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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 8§ 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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offrollA 22 H Freoks: Mol A AlA
Aog ko 227 W1 Eoj9ko ™ (Kent ef al,
2001, Lom and Dykovd 2006, Moran et al., 1999,
Yokoyama 2003), thFE-9] £o| AL, k], AR

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

AEE gAsl= x4 7)1A8A o)t} (Blaylock et al.,
2004, Burger et al., 2007, Egusa and Shiomitsu 1983,
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Maeno et al, 1993, Nakajima and Egusa 1978,
Sitja-Bobadilla 2009). F-=ol=0 o)t HL <=3
o Ae), W5, AE o AT wAA WA
(Moran et al., 1999), 2480l 7|A5= Kudoa
thyrsites, Kudoa musculoliquefaciens, Kudoa paniformis,
Kudoa clupeidae, Kudoa miniauriculata 5-& o157}
S8 5o 715 T Fafaae] osf S5
GAA AP E Do o E THE E
ol HAKoZ mafE Yot} (Kudo et al,
1987, Moran et al., 1999, Yokoyama ef al., 2004). ©]&
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Freolg 7Rt |AoA = 4719 S 7 K
thyrsites7} 25 S35 Yo7 = AoF FxE Bl
&)%) 0™ (Yokoyama et al., 2004), 5-0fo]] 7|A5k=
Ao 7 B35 Kudoa lateolabracis7} Z|2of F 2] 2]
80| A QARSI (Grabner ef al, 2012), L 3=+
o] A JA 8] FHollA AlF FE=oks2l Kudoa
septempunctata®] 7)A§0] B 1% It (Matsukane ef
al., 2010). K. septempunctata~ A} 17] 3 771(6-77H)
o] Fde THAIn) 0] PSS Aot 2
5 ) AAES 48 oot Seko 2 Zielo] 9kl
2] o= EAE 7Tt (Matsukane er al., 2010).

F ROl A= 2003 H 5 35 AJF g ol
2-20A17F ool FFE} HARE Yo7l AS T
SOR S| F/Fo] LR 3 4A17E ofufjo]l 21
Al 2& EAYOR sk YR1EH 9] 4550
simiet 10070 o4 iAYsted, 2010 ofl= 158710]
PR QITE 158719 Al 5 130710] §4] 3&
Ak Sbjol 4 WiElo), WA 318 S0 ofst
ZA}9} metagenomic DNA A|AALS 31 Aif, gx
3o A K. septempunctata® DNA7} HZ0] E Tk
E3h AdsES o83t Ales AW A% K
septempunctata®]] SJ3f| HALL} FEO| AF= FAF0]
o], o] FrolsE A= AlF=o YA =
K5 om, Algm HAY A W 2ARE ) iR
o] P2 1g &ofl 10° o]Fe] A7} 2l o], o]
FAE AeEe dovle FA 7o sl
(Kawai et al., 2012). Z|<£2] 3t A7tof| ]3] Kudoao]|
A o7t G HsSE Hole &
AoA| dejA] eglo] H 4= Qlrfar Harg Ho| gle.
U (Martinez de Velasco et al., 2008), Kawai 5{2012)°]
Ol Ra1% K. septempunctata©]] &J3t A5=0] Bl
= Ao S Ul Fmoto] w229
Hirork o]2gt o] f-2 Uit HRofA = A=
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A= B2 Au= R 2EE K septempunctata
71 ofi HARE ZFsfstar Qlok

