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Monitoring Kudoa septempunctata in Cultured Olive Flounder
Paralichthys olivaceus in Different Regions of Korea in 2013

Jun-Young Song*, Min-Jeong Kim, Hye-Sung Choi and Sung Hee Jung

Pathology Division, National Fisheries Research and Development Institute, Busan 619-705, Korea

A nationwide survey was conducted to study the rate of Kudoa septempunctata parasitization in cultured olive floun-
der, Paralichthys olivaceus, in Korea in 2013. Of 1107 olive flounder sampled randomly from 89 culture farms in
five different regions in Korea, K. septempunctata was detected only in Jeju, where 10 of 318 fish (3.14%) were PCR
positive, with genomic concentrations of 4.67x10° to 1.48x10!'" rDNA copies/g by real-time PCR. Of the ten Kudoa-
positive fish, K. septempunctata spores with 5-7 polar capsules were detected only in four fish. No samples of K.
septempunctata were detected in olive flounder from the other regions surveyed. Furthermore, K. septempunctata was
not detected in 326 samples of olive flounder seeds sampled from 39 hatcheries in seven different regions in Korea.
Therefore, the parasite infection is restricted to Jeju and K. septempunctata infection is not spread from hatcheries
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M E Kudoa septempunctata’} 3t=tol| A YEO 2 5% 3t J X

o] oA 71Y5H= Alo] H & Kl ¥ o] 3 (Matsukane et

ol FoA el H Fmold PN xAS2 H AAK R 4= al., 2010), K. septempunctata©l| 23t 255 WHA 7154 o] o
W2 FF7F HalE o] fLom(Moran et al., 1999; Kent et al, 3 AP EES ARESE AL(Kawai et al,, 2012), AF =S 1}
2001; Yokoyama, 2003; Lom and Dykova, 2006), t)-&-2] & Bl &= 3kxlo] Bof| A K. septempunctata 7=0f 33t Rl
o A%, &, AA, Ak A da 5o 7]k 89t (Harada et al., 2012a) 59| &1 Z23}2HE| K. septempunc-
2 Bl AAES YAk 24 /Aol Nakajima and @S QRolN H550] RS Ul BUE B8} Hck
Egusa, 1978; Egusa and Shiomitsu, 1983; Maeno et al., 1993; Kawai et al. (2012)0]] 2]t gILol| A Al5= WA A #HE0] %
Blaylock et al., 2004; Burger et al., 2007; Sitja-Bobadilla, AF A3} o H2o] JX] 123 oto] 100 o]A}e] LA} 7} 3ol &

2009). kAo = Freofgo] ofjt e %5¢l o 7o A of, dEoA o] FEE AT ES o= A 7 e Aot
2], A&, AL 5ol Y= mIAA| A TH(Moran et al., 1999), ek 2 ug, QAo B Yetls fokeo] Hile
LAfol 71W38= Kudoa thyrsites, Kudoa musculoliquefa- K. septempunctata’} X% 2] B 10|, s} 174 g 774(5-77H)
ciens, Kudoa paniformis, Kudoa clupeidae, Kudoa miniau- 9] TG 7Y 459 HF HHS Lo AY I8 Y A&
riculata 5 57t F-& ol A3 (7]1 4 F-9] T Eal EZ PATIA] Yol Soto g 7Heo] BRolwx] o= EAS T}
Ao oJgt 25 Gl E Yol o B M AE THA & "ol ZlthMatsukane et al., 2010). =go] 770(5-770)¢] K. septem-
AAH LR TlaflE doy]= AL dA gkKudo et al., punctata®} '22] 471 9] S-S 7HA] = Kudoa thyrsites, Kudoa

1987, Moran et al., 1999, Yokoyama et al., 2004). ZL2{L}, ] lateolabracis 5-2] S0 T35 J %] 9] 15-0]| 7| AYTh= Zlo] B
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15 o] Q1o 2 2(Yokoyama et al., 2004; Grabner et al., 2012),
olel3 T 59| FEolel TS Sf7t AT Wto] ujs
Z Q35 A3 Lo A K. septempunctata®] thoFat ZthH
o] B 11 %% ©(Grabner et al., 2012; Harada et al., 2012a;
Harada et al., 2012b), Z|2oll &= W=} H2He oA ¢
£ ol loop-mediated isothermal amplification (LAMP)
(Jeon et al., 2014)°] H11%]7] % 3}

