP P PRI PPPRI 500
2010 GTTTACTTGTANGCATTTGCAGACATCAACGTATTGTCTAACAATAACTTTTATGCGAACATGCAATTGTTAATGATTGATGTGTGGCTGTCGTGCAAAG 600
A PP PPPPS 600
Q012 Covee e 600
AL PP PP PP POPPRRIN A 600
2010 GACAAGTCTGTCATGATGGTTTTGGAACAATTGRTGCTTTGTAGGCATCATTAGTTTTGTATGCATACAAACAAGTGCTATTGGTACGTTGGGTCTCTTA 700
T 700
12 700
L] T T PP PP P T PP PP P PRI 700
2010 TTGGGATAGACAAGCTGATAGTGAGTTTGTGGTGTGTGCAAGATTGGTGRTGT TTGCAATGTGTCATTGTCTCTGAACGCTAACTTTGGTTACATTGTGG 800
) OO P PP UPPTI PP PPRITS PP 600
Q012 T, 800
e 800
___EEMR
2010 CAGGTTGTTTGG 812
010 812
012 ... 812
08 . 812

Fig. 9. Comparison analysis of the DNA nucleotide sequences of pathogens detected form the emaciated olive

flounder (P. olivaceus). Primers used in PCR are in boxes.
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HAA7HA ofFoll A His= oAdS dQAl ek BEAE WX b= glow, 3
FEE 7Y 7] B AAAR T deiME AL B3 AAolr & Aol A
g2 a7 gadsdS A 23, 11~20em7) 23704 T 1670 42(69.5%), 21~30cm7}
214 & 1271 42(44.4%), 31~40cm7} 16702 & 57014 (3L.2%)dA HE=ES YEMIAT
(Table 5).

o] 7 A FEol A= sharpsnout sea bream Puntazzo puntazzo, red sea bream Pagrus major, red
drum Sciaenops ocellatus®] Myxidium legiol] AU S wf FFHoZE & A oA ELAE
#E 4 QA vkal B 313k th(Le Breton and Marques, 1995; Diamant, 1998; Athanassopoulou
et al., 1999). T3+ Myxosporeadll 73 2=#|<19] turbot, Scophthalmus maximus ol A& 3}
£ Astdolu AelA 0 5= Qe ol A= twrbote] Aol FIFES HIHS
2} Al A5} tH(Beaman et al., 1999). Bartholomew et al. (1989)-> Ceratomyxa shasta ©I|
H Aol o FollM = EAFEH Y VAT F AN #FE = ATt Bast

-
Al ols} ol §39 ofe ATANN FALAZ] APH o F Fr oA

_4_4

o2
rlr
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ok }-ru
N
>
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2
T
«
N
fo
A
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_t
42
_>|~L
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pass
rir
po
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Au)
ST
au)
b
ot

PCROIA AEH AMES A os 7IAES #A4F 243, U 949 o495 dd
A5 7] DNA nucleotide sequences®] 52 99% ©]/d<l FH o= el th(Fig. 9). 18]

a1, GenBankoll 5=% Myxobolus sp. 2 Cystodiscus axonis 2] &3 A7 E 7} 80% HE=eo

o

2 gy o] o}z GenBank databaseol] T=%A &2 M2 JAF
2

Q1 AR S, FFol= o] WAl thi DNA walkingst & A=}
TS Y S ARAR A77h Aol & Aotk
£ AFelM = e FAEA A FASE ATl diste] EAEglen, 7=
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A 27 2014~2015Q % A|FE 42 @Xo A Y95 FE =
A}

21 A&
1990t 8] 7bE dllgrole] Falo] haalA o] o)A Zhwell A FH S
A AR AZE mu gk el A FUFRe} o] AWE 2 2]
7| AZo] fasly] Al Zelgl o (Chun, 2006), AW o] wH okal el okl Z37)o|
I

© a7l 71AE 2 Alel &g @i Zhgo]
g g

_%

HALS §49HA] 7] 71 %= FFCH(Kim et al.,2006). L &
He Avrdor EUHYsHAY Aol FuuAE rstaa e A
HAzF S7Fskal 9l& FAle]tH(Cho et al., 2009; Jung et al., 2012; Song et al., 2013). 221} &
AAA = FA ol el dgh dH A= giFE 54 dlE SAHoR ARl &
™ (Kim et al., 2006; Cho et al., 2008; Kim et al., 2010), H<1EmH o] Ao thajr= A7} u
n) gk A7g ot}
HZ AT W FAEe of 20em A5 A7 FAoA offjojrte dA1EE Y] AW
o] WA s, Hx WHITHS HQ o]F 1-35F F HAL He AMEZE S
), o] AW A" gA= ANE3, oAFT Aa H I =9 59
(Kim et al., 2015). Kim et al. (2015)2] 170 2w, F¥ 7}9 Y]
AA=Z Hi1E E. leei®] primer set (1,589 bp)E #|2}3}o] (Palenzuela et al., 2002) =u] o<
HAE dde® PCRAFS AT 23, SAWHso] #zEyo] Fddk AJAT}E ofd
Ao 7 ey dr}l. w3k Kim et al. (2015)8 GenBank (NCBI, USA)dll 523 N L}
(Myxidium sp.)e] 971 EZ5E degenerated primersE A 2tsle], oJH4SA WA ZHH
¥ PCRE AAIG Al FAJwrg-o] LhEFREIL, DNA sequencings S3f %171
MEE FAS A3 A5 AL AREAFI dAGI o ob4 GenBankoll 5=
B3I tH(Kim et al., 2015). 3FA| R el A
Aot of g5 dQIAIY B ol oigh A= oA Hialxo] QA gk A olH,
G2 ol wig AW RUE "2 A7E 2 fed g A8 E AFste], A=
U 54 Al W 72 AmnzA ve T3 95 s(0IE, 2008), ¥4 A=A
H

7 AaAE PR Wy 0

o

Ho



Hol st 4 RUHES 3= Aol Adsfojof st

A, 2 ATtell M= 2014~2015 ol Al A 60704 HA FAES tHdem of
ZAadsts votslr] 3ke], Kimet al. (2015)°] X313 primer set= AF-&-3F PCR
Sl A7, oA A7E B Aol digh VEARE AEstaa #AHES A
T 2 B ofFore] Hol7} M =AE

om w3l cohabitation testES E3dto] U3 o] A
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[ef
oAYZE A} 2AE 93, 20143500 4,5,9,11, 12¥€] EUEHS Fastgom 1
Wb & 53] AANFFATE A A A LS Fig. 103 Zo] AFEe AFAIF M E

Al Yol GAE FASHE 60714 S didor Aol Aaglo] 7h7be] k4
FolA A& FAY=E 30| (5~600g ©lH)S A 13]o 180wt F 9007}z
2 A AL, 2S4S FA=A7] YSI Model 650XL (YSI, USA)E Al&3to] &

=4 319 H(Table. 6).

(% n
(3 Cimnvaong

Jocheon

Aswol
(3) Szomgsan
. . (14}

Jeju-si

Sepgwipo-si

VR oREs
- Namwon

Daspo LY

Dasjung

W™ 4 i)
O ‘ 8)

Fig. 10. Location of the Jeju olive flounder sampling station.
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Table 6. Sample information employed for the investigation of emaciation infection in rearing olive

flounder (P. olivaceus) of Korea in 2014

Water temp.
Year Month Fish species () Fishes Farms Fish size
30 10 <10cm
54 18 11~20cm
April Olive flounder 16.4+0.4
54 18 21~30cm
42 14 >31cm
21 7 <10cm
93 31 11~20cm
May Olive flounder 17.4+0.6
33 11 21~30cm
33 11 >31cm
0 0 <10cm
18 6 11~20cm
2014  September  Olive flounder 20.9+1.3
114 38 21~30cm
48 16 >31cm
3 1 <10cm
] 6 2 11~20cm
November  Olive flounder 18.3+0.9
96 32 21~30cm
75 25 >31cm
0 0 <10cm
] 15 5 11~20cm
December  Olive flounder 16.5+0.9
84 28 21~30cm
81 27 >31cm
Total 900 300
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~L

22220159 % 42gx oY

o[N

BUE Y
20151 %o & 3~4¥Y 60714, 5~69 55714, 7~8¥ 5274, 109 53/M4A LA AL Ao
= e A T 3mkE A 225 1.5mL microtubeo]l ELof FAE

20141 =9} 5 A3 Al DA tH(Table 7).

[U

i
2

Z/\].

¥
Ll

Table 7. Sample information employed for the investigation of emaciation infection in rearing olive
flounder (P. olivaceus) of Korea in 2015

Water temp.
Year Month Fish species () Farms Fish size
15 <10cm
March& 23 11~20cm
) Olive flounder 15.5+1
April 11 21~30cm
11 >31cm
6 <10cm
May& ] 29 11~20cm
Olive flounder 16.7+0.7
June 13 21~30cm
7 >31cm
2015 3 <10cm
July& ] 20 11~20cm
Olive flounder 20.5+1.7
August 23 21~30cm
6 >31cm
4 <10cm
] 16 11~20cm
October Olive flounder 19.5+0.5
14 21~30cm
19 >31cm
Total 220
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2.2.3DNA ¢

DNAZ Hgal7] 918te] Kim et al. (2015)0] H¥ WS Faste] AFRAS that
© 2 DNeasy® Blood & Tissue Kit (Qiagen Hilden, Germany)S A}-&3}o] DNAZS ]33t}

WA ATL buffer 180uL<} proteinase K 20uLE 7 7}sto] 56 ColA] =& o] H& wj7b#] Qb
A F Tk 98 AL buffer 200uLE @] 412 Tl ethanol (100%) 200uLE sl spin
columnell %7 6000 x gollA 1+-3F YAFE] 3FSh Columns A2 tube®Z &7 F
AW1 buffer 500uL2} AW2 buffer 500uLE ©]-&3te] M&H A& AX %, AE buffer 50uLE

A7kstol DNAS Rttt #eld DNAL 28 A7k -80Cel wekahgict

2.2.4PCR

PCRO| A}-&3F primer= Kimetal. (2015)¢] o935 JS $5te] A A= primersE A}
£-3}%) ©. 7 (Table 3), PCR microtubeol] 1uM2] 2} primer, 2.5 mM2] Z} dNTP, 10 x G-Taq
Buffer, 2.5 U G-Taq DNA polymerase (Gene Pro Themal Cycler Cosmo, Korea) 2! template DNA
24 FZ29 YiS HIEsE £ distilled water= PCR 322 # <% volumeo] 20uL7} &
A SFFT. PCR &S 95To|A] 3#%F pre-denaturation A]Z1 % 95Co|A 30%
denaturation, 55°C el 4] 30% annealing, 72 C°llA 30% extensione] ¥H-§-S 13| 2 3}o], 353
HhEslo] WA T 1e]al, 72°CoA 7E7F post-extensionr] ZATE PCR ¥ F% A&
1x TAE bufferg 7195 913k &5 d o= 3fo, 0.5 pg/ul EtBro] 37+l 1% agarose gel
Aol HA7)19%3 T UV AE7]E o] 8319, ultravioletoll A AEEHE AR 7 E
25T &% PCR AH=-2 gel purification kit (Bioneer, Korea)E o] -&3Fo] 343k &
Topo TA cloning® kit (Invitrogen, USA) & cloningdle] 93714 9& ghelslin. 71 g &
242 NCBIO| A A& % = BLAST program A X E o] &35lo] AwAlS vlwslict
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2.2.5 Cohabitation test
AAAREEH ES T3 #Ado] 7hedAE FAsly] $18Fe] Ishimatsu et al., (2007)2]
W& ARE3Ste] cohabitation A3 S AAsEItE WA PCROl ol of g5 FHelel &<l
¥ YAE donor groupl.Z &AL, Ao

= , FE, 35S recipient group
o= AAste F A AFS AASHATH

A WHA Aol oAdFed 29 HA
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E 0|83} cohabitation 23S AAISFATHFIg. 11). 2 ¥ Alg® YA+ 1000 =
g %ol recipient group®] ZE] A|=gw|E ZXu Zeho] s T oHA A
Aol A= gx ¢ g o]FQl FE(Pagrus major)¥} 7HAd 5 (Acanthopagrus schlegelii) & & o]
A5 Ao} o]FARE=AE ZAS AL Y. Ay 2 AEo] Foly )
WAlsk7] 91eke] 1000 3 ol EetAY OEwSs ARESY] 7S U §, o
Aol F1d |A 1wovkE et oJgdE 4 %
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ASEHA — FAEA (BB EA) w3

9AFE, AHE ANEFF, B5, AN B

Fig. 11. Experimental transmission of emaciation disease to olive flounder (P. olivaceus), red sea bream (P.

major) and black sea bream (A. schlegelii) by cohabitation with infected olive flounder.