HAlE ARE ARA o R Fa3h pikEol7]
of, Aol sk K 4
So| uge BERANHOE g Zastol,
o A+= K. septempunctatas A 4~ Q= B
it o2 71A] 7t paliEo] ek HAlol| Zhdst
= K thyrsites, K. lateolabracis, K. septempunctata®]
18S IDNAE ZE 07 71&3h= primer2] 7|8}, 28S
DNAE & Soldos HES 4 Gl primer7} Hal
EojA] Q) o (Grabner ef al, 2012), F=of G4A}]
real-time PCRS- A[8-31 e (Harada ef al, 2012a),
A F= Bprto] Hol|A] K. septempunctata 3R} 7
=W (Harada ef al., 2012b) 5-0] Hilx|ojH )
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SRR AR A de SR, A Xt At ol
O K. septempunctata®] X HE etstr] {15t
18S rDNAS} 28S tDNAE 7A=3= PCRH1} &u|7
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pAgo R Aol 3tk Estalol, S00g o]
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AU oA, 24, YIS SHol, 55 AE
el o) & AT AHEAL] SAE Sl
Fyste] 2apel 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] 0?1) ) &
olive flounder (fry) (‘g% *]of) 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 HAb %l 3, Loffler’s methylene blue solution- 1ml 7}5}o

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

ARG AR Fuste] AHS SHsHOD

(1) &Anld A

duld A Sl @39 FHE s HIRE
s T AAMES ARSI (Fig 1). ¥
ole] FHE S5 nlRE 5% AR5 iRg
4= Afste] Seto = Wk 5 71 BojE HES
ol-gsto] Tea A T Sfol= S FA
7|2 wAY = 3 & dxsigieh 7 A

= AFle 505 AA FE SiE-8 A= =
< TE buffer(Promega, USA)of| 5ul] 3]4] 3 2
Fste] 10ulE Eefe]=aes flof Hojmd
sioick 2019 A, 5% AAE 2= A
et ¥ w292 AFste] masic), 7%
3, 99.5% oflg-2 (Merck, Germany)-2- &afo|= =g}
2of Inl Fe 7ksto] 187k 1 gsioint. oehEs
AASHL Sefol= Skt ffof g offeho] Az

_—
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g flo
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) QT 5, FRE olglel Mtk Bt
74 31ollA] 200~1000%) Hh& T2kl 677)9]
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32 7M1= K. septempunctata EAE ER1515 T

_QLH
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(2) PCR A}

Aol FAl Aol, AHQAE oo FRE
s RE SIS AYRE Slel, 2 TS Sl
& L= et (9F 03g) MET stdlen, 5%
A AE AFE 8l 575 AAE -8 2=
o] Mokt (Fig. 1). ZF MES FHo|| Yol #AE
0 5 TEWTo] 9] 3J4jelol % 2SS
oyt Aole] A9, Sag AAE Fof wol
LSEHIE poolste] Hojst 2e 0w 258
shafeisick Tjlo2 262 J0neef] ok ol
o 1501l Hoj DNA 2] AH§3151c), DNAL
A== Accuprep® DNA extraction kit (Bioneer,
Korea)E AR&-sto] oiimof| we} =313tk PCR
of AL8SF primer= Y] AP A AASH=
primer& ARE-5}S 0™ (Table. 2), 18S IDNAE H&
Sh= primer set1} 28S rDNAE 71&31= primer seto]|
th5te], &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 agaaataccggagtggaccgtaaaat

18S tDNA P £ seigeente £ 333bp
Ksept18S-768 gttccatgctataacattcaagegttcg
KSf totgtgatcagacttgatat

28S tDNA gegedigirierae 357bp
KSr aagccaaaactgcetggecattt

premix (Bioneer)o 31511 20112] Bk loflA] PCR
2 43¥51%tk PCR AME-2 ethidium bromide7} 7}
%] 1.5% agarose gelof] A7]%3% $F 5 Multilmage® I1
(Alphainnotech, USA)Z PCR AHz2] $EZ& 30|35}
Stk PCR A4 Hhe= Ui &2 Gel DNA
extraction kit (Millipore, USA)S ARE3}0] AAISH &,
t-blunt vector (Solgent, Korea)o]] S='d3}aL Cempetent
cell DH5a (Biofact, Korea) ©f transformation -