1 ATHE o) Aol 2Rt BA o) Fa el 45
ARl A2 FA] HA|2F A4 o /75 GO 2 Feof 3
o W 2A3le] A WA S410] 4.9% (143012) % 7o}
2])ellAl K. septempunctata’t E % AL AFALE GRS BI=
S B} ool A= K. septempunctata’} S5 A] 52 BHRl
"} QITH(Song et al., 2013). & Lo A= kA Y] 2] K. sep-
tempunctata®] 7t o] 574 Aol =3tE of WAYSt=A] A=
of RkAsto] TAYS=A] 2ASL7| 915k, A HA| Feok 2
H FFE ARH o ® AU FA P A S/ ofof tsto]
A=o] 57 A1, FA JA] SRl tiste] M=o 77 A&
dios ol el WIS 2ASHe

=

HFeH
od

¥

2 ME Y

(=]

2013 19H5E 1297H4] A= 57 A Qo2 FEsto] A
4, A, AE, AU A G o2 RE oA A S84
7 Q)] o] 3ol thste] Frof 1+ HE ZAFSHITH Table
Table 3). 4 A= A4 FAS WEate] YA Aol

2]

—
-

A ABAUZ o3I, SAFE A L 1Rl 7|3 =
28 Wob A5 Y5 F ofol2uio] Yol SHOR AFPA
2ol %

|&SFATE AlE A4S floke] 72 FAIF o =R Y Bt 12
ohal(2-30012))e] o158 A1 alsith. WA FRSHT o
2] o) e] Frmol e TS AISH] flsto], A=l |
A FHE YAsh= A ST A A2 A7 sto] Al A, 7
o, AR, A, S, S e 2 9A SRS AEE6H
CH(Table 2, Table 4).
FOF HAL

A R Y SALSHMHLW, 2011), Y344H
(MAFF, 2012), Grabner et al. (2012) % Song et al. (2013)°]]
ofgt ol 7128 Folon], S4olel $R 4B o] TRl 74
& ZAFE 919 real-time PCRH 2.2 A58y & PCR¥} & 0]
7 AAIE B9 719 -2 WS sk

0

S0l 25 E Fol 7Y ZARE 914l Song et al. (2013)°]]
ok W ol oJe T15 AA| FLI=RE 5 ME(-5 g)
A Fsto] A of] ARE-sHIT. FH O] 9, 1 cm 1|RES] 22
Afo]20] Y| = ofA| AAE Aol AHE-5H O H(Fig. 1a), 1

™

ol

. Eaye
455

3

lot

om o)) Aol i FRok U 591 A8 T2 et
TR B ARSI Fig. 16) ZRFR A7} 7R
3 27]9] A 9ol g RETLS AE 7, 5-109}2] pool
Sfo] B4t
DNA extraction

Frofe] §AR} A (real-time PCR, conventional PCR)
& 9Jsto] et 180 2 HE] DNAS &89t 22 A
2 200 mg= 2 mm ziruconia®?} 5 mm stainless beads”} 5]
8l EH(WATSON, Japan)of 22 & Nuclease free water
(Qiagen, Japan)©]] 58l 3]4]3}o] FastPrep®-24 (MP, USA)o]| 4]
2027t 5 2AS &S] nRashich gl oz nRad 100
ul (522 20 mge] siF)E dol DNA FZ9 AR5
t}. DNA+E A]3#HE] &= QIAamp DNA mini kit (Qiagen, Japan)
£ ARgste] vl ol whet &k e n, HFA 2= 200 pl
9] volume 2. & elusiond}it}. %3 DNA= real-time PCR
Tconventional PCR (©]3} PCRZ 3£7])of ARE317] §)51¢]
-20C o] HEsH3AT
real-time PCR