- 35 -



AdZFol TFAE JAE ez MAFEE 4 =39 Bouin’s solutionol] 2447 59

R

O]

¥ uj 7] (Leica Jung 820, Germany) o]
Ao dARE et FElEeto|sof BARAA AXAIZ T A2t 223322 haematoxylin
%]

7} eosin (H&E)O. 2 AL AA|g & B3-&n

il
>~
=
ofo
ol
ol

FujE A F nlo]FREO T 4~5um F

(Zeiss LT60, Germany) . & 7 7 &} % ¢},
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23 4 3

H oAFo = Y Fo g1 A Aol AFEE Ao R F 0L FAFoR
FH 4,5, 9 11, 1290 &2 X F 900vtg] ol st A94S A dFS A G
AFAS dx F2Fo] AZe JaiE T I g9l FEE gxE A wet

2] }
At 60704 FA o2 RE Y3 180vte] F 20144 49 137149 267 (14.4%), 5¢
1170 49] 12v}2](6.6%), 9 32714 9] 44v}2](24.4%), 119 237049 3672 (20%), 129 42
MAxo] 78w} (43.3%) 4] PCR ¥dWH-&S e A TtH(Table 8 and Fig. 12). T3, A7)
FAES BEFYH ASE7MA vde dEe] #AHASH(Table 8), 1 5, F2°] 4

A 7] AlZFshs 98 () FH 128 &)el 7 =2 A EC] B E U tH(Table 8).

N

92 d
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Table 8. Monitoring of emaciation disease for olive flounder (P. olivaceus) farms in 2014

Detection rate (%0) by size(cm) group

Year Month

Total
>10 11~20 21~30 <31
Fish Farm
| 10 22.2 44.4 0 14.4 21.6
Apri
P (1/10) (4/18) (8/18) (0/14) (26/180) (13/60)
M 14.2 9.6 54.5 9 6.6 18.3
a
Y arm) (3/31) (6/11) (2/11) (12/180) (11/60)
2014 100 55.2 31.2 24.4 53.3
September -
(6/6) (21/38) (5/16) (44/180) (32/60)
0 100 50 20 21.1 38.3
November
(0/2) (2/2) (16/32) (5/25) (38/180) (23/60)
100 75 62.9 42.2 71.6
December -
(5/5) (20/28) (16/27) (76/180) (43/60)
11.1 32.2 56.6 30.1 21.7 40.6
Total (2/18) (20/62) (72/127) (28/93) (196/900) (122/300)

M N P 1 2 3 4 5 6 7 8 9 1011 12 13 14

1000bp
500bp

Fig. 12. Gel electrophoresis of the products amplified with the primer set EM-F/R from the extracted
sample of the kidney of affected olive flounder cultured in emaciated disease. Lanes 1, 3, 4, 5, 6, 7, 8,
10, 11, 12, 13 and 14, positive samples; Lanes 2 and 9, negative samples; M, 1kb DNA ladder; N,

negative control.
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AEH A5 EWQE Ao] Alo]=RE Ao Ate]l=7tA] A7 AAES AN 4
3}, 490 21~30cme] ZEOIA 18704 F 8714 (44.4%), 11~20cme] ZLEolA 1874 F
47]2=(22.2%), 10cmo]dte] 1Eol A 10714 F 1714(10%), 31cmo]At L&A 14704 5

0/l (0%) =22 A Yelgton, 590= 21~30ecme] ZLEolA 11714 5 6712 (54.5%),
10cmol&te] Z1FolA T4 T 171 4(14.2%), 11~20cme] 1ol 3174 T 371 4(9.6%),
31cmol A ZEANA 117H4 F 1A 0%) o2 =4 YebEA v 4, 586 31cmo] 4t
TgFA e AEEC] AEHJL T3, 9¥ol = 11-20cme] 1FolA 6714 F 6714
(100%), 21~30cme] L&A 38704 5 2170 4:(55.2%), 31cmeold Lol A 16704 F 570
2(31.2%) =02 =/ Yebg o, 1190 11~20cme] L&A 2704 5 2704 (100%),
21~30cme] L&A 32704 F 1670 4(50%), 3lcmo]At LEoll A 25704 F 570 2:(20%),
10cmol&te] ZLFol A 174 T 02 (0%) =2 =4 YeElgon 1299 11~20cm2)
aFoNA 574 F 57]4(100%), 21~30cme] LEolA 2874 F 20702 (75%), 3lcmo]t
T 277 A T 1671 4(62.9%) o2 =A WERAL, 495E 129704 AASE o)
ZAHE Bake] w952 21-30cmAlelol A e o] RFHJA W, BE A7

o] ¥ Apo]Zzol| A 7Halo] wAlE= AL 8913l th(Table 8).

2.3.320151 % A A|7E AEE

20159 &

1>
)
g
9
mlo
ol\
N
N,
ul%s

A5 Ay, 3~499= 607/ FAF T 30714(50%),
5~6Hol = 55704 A A F 9714 (16.3%), 7~8E ol 52704 FAF F 4770(90.3%), 10
o= 45711 22(84.9%) N Al ¥ 5o] 7= = ATH(Table 9 and Fig. 13). &=
3t A7 A E A A, 3~49dE 21~30cme] Lol 11704 T 9714 (81.8%),

(&3]
w
=
DX
0%
>
ol
ofy

3icmol At ZLEOlA 1A F 7HA(72.1%), 11~20cmy] R Z1EOlA 23704 5 13704
(47.8%), 10cmol&te] 1EolA 15704 5 07]142(0%) 02 =4 e on, 5~6dd =
3lcmol At ZEol A 74 F 37014 (42.8%), 21~30cme] LEolA 13704 F 3714 (23%),
11~20cme] LEolA 29704 % 3714:(10.3%), 10cmo]|ate] 1EFolA 6714 % 0714 (0%)
To2 = YeElgti(Table 9). H38F, 7-8¥€olli= 10cmolste] IFNA A T a
(100%), 11~20cme] ZEolA 20704 5 1971 2:(95%), 21~30cme] L&Fol A 23704 Z 2078
22(86.9%), 3lcmeolit LEOA 6 JMA F 5 JHA(83.3%) o' A wown, 10¥d=
21~30cme]ate] LEol A 14714 F 137]14:(92.8%), 3lcmo]Ate] LEolA 19704 F 1770
22(89.4%), 11~20cm®] L&A 16704 % 1474 (87.5%), 10cmo] 3t LTEOA 4 A& F 1
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Max(25%) o2 EA WL, 3UNE 109747 AARE HEtAte Fake] 20140 =9 F

Qs A Aol =4 el WA AL s oLt 20089 El = 1eme] ol A

rok
o g

7HE Ee A Eo] dEEJATH(Table 9). 3 A7 FHEEL 20140 %9 L34 A
Z 7o) MAslE Ao el w9 om(Table 9), 2014 % Xt} 201540l o =& 7}

dEC] HEHAY 1 T, L5279 7883 o] "olA| 7] AlAsk= 109l 7H
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Table 9. Monitoring of emaciation disease for olive flounder (P. olivaceus) farms in 2015

Detection rate (%0) by size(cm) group

Year Month
Total
>10 11~20 21~30 <31
farm
March & 0 47.8 81.8 72.1 50
April (0/15) (13/23) (9/11) (8/11) (30/60)
May & 0 10.3 23 42.8 16.3
2015 June (0/6) (3/29) (3/13) 3/7) (9/55)
July& 100 95 86.9 83.3 90.3
August (3/3) (19/20) (20/23) (5/6) (47/52)
25 87.5 92.8 89.4 84.9
October
(1/4) (14/16) (13/14) (17/19) (45/53)
14.2 55.6 73.7 76.7 59.5
Total (4/28) (49/88) (45/61) (33/43) (131/220)
M N 2 4 5 7 8 10 11 12 13 M

1,000bp

500bp

Fig. 13. Gel electrophoresis of the products amplified with the primer set EM-F/R from the extracted
sample of the kidney of affected olive flounder cultured in emaciated disease. Lanes 3, 4, 5, 6, 8, 9, 10,
11 and 13, positive samples; Lanes 1, 2, 7 and 13, negative smaples; M, 1kb DNA ladder; N, negative

control.
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Fig. 14. Histological features of kidneys (A and B x100) from the emaciated olive flounder (P.
olivaceus). Note microsporean spores in emaciated disease the gloerulus (arrows). H & E stain. Bar =

20pm.
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2.3.5 Cohabitation test

A, 3, A ES e ® WA Hdolo uigk AEs AAg A
o] Z$-o)+= donor @7} 3L Aol 100% HAFEF AL, recipient d X ol A& 12U Aol 100%
A AREo] BEEJTH(Fig. 15). A ZEEH FEE HAA A 8] 7AE recipient
groupoll A1 2] | AF= donor groupoll Al Btk 7 Fm= Sl UElr] AJESFoH, HARZF
ot recipient groupe] @A S PCRE O 013 A3} 733%Y #AEo] #FHUL
(Table 10), =2 8t2 HAF A3} Aol A donor fishel 5U3 Fejo] Exp7p P25
CHFig. 16). Fra B A F o2 WA Hdolo g A3 Ay, A3 717 T 394
donor groupoll A1 100% %] #HAFE&o] 25| AL, recipient groupell A
ARZ7F WA EEA] @Fgk o (Fig. 17 and 18), PCRAA} Aol Al EF 2421 Hoz AHE
CH(Table 10). 2284 AL Aol e BE HiE5 2 AAFS] 27 F-9olA ¥x7t @

Zh%) 2] ¢E 2k TH(data not shown).

pos!
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Fig. 15. Cumulative mortality (%) of normal olive flounder (P. olivaceus) after cohabitated with the emaciated

olive flounder.