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

2
A YR A2 K. septempunctata 7E

A= Aol FAEE HA] S48 Vo=
Ful A2 PCRE B3l K. septempunctata 7YE

38 2AIAT, 26704 Qpbe e A
143u}2] JX] 5 471229 Trt2)(4.9%) HAA K
septempunctata 37} HEE 0™ (Fig. 2) 1 5
sokelolla] EAkFig 37} Selsilch 45 @ BE
H29] 52 S9ko = Tkt Au) ol HE
olsh ELS HelE ol o] KeLoTE K
septempunctata 7+ 2] F-50] E715319ic) PCRE
Folu AvE o ZApt HEo] B o= AEe]
732, 28S rDNA 357bp2] PCR product AJAA-S E3|
BA5}ol, K septempunctata 28S tDNA(AB693040)2}
100% YX|sHS- &2l5}gitidata not shown). TSk
YA FRA SazRE AR Ao 671139
samples)of| A= K. septempunctata®) -7A} 4 3E2}

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.

RAA o579 Fuol 2 B

AF 2lelA oflslo] AT AAZAY Sl
AollA] Fhehs Ak W) 3ntel, 217 gute,
o[ 20, 540] 201, BE 1ufe), HE Livle)
5AJe] 8e, ol Gulelol] Fmo} Ate At
vk Szl ARl EAVE B 22w Siglch
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o5 FHY fxof A& v

Fropt HE H ol 5 9 ot A&
HIES AR 2, F5 sollAl= v 5 3uk
(42.8%), PR -2 TukE] F 4ukR(5T%), T
AAE AMERE MES Bs AE(100%)01 4 F=of
FARZE AEEIRIT (Table 3). 2L 7012|530t
oA FujF oz I 67749 EAPL HEE Ak
A= = l5EE9] MZofA 18S rDNAL} 28S rDNA 9]
A= A3t dAstelon, g nhefojlx|(Table 3,
fish7) 747, W, RS HFollA] 18S 1DNA &
=] 2] 9ROt 288 rDNA= ] Rel AR50l 4]
HE0| E|o K septempunctata®] 7FE Y-S 4319
om, 288 1DNA FEARES] AAAE &3l K

septempunctata S Q18T

i t

Ml

K. septempunctata= =0l A LEOF 5Z35t
2]9] &S0 A H2E RI1E RS H (Matsukane ef
al, 2010), 92| Ufolxl= AlF= A o] HA| 5
o 7V =& vl AAIskER, 2 AtollAl= 2012
EEL A= A GoflM A== HA] S701et Ao,
1 AAAE 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 44010l K. septempunciata®)
QA HE Eoink BE B A A 2L
Gz ol AIET 3 3~5ol2] % 1 ~2felol
A% e Ush W uela ojR: K
septempunctata®] AR} Ei= EX7) A AEE A
S 107 Wo} el W2 7] Mok 2 Ao
2 Atk APt A% Tk 9 % ok
oA FIeof AL HEH oM, TR SlhofA]
FIeof A} HE 2|A| A7} 10%spores/g o2k
B o] whe (lijima er al., 2012), EA7} HEE A
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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 n.d. 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. n.d. P p P P n.d.
6 C P P P P P P n.d.
7 D nd. n.d. n.d. P nd. P n.d.
Detection rates 317 3/7 4/7 5/7 6/7 77 3/7
(%) (42.9%) (42.9%) (57.1%) (71.4%) (85.7%) (100%) (42.9%)
P, positive; n.d., not detected
W 4uE] offo 7sks FIot kA 7F PO EASk: St s gAol AHEE A7,
10%spores/g e} 2412 A o= A7t A A=, A=A olF Fol WeRIA] ek &
HAE AT 8 AAE ofFollAl= Feol Ao A PR FRA ST RE X]of 671
7} AZE|R] okokr}. Srole} 7o Aol Ao £ AR oY, Fwol 22 W fHApE HEER]
251 0ol x| Whirling disease S .07 |3= Myxobolus ket 1Y, Tijima 5 (2012)0] &gt Halof|A
cerebralis @] 574532 Oligochaeta Tubifex tubifex7} Fx] z]o] 300utz] = 1vle]of|A] real-time PCR 23}