YAl S0 1,10770 9 £H 3267§¢] DNA sampleZ25
B 12} 238|423 5t K. septempunctata®] 18S rDNA
(AB553293)2 7Zol- realtime PCRS Z=aa}oich
Primers2} Probe= dE S AL-=A] HlHHo| wlg} Kudoa-F
(5-CATGGGATTAGCCCGGTTTA-3"), Kudoa-R (5-ACTC
TCCCCAAAGCCGAAA-3), Kudoa-P (5-FAM-TCCAG-
GTTGGGCCCTCAGTGAAAA-TAMRA-3)E A&-31i T
PCR ®hg-o A 25= | A] 5 AZ2 76 52 DNA 4 puL
E+= plasmid positive control 4 pl, Tagman 2x Universal
master mix (AB, USA) 10 pL, forward®} reverse primer Z+
0.4 uM, probe 0.25 M- o] 2| 20 uL2] volumeo| ==
A 23} PCR W82 95T 10+ 1 cycle, 95T 1522+ 60°C
60z A1 45 cycles FH-g-311oH HE AWE2 duplicate= JF

Fig. 1. Sampling sites in trunk muscle of olive flounder Paralich-

thys olivaceus seed samples; (a) the fish sized less than 1 cm, (b)
the fish sized more than 1 cm. Whole fish was used for analysis in
the fish less than 1 cm size (white arrow) and the body part without
head part was used in the fish more than 1 cm size (black arrow).
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Table 1. Sample information employed for the investigation of Kudoa septempunctata infection in rearing olive flounder Paralichthys oli-
vaceus

Region Culture farm  Sampling date Seed origin region ~ No. of fish Fish size No. of K. septempunctata

