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Monitoring of Kudoa septempunctata in Cultured Olive Flounder and
Wild Fish in Jeju Island during 2012

Jun-Young SongT, Jun-Ho Choi, Hye-Sung Choi, Sung Hee Jung and Myoung Ae Park”

Pathology Division, National Fisheries Research & Development Institute(NFRDI), Busan 619-705, Korea
*Aquatic Life Disease Control Division, NFRDI, Busan, Korea

The study surveyed infection rate of Kudoa septempunctata parasitized in the trunk muscle of olive flounder,
Paralichthys olivaceus, cultured in Jeju Island and wild fish species caught in the coastal area around Jeju Island
during 2012. Among 143 olive flounder that were randomly sampled from 26 different culture farms, K.
septempunctata was detected in 7 fish samples (4.9%) from 4 different culture farms, showing no typical Kudoa
infestation. However, K. septempunctata was not detected in olive flounder fry sampled from hatcheries and § species
of wild fish. In addition, we compared 3 different sampling sites on trunk muscle of 7 Kudoa positive fish that
included head part, tail part and entire muscle. Among 7 fish, K. septempunctata was detected in 3 fish that were
sampled from head part; while 4 fish from tail part of trunk muscle. However, all 7 fish were positive when sampled
from entire muscle. Thus, we suggest that it will be more efficient to use entire muscle sample than sampling partial
muscle parts for detection of K. septempunctata.

Key words : Kudoa septempunctata, Parasite, Paralichthys olivaceus, Trunk muscle
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ofgollA] He] B ol HONEAFS A A

Hog ko eyl 1wy ¥|oj9kon (Kent ef dl,

2001, Lom and Dykova 2006, Moran et al., 1999,
Yokoyama 2003), thE-E-90] o] H&, |, AAHaL

_,_E]‘J/]— /\]X]- 14—/\ 5_4 7]‘,,}01] ?l’.i Eo]l__ }\]

AEE gAsl= 24 7)1A84 o)t} (Blaylock et al.,
2004, Burger et al., 2007, Egusa and Shiomitsu 1983,
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1993, Nakajima and Egusa 1978,
Sitja-Bobadilla 2009). F-E=ols0 o)t FHL <=5
of Ael, WE, AE SO AT wAA B
(Moran et al., 1999), Z4-8of 7|A5= Kudoa
thyrsites, Kudoa musculoliquefaciens, Kudoa paniformis,
Kudoa clupeidae, Kudoa miniauriculata 5-& o157}
S8 5o 715 T Zoflaae] osf S5
SoAA AEsF E YO ORN FE 7INE Y
ojmd] Az s ot (Kudo ef al,
1987, Moran et al., 1999, Yokoyama ef al., 2004). ©]&
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Freolg 7Rt |AoA = 4719 S 7 K
thyrsites7} 25 S35 YOo7j= Ao7 Fx2 Bl
%]9].0™ (Yokoyama et al., 2004), 5-0fof] 7|A5k=
Ao 7 B35 Kudoa lateolabracis7} Z|2of F 2] 2]
80| QAT Q1AL (Grabner ef al, 2012), L 3=+
o A JA 8] FHollA AlF FEoks<l Kudoa
septempunctata®] 7)1A§0] B % It (Matsukane ef
al, 2010). K. septempunctata~ A} 171 3 771(6-77H)
o] Fde THAIn) 470) PSS Aot 2
§ v AIAEE FelA] oot Lo o] oK)
2] o= EAE 71T} (Matsukane er al., 2010).

F| ROl A= 2003 H 5 35 AJF g ol
220717t ool FFE} HARE do7l= AS T
SO S| F/go] LR 3 4AI7E oufjo]l 21
Al 2& EAOR sk YR1EH9] 4550
simiet 10070 o4 WAYsted, 2010 ofl= 158710]
PR QITE 158719 AlF - 130710] H4] 3&
AR SbAjol 4 wiElo), WA 318 S0 ofst
ZA}9} metagenomic DNA A|AALS 31 Aif, gx
3)o| A K. septempunctata®] DNA7} HZ0] E Tk
E3h AdsES o83t Ales A A% K
septempunctata®]] SJ3f| HALL} FEO| AlF= FA0]
o], o] FrolsE A= Ale=o YA =
HBG) om, Algm HAY A s 2ARE R} R
o] Y| 1g Kol 10° o]Fe] A7} 2l o], o]
FAE AeEes dovle P 7o r sl
(Kawai et al., 2012). Z|<22] 3t A7tof| ]3] Kudoao]|
A o7t G HsSE Hole &
AoA| dejA] eelo] H 4= Qlrfar Harg Ho| gle.
U (Martinez de Velasco et al., 2008), Kawai 5{2012)°]
&l Ral% K. septempunctata©]] &J3t Al5=0] Bl
= Ao S Ul Fmolo] w229
Hiro|rk o]ggt o] f-2 Uit AR oA = A=