Fig. 16. Histologica

| fi

ndings of ki

i

dney (A, x200 and B, x400) from the recipient olive flounder (P.

olivaceus) cohabitated with the emaciated olive flounder. Note microsporean spores in emaciated

disease the gloerulus (arrows). H & E stain. Bar = 20pm.
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Fig. 17. Cumulative mortality (%) of normal red sea bream (P. major) after cohabitated with the emaciated olive
flounder (P. olivaceus).
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Fig. 18. Cumulative mortality (%) of normal black sea bream (A. schlegelii) after cohabitated with the emaciated
olive flounder (P. olivaceus).
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Table 10. Experimental transmission of emaciated disease to olive flounder (P. olivaceus), red sea bream (P.

major) and black sea bream (A. schlegelii) by close association with infected olive flounder

Infection rate (%)

(positive no./total no.)

Cohabitation 1

Cohabitation 2

Cohabitation 3

Donor Recipient

(olive flounder) (olive flounder)

Donor Recipient

(olive flounder) (red sea bream)

Donor Recipient

(olive flounder)  (black sea bream)

100% 73.3%
(15/15) (11/15)

100% 0%
(10/10) (0/10)

100% 0%
(515) (0/10)
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AENA AgFTor delxl E leeidl THE o FE donor fishe AREste] YU oF

U o2 o]FS Ao & cohabitaiton test A S AAGIRA o 1 A} 5L ofF Lt}
o] 19 th(Diamant, 1997; Yasuda et al., 2002).
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A 3% 993 gx|, Paralichthys olivaceus®] H]Eo]% W
2 A 4

_18,
rE

3.1 A&

$eebe] ol RN S 1080dT) e weals] Atele] @Al B 2ste] o)A
%_

=
P gom, 2 T PG Fato]
=

°F 50%E AAtetal vk FAA ] Agel wEw 20039 FAbE e
2,487HE, &2 ollA 10657 =0 BAFH A0, 2013 FAbE AR o] oA 3,155%

2]
£ 9k2loA 73,108 EO0 R X

Ay

109 Feh ol GRS 26% SUHE Wk ] At

& 2000% o] F7HE Hol

A& A
Shal glom, o] o FUAAA Y M 2 BAlH F sholth £3], 2007 o] % AlF
T gA FAFAA BHIF v A R offJortHA HAME dov|e ddEEe ofd
T2 sttt dyEo] FUketal Q= FAlolH, o= QlE] AAA R B EAS =9
sk v th(Kim et al. 2011). =3F U] o935 X & WFo = A5 Edste AdAd &
ALTHe] FRAAE A A, F AT AEF

-0 o A E L FA B FH ofs Fol o5 e 2EYAE W
A == (Bonga, 1997), o]l ~E#H s &2 ofFo] AMAAS HaAT= 4TS drh
=, 2EYAE B2 g RE9 olfe AW dirbeh e st A AAE %
25l (Wardle, 1981), WA 7]5S FHAAIA AW digh AgdS Hojrmg] i (Pickering,
1992), AA U tirtel dAxAtel W3S wWeltta ® iy wl ¢lti(Barton and lwama,
1991; Ryan, 1995; Park et al. 1999; Chang et al, 2006).

o] N2 oy 7 BAA 89l F, 53 S g 2 7T WE
Hug ofFfe Ay JF s Fofeted F8% ez dgeta 9lon, ofF
o AL oY AYdHe £+ 2 AW Hrles 3dE F A= ARZE AR
I~ A t}(Davis and Parker, 1990; Sharma et al., 1976; Munck et al., 1984).

ool HWEeld ol JAFe wAA R WA olHow duA glow, AAH

A wolaAawle] o] o8] WAToRYEH AP F v sHo B F gol

>
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2 TH(Anderson and Siwicki 1994). Z1 5 o]F2] A M3 24 (Jorgensen et al. 1993a),
A 328 (Kajita et al. 1991), 2}o] A~AFQ] &/ (Engstad et al. 1992; Jorgensen et al., 1993b)
of gk WM AAE AFAL = U= WHoRE AW i AxEE AREHIL 9
(Chen and Ains-worth, 1992).
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32 Alg 2 9

3.21 A g

3.2.2DNA ¥
DNAZ #3}7] 9]8ko] Kim et al. (2015)0] Rug WS

A}

aLske] A9 S
© 2 DNeasy® Blood & Tissue Kit (Qiagen Hilden, Germany)S A}-&3}o] DNAZS %] &}3it}.
™A ATL buffer 180uL2} proteinase K 20uLE #7138l 56 Coll A & o] =& wj7}#] Hk-g
Ak "HE- 3 AL buffer 200uLE ¥ o] 412 UhS ethanol (100%) 200uLE tlske] spin
columnell %7 6000 x gollA 173 LAEE] 3F3th ColumnS A2 tube® &7 &
AW1 buffer 500uL 9} AW2 buffer 500uLE ©]-&-3to] AlH#AAES AX §, AE buffer 50uLE

H7}sle] DNAS E8]s9th 229 DNAE 23 A7b# -80TCeo| H3& ).

=

o

o

Ay

3.2.3 PCR

PCRE412 Kimet al. (2015)¢] o935 IS $13te #|A1g EM-F/EM-R primer setE A}
4-3}% © ™ (Table 3), PCR microtubeo] 1uM<e] Z+ primer, 2.5 mM<] Z} dNTP, 10 x G-Taq
Buffer, 2.5 U G-Tag DNA polymerase (Gene Pro Themal Cycler Cosmo, Korea) 2 template DNA
24 FZ2% 2 H7EeE 5 distilled water2 PCR £3-52] # % volumeo] 20uL 7} 3
A SFFT PCR Z7S 95To|A] 387+ pre-denaturation A]Z1 % 95Co|A 30%
denaturation, 55C ol 4] 30% annealing, 72 C°llA 30% extensione] ¥H-5-S 13| 2 3}o], 353
HEESho] HbgA|Z T, 18] ar, 72T A 7%t post-extensionr] Zith, PCR & &% Al=
1x TAE buffers d7]9 S Y3 5N o= 319, 0.5 pg/ul EtBro] % 71¥ 1% agarose gel
ol 71983 F, UV AE71E o83k, ultraviolet ol M AEEH= b= AVIE

@5,
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3.2.4 HHFA 9l ¥ HolA Wk
N2 heparin A 2] FAZ|E ARE-Sto] v EkA] &
3lo], microhematocrit™ ©. & Ht (Hematocrit) x| & = , dalsks B2 Lysozyme, NBT
(Nitroblue-tetrazolium) 2 MPO (Myeloperoxidase) &S =7435}7] 93] 4T, 3,000 x g= 10
B2 94 Bejste] 1 AEoNS okxldHE 15mL microtubeol] 3 E 3 A8kt B
© A& 33 whEste] AAsion, ¥ 2 4 A7k 80T Hstqlth
g M A3} 8FE-A 7] (Express plus system, Bayer, USA)S o] -&3lo] dol3slelz WHals =

Akt 5452 GPT (Glutamic pyruvic transaminase), GOT (Glutamic oxaloacetic

_I

transaminase), =32~ (GLU; Glucose), & =@ 2~H| = (Tchol; Total cholesterol), & T2
(TP; Total protein)s HtS X33t F 635S SA3IAT
g3 W lysozymee] 42 Yeh et al. (2008)9] WHS ulgro® EA Itk WA 0.05
M sodium phosphate acid buffer (pH 6.2)°l 52 71Z=%¥l M. lysodeikticus (Sigma, USA)E # 7}
3lo] 0.2mg/mL =9 eSS wh=v}h FEFN 200uLS 96-well platesel] #F3}ar, o] 7
oA Eulg &3 10uLS =371 & microplate reader (Thermo, USA)S ©]&-3}o] 530nm
oA 173} 58 FF%= S FSAHSISTE lysozymeo] &S unit/mLE U ERH A S
3% grel 0001 #AT gHS Lunit® g o)ekqitt

g% U MPO &4 Kumari and Sahoo (2005)2] "H S

(Hanks balanced salt solution)Z 96-well plateso]l 80uL® -3+ t}& &3 20uLE Y=t}

S
1 % 20mM TMB (3, 3' 5, 5-tetramethylbenzidine hydrochloride) &1} 5mM H,0,8 %S Y+

7|22 A5 WA HBSS

th 243 HES A1 &AM H,S0,8-9S- 35uL #7FeE & microplate reader (Thermo, USA)E
o]-gste] 450nmol A FF =5 SA AT
gl o] NBT 4> Kumari and Sahoo (2005)2] WS o]&35te] & &ZF Foto] &
Z-(Neutrophils)ell  ¢]3} oxidative radical A #HS =Aa14
7

solution (0.2%)=- 1:1¢] W& = Z}7Z} 50uL & glass tubedl]l 71 ¥, formazon A4S 7

Oll

XL
—{o
F_>.:
n&'
_I%
rx
E@’

_E

Z

w

_|

4,
7171 €&l dimethylformamideZ 1 mL% Y=t 2 5 2,000 x goll 4] 53 EoF LAE
3] HFEAHo g ATNS FHI T ONBTY #ad+s H9S F433 %7 (Genesys 10UV,
USA)E A}8-319] 540nmoll Al F3=5 Z74353Ith Blanki= dimethyl formamideE AF-8-3}
sk,

r°*'
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3.25 FTATA 4]
SPSS (Ver.2l) A4 ZEIOMS -&sto] ttest®= LA O, p<0.0591 4 F4
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M1 2 3 45 6 NMZ7 8 9 10 11 12 N M

Fig. 19. Results of PCR using EM-F/R primers on extracted kidney DNA of olive flounder. Lanel to lane3,
control; lane 4 to lane 6, Farm-A,; lane 7 to lane 9, Farm-B, lane 10 to lane 12, Farm-C; M, 1kb DNA ladder;

N, negative control.
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HoAF e Ht A3, A3 farm-A (70£5%), farm-B (56+3%), farm-C (68+2%) L&A ©f
ZTB9+2%) Kt =2 A5 Ye A, 2 T farm-A9} farm-Bol A thERFHR T f-9
Mo =& F=X7F BHFEHJATHFig. 20A). GPT/GOTS GOTY farm-BZ A3+ GPT
(control: 42.6x14U/L, farm-A: 12.3+1.7U/L, farm-B: 32.6+£6.4U/L, farm-C: 3+2.4U/L), GOT (control:
11.5+1.5U/L, farm-A: 1.6+0.4U/L, farm-B: 32+3U/L, farm-C: 4+2.6U/L)o| A tiZFH )} e o=
A 7F HFEJAR, BF A W E YR A THFig. 20B&C).