(cm) positive fish

21-Jun-13 jeonnam 6 14 0

21-Jun-13 jeju 10 44 0

Jeju-1 21-Jun-13 jeju 3 17 0

25-Jul-13 jeju 10 45 0

25-Jul-13 jeonnam 9 16 0

Jeju-2 9-May-13 - 15 - 0

Jeju-3 18-Jan-13 - 13 - 0

Jeju-4 1-Feb-13 - 20 - 0

Jeju-5 31-Jul-13 jeju 3 14 0

31-Jul-13 jeju 3 12 0

Jeju-6 4-Sep-13 jeo.n.nam 10 21.2 0

4-Sep-13 jeju 10 21.7 0

Jeju-7 1-Aug-13 - 3 1 0

Jeju-8 22-Jan-13 - 10 43 3

Jeju-9 15-May-13 - 17 - 0

Jeju-10 12-Oct-13 - 5 211 0

. 21-Jun-13 jeju 6 18 0

Jeju -

21-Jun-13 jeju 10 46 2

Jeju-11 25-Jul-13 jeju 6 17 0

25-Jul-13 jeju 10 44 0

4-Sep-13 jeju 10 26.2 0

21-Jun-13 incheon 10 41 1

21-Jun-13 jeju 4 16 0

Jeju-12 25-Jul-13 incheon 9 42 0

25-Jul-13 jeju 6 18.5 0

29-Aug-13 incheon 9 38.8 0

29-Aug-13 jeju 6 24 1

Jeju-13 29-Aug-13 jeonbuk 6 22.8 0

Jeju-14 30-Oct-13 incheon 10 424 1

20-Dec-13 jeju 29 40 0

Jeju-15 20-Dec-13 - 10 20 0

20-Dec-13 jeju 10 35 0

Jeju-16 20-Dec-13 J:ej:u 10 32 0

20-Dec-13 jeju 10 34 2

10-Apr-13 jeonnam 10 36.7 0

Wando-1 7-Aug-13 ; 15 26.5 0

Wando-2 16-Oct-13 chungnam 10 29.1 0

Wando-3 10-Apr-13 chungnam 9 8.9 0

Jeon-Nam 7-Aug-13 - 4 19.5 0
Wando-4 -

16-Oct-13 jeonnam 10 33.8 0

Wando-5 10-Apr-13 chungnam 10 13 0

Wando-6 7-Aug-13 - 3 19.5 0

Wando-7 7-Aug-13 - 3 18 0




614 29 - 194 - Hels - 4%
10-Apr-13 chungnam 9 21 0
Wando-8 16-Oct-13 chungnam 3 14.3 0
Wando-9 10-Apr-13 jeonnam 8 12.2 0
Wando-10 10-Apr-13 chungnam 10 34.2 0
Wando-11 10-Apr-13 jeonnam 8 32.4 0
Wando-12 4-Dec-13 chungnam 10 34 0
24-Jan-13 - 27 - 0
Wando13 43 reb-13 . 14 - 0
16-Oct-13 jeonnam 10 334 0
Wando-14 0 aApr-13 - 8 404 0
Wando-15 16-Oct-13 jeonnam 10 44 .4 0
Wando-16 16-Oct-13 chungnam 10 44.8 0
Wando-17 16-Oct-13 jeonnam 10 33.7 0
Wando-18 16-Oct-13 jeonnam 11 29.7 0
Wando-19 16-Oct-13 jeonnam 10 30 0
Wando-20 16-Oct-13 chungnam 10 341 0

Jeon-Nam

Wando-21 16-Oct-13 gyeongnam 10 334 0
16-Oct-13 gyeongnam 10 31 0
Wando22 46 oct13 jeonnam 3 13 0
Wando-23 16-Oct-13 jeonnam 10 32.2 0
Wando-24 4-Dec-13 chungnam 10 28 0
Wando-25 4-Dec-13 jeonnam 10 28 0
Wando-26 4-Dec-13 chungnam 10 34 0
Wando-27 4-Dec-13 jeonnam 10 35 0
Wando-28 4-Dec-13 jeonnam 10 37 0
Wando-29 4-Dec-13 gyeongnam 10 34 0
Wando-30 4-Dec-13 chungnam 10 36 0
Wando-31 4-Dec-13 chungnam 10 37 0
Wando-32 4-Dec-13 chungnam 10 29 0
Jindo-1 17-Dec-13 - 10 24 0
Jindo-2 17-Dec-13 - 10 - 0
Jindo-3 17-Dec-13 - 10 - 0
Geoje-1 18-Mar-13 gyeongnam 1 65 0
Geoje-2 23-Sep-13 gyeongnam 3 15 0
Geoje-3 23-Sep-13 chungnam 3 17 0
Geoje-4 23-Sep-13 chungnam 13 26.6 0
Geoje-5 23-Sep-13 chungnam 15 24.3 0
Geoje-6 23-Sep-13 gangwon 9 27.9 0
Namhae-1 29-Oct-13 gyeongnam 2 42 0
Gyeong-Nam Namhae-2 29-Oct-13 jeonnam 6 29 0
Namhae-3 29-Oct-13 jeonnam 2 40 0
Namhae-4 29-Oct-13 jeonnam 10 26 0
Namhae-5 29-Oct-13 chungnam 8 29 0
Namhae-6 29-Oct-13 jeonnam 9 42 0
Tongyoung-1 13-Sep-13 jeonnam 7 39.4 0
Goseong-1 27-Dec-13 - 4 34 0
Goseong-2 27-Dec-13 - 4 37 0
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Goseong-3 27-Dec-13 - 5 15 0
Gyeong-Nam Goseong-4 27-Dec-13 - 4 35 0
Goseong-5 27-Dec-13 - 7 17 0
Pohang-1 11-Jun-13 - 20 23 0
14-Feb-13 gyeongnam 16 - 0
10-May-13 - 10 - 0
Pohang-2
11-Jun-13 - 30 40 0
7-Oct-13 - 3 34.3 0
14-Feb-13 - 10 - 0
Pohang-3
11-Jun-13 chungnam 30 35 0
14-Feb-13 - 4 - 0
Pohang-4 10-May-13 - 10 - 0
12-Sep-13 - 7 14.3 0
10-May-13 - 10 - 0
Pohang-5 11-Jun-13 jeonnam 30 32 0
Gyeong-Buk 7-Oct-13 - 3 36.2 0
Pohang-6 7-Oct-13 - 2 38 0
Pohang-7 26-Aug-13 - 10 27.2 0
26-Aug-13 - 6 34 0
Pohang-8
7-Oct-13 - 3 27.8 0
Pohang-9 5-Aug-13 - 6 19 0
Pohang-10 12-Sep-13 - 2 14 0
Pohang-11 7-Oct-13 gyeongbuk 3 21 0
Pohang-12 7-Oct-13 - 4 28.3 0
Pohang-13 7-Oct-13 jeonnam 4 24.8 0
Pohang-14 7-Oct-13 - 3 20.2 0
Pohang-15 24-Oct-13 - 10 19 0
Gyeongju-1 7-Oct-13 jeonnam 5 20.2 0
27-Aug-13 - 2 17.5 0
Gangneung-1
13-Sep-13 - 5 19.5 0
27-Aug-13 - 10 243 0
Gangneung-2
13-Sep-13 - 29.3 0
Gang-Won
27-Aug-13 - 14 0
Gangneung-3
13-Sep-13 - 5 15.9 0
27-Aug-13 - 10 247 0
Gangneung-4
13-Sep-13 - 3 30.7 0
Total 89 culture farms 1107 fish