- 23l

ol

BPSES
(efs)
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HAlE A ARRA o R Fa3E Aol
of, "xjoll HHst= K
O] e 3 o g mje- Fasie, Y
o A+= K. septempunctatas AT 4~ Q= B
thgt o2 71A] A7t paiEo] ek HAlol 2hdst
= K. thyrsites, K. lateolabracis, K. septempunctata®]
18S IDNAE £E 07 71&3h= primer2] 7|8, 28S
DNAS: % BoJZ 02 7453t 4 9= primer7} 171
EojA] ¢l o (Grabner ef al, 2012), F=of GHA}]
real-time PCRS- A[8-31 e (Harada ef al, 2012a),
AFE gla}o] HUolA K seprempunciata 5747 7]
=W (Harada ef al., 2012b) 5-0] Hilx|ojH )

2 AFoAs ] UEollA A tid =0
SRR Al A de SR, A dxIet At ol
O K. septempunctata®] X HS Telstr] {15t
18S rDNAS} 28S tDNAE 7A=3H= PCRH1} &u|74
TS B3l K septempunctata FHES ZABI 2,

A2 5] AT F-9lol ihE dEES Blasiitk

ik

T
septempunctata®l| 23+ A5
2

RIS

00
=
i
i:
=
>
=~
ta
S
S
8
S
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o
of
el
ol
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pAgo R Aol 4tk Etalol, S00g o]
ot B e RE o] 6Tutele] BEE A
Aok 3k AR Ao 72 ofgls 859
AU oA, 24, YIS SHel, B BE
el o) & AT AHEAL] SAE Sl
Jste] 2atel ARgHGLE (Table. 1)
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Table 1. Fish samples employed in the study

Fish species Sampling number size
olive flounder (‘g2] A 143 >500
Cultured fish ] (7] Ofﬂ) ) &
olive flounder (fry) (‘g% *]¢f) 67 <30g
olive flounder (‘g2] A19]) 3 41.5cm
file fish (FJA)) 8 22.5¢cm
largescale blackfish (Bl ) 22 30.1cm
Wild fish seven-banded grouper (‘57391) 2 27.0cm
rock-bream (&%) 1 30.5cm
red-sea bream (=) 11 33.5cm
king amberjack (F-A]2]) 8 62.5cm
yellow tail (}of) 6 41.5cm
Frof HA %l ., Loffler’s methylene blue solution- 1ml 7|5}

£ A%0]9| K. septempunctata 7Y ZAS 9J8t
AARE Y] PAPY(LE4H, 2012)0]]

(1) &Anld A

duld A Sl @39 FHE s HIRE
s T AANES ARESIsIT (Fig 1). ¥
ole] FHE S5 nlRE 5% RIS SiRg
4= Afste] Seto = Wk 5 7+ BojE HES
ol-gsto] Tea A T Sfol= Sefo] FA
7|2 wAY = 3 & dxsigieh 7 A

T oo A FRE S8 A= &

< TE buffer(Promega, USA)of| 5ul] 3]4] 3 2
Fste] 10ulE Eefe]=geis flof Hojmd
sioltk 2]019] A, 5% AAE 2= A
e o R 288 Aol musiih A
3, 99.5% oflgk2 (Merck, Germany)-2- &ofo|= =g}
2of Iml Fe 7ksto] 187k i gsioint. oehEs
AASIL Sefo|= Feki flof F offghk&o] A%

—_

a2
E
=

g flo

.

o o
o
BN
O

0
-

L
) QT 5, FRE olglol Atk WSt
74 31ollA] 200~1000%) Hh& T2kl 677)9]
o

3L 7M1= K. septempunctata EAE SR1515 T

_QLH

| N

)