Glucose Z ¥}, farm-A (19+1.8g/dL)9} farm-B (27+6.08g/dL)oll At = -(36.6+2.8g/dL) ¥t}
o =271 #EE Q) o farm-C (96+17.5g/dL)oll A= & o] Hlel FreF e s e
%7} 2= o (Fig. 21A). Total cholesteral-> o 3= +(236.6+18.4g/dL) K.t} E& A - (farm-
A: 136£6.9g/dL; farm-B: 67.3+6.9g/dL; farm-C: 42.6+16.5g/dL)ol| A] FolZ o2 e 2=3=
UEh S oW (Fig 21B), Total proteine th%7-(1.3¢0.15g/dL)ol W] & A& (farm-A:
1.240.1 g/dL, farm-B: 0.3+0.05g/dL, farm-C: 0.53%0.1g/dL)ll A W& =27} AFHJA 2
o] A .l ztol= FFEA| ek SkTH(Fig. 21C).
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Fig. 20. Analysis of hematocrit (A), GPT (B), GOT (C) in the serum of olive flounder (P. olivaceus). *

Significant difference between control group and emaciation group based on the t-test ( p < 0.05).
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Fig. 21. Analysis of glucose (D), total cholesterol (E), total protein (F) in the serum of olive flounder, (P.

olivaceus). * Significant difference between control group and emaciation group based on the t-test (p < 0.05).
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3.3.3 M5Ol Al WY &4

o] 7 FHES o] &3 lysozyme TS A A o FT-(19.8£0.2 U/L)l H]EfA =
= A3 T+ (farm-A: 14.8£0.3U/L, farm-B: 17+0.6U/L, farm-C: 11.6+0.3U/L)ol| A W2 X7} 3
AL, 1 F farm-CollA] fro] Ao s e FX5 YERATHFig. 22A). T3, H] 5o

2,
2 MAA T ZdEd3 A5 Zg3= MPOEA A= lysozymedt HUFFA ol E
(absorbance 450nm, 2.2+0.3)°ll H]3ll = A3 (absorbance 450nm, farm-A: 1.97+0.25, farm-B:
1.38+0.03, farm-C: 0.75+0.07)c| A Y& =27} B2 AL, L F farm-B, farm-Coll A 2]
Ao vo FAE YERSATHFIg. 22B). AlX W] 9ES sk NBT &4& A
3l Ay}, tZ(absorbance 540nm, 0.51+0.1)H.t} XE= 213 - (absorbance 540nm, farm-A:
0.38+0.13, farm-B: 0.25+0.08, farm-C: 0.085+0.004)°l| 4] ©& *|7} ##HH A3, 71 5, farm-
B, farm-Coll 4| f-9]d o2 wo #=XE e A TH(Fig. 22C).
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(B}
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(MPO) Optical dellsty (450nm)
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(NBT) Optical dellsity (540nm)

Contorl Farm-A Farm-B Farm-C

Fig. 22. Analysis of lysozyme activity (A), myeloperoxidase activity (B), nitroblue tetrazolium (C) in the serum
of olive flounder, (P. olivaceus).*Significant difference between control group and emaciation group based on

the t-test (p < 0.05).
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4
olfi7t AWel =EHAS W VA OoR HrsEs ¥ES Yo, ~Ed~d A
st A ®2 AFE¥H(Chang et al., 1999). 3]<4=2]

S 3 N ks 2 vAe] H4 % gdd JFS vAe Ao2 Busy
(Kim et al., 2010). ¥ A3 HtA T, HFF 7oA dx=THT} =
© 1 (Fig. 21A), ©]2]3+ A3} Choai et al. (2012)o14 ®Hd Y&y L=, ol oY
Z 9olxgle] o ol MuTAHE wEA A YRITRT A TA Eo 3|7t

rlo
9
ﬁ
Ll
i
Au)
=

GPT9} GOT+= ofA|o] A def7t 4 FS53 (tol]l Fof7t dojutar &Ado] FolA
g3 557F S7kele Ao® B aE A tH(Gordon, 1968; Casillas and Ames, 1985; Rao et al.
1990). ¥ A¥e] A3, GOTY farm-BE #1913 GPT, GOTA A thxTHt}t e =37}
R AAR, 5 A RS YEdeh o2ldt Axe oA gFe AdAE 3H
A3 ARA dAvdo] gl AoR FAHY, B GPT, GOT+= At#e] dAHAA
Z|egEogA Aeld g 844 o wet ®istelr] wjitol] o FolAk Hlal tiitol

b o2 AR EUH(Fig. 20 B&C).
Fo 2E#AE 1, 2 33 o7 RIS 9l © M (Wedeyer and McLeay, 1981), &
9 glucoser= 12 WHSS] U EuWA Ao FrtE EH|E  catecholamine}
glucocorticoidell 2] YEli= ~Ed
2 HES0l MAGAFE f-rsls Ao R defx] gtk (Wedemeyer et al., 1990). ¥ ¢t
A1€] glucose 2, farm-A$} farm-BollA] tix7-H o} w2 #2]7F B2 E A 01, farm-Co
A i zTrel vlE)] =2 X7F #EEATHFig. 21A). ©] g 2= Edwardsiella tarda<}

A A glucoses 2 ZAe A¥}, PAAET} =

2

ol
ok

>,
T
o

ol by BEAL ARZA 37 ~EH

X
@
=1
o
(]
o
O
(@]
[
wm
>
QD
D
ol
L
it 1
ke
rir
Fot
i
N
N,

farm-C2} - AFsE 23 atS YER It (Kwon and Jung, 2012). 84| v, farm-A, farm-B2] &%=

7} RIFRT Ge X7 JEG AL 7 Zo)o] Ao w glucosene5|s°ﬂ dEF=

ol 7o FAAFGE AN E 2 ~EHA A E8H, Alse] x3E IF
3 Ba¥ 8} JtH(Garrido et al. 1990). ¥ A

total cholesterol 54 A3}, TR RE 23 oA cholesterolo] W 42| E ERY
JL(Fig. 21B), o2l A3t= A4S AR 3 AlRAF ] "ol dr[Hom I

FIah Aol e FysHEo] "oj oz Atz



g3 59 total protein =T PEH o3 HAHM, 7 AT shve FH &4
of W& F4 AE B = Ao m(Mater et al., 1985; Yamawaki et al., 1986), =+ o 9=
*= g2t 2 33 E Ve tHChoi et al., 2012). ¥ Ao A 9] total

protein A% A3}, Tl Hle} & )
gk A3+= Choi et al. (2012)01 4] Hard &3 dAetglon, ofd5 P Qg &

B & }2 Y] Asz A7 dojdl Jow wew,

N
E3

£ 2y

Lysozyme> At Al H
= #AFowA AFFES Wol7| & Fagh
NBT+= Aol A3 Ao, whol
oxygen species, ROS)E T7FA171H, 23t 3 2485 st B |JAE F 60~70%=
A e WA ER 5 FHdo] vt

1Ar4
ol Agae HAE, A9E SR BYL Fo AN I

)

A B¥eE 8424 a2, dulold s, A, ddEE 5
o]
-1

1>
N
o
ol
ol
flo
N
&
M
%
1%
o
t
>,
]
oX
>,
b
@
S
5.

A tH(Palic et al., 2005).

o]Fol FHS o] &3 lysozyme TS AE A o
A stE FAZE BEEJAIL(Fig. 22A), HI5ol4 WA T A dSuksol A&shs
MPOZ/d Aol M= lysozymed} §ASHA tz7oll B8] 2 AF oA o2 27}
W2 = IvHFig. 22B). Bt Al W] TS k= NBT &4 FAbolA %= lysozyme
MPOZ} &< A3} k& YERHATH(Fig. 22C). o2’k Aab= of 7o "Anks AAd A

Agees Agso] du, AR 24 SA 45 PE

}‘.1_[/
4,
12
rlo
4w
N
ol
2
2
3

A FAse] %Y FHoRtE RESAW, J9F AAAe] TR A WY
FEe weAlA QYo WS Ho] 13429 WolAsge] uH Qo AlnE

WepA, o 9F Al o ofAe] AEds B UG £HoT B HAE
2 Ui o fasn, gy AW grre odw B o] wastu
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Al 4% q4F9] AATES AT ATEHNY 574

41 M=
A AAASRE ofFollA HHEE EATFO thito]l o EASF(Myxosporidea) £}
oF 230001202 oA $hom(Kaur, 2014), o] 7]
AW == 4 7[Aste] deE e JA4EATTFE 4
2 ool AR, HAAE AFES U cystE FAsL S (Blaylock et al.
2004; Burger et al. 2007), IF-& cystE FAskA o} wte] oHS Fi

(Matsukane et al. 2010).

1] 32 2} (Microsporidia) 7+ = &+

%3 LAE FAA A4

o
2
=]
Y
of
lo
2
S
10
rlot
ot
offt
e
ille}
=1
=
A
N
o
o,
oo
_0|L
rlr
0%,
e
>,
Ll
N
N
K
%0
o
-
N
N

o] sFdA FEHE Gelste QAT R BAEAE Aists oA B (two-
host life cycle)S 714U, AL 9137 84 HAEAESS HA7FA| 5% (Ceratomyxa
auerbachi, E. llipsomyxa mugilis, E. gobii, Gadimyxa altantica, Sigmomyxa sphaerica)?r <& 4 3l
t}(Kgie et al. 2004, 2007, 2008; Rangel et al., 2009). T3k ¢ HAEX}ZFS FX] 80l A
== Kudoa septempunctata, 5019 2174 2 WA #E = Parvicapsula kabatai,
H2o] oAl IZE = Enteromyxum leei 5©] o™, g HAEZAFL T AAE
2zl HE] FEo] EAlshe D WAl Fo] ksl (Cox and Goodwin 2013), diH-

Thest o] Foll A E o] 5 BolAdo] Wt Fow d# A )lof(Katharios et al. 2014), 3]

= A5 Al oEws A e, Z2 Folgts FHTA R FdsA] &S
Tl A= FESHE WY wAeA dE 5 dAE 24

H
1988; Kim and Burgman, 1988). &3}, F-A}A &% Ay e 7 dl A
ol F 2o Zigto] AFEE L ¢l o (Kent et al. 2001), rRNAS] 7| LS HAshd £ <
T7HA WEhgk 4ol 7hsste] AFREA SR o] &8 & de S JHAA sk
ek Aol A= el g FA A FASHAl ol 9w FHAL
o] ofgFe] AAE ¥yl 93l Kim et al. (2015)°] X113k Eo] &2l primers

A8 971 99E EU R GenBank (NCBI, USA)Sl 528 HAELAF2 A7 M dRH-E
o

il

©,
o
N
rlr
10,

o

S
SSU rDNA % LSU rDNA primers= z}7} A 2bete] 9371449
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42 Ag 9 HH

4.2.1 230
% ATE 93 A8 20124 (EM-HM-12), 2013 (EM-MA-13), 2014\ (EM-JJ-14) 2
20151 (EM-MS-15)°] AlFAq o] gA|gAFo 2Ry FHson, 95 & EM-

H
FEEM-R primers= o] 8-5to] eli-& &3 § d3S sl

F9&5 78 2= At &dol
T oZgsd B 3RS wEo] dAeA kil dAvE e s A% sk, Barbara and
David (2002)e] H.i1¥ WS $83to] t}S 3} o] 2A83k¢lth. 50mL Tissue culture flask
(Falcon, USA)°ll Eagle’ s minimum essential medium (10% EMEM) 5mL¥} ¢t3] A& 50uLE #
7hate] 18°Col A 2441 7F wj<k7le] Qol& F, Lefol= ZFebxo] 100uLS 7Fete] #38HE
1] 7 (Zeiss LT60, Germany) 0. & #2H3} 9] T},

4.2.3 Primer A2}

SSU rDNA primers (18S rRNA, 1TS1)& EM-F/EM-R primersS E3&] 24z A7| LS wf
FOo = GenBankel ¥ 7IMGH vHug A HAXEAFI FAdo] wEE
universal eukaryotic primersQ] ERIB1-ERIB102} MyxospecF-MyxospecR<- A| 2}3}¢] (Barta et al.,
1997; Fiala, 2006) X A<l primers Z3$H(ERIB1-ERIB10, MyxospecF-MyxospecR, ERIB1-
MyxospecR, MyxospecF- ERIB10)S. & PCR 23S AA|$ A7, positive7} = =] o},
GenBankell S=9 UvlFdt HAEZRE A O 2 MEGA program version 4.0 ©]-&3&}o]
primer tablex} & A 3}IAl A 2}&} A th(Table 11).