S-S =35} t}. Plasmid positive control®] A2 9131 K.
septempunctata 2] 18S rDNA (AB553293) % real-time PCR
target gene®| X3 EE primerE Aottt A|2St for-
ward primer (Kudoa-plasmid-F: 5'-taaactatgccaacatggga-3")2}
reverse primer (Kudoa-plamid-R: 5'-cgttaccggaataaacctga-3’),
A2 HE &3 K. septempunctata positive DNAS Accu-

Power® PCR premix 2} 235101 95C 30, 58°C 30%,72C
30z0]4] 40 cycles PCR §H-3-& =35}0] 1.5 % agarose gel
of| 7] % %5}0] 293 bp 2] target size band = 2H215}%Ith. Aga-
rose gelol 4] DNAE AA|5}7] 9I5} x-tracta™ Gel extractor
(Promega, USA)E AH8-51¢] target bandE Zrebdl &, DNA
gel extraction kit (Millipore, USA)E AM-510] DNAE A4
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Table 2. Sample information employed for the investigation of Kudoa septempunctata infection in the seed of olive flounder Paralichthys
olivaceus from hatchery

Region Culture farm  Sampling date Lot No. No. of Sample F'?Ens]')ze No. of ’;0;?5 geg‘;%unctata

Jeju-1 13-May-13 1 10 6.5 0
Jeju-2 13-May-13 1 10 5 0
Jeju-3 13-May-13 1 8 6.5 0
Jeju-4 25-Jul-13 1 4 8.5 0
Jeju-5 14-Aug-13 1 25 7.5 0
1-Oct-13 1 6 4.5 0
Jeiu Jeju-6 14-Aug-13 1 4 14.5 0
Jeju-7 14-Aug-13 1 3 10.5 0
Jeju-8 1-Oct-13 1 6 9.5 0
Jeju-9 24-Sep-13 1 6 8.5 0
Jeju-10 1-Oct-13 1 6 8.5 0
Jeju-11 1-Oct-13 1 6 8.5 0
Jeju-12 1-Oct-13 1 6 5 0
Jeju-13 18-Dec-13 1 6 7 0
1 10 0.75 0
21-Mar-13 2 20 1 0
1 7 2 0

19-Apr-13
Goheung-1 2 1 3 0
1 10 6 0

13-May-13
2 10 6 0
Jeon-Nam 5-Nov-13 1 6 8.5 0
Goheung-2 19-Apr-13 1 12 5 0
Goheung-3 13-Nov-13 1 6 3.5 0
Yeonggwang-1 7-May-13 1 24 9 0
Jindo-1 19-Nov-13 1 6 14 0
Jindo-2 19-Nov-13 1 6 8 0
. 1 10 3 0
Geoje-1 28-May-13 9 5 5 0
Gyeong-Nam 18-Mar-13 2 5 0.3 0
) 28-May-13 1 6 6 0

Geoje-2

28-May-13 2 6 0.5 0
1-Aug-13 1 3 13 0
11-Jun-13 1 8 7 0
Gyeong-Buk Pohang-1 11-Jun-13 2 8 6 0
Gang-won Gangneung-1 27-Aug-13 1 3 9 0
Gangneung-2 27-Aug-13 1 3 14 0
Boryeong-1 1-Oct-13 1 6 6 0
Taean-1 29-May-13 1 6 9 0
Chung-Nam Taean-2 29-May-13 1 6 8 0
Tacan-3 30-Oct-13 1 6 1.5 0
15-Oct-13 1 4 1 0
Incheon Incheon-1 1-Aug-13 1 6 1 0
Total 32 hatcheries 336 samples 0
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Table 3. Summary of the survey for rearing olive flounder Paralichthys olivaceus