(2) PCR A}

Ago|(FA FAl Aol, AHQAE oo TS
s RE SIS AYRE Sl 2 TS Sl
& L= et (9F 03g) MET stdlem, 5%
A AE AFE 8l 575 AAE sF-8 2=
o] Bkt (Fig. 1). ZF MES FHo|| Yol #AE
0 5 TEWTo] o) SJ4jelo] % 2SS
oyt Aole] A9, Sag AAE Fof wol
LTS poolste] ojst & 0w 258
hafeiick 702 262 J0nee] ok ok
o 1501l Hoj DNA 2] AH§3151c), DNAL
A== Accuprep® DNA extraction kit (Bioneer,
Korea)E AR&sto] oiimof| we} =313tk PCR
of AMSF primer= Y| AP A AASH=
primer& ARE-5}$ 0™ (Table. 2), 18S IDNAE H&
Sh= primer set1} 28S rDNAE 71&31= primer seto]|
t5te], &3l templateE AccuPower® PCR
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Figure. 1. Sampling sites in trunk muscle of olive flounder; (a) head part, (b) tail part, (c) entire muscle

Table 2. Primer information and PCR reaction condition used in the study

Target gene Primer name

Sequence (5' to 3') Target size

Ksept18S-436

agaaataccggagtggaccgtaaaatg

18S rDNA 333bp
Ksept18S-768 gttccatgetataacattcaagegtteg
KSf tgtgtgatcagacttgatat,

28S rDNA gegeres 357bp
KSr aagccaaaactgcetggecattt

premix (Bioneer)2} &350 20ul2] H-3-Hof| A PCR
2 43¥51%tk PCR A== ethidium bromide7} 7}
%] 1.5% agarose gelof] A7]%3% 3§t 5 Multilmage® II
(Alphainnotech, USA)Z PCR AHE9] $EZ& 30|35}
%k PCR 94 Hhe2& YEhfl= &2 Gel DNA
extraction kit (Millipore, USA)S ARE310] AAISH &,
t-blunt vector (Solgent, Korea)ol] S='d3}al Cempetent

cell DH5a (Biofact, Korea) ©f transformation 3=

Accuprep® plamid mini extraction kit (Bioneer)& A&
5o plasmid & £-23F - SolgentAlol] A4S 9]
sk

2
A YR A2 K. septempunctata 7E

A= Aol FAEE HA] S401E dVde=
Huld A7 PCRE B3l K. septempunctata 7YE

38 2AIE 26704 Qe e A
143u}2] JX| 5 471229 Trt2)(4.9%) HAA K
septempunctata 37} HEE o (Fig. 2) 1 5
sokelollA] EAkFig 37} Helsilch 4% © BE
H29] 52 S0ko = Tkt A} ol HE
ook ELe HekE oha o] KeLoTE K
septempunctata 719 2] F-50] E715319ic} PCRE
Folu AvE o ZApt HEo] B o= AEe]
732, 28S rDNA 357bp2] PCR product AJAAS E3
A5}, K. septempunctata 28S tDNA(AB693040)2}
100% YX|sHS- &2l5}gitidata not shown). FESE
YA FRA SazRE YR 2o} 671139
samples)of| A= K. septempunctata®) -7Zx} 4 E2}

7t HEEHA S



Figure. 2. 18S rDNA (a) and 28S rDNA (b) PCR results
of Kudoa septempunctata positive and negative samples. PCR
was performed as duplicate and lane 1 to 5 show K
septempunctata negative results and lane 6 shows positive
result. M, 100bp marker; N, negative control; P, positive control.

10 ym

Figure 3. Microscopic observation (1000x) of Kudoa
septempunctata spore with 6 to 7 valves, stained with
Loffler’s methylene blue solution.