LSU rDNA primers (ITS1, 5.8S, ITS2, 285 rRNA)S Kim et al. (2015)°] X.313F EM-F/EM-R
primers A &}3to] S Bl AMEY AVIAES A 5, o] &Exl d7E R e
2 dHAA] e Ao ARE Ao a2A DNA Walking SpeedUp™ Kit (seegene, USA.)E
ARgstlom, WdAlY Vs SolAo®E AET 4 = W-3F/W-3NR primersE A 2}

3% tH(Table 11).
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Table 11. Sequences of the oligonucleotide primers used for PCR amplification and sequencing

Primers Oligonucleotide sequences (5°-3°) Expected sizes Function

EM-F CAACCGCAATGTGTTTACTC 812 bp Detection of emaciation agent
EM-R CCAAACAACCTGCCACAATG (Kim et al., 2015)

PP1-F ATCAGGGTTCGATTCCGGAG 1,809 bp Sequencing of emaciation agent
W3-R GTCCACGTAGCTTACACTAC (in this study)

PPN-F GGTGGCGAGAGGTGAAATTC 1165 bp Sequencing of emaciation agent
W3-R GTCCACGTAGCTTACACTAC (in this study)

W3-F GCAAGATTGGTGGTGTTTGC 891 bp Sequencing of emaciation agent
W3N-R AACGGCTGACTGATTACACC (in this study)
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4.2.4DNA 2]

DNAE &g 3l7] 918t4 Kim et al. (2015)°A] Ha¥ WS 3aslte] AGELE U
AF© & DNeasy® Blood & Tissue Kit (Qiagen Hilden, Germany)Z Al-&3lo] DNAZS ¥ 3}
o}, WA ATL buffer 180uL<} proteinase K 20uLE % 718l 56 CollA] 22 o] 1S wj7l4]
HESATZATE ¥H3 %, AL buffer 200uLE Yo 412 U3 ethanol(100%) 200uLE o 5}
spin columnell %7 6000 x goll A 13+ YAl skl Columne M 22 tube® &3 %
AW1 buffer 500uL2} AW2 buffer 500uLE ©]-&3te] M&H A& A =, AE buffer 50uLE
A7kste] DNAS eletaitt. el¥l DNAS AF A7bA -80Cell ®Batakaitt.

4.25PCR % sequencing

PCR< microtubeol] 1uM<] 7} primer, 2.5 mM<] Z} dNTP, 10 x G-Taq Buffer, 2.5 U G-Taq
DNA polymerase (Gene Pro Themal Cycler Cosmo, Korea) % template DNAZ A F&%H S
7138k % distilled water® PCR <39 # < volumeo] 20uL7} A 3}l SSU rDNA
PCR 272 95T oAl 353t pre-denaturation A7 % 95C oA 1+ denaturation, 48C ol 4|
1% annealing, 72°Coll Al 2% extension®] ¥H3-S 1 cycle® 3}, 35 cyclesE WA 7T 1
2]aL, 72°Co A 1083t post-extension A] % 3L, LSU rDNA PCR 2712 95T oA 33} pre-
denaturation A]Z1 %, 95CollA] 30% denaturation, 55C |4 30% annealing, 72°Col| 4] 30%
extension®] WSS 1 cycleZ 3}, 35 cyclesE HH-g-AIFth 18]ar, 72ColA 73t post-
extensionA] # th PCR & &% 4H=2 1xTAE buffer (40 Mm Tris-acetate, 1 mM EDTA)E % 7]
A5S Y3 dFHo =z dlo], 0.5ug/ul ethidium bromide 7} 1 71%¥ 1% agarose gel ol A
A7) Fed &, UV AE710A bandE AT PCR T3 b= gel purification kit
(Bioneer, Korea)= ©o]-&3lo] 3|43+ 3 ToPo TA cloning® kit (Invitrogen, USA) & cloninga}<]
A7 E HAS 9 F 3 tH(Solgent, Korea).

S|
a3

4.2.6 A&+

M

A7) <E FA1L2 BioEdit progarme] Clustal W (Thompson et al. 1994)= A}-8-3}o] GenBank
of 5=% 45719 EElFE alignment 3t 3L(Table 12), alignment® F+HdA5S MEGA
program version 4.0(Tamura et al., 2007)¢] neighbor joining criteriaS =3 &}o] 93714 G 71H¢]

FAA Aelsh AT 24 AAFAT
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Table 12. Myxosporean species, host, site of infection, country and GenBank accession humbers used

for phylogenetic analyses

Myxosporean species Host Site Country Length of Gen?ank
sequence Accession No.
EM-HM12 Paralichthys olivaceus Kidney Korea 3362 Unpubished
EM-MA-13 Paralichthys olivaceus Kidney Korea 3362 KT321705
EM-JJ-14 Paralichthys olivaceus Kidney Korea 3362 Unpubished
EM-MS-15 Paralichthys olivaceus Kidney Korea 3362 Unpubished
Parvicapsula asymmetrica Cyclopterus lumpus Kidney Norway 1587 AY584191
Parvicapsula limandae pleuronectid Kidney Denmark 1260 EF429096
Parvicapsula unicornis Merluccius merluccius Kidney Norway 1536 AY584190
Parvicapsula petuniae Gymnocanthus tricuspis Urinary bladder | Norway 1706 KF874230
Gadimyxa atlantica Gadus morhua Kidney Norway 1306 EU163421
Gadimyxa arctica Arctogadus glacialis Urinary bladder | Norway 1324 EU163426
Gadimyxa sp. Gadus morhua Urinary bladder | Norway 1316 EU163424
Parvicapsula kabatai Oncorhynchus gorbuscha Kidney Canada 1480 DQ515821
Parvicapsula spinachiae pleuronectid Kidney Denmark 1399 EF431928
Zschokkella siegfriedi Boreogadus saida Kidney Norway 1695 KF874231
Zschokkella hildae Gadus morhua Kidney l-Jnited 1839 FM957569
Kingdom

Sinuoelinea sp. Scophthalmus maximus Kidney Spain 1958 AF378346
Sinuolinea arctica Myoxocephalus scorpius | Urinary bladder | Norway 1696 KF874232
Parvicapsula irregularis Hippoglossoide platessoides | Urinary bladder | Norway 1761 KF874229
Parvicapsula bicornis pleuronectid Kidney Denmark 1241 EF429097
Sphaerospora testicularis Dicentrarchus labrax Kidney Italy 1760 HM230825
Myxosporea sp. mulloway Kidney Australia 863 JQ868766
Myxosporea sp. Cynoscion nebulosus Urinary bladder USA 1694 JX460904
Sinuolinea sp. Cynoscion nebulosus Urinary bladder USA 1990 JX460906
Latyspora scomberomori Scomberomorus guttatus Kidney Malaysia 1929 HM230826
Schulmania aenigmatosa | Hippoglossoides platessoides | Urinary bladder | Norway 1653 KF874233
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Zschokkella lophii Lophius litulon Urinary bladder Japan 1717 DQ301509
Zschokkella sp. Diodon holocanthus Urinary bladder | Mexico 1954 DQ377705
Cf. Latyspora sp. Clupea harengus Kidney Norway 1764 KF874234
Myxidium incurvatum Callionymus lyra Gall bladder Atlantic 3097 FJ417064
Sinuolinea phyllopteryxa Phyllopteryx taeniolatus Kidney Australia 1740 DQ645952
Myxidium sp. Myoxocephalus scorpius Gall bladder Norway 1001 KF874237
Ellipsomyxa syngnathi Syngnathus rostellatus Gall bladder Denmark 1706 GQ229234
Coccomyxa colurodontidis Colurodontis paxmani Gall bladder Australia 1347 HMO037790
Auerbachia pulchra Coryphaenoides rupestris Gall bladder Atlantic 3104 FJ417047
Kudoa sp. Cynoscion nebulosus Muscle USA 3204 FJ790312
Kudoa thyrsites Paralichthys olivaceus Muscle Japan 3349 JQ302300
Enteromyxum leei Diplodus puntazzo Intestine Italy 3216 FJ428227
Enteromyxum scophthalmi Scophthalmus maximus Intestine Spain 1609 AF411335
Ceratomyxa shasta Oncorhynchus mykiss Intestine USA 1643 AF001579
Ceratomyxa aracuata Lophius piscatorius Gall bladder Scotland 1384 KJ419344
Ceratomyxa longipes Melanogrammus aeglefinus | Gall bladder Scotland 1370 KJ419343
Ceratomyxa arcuata Lophius piscatorius Gall bladder Scotland 1156 KJ419342
Ceratomyxa auerbachi Clupea harengus Gall bladder Norway 1778 EU616732
Ceratomyxa labracis Dicentrarchus labrax Gall bladder Spain 1763 AF411472
Myxobolus pseudodispar Rutilus rutilus Intestine Hungary 1554 AF380145
Myxobolus sp. Labeo bata Intestine USA 1866 MSU13828
Myxobolus pseudodispar Abramis brama Gall bladder Hungary 1551 AF380144
Myxobolus musculi Barbus barbus Muscle Hungary 1556 AF380141
Myxobolus cyprini Cyprinus carpio Muscle Hungary 1554 AF380140
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43 43 2 3%

431 AlEsHA 24

u\l

o] Y32 SSUrDNA 2 LSU rDNA primer setE 2tZ} Al8-3te] PCR WS &3 HEd
4719 E2]FE EM-HM12, EM-MA-13(accession number:KT321705), EM-JJ-14, EM-MS-15%
¥ 7138k aL, SSU rDNAC H]&ke] LSU rDNA2] primer setS AFE3IAS w dAA|xo=z
PCR 7% Z=7l & Ao 2 Yebgth(Fig. 23). L8]l GenBank database=5-E] ¢S 45
Mep 2 Agor d& AADVIMNES AAEARF] FA7 5 Ao dofA A4
3 GAAE RuE ARE ALt b 2459 th(Kodadkova et al. 2014 ).