Total Jeju Jeon-Nam Gyeong-Nam  Gyeong-Buk Gang-Won
No. of Culture farm 89 16 35 18 16 4
No. of fish 1107 318 395 112 241 41
Average fish size (cm) 27.0 27.9 29.1 29.2 26.8 22.0
No. of K. septempunctata
positive culture farm 5 5 0 0 0 0
No. of K. septempunctata 10 10 0 0 0 0
positive fish
Fish Positive Ratio (%) 0.90 3.14 0 0 0 0

Table 4. Summary of the survey for olive flounder Paralichthys olivaceus seed from hatchery

Total Jeju  Jeon-Nam Gyeong-Nam Gyeong-Buk Gang-Won Chung-Nam Incheon
No. of Culture farm 39 13 13 5 1 2 4 1
No. of sample 326 106 128 36 16 6 28 6
Average fish size (cm) 6.0 7.9 5.6 4.6 6.5 1.5 51 1.0

No. of K. septempunctata

positive culture farm 0 0 0 0 0 0 0 0

No. of K. septempunctata 0 0 0 0 0 0 0 0

positive sample
Sample Positive Ratio (%) 0 0 0 0 0 0 0 0

ek & UHE AME-5F] agarose gelol| Al AA|E &elskaitt. 4
A=l DNA+ T-blunt PCR cloning kit (Solgent, Korea)S A&
310 ligation 32l Cempetent cell DH50, (Biofact, Korea) ©f
transformation ¥ plasmid mini extraction kit (Bioneer, Korea)
£ AR5l plamidE 2|50, K. septempunctata positive
plamidE A|2}}%i ). Plasmid positive control> Nanodrop
ND-1000 spectrophotometero] 5] DNAE A&Fslo] plasmid
copyZeE AAFE0.m, 2.5 % 107 (HE 10855), 2.5 X 10° (]
Z 10%5%), 2.5 X 103 (HF 1045%), 2.5 % 10" (FF 107%5%)
copies/?] FEZ plasmidE T 3|43 & 7} 4 ulLA AR5}
&plasmid positive control 7 =FA1S- ZH(Fig. 2)31¢] positive
control 2 4] 8] A&7 154 S &2lgt &, HE real-time PCR Ht
-5-¢f plasmid positive controlE ¢7| W55} Tt
PCR

= ME9real-time PCR A%-& =33t 2x}, Ct 7t 3
sto) WS AT YR ¥, PORE A0 5% 45
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Fig. 2. Standard curve derived from 100-fold serially diluted plasmid DNA containing a partial 18S rDNA sequence.

o
W

M N 1 2 3 4 P M ‘ .*

Fig. 3. 28S rDNA PCR result of Kudoa septempunctata targetting
356 bp size. PCR was performed as duplicate. Lane 1 and 3 show
K. septempunctata positive results and lane 2 and 4 show K. sep-

*

tempunctata negative results. M, 100 bp marker; N, negative con- Fig. 4. Kudoa septempunctata spores stained by Loffler’s methy-

trol; P, positive control. lene blue solution, havaing 5-7 polar capsules. Scale bar = 10 uM.

Wi

Seutebe] =8 | A kA A9l ZAFSHY
o] 571 A1 Z- 897) %W%Liﬁﬂ &4 HA 5401 1,107 oAl x| EQO| S0} 7t 5t
o] o jate] Fro} 74 ARFE ZALSFSICH(Table 1 and 3).

o A%, W, A, B, %

i)

| /ol M= Folrt AEH A %k

E MZL real-time PCRE screening - ctg} 350|512] A= AT, A, A, A, 7, S, -9 A SR 39

=1

of tsto] PCRS 43ste] Fmo} ghdol et A g st MNGRTE o W

O
o, Wnl7 AAIE Eolo] 0] B Sl maj 2 A4 UHEIE pooldtel hitel MER BAs el 77 2o

ZASAT E 79| A 5-10

OSRRHF

st 67 2| o] Y] Ao ZAF AT} AR oFAIAF 16 326&= PCR WHol ofsf| £A4J83ict. 1 A 2AFgH I
M % 570 4:2] 10012](3.14 %) F 2] ol A PCR %A vFS-0 & = AEIA Feok 4 ddol7E AEEA Fdth(Table 2