RAL 59 FEo} 29 AP

AF 3ol oflslo] ATl AAEAS Sl
AollA] FhEis Ak %) 3ntel, 217 gute,
o[ 21, 540] 201, BE 1ufe, HE Livle)
5AJe] gute), ol 6ukelo] o} Aee ZARE
2k o} §eL Exph wE FBEA ol
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45 F9d Fxof A& v

Fropt A& H olFe] I8 F9dE ot HE
HIES AR A3}, F5 8ollAl= Trke] F 3uk]
(42.8%), v|HR 52 Tk S 4ukE(57%), 55
AAE ARSEE ME2 e ME100%) 014 F=of
A7 AEE AT (Table 3). E3L 70t2] 5 30}
oA dnFg R i 6-7702] ZA7F HEE STk
7% = glrio] AZojA] 185 IDNAS} 288 tDNA Q]
e At A8, & atejof| A|(Table 3,
fish7) 7 v, RIS FollA] 18S 1IDNA A&
S]] (oot 288 rDNAL= v]R-el AR g0l A]
HE0] o] K. septempunctata®] T8 U= 578513
o 28 DNA ZEAMEO] A|AAS E3d K.

septempunctata S Q15T

i t

Ml

K. septempunctata= =0l A LEOZ 5Z35t
2]9] E5oA H2E RI1E S o™ (Matsukane ef
al, 2010), 92| Ufolxl= AlF= A o] HA|
o 7F¢ =& vl AAIskER, 2 AtolAl= 2012
EEL A= A GoflM A== HA] S701e Ao,
1 AAA HAE ERE AFAAL ofF 850l A
K. septempunctata®) 7¥d d3-S ZABIQILE 11 2
7 267 AL oo el IR M3l % 47)
2 Tal2)(4.9%) 2] R X410l K. septempunciata®)
QA HE Eoink BE B A A 2L
Goz QoA AIET 3 3~Sole] % 1 ~2felolA
A% PHE Ul W ueia ojRs K
septempunctata®] AR} Ei= EX7) A AEE A
S 102 Ho} o] W2 7] Aol 2 Ao
2 Atk APt A% Tk 93 % ok
oA FIeof AL HEEH oM, TR SlhofA]
FIeof ZA} HE 2|A| A7} 10%spores/g o]2h=
B o] whet (lijima er al., 2012), A7} HEEA]

O

o @
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Table 3. Comparison of sampling sites in trunk muscle of fish for detection of Kudoa septempunctata

) head part tail part entire muscle
Fish Farm Kudoa spore
18S rDNA  28S rDNA | 18S rDNA 28S rDNA | 18S rDNA 28S rDNA
1 A P P P P P P P
2 A P P P P P P P
3 B nd. nd. n.d. n.d. P P n.d.
4 B n.d. n.d. n.d. n.d. P P P
5 C n.d. nd. P P P P n.d.
6 C P P P P P P n.d.
7 D nd. nd. n.d. P nd. P n.d.
Detection rates 3/7 3/7 4/7 5/7 6/7 77 377
(%) (42.9%) (42.9%) (57.1%) (71.4%) (85.7%) (100%) (42.9%)
P, positive; n.d., not detected
& 4ne] offpof] VS FImo A} b A EAsh: St = HAlOl A E= AL
10%spores/g e} 412 Ao A7t A B2, 454 olF 5ol HaAA itk &

WAIZ Zee 850 Aot olFelae TR0k
7t AR aslek FEolet 2 HoEA e

251 0ol x| Whirling disease S .07 |3= Myxobolus
cerebralis 2] 57532 Oligochaeta Tubifex tubifex7}
B3l Tjo] 9] o (Gilbert and Granath Jr 2001, Zendt
and Bergersen 2000), 7'<40101]/\1 2] = Ceratomyxa
auerbachi®] FAFx &7 &2 22 Chone
infundibuliformis7} 978 A )t} (Keie et al., 2008).
OHBEZE K septempunctata®] 719 E5F $HE0) &
xHa—}_ E'x«]z,; Ego] Tﬂ’ = Xl-_Q_o}ﬁ QS
PR5AS AZHE 4 Slo] 1ol Ale] 1o} 714
of 7150] 2 AR Akl 3 QoA Aot
AN FmolF AEEA] igheh Ard4t dA)7t
o)k Zat Al7Jo] B 4:0) A= A
5510 1 917-0) ZAjo] 3ulelit ALgBIOnE,
A% AL A1) K. septempunciataZF o] g
o @l XA Q3 Aoz Az