BoATeld Reld ale RelFe AANGIMD ABERSHAEN dv, wE

2

24 s L 99.7%~99.76%20 A o2 YEFTHFig. 25). S, TuldlA SAHE 4719 #
2l e m2 9o

5t Ao 7 T2E A THFig. 24). 344k GenBank databasecl] 5% P. petuniae:= 18S rRNA
T S25o] oS W g2 X Y(ITS1, 5.85 rRNA, ITS2, 285 rRNA)ol T3 AR = 5= o
AA ol i ATl A dojxl 3,362bpE A HE o] GenBank databases 83
AR v BAS AAE Y o1 AT, 58S rRNAS 83 ITSH ol A= 2 Ao A
2]k #2969 bp)et A A7) A E<l 130 bp7} Myxoblous sp. (Accession No. JN616264)
o} 13.4%9] AEAd o] 2= %lar(data not shown), 28S rRNAS] - 2} Bl n 4 Ay} Fg
F(742 bp)2t F 71 E <1 360 bp7} Zschokella sp. (Accession No. FJ417081)2} 48.5%2] W]l %
2 s ol ¥EE ol(data not shown), uiell A LA EkE o @S FHAdo] fle AL
2 ZALESITE g, 18S rRNAR 2] gk F2]57(1,651 bp)et A4 A71A €<l 1,538 bp7t
P. petuniae (Accession No. IN616264.1)9} 92%9] %2 54 o] #H2 = o] (data not shown), =
Yol A @ sh= o] 958 Parvicapsula sp. 2 574 3} T}

oA X F/]T(accessmn number:KF874230)2} Al 5 wFed o2 A

_|_4
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EM—HM12 EM—MAI3

2,000bp
1,600bp

1,000bp

500bp

Fig. 23. PCR analysis of LSU and SSU rDNA sequences. Lanes 1 and 5 PP1F-W3R; lanes 2 and 6
PPNF-W3R; lanes 3 and 7 EMF-EMR; lanes 4 and 8 W3F-W3NR; M, 1kb DNA ladder; N, negative
control.
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Mrxobolus sp MSU13628 h
Myvobolus pseudodispar AF380145

Myvoboluspseudodlspar AF380144 i
Mivobolusmuscali AF380141
Myxoboluscyprini AF380140 3

xobolus

clade

»

,
M)

o5 Panvicapsulaasymmetrica py58419
§[1 Parvicapsula limandae EF 429006
Parvicapsulamicomis AY584190
Parvicapsula kobatai DQ515821
Parvicapsulaspinachioe EF431928
Parvicapsulairregularis KF874229
Parvicapsula bicoris EF40007

Sphaerospora festicularis. HM230825
Panvicapsulapetunioe Keg7423)
EM-MA12
EMJH3KT321705

v
Parvicapsula
subclade

EM-HM-14
72 /EMMS-15 :
Gadim

2arclica 11463406
— - Gadimyxaatimntica. E{163424
o Gadimyxasp. EU163424

_ Ischokkellalophir Q301500

Ischokkellasp. pQaTTIOS

2 Latysporasp. KF874234
Schulmania oenigmatosa - KF8T4233
Latyspora scomberomori HM230826
Sinuolinea$p. ya60006
— Myxosporeasp. JQ868766
: % Miosporeasp. - JX4G0004
Simolneaphylloprerya DO§45052
Myidium Sp. KF874237
Ellipsomyxasimgnarhi - GQ22024
Coccomyvacolyradputicls, HMO37790
Ceralomyxashasta K 419343
fomyxashasta K 410344
eratomyxa labracis AF411472
Ceratomyxa snasta AFO1579
Sinuolineaarctica KF§74232

. Sinolimeasp. AF378346

T:/m e (g7t

: L Zchotielohido y067e09 .

® ‘— Eutromyxm scophthalmi - AF41135 }
Entromyxinleei F 428207

T— }

v
Zschokkella
subclade

Kudoasp. Fy70012
5 Myxidium incurvatum F 3447064
Averbachiapulchra FJ417047
Ceratomyxaarcuata 10349
Ceratomyxaauerbachi 61672

P

Fig. 24. Phylogenetic tree of showing the genetic relatic relationships 49 myxosporeans based on the
nucleotide sequences of the SSU, internal transcribed spacer(ITS) region (ITS1, 5.8S rRNA, ITS2),
and LSU gene. Phylogenetic analysis indicated that most of Korea emaciation belong to the

parvicapsula sp.
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PP-1F —»

EM-HI-12  hTCAGGGTTCGATTCCGGAGNGGGAGCCTGAGAAACGGCTACCACTTCCAAGGAAGGCAGCAGGCGCGCAAATTACCCAATCCAGACATTGGGAGGTAGT 100
EMMA- T3 | b 100
P 100
e T o 100
EM-HW-12  GACGAGAAATACCGAGGCGGGATGTAACAATTTCGCTATCGGAATGAACGTAACTTAARACCTTTGCTGAGTAACAACTGGAGGGCAAGTCTGGTGCCAG 200
EM-MA=T3 e 200
EMJd=14 200
EM-PC 15 200
EM-HM-12  CAGCCGCGGTAATTCCAGCTCCAGTAGTGTATTTCAAMATTGTTGCGGTTAAMACGCTCGTAGTCGGATTAGAGGAACGTTACATAGCCGGCAACTGCGC 300
EMMA=T3 300
BN T4 300
ENEPG=15 et 300
EM-HI-12  GCGGAATCGCGATAGCAGAACGCCBGGTGACGTTCTTTTGTGGCAAGTCCCAGCTGTGGECT TCAATGCT TGTGECCGATCGCTTGCTAAGCGTGCCTTG 400
EMMA=T3 L 400
MU0 T4 400
EMPG-15 400
EM-HI-12  AATAAAGCAGAGTGCTCAAAGCAAGCGTAACGCTAGTATGTAATAGCATGGAACGAATACATGTTAGAGCAGGCCTGCTCAGTTGGTTGGTGGAGTCGAT 500
EMMA= T3 500
EM-J0= T4 500
EMPG15 500
EM-HM-12  TGAGCAGCGATGCTGTTTGCTTCGECAGACAACGCGT TGTTCGCCGECCACTGACTGCGTGCTGCGECGBAATCAGT TTACTGGCT TCGTCGAAAGTGCA 600
EMMA=T3 L 600
EMEUJ=Td 600
EM-PC-15 .ot B 600
PP-NF —
EM-HM-12  GACAGAGCTGAGCAGCCTGTCGGTTAAGAGGGACATTTGAGBGCGT TAGTACTTRGTGGCGAGAGGT GAAATTCJl TAGACCCACCAMGACTGACAAATG 700
EMMA=13 oot 700
ENJJ=T4 o 700
EMPC=15 ottt et 700
EM-HM-12  CGAAAGCATTCGCCAAGAGTGTTCTCATTGATCAAGAACGAAAGT TGGAGGCTCGAAGACGATCAGATACCGTCCTAGTTCCATACAGTAAACGATGCCA 80O
EM-MA=13 ... T e 800
EM-JJ-14 oo T 800
EMEPC15 .ttt 800
EM-HM-12  ACACGCGATCAGTCTGAAGATATTTGGATTGAGGTTGGTCGCCCAGGAAAACTGAAAGT GTTCTGGTTCTGGGGAGAGTACGGTCGCAAGGTTGAAATTT 900
EMAMA=13 e e B et 900
EM-JJ=T4 o B e 900
EM-PO=15 et 900
EM-HI- 12 AAAGGAATTGACGGAAAGGCACCACCAGGAGTGGAGCCTGOGGCTTAATTTGACTCAACACGGGACAACTCACCAGGTCCGGACATCGGTAGGATTGACA 1000
EMFMA=13 e 1000
BI04 1000
EM-PC=15 et 1000
EM-HI-12  GACTGATAGATCTTTCATGATTTGATGATTGGTGETGCATGGCCETTCTTAGT TGGTGGAGTGATCTGTCAGETTTATTCCGGTAACGAGCGAGACCCCE 1100
EM-MA=T3 A.. 1100
M0 A.. 1100
EMPC 15 1100
EM-HW-12  GTGTCTAGTTAATGGCCGGGTCACGGCAGGGTAACACCGAAGTGBACCCCCGAGTGCAGTTGCGTCGRCGGTGGCTGTTATGCTTGTTTGGCTTTTGGCA 1200
EMMA= T3 1200
EM-JU=T0 1200
NP 15 e 1200

Fig. 25. Comparison analysis of the DNA nucleotide sequences of pathogens detected from the

emaciated olive flounder (P. olivaceus). Primers used in PCR are in boxes.

- 74 -



EM-HM-12
ENM-MA-13
EM-JJ-14
EM-PC-15
EM-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15
EM-HM-12
ENM-MA-13
EM-JJ-14
EM-PC-15
EM-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15

EN-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15
EM-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15
EM-H-12
EN-MA-13
EN-JJ-14
EM-PC-15
EM-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15
EM-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15
EM-HI-12
EM-MA-13
EM-JJ-14
EM-PC-15

EM-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15
EM-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15

GCAATGTCAACAGTCGAGCAAGTGTGGCGGCTGCAGT TAGATGTGCTGCGATCAGGGTAATCCAGTGTGACTCGGATACTAGACAGACAACCGGAGAACT

Fig. 25. Continued.
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EM-HN-12
EM-MA-13
EM-JJ-14
EM-PC-15
EM-HM-12
EN-MA-13
EN-JJ-14
EM-PC-15
EM-HM-12
EN-MA-13
EM-JJ-14
EM-PC-15
EM-HM-12
EN-MA-13
EM-JJ-14
EM-PC-15
ENM-HM-12
EN-MA-13
EM-JJ-14
EM-PC-15
EN-HM-12
EN-MA-13
EM-JJ-14
EM-PC-15
ENM-HM-12
EN-MA-13
EM-JJ-14
EM-PC-15
EN-HM-12
EM-MA-13
EM-JJ-14
EM-PC-15

EM-HI-12
EN-MA-13
EM-JJ-14
EN-PC-15
EM-Hu-12
EM-MA-13
El-JJ-14
EM-PC-15

“+— EM-R
ACAAACAAGTGCTATTGGTACGTTGGGTCTCTTATTGGGATAGACAAGCTGATAGTGAGT TTGTGGTGTGTRCAAGATTGGTGGTGTTTGCAATGTGTCA

........................................................................... G
........................................................................... G
........................................................................... G
+— W3N-R
CAACTGTGTGTGCATGTGCGTTTCGCCGTGTACACATGATTGGGTGTAATCAGTCAGCCGTT
A
Y
N

Fig. 25. Continued .
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2 AFdAME AEEA A4S FEl el LAk o ¥5o] Parvicapsula sp.ol

&3l Zloz AL, sty 48 Ed Parvicapsula sp.2] A& A<l ¥x5 #3
=

A9 A& JhR FEe GUdAr BEHAA(Fig. 26A-D), HEF T8 A (sporont) B A
94 QEEo] cyst wallS AAsHAA MEAW] ALY FH(Fig. 26E~G) = E A9}
SR A EE AYAFalE pansporoblast 3 Ef7F TR E QL UH(Fig. 26H). FEE, HEZQ Ex}e]
A= T 71X ez BEFEHYgoer 1 F us T e Izt e wek 2ot
2 WP BHor okl fHeln, Aol 16

A

2

E
i

|

R @Eow woly F o] S¢S THAA e XA

b &2+ loh(Fig. 261~K). =
Lo Zate] guel do| 5-8m, E 7-9mrt BEHYL, I Ao Fd %

e e &
2ol o Rio] ¢lE eyt BEHArHFig. 26L). ol#d A= {x FA oA @A

S} P. anisocaudata % P. pseudobranchicola n. sp.9} HE|sHA o2 fF-AFsk X7} #zh
% 31(Zhao et al., 2000; Karlsbakk et al., 2002; Cho et al., 2004), Parvicapsula sp.ol| A 9+ 25 =
AP AA E27F E1E | (Fig. 261~K), sulellA] LAt oA YT AFeA 4235}
53l Parvicapsulasp.@l o2 FALE AT