Frof 7+ ok Aot vehdt Loty A& | 10mtE] 2 and Table 4).
real-time PCR 21} 4.67 X 10° tDNA copy/gF-€] 1.48 x 10"
tDNA copy/g7H] thofs1| 2 25|19k Table 5). PCR A}l
g HEHAHL 519 o E PCRE HE A Zo] gkAolH, 10
nh2] - 4ute]of| A o} ELA}7E < 5 X 10° spore/g ~ 7.2 X 10°

o] 193] OFAIRFL.
spore/g7AZ % 9 tHTable 5 and Fig. 4). U 2] 47 Qo gk = WA S

T

2 AFolA=, 20139 1% g 12971A] A=
Ao 2 dx] SAdolet YA FHO)
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septempunctata®) 7+ A& AT Al A, A,
A5, 73 A9 |A| FAA 89 r R E 1,1079F2 2]
A £ 012 K. septempunctata 7+ A-E AL S A3t Al
A9 0] g 2] 3.14% (Al A1 dA] 318uk2] 5 10uk2])ol| A
K. septempunctata 7+8 /39S 1ttt K. septempunc-
tata}’d A A= 195E 124 Afo] 5744 A717Foid A5 4
ZE[ %o, 10mte] FYNA| F4nte] oA 227 HEE AL
o] F 2rhe]= Uit S5 o) Al A o 71 (10°0
spores/go|/)E 21t A7 HEE AT vhH, A5 0] £] 9]
T2 47 A ol A A 7L HA] S/ 0] 789ute| ol A= K. sep-
tempunctata?} E 5 A] ¢of 2| Hof| M= zjo] 7} YERES &
oI5ttt 2 Ao Al Al X AT K. septempunctata
7 AE S ol f= W A A GkAIRE A FA3A ol A AL
& 3t THV} FEoto T | THY 7/ AlF A9
St S0l WAL A= AS AL 4 Qlok A ¥A, &
HO| e 7S 2 A A AT BE A Y9 FH A
Frol7t HEE A ghotth= HollA S S 4§l
T3k Al A9 o] A - Al A, AR, 1 Sl dA SH
£ EYsto] ARSSEAL Qg om, 2 dAtol| A RARRE QFAIRHE]
A5 Frot 7 Fol= AT B AR THE AR
S}l TH(Table 1). SFA|TE, & A-F 2] 9] -2 Atg o) &Jgh A5
Aol th2 2Ale] Aut ol 7y Fd oo FH R A
o| A, F, A, A" & A=A o g thefstA vehii(data
not shown), 574 A &] Fxof| O3t FIeol ¢ 7HsAd & %
2 Ao Azt & WA, sty £ A= o9 7t
A7 ot 11 5 w4 o] 2k oA & off, Al A ot
o A =201 2013 0] 182 C o] ATk, A Al oHrtrte]
789 12.7C, 74 A5 Shatehe] - 15.6 C, A5 -tk
O] 749151, 7 A Shilehe] A9 15.1 C R 7] 5= o] A
Feol vlsto] B 2|9 o] ARt 0] 2F2.6T - 55T R At
AZHE (A RS B, NFRDI), K. septem-

o ol
Q
N ol F2
N

O:

punctata] WAJoIE, ALl Bolals F7F 4te] it
o3 B E o] Q)& Ao 7 AR E ) Yanagida et al. (2006)
9] Aol W=/, tiger puffer Takifigu rubripes©l] 7] 3ZEA}52]
Enteromyxum fugu®} Enteromyxum leers 73413 AlZ1 &
2o w2(10-25T) WEES RARE A1}, E. fugu®] 75
2 of Aglo] ML Sl o 10TeF 15T ollA] 224 FA]
o] A= o, E. leei®] 7% 15T v]Rtof| A 7] 452 ¥4y
R Eo] AohE of W o] ofsf 7] F-o] WA A8l
sto] A ES Wae A dSokaich Wi, 20126 395
12¢ Ao] quantitative PCRE o] 23] 3ll<= 5-2] Kudoa yasu-
nagai 532 APl A, 0] 7 18- 8¢} 9Hofl= DNA7}
A8 AEEA G2 W, 2o W2 1290 7MY w2 AEE
2 YeR Qtk(Ishimaru et al., 2014). 1822, FLEofE2 3L
a9 O EAF O] AL e £} U8 PAL 9o,
ol whe} 24 o] Wgir) ohe Aow AzbEL,