B3l Tjo] 9] o (Gilbert and Granath Jr 2001, Zendt
and Bergersen 2000), 7'<40101]/\1 2] = Ceratomyxa
auerbachi®] FAFx &7 &2 thRE Chone
infundibuliformis7} 978 A )t} (Keie et al., 2008).
OHBEZE K. septempunctata®] 719 E5F $HF0 &
xHa—}_ E'x«lz,; Ego] Tﬂ’ zg xl-_Q_o}ﬁ QS
TRsAS A7IRE 4= Slo] AU HAI2) 70} 719]
of k0] 2 o Azt 2 Aold el
Aol FEob AEEA Sglek A A}
o\siEle 2 Alo] B 2ol MES AU
siefod 2 o] 240 3ofelut SO,
2} AFAAY H 2|9 K. septempunctataZy Fol sk
o W XA} FQdk Aoz A=
A ofRolA BE TEolEo] gt A
A e A 8 (1o, K septempunctata FESE

FIot AR AEE 0, WA 2o Al715H
Aol AAtEE 2 A’k & AolA=
ARt PCREHO]| oJsf) 2ALE sl3lo R, Hs Vgt
ol gt A4e) Hol} 12 4 ol
A 2]o] AJ7]of|A] 2ZAZF 241 9= fleu s,
2ol 2ol A 84 ol THl 1) B 7R

78 4= 9o, K. septempunctata®] RSARL 7+

o F 45 el Sejol Bt 977} 2

E3L SRt

2 o3

K2 GpollA] SE01S ARtse o] ofed 7}

A AAE]o] glom, B gatof =
Grabner = (2012)0]] 2J3}

Qo] 4}
s wo2 gl A} o

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

9| 79K septempunctata 22
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old, 285 DNAE HAE3= primer9)
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AT 99

= primer
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septempunctata®]] £0]2 0 & 1OF primero|ch & ¢
TFol|A] 2AFATL 288 tDNA primerof A= AZ0] it
18S IDNAOJA|= Z0] E|A] o= MEo] 245}

FeliAls I59] o= RS AFiste] Aol AME-
shuo] wet AE At gebd o Qlete s
B 5 AAsks Aol Sasith & Atllss
YA FRZA AF e T8 vEZollA AF
o 58, 1Pl 5 AAIE wol B2 MES
ARgBLo] Fiot HEE-5 H|wSlGIthTable 3). 1
2}, TR ISl Tk F 3nked2.8%), )t
e Tk 5 4uke(57%), s AAIE AR
TS e AE(100%) oA FE=oF FH7E A
Z50], o= 3t B9 I8 MET ke ARG
(Fig. 1(2), (b)) 55 AAFig. ()5 =0l HFlsh=
ol Feol Ao ¥ aa4ds sttt 7
nhe] 5 3ukele e Rl AR HE Aol
9low] 1 % 2ufelof EA} aeleigion o
uhe]ofl A= ZAPL SRIEA] 9ttt Kawai 5
(2012)] real-time PCR-2- AR8-5}0] Y22 8- H¢]
4 a0} $0409] (kS 2 2k Y1709) 2250
Frolo] 3R} 4= 5.6x10%spores/gol| 418.4x10°spores/g 7}
AT Bolle 2AF F9EE Cglo] th=A| W
WO A} 4= LIx10°0) A 1.2x107/g7} 2R -
o= &5 F-9joll AdHglo] Crgho] &pol7t gles
Uel, 5 1gofl 10° o] A7} A 79 Fe
op7t & AAof| A=A RSk RS AjFsIGAth
2 Aol Feopt AE H HA9] Teola] ZA}
£ AlshA] QAR FeEE PCR s A3t
CRE 7S 739 HA] 5 1g & FHeol7 ) 10° ofst
2 At Ao e 4 Aok Telue, R
of 2] BRH AT AL, ol T 19}E
Y G A e} 8 A 2918 T2 308t
o] HABIE o] 2 2] T} K Aol
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om, G2 Zlof 67ntejo = FEoprt AEEA]
AT ERL AT A oA ofF] H AL ofF
§50IHE Pt AEEA) Atk okt 4
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oo, WIFEOIA AR 52 1EA 5
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