Agzel TFHE A7 AF FHolA b v FJEf] triactinospores7t ¥ S
31(Fig. 26J), triactinosporest= Z+zF Zo] 51ume} 140mol™, =1 ZF &} triactinosporesi=
70 v Rkol] SFE Fito] miEatm SHETolA A FEje] EA dPHo] HEHA
3L(Fig. 26K), T2 3}}9] triactinospres= 57 caudal processes & 9] F-¥o t}=9] ¥z}
A8 do]l #ZAFHAT(Fig. 26L). o]t A= A Ay EHE = Myxobolus
pseudodispare} AFSE A3}7F #zHE Q) O U (Szekely et al., 1999), sporont, cyst wall 2 spore
A tE 7l A & F AoRE ZAEHAT. I, XY FHE F
Pavicapsula sp.oll &3l oz Ry o] HluwE AA|sk A3 dAA71A| Parvicapsula sp.
of w3l triactinospores®] H.I1E Ald7} glo], Hlm EASE 4 gllon, FFo=
Parvicapsula sp.o] th3F & e}tz < F-oll A triacinospores®] &3k zbo] 2l d ] ojof 3t
Aoz oAAXIH,

of

o ATolA FE AFsHA 4 B FEEhE BAS Fa oA dAske o ¢
S+ Parvicapsula sp.= w4 oH, & Ao A= AE9SS MAdst=d F83k 2
582 &80 d 30" oA
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Fig. 26. A hypothetical sequence of developmental stages of emaciation. A: first stage of shizont
visible with microscopy (x1000, bar=10um); B~C: Sporont (x1000, bar=10um), E~G: Sporonts (x400,
bar=10um); H: Pansporoblast (x400, bar=10um); I~K: Spore in frontal view (x400, bar=10um); L:
Atypical smaller spore (x400, bar=10um); N~O: triactinospores (x1000, bar=20pum).
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A 5% %E WA Z WA e Parvicapsula sp.o] FH
24

N EZASZ(Phylum Myxozoa) A EAF2 AA Heoleh oo 2% 7] sk

f OPHEATL SFo] AEAUA o] olFolm Fi ¥, WY, TF, A4
o)
£,

@

NZzaLFo o AW AATA AMFFE LSt

2173 o] t}(Nam et al. 2006).

A AQEZAFES 271 T3 Ao A9nE T A S s=Hstr] s Al
2> J¥gr=2 Jd 4 2= polymerase chain reaction (PCR)¥} real-time PCRH =

ow, 1 % realtime PCR 7]E2] PCRYE S EE 54387 &7 W

el o] 7153}o] real-time PCRHES A3 w7l & o]t (Goldberg et al., 2003;

Nerland et al., 2007). B=38F, HAExFo] 7] A4 A &= 7z F7]19] DNA copy =

A7) 98 BEe SolAo] =2 real-time PCRZ HAXLAFA AS stz
et A AFEE I gl oW (Kelley et al. 2014), =L 5 SYBR Green & #A| 83 AA|7to =z
SEE ike] S APt ALeA AR 5 R e HED T oA muigel
A ol ARgE AL At

H T 2 gAeA] BAEE ol 952 Parvicapsula sp.8l Ao E ZALE GO,
EABETH 9]l PCRE Fall A7 AdES I 23 A%, 4, v A
2 A% At =2 Ao® deson, A% A9 ¥, rellAe o] wAlstE A0
2 B3 HJOKKim et al. 2015), A 574 Pavicapsula sp.oll 7+ E o] FolA vElYE

AAA AdE AFAolar FA4Q1 vl #A S AAG A= o] Fo A A &L T
kA 2 Ao A= Il 9X FA A ujd @ Sk= Pavicapsula sp.ofl o shod
=, A%A 4 2 Pavicapsula sp.o] 7t F7H FA ]

& 2 s
ol vheto] s wASGOM, Ee el 245 FAE B9 reaktime PCR Ahs)
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52 Ay 2 H9d

5.2.1 23] o]

AFEAFAUAAEAN ARG
Pavicapsula sp.&] FALE o] E| gk FA 7ol
F/IEM-R primer setE Ab&3sto] A% F-9lolA 345 HQl 19 (EM-A)%F S B
% 2v}2](EM-B, EM-C)9] 7} A71E5 A &3}e] real-time PCR ¥ %284 ZHAE &

=ol7] Y8 F7H4 o2 PCRoIA FAS

1>

e Ao w AR okARS HFESHAL

=

>
L
B>
=4
o
o
>
o)
>
it
o
o
_O‘L
oS
P
(.
o
m
=S

4 wmE A St B, Ane AfE

il

1<l 5ul2](EM-D, EM-E, EM-F, EM-G, EM-H)E A 83} real-time PCRE &3l Hlul &4
SFA T

L

5.2.2 DNA =

FA A AT GA=RE A, A v, ¥ ) 22S 4E513laL, DNAE
22]3l7] $8}o] DNeasy® Blood & Tissue Kit (Qiagen Hilden, Germany)S AF-&3}ith WA
Z} z2]9] 10mgell ATL buffer 18OuL9‘r proteinase K 20uLE % 7}sle] 56 ColA & o] =
S w7pA] HES AT WES 3 AL buffer 200pLE ¥ o] 41 Tt ethanol 200uLE- U] 5}¢]
spin columnell %7 6,000 x goll A 1#-37F YA E-2]83A T} Columns Al 2% tubeZ %71

AW1 buffer 500uL$} AW2 buffer SOOMLTE: o]-&sto] MAHIAGE AW F, AE buffer 50uLE

A7kete] T2 o= DNAE shalth. el DNA= A3 A7bA -80Cel w#s}s)
o
5.2.3PCR

PCR 4] Pavicapsula sp.2] X ©S 9]8le] #|A]gF EM-F/EM-R primer setE ARE-313)
S ™(Table. 13), PCR-> microtube®l] 1uM<e] Z} primer, 2.5 mM<] 2} dNTP, 10 x G-Taq Buffer,
2.5 U G-Taq DNA polymerase (Gene Pro Themal Cycler Cosmo, Korea) 2 template DNAZ A 3=
=% A4S H7bsk = distilled water2 PCR &31=9] %% volumeo] 20uL7} Al 3}S1
t} PCR %712 95T A 3%-7F pre-denaturation A]71 9, 95Tl 4] 30% denaturation, 55C
o] 4] 30% annealing, 72°Cl A 30% extension®] WH-S-S 13] 2 3}o], 353] HWHE3lo] HE-g-A
At 2e)ar, 72°Coll A 783t post-extension Al FTE PCR § 5% A& IxTAE buffers
A7 5s 213 dsHoe = 3o, 0.5ug/ul EtBro] 7k 1% agarose gel “doll A 7] -5
& 5, UV AE7E o83k, ultraviolet’doll M AEH = b= A7 BEEIH
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Table 13. List of primers used for the detection of Parvicapsula sp. from olive flounder (P. olivaceus)
by PCR and real-time PCR

Primer Oligonucleotide sequences (5'-3") Expected sizes Function
EM-F CAACCGCAATGTGTTTACTC A Detection of Parvicapsula sp. by PCR
812 bp .
EM-R CCAAACAACCTGCCACAATG (Kim et al., 2015)
EMRT-F CGATACATGTTGGTCGAC Detection of Parvicapsula sp.
147 bp by real-time PCR
EMRT-R CGAATCGCATTAATTATC (in this study)
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5.2.4 Real-time PCR

Real-time PCR< ‘&3l Parvicapsula sp.oll #1€ WX 2+ i A7E@&1E, &, ¥4,
¥, 7H) ¥4 nuES ##Zs7] 9ste] 285 rRNAR-9 25 E RTEM-F (GGATACATGTTG
GTCGAC), RTEM-R (CGAATCGCATTAATTATC)S Al 23} 1 (Table 13), 1¢S5 DNAS A
2S5 93] LightCycler ® Nano SW1.0 (Roche, USA)S AF&3tith PCR yhg-ol Az
SensiMixPlus SYBR (Roche, USA) 10uL, forward®} reverse primer Z}ZF 1uM, 3 DNAZA]
Plasmid DNA &= F&%¥ dibS #H71s & S/HSTE PCREFE HF ] 20uL7}t A
&ttt Realtime PCRS] %312 95Tl A 103+ §F3-3 $, 95T 20% 60C 20%, 72T
20%9] WH3-S 1cycle® 3t 45cyclesS WHS-A] 7 Th

FEAHIAS 2467 98] Pavicapsula sp.2] genomic DNAZS F3 07 3lo] EM-
FIEM-RE Alg3] PCRS A5t a, 4% PCR 29&ES pGEM-T Easy vector (promega,
USA)ell ligation 3}¢] Cempetent cell DH5a 5=l cloning#]Z!l ¥ plasmid DNAS 2] 3}3)
o} 29 plasmid:E 10'~10° copies/uL® 108]4) 3] A1 3}o] real-time PCRA| A IS
TFol=d A3 0™ plasmid DNAE 292 =351 o

S #%3}4] Bouin’s solutiono] 24A1%F F¢F A F 70% EtOH &4ttt o] F u}&)

A HFE Al7]3(Leica EG 1150HC, Germany) vl 7] (Leica Jung 820, Germany)E A}-8-3}<

EujE AA SISl o] F mlo]ARF SR 4~5m T AAS Ao} frejEetol= F-
AlA AZA T A2 22 22 haematoxylin®} eosin (H&E)S. 2 A4S AAIgH &
3]

(Zeiss LT60, Germany) o= 7 74 3} At}

E
ol
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53 4 3}

5.3.1PCR

z|

nl

o
Eas

Pavicapsula sp.°ll

3to] PCRS A8k A3}, EM-AS] A]

=
=

=2 A
=

1
R

o

el
N

)

¥ 21 th(Table 14 & Fig. 27).

=
=

o] 7]

)
=

, ¥, TFll A HE= QL AL, Pavicapsula sp.oll 7 E A2

91 %] ¢l t}(Table 15).
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EM-A EM-B EM-C

M N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1000bp
500bp

Fig. 27. PCR amplification from nucleic acids of intermal organs from the emaciated olive flounder
(P. olivaceus) in the level stages of infection. Lanes 1, 6 and 11, Kidney; lane 2, 7 and 12 Intestine;
lanes 3, 8 and 13, Spleen; lanes 4, 9 and 14, Brain; lanes 5, 10 and 15, Liver; M, 1kb DNA ladder; N,

negative control.
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5.3.2 Real- time PCRY] 7 &4

B Ao &= Pavicapsula sp.ol 79 ¥ o] FZH-E 812bpe PCR AHES &wd 4= 9)

Aem, o] PCR 4t=9 249 S ©]&3te] Pavicapsula sp.o] &S 913 dulisst
1

(absolute standard concentration)S #2313, Pavicapsula sp. %1 4}2] &3 © 2 H-E

copies/y F=9] plasmidES FH &R FHE plasmidS 1/102 A% F&jste] T+ HAH
G4E +25 A3 plasmid DNAS] copy =<} threshold cycle(Cr) @t Akole] Aa3+A 7
91 r’& 0.995% UFERSTHFig. 28).
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25

= r’=0995
M=3.79
Efficiency=1.83

Fig. 28. Standard curve derived from 10-fold (10*, 10% 10° 10* 10°) serially diluted plasmid DNA
containing a partial 28S rDNA.
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5.3.3 Real- time PCR< ©]-&% &7 79 5%
Pavicapsula sp.ol 9% WX ZE diA o2 PCRolA dAS Hel JiAe F2 A7]|(A
2, A, v, 7 =) 227 el 712 copyE Folgh Ax A, A, v, o, 3E

o7 o AL st ti(Table 14&15). 1 5 H] 7% EM-A samplec A= A #7)

M
o

o A
ol A copy7} BEE A &k9kom, EM-B (kidney: 5.6 x 10° intestine: 2.4 x 10°; spleen: 2 x 10°;
brain: 7.8 x 10% liver: 8.1 x 10%)°ll & 10%~10° ¢] copy”} ¥ = )1, EM-C (kidney: 1.7 x 107;
intestine: 3.9 x 10% spleen: 1 x 10°%; brain: 4.7 x 10° liver: 3.2 x 10°)°ll A& 10*~10" €] copy”’} &
Zh%] 9 th(Table 14).