FA Yo K. septempunctata®) 7+ A2 49 A7]=
AA7EA] HE A YA Frk 2 A-tolAl=, FAe] TR YA
SAIA oln] K. septempunctata®] 7+@ ] AlAHE= AA|
spelaly] gjsto] Ate] T Aele] W Fug 397LRE
B 326 &9 K. septempunctata 1+E S-S ZAFSFATE W
O 2 HE H3l 5 2R o @A YA 2|0 Afo|=FE &
Ao ® EQE7] o] Mo FH Alo]| 27| el S-S =
Ao, BE MEOA FEo} HEEA) ot FRE
oA o] Freot TS 1T 4= gl Y29 TS
23] Y12 F29] A= PORYo] gk 3-8 23811 9]
O}, E o Lof| A= real-time PCRo] 9J3) 1x}4] © & screen-
ing ¥ PCR®Ho| 23| 2574 3}9lc}. Real-time PCR 2
3+ 10°-10" rDNA copies/g ©] H2he LeR= Aj2=e] 4o
ol %=(data not shown), PCR <=3 A1} 24402 Yely 2%
Aom 34 WS ootk S0 A4 FHAHEY B K

septempunctata’} EAE 735, 10° rDNA copies/g2] oAl

Table 5. Quantification of Kudoa septempunctata infection in the positive fish from the study. P, positive; ND, not detected.

No. Culture farm Sampling date 18S rDNA copy/g’ PCR Spores/g?
1 1.94 x 108 P <5.00 x 10%
2 Jeju-8 22-Jan-13 4.67 x 10° P ND
3 6.82 x 108 P <5.00 x 10%
4 ) 7.21 x 108 P ND
Jeju-11 21-Jun-13

5 3.06 x 108 P 220 x 108

6 . 21-Jun-13 1.48 x 10" P 7.20 x 108
Jeju-12

7 29-Aug-13 6.19 x 108 P ND

8 Jeju-14 30-Oct-13 2.33x 107 P ND

9 . 2.78 x 107 P ND
Jeju-16 20-Dec-13

10 542 x 10° P ND

! The letter indicates quantification values of K. septempunctata by real-time PCR.
2 The letter indicates quantification values of K. septempunctata spore counted on cell-count chamber.
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op
N
o
oY,
=)
ox

= PCR Ado] LEG O B2 (Table 5), 4 29 real-time
PCRo|A HZo] B &S B[S0l Hhgoz A= A|qt
K. septempunctata®] DNAZ} AA| n|gFo 2 &2 754
9lom, k) 27]9] Fi 4] el Kok nEe] 4
Wkl Aol Wag Ao Az,

K. septempunctata®] Z+go] FA7F H= A2 @A E 32
A F8HE 79 K. septempunctata®] SLAFO] &Jgh A559]
3Ry 754 0] 917] mo] B2 (Kawai et al., 2012; Ohnish et
al., 2013), g2 5/ ofof| A o] Freof HA= dn|d HARRITE
o2% S| A&0] 7Fssith 18, K. septempunctata
o] A o AU Y B2 AFE fldliA= K. septem-
punctataZ} V|5 A= Q= TH 27 DAA = Hest
HEo] 7Fsstolof gteh A 7= o] Sl real-time PCRY
= 2 Aol 283 At w|5ol4 Hk-go] thg= ¥ E o] 4
gt Aeks 94 PCRoIY &l 5 F7H4% A &

[e)
sfol 215k stgiek. e B Kot mgEolu] Hol o] £e
real-time PCR¥] Aol that 9517k oS L ashv, o]
S M gstol U R4 Abo] A2k BAIS Uor)

K. septempunctata®)] 7 74 2 AL, LA A7 H e

ol
2L
o

AL AL

o] Gl FE4AHTFELY A F 1A (RP-2014-AQ-096)
of 2] oJ} 245l iUt
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