HA7HA] ofRoA] sl Tolgo] thet A
A e A & 1o, K septempunctata FESE

e d
-4
1o
i
A‘#

ot &2
( ;‘r‘

N

WA SHA SREE 2[of 6702
zAsigioL, o} 2} 9 2937}
ekt a8y, lijima 5

HE=A

(2012)0f oJ3t ¥ a1of|A
| 2] 300ute] = 1u}]o|A] real-time PCR Zx}

FIof AR AEE 0, WA 2o Al7IEH
Aol AAtEE 2 A’k & AolA=
AHFPCRAHO] oJsf] £ARE Sl CE R, A Vgt
ol gt ) Hol} 12 4 ook
A 2]o] Al7]of|A] 2ZAZE 241 9= leu s,
2ol 2710l A B4 ol THl 29 B 7R

A7¥EE 4= 9oy, K. septempunctata®] AL 7+

4 T 45 Wollxiol Sejol et 977 2

E3L SRt

2 a3

K2 GtolA] SE01S ARtse o] ofed 7}

A AAEo] glom, B gatof =
Grabner = (2012)0]] ©J3}

Qo] 4}
s wpo2 gl A} o

2} ZAPHL: o} @5}0] ZAIZ 19Tk 18S DNA primer

9| 749K septempunctata 22
e Fazolgo] 1A} WSl
old, 285 DNAE HAZE3= primer9)

L ot} YAo] 7|4

<
AT 99

primer
AL K
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septempunctata®]] £0]2 0 & 1OF primero|ch & ¢
TFolA] 2AFATL 288 tDNA primerof A= AZ0] it
18S IDNAOJA|= fE0] =R o= AEo] 245}

FeliAls 259 o= RE AFiste] Aol AMg-
shouo] wet e At gebd o Qlete s
B 5 AAsks Aol Sasith & Atlss
HA] 9] FRZA AQF et T8 vEZollA AF
o 58, 1Pl 5 AAIE wol B2 MES
ARgBLo] Fiot HEE-5 H|wSlGIThTable 3). 1
23}, TR 5ol Tk F 3nked2.8%), )t
el Tk 5 4ukR(57%), s AAIE AR
TS e AE(100%) oA FE=oF {7 A
Z50], o= 3t B9 I8 MET e ARG
(Fig. 1(2), (b)) 55 HAFig. )5 =0l HFlsh=
ol Feol Ao ¥ aa4de sttt 7
nhe] 5 3ukele e Rl AR HE Aol
9ow] 1 % 2ufelof EA) eeleigion o
uhe]of A= ZAP7L SRIEA] 9ttt Kawai 5
(2012)] real-time PCR-2- AR8-5}0] Y22 8 H¢]
4 70} $20409] (RS 2 2k Y1A0e) 2250
Freolo] 3R} 4= 5.6x10%spores/gol| 418.4x10°spores/g 7}
A Bolle 2AF F9ER Ciglo] th=A| L
WO, A} 4= LIx10°0) A 1.2x107/g7} 2 75
o= &5 F-9joll AdHglo] Crgho] &pol7t gles
Urel, 5 1gofl 10° o] A7} A 79 Fe
o7t 5 AAof| A=A sk RS AjFsIGith
2 AtolM Fopt AE H HA[9] Tsolla] ZA}
£ AlshA] QSRR FeEE PCR s A3t
R 7M1 789 1Al 5 1g & FHeol7 ) 10° ofst
2 At Ao e 5 Aok Teln, R
of 2] BRH AT AL, ol T 1o}E
Y G A e} 8 A 2918 T2 308}
o] ABIE o] 2 2] T} K Aol

Wi
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Kudoa septempunctata7} 3r=-2] FA {29 45
off 7]¥sk= Alo] Hilw o], & ¢lqtollAl= 20124
59 A Aode] 94 WA 9 AUt of ol K
septempunciata®) 7493 WL ZAIT AR
2671] W17 QAo RN L3uI2IE HAfE A
3}, 47} TolelAS)ol A T} 7ol 21IEIS)
om, G2 Zlof 67ntejo = FEoprt AEEA]
AT ERL AT A oA ofF] FH AL ofF
§5oIHE Frobt AEEA) stk ol 4
= © vk offfol Histe] S o F=of
A28 vlwely] 9istol, Wle] FREo AT
oo, WIFEOIA AR 52 1EA 5
HAE w0l e HES ANl HEEs vlalst
At S o] e AES AR - HEE0
100%2 719 20k, ofi= 3t Zollx] 2892 ek
A WO} S8 W) 2912 21 A2ske Aol
7o} A% o BEHIS el

AL =

B AT SRR S
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