Eh FUHH O R AAE sutefo M flo] A FdsHAl A, A v, o, 3 &
o7 copy’t EE AL FelEgon, PCR Adolr HEHA &S RELA] real-time

PCRS £3 ZZE5%+= copy (10~10"copy)F= 2218} tf(Table 15).
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Table 14. PCR, histological examination and real-time PCR using kidney, intestine, spleen, brain and

liver of olive flounder (P. olivaceus) in Korea. P, positive; N, negative

Culture
farm Organ Real-time PCR PCR Histo-logif:al
examination
kidney N N N
intestine N N N
EM-A spleen N N N
brain N N NT
liver N N N
kidney 5.6 x 10° = P
intestine 2.4x10° P P
EM-B spleen 2x10° P p
brain 7.8 x 10 P NT
liver 8.1 x10° N P
kidney 1.7 x 107 P p
intestine 3.9x 10° P p
EM-C spleen 1x10° P p
brain 4.7 x 10° P NT
liver 3.2x10° P P

NT: not tested
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Table 15. PCR, histological examination and real-time PCR using kidney, intestine, spleen, brain and
liver of olive flounder (P. olivaceus) in Korea. P, positive; N, negative

Culture farm Organ Real-time PCR PCR

kidney 2.6x10° P

intestine 1.6 x 10 N

EM-D spleen 2.2x 10" N
brain 1.2x 10" N

liver 3 N

kidney 1.3x10° P

intestine 3.9x10° P

EM-E spleen 6.5 x 10 N
brain 2.6 x 10° N

liver 2.2 x 10 N

kidney 2.7 x 10 P

intestine 2.4x 10" P

EM-F spleen 2.9x10° P
brain 9.4 x 10° N

liver 2.8x 10° N

kidney 4.4x 10° P

intestine 1.1x 10° P

EM-G spleen 7.9x 10* P
brain 1.7 x 10°* P

liver 6.5 x 10° P

kidney 9.5 x 10° P

intestine 1.4 x 10° P

EM-H spleen 2.7x10° P
brain 3.1x 10" P

liver 5.6 x 10° P
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Fig. 29. Micrographs of the kidney (A: EM-A x100, E: EM-B x200 and I: EM-C x100), intestine (B:
EM-A x200, F: EM-B x200 and J: EM-C x200), spleen (C: EM-A x200,G: EM-B x200 and K: EM-C
x200) and liver (D: EM-A x200, H: EM-B x200 and L: EM-C x200) from olive flounder (P.

olivaceus) with control and Parvicapsula sp. Note the serous tissue destruction and many spore in the

internal organs (arrow). H&E stain Bar= 20um.
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53 11 &
A AAASZ ofF 7|ATA st a7t G4k weh, Ahs Fol7] 8 FEA
2 G AN AR =8-S 7]&olar QAT ¢S] AdslE AL dAAEAE BT A
%

Z= AES 93 microscopy, immunoassay ! western blotting

AEWE FAx7] 2 SR VAT AWS AS Adsket oy el den, olsf
T2 dils Bty 9 PCRe ©&3 A& e AREShal YA RH(Kurita et al., 1998;

Jeong et al., 2006), YH+A <] PCRS F=2 PCR WH& 5 agarose gelS 3 <lsta 74
o = of"HAY] o7 wEel HZoll= ASsH e AgHer A=) fe
real-time PCR Al g2 AF-&3}al 2AtH(Song et al. 2008; Jin et al. 2011).

Aol A= real-time PCR< &3l Pavicapsula sp.oll A% #elole] 2 =24 W <&
A S7F Wstel] di 24& s, tio] Mz stE HAE S8 real-time PCR
Aagkate] AAdAE Fdetaat s

WA Pavicapsula sp.oll °]3 7 55 ¥EEE7] 918 EM-FIR primer setE AR5}

j= =
F9E WAE BRAQT 498 oFES o

PCR WS B3l mzdols PE XS B A,
ol AEHA0H, AF FolE 0P, ¥, QM E FEol HE A0E HANAD

(Fig 27), ol&lgt Ay Al 1749 &2 dA &kt

Real-time PCR 2 &S 93] Pavicapsula sp.oll 7% o] F=%-E 812 bpe] PCR A%
gHsle] F2Y F plasmidE Egsle] A E=sEE A4ke 23 1.6 x 10™ copies/gS
S} 31911, Pavicapsula sp.o] A& EAS 913 EMRT-F/R primer setE A|2}alo] =] 9]

mlo

o

B

AdAd ASS 98] A= 92 <ol real-time PCRS 433k 5 crossing point #kS- H] 1L
A%, () BT 099010 em AFA Wik oyt dAMge] oS & & ASATh(Fig.
28). 3k, =2 9] Pavicapsula sp.o] 7% FEE AHE A} A oA 2.6 x 10°
~ 1.7 x 10 copies/mg= T} 7] vls] 7} e FAE YERNeH, dE g =
PCR ZFoA HEHA e FE27H4 9T + UAtH(Table 14&15). o] 23k A=
dutz el PCR %3l Pavicapsula sp.o] 792 geldtr] airs HA 10° o] 49 copy7Zt
EA e of k= Ao® AThE ™, Pavicapsula sp.o] FEA R 7] e] AHE A4}

dgsted #8359 Jo Asd



A g7V el M= the] AL b E QAL (Fig. 29), GV 7] EAbe] 453= real-time PCR
Aot AT ol Avbm A dAE AASH 2w F-flolME real-
time PCROIA HZFo] SV wiwel Welzssor o] 7bsd Aom dehdvh
shAIRE, ez A et dibs AR o] it AlEgAo] WolA Y] el A WA
wREA WAR gl gAe] leB®, Pavicapsula sp. FAF AL AR S AE 2]
AW A& Wed = e real-time PCRO] 838 oz sad)

AT AFE AN A4E EAE dorla e oS dY g

ZA M2 &3 Pavicapsula sp.® 439 o, 474 ®aH Pavicapsula sp.i= A1
3}

oA Zhde] olFojdttal Bl wal glof, & Al Hdde AAshH 23

-94 -



TR 2

=
=

SER IR

1

=7 g 9

A

9

=

]
FA o7 FAH o] gkow(Kim et

@)
e

]

!

g

1980\ T
A

Ho] gom 301do]

o

11Erg o] Aol o

-
-

s

TH8
A

=

]
H

|

-

o
/\61 ;é}

=
<]

al., 2006; Cho et al., 2008; Kim et al., 2010),

Iy

!

o)

157

_%]_O

1ol |Ael A ool 7k=

A} Fohska gL,

F a7

20cm A2

oF
2

el

Al
&

%

5w

H A

skl 714}

S

ik-ls

=
=

A7) fls dnl7d

Q) primer set

o

PN
T

1

kel
=

-

-
AAE B

]

s

SRR

=9
A Z 253 real-time PCR

°©

2]
=

foll 4 #-8

Gl

]

Fed, 1-35 &<t HAL =

3
| &

A

X

]??l:
=

o]

N
iz

!

=
Tor

}

],

°©

5]

=
[}
=

=

3o,
wl

[e)
o

2
7h
o A] 216

=
=
&

A

]

=

87

A2 H31% E. leei® small subunit ribosomal DNA gene (SSU

[}
A

2 oA 3
%

B 1]
__r_)\
,/_]\__

=

=
=
T

Fof, =] o

AA
247}

A 7}

A}
=

=

\_.?J
[}

|

]

A A

°©

T

-
=
=

o)
=

3} EM-F/EM-R primer set

= 5
o7}

ol A

T

-

1 2010% 3 58] 20137}

| A ol A

I

=

= B

=

]

I

E] DNA

o

=)

T

<9
rDNA)S. 2 5-E] A 2kE MM18Sf/MM18Sr primer set

2]
1

o

1o 4 zHo=
B AT, el A Ay

1o B of

e

[e)
U]
H

T
o]

ol
_—
Tor
N

—

<H

- 95 -

==
3

A

o

T

30~40%



12
1o
=

e

=
5

20109 % 21702 5 8714:(38%), 2011 % 257 %

N
T

M2~ (48%), 20129 % A7) 2 5 270 2:(50%), 20133 % 167124 & 1171 2:(60%) = =

oz 2AHUL,

e

T
Njo
i

2

e

Al 7} 4

ST
X

b B A,

X
B

B

14 4714

[e]
T

Els

¥ PCR productsel] th

=
=

e

Ao 2 eI, GenBank database

Al

X2 99%°]

= AR e, of

X
23!

57 e

=
o 1

Al GenBankol|

900

=
o

4,5,9, 11, 12¢€

171 913 2014\ =of =

S

WEFS net E st}

oz AAAQ AdE

3~4, 5~6, 7~8, 10€ | 71 A

ol

vhel g

=

18.3%~71.6%2]

=
3L

XOL

11~30cmell A1 7}

20141 94, 124, 2015

A Ape] =l A RS, 1 5

-
L.

ol A
o, A7 A E A

-
T

%

)
i

BH
~H
o]

o

N

K

)

—

il

iid

—_
110

2UH
o2 oA,

gl

714 Q)

=
T

g Aasts] A

7))

i3

AR T mEbA, Sl o gl 9

A

)

—_
fi%e)

N
i

&+
e

~H
iy
fie}
2

oj
o

3

1 <l

s

=x] 4

e

=i
=

o) %

A4S H< recipient

KeN
=]

121 donor group

=
=

positive

ol

o

pa—

0

Ko

il

)

o=

o) %

=
_—

ECERERE

BH
A

o

)

<
T

2o 7 ofAZt} X3 cohabitation

Ast A3} PCROA AZHE =

= (recipient

o]
=

- 06 -
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gdom gaghs A g H|Eo|AQl ¥
Hamatocrit®} GPT (farm-B)ell Al thzTto] Hla] A& o] X171 %A el om GPT,
GLU, total glucose, total cholesterol, total proteini= =Rt} A g oA e ¢=X]7} ¥z
HAth v Eo]F ¢l WAukS-o] Al Lysozyme, NBT, MPO L&FolA tix HwT} we &=
A7 AFEAT o= ofgF HAA o oA 2EFH A B AT EFoR
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AT AJAE Wyl 98 EMAAAY] A7 ES EWE GenBank (NCBI,
USA) S5=% HAExZ0] d7]EZEE SSU rDNA 2 LSU rDNA primersE 22t A
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Parvicapsula sp.ol A RF #AE = A A0 A7) 3lEo], IulolA] WAFHE o PSS
Agstd A3} HAsA Parvicapsula sp.2 574 E AT
Real-time PCRS &3l Parvicapsula sp.©] 1€l =4 o] &2 ®slel] oigh F41S AA
3t o, vl Eo] My xAst4 AALES =3 real-time PCR A3zt e] AaaAAE ety
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