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A Study About Analysis Results for Kudoa septempunctata
(Myxosporea: Multivalvulida) in Tissue at Olive Flounder,
using PCR (polymerase chain reaction) and Histological Methods

Jeong Wan Do, Miyoung Cho, Sung Hee Jung and Nam-Sil Lee™

Fish Pathology Division, National Institute of Fisheries Sciences, Busan 46083, Republic of Korea

Abstract - This study is for the consideration of the existence tendency of Kudoa septempunctata in
olive flounder. In general, muscle has shown a strong PCR positive reaction in spores containing
tissues rather than non-containing tissues. However, blood PCR results showed opposed tendency.
In various organs of the tested fish containing spores in muscle tissue, heart had shown positive
reaction along with muscle at PCR analysis. Muscle fiber necrosis was observed at the histological
observation, and this degeneration was common in both samples. The one sample was the PCR
positive muscle containing spore and the other was the PCR positive muscle non-containing
spore. Both of muscle tissues indicated a positive reaction at ISH (in-situ hybridization) against K.

septempunctata.
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HHEAZFF (Myxosporeans)+= O FollA £F TAY
€ 7IASRE, A8 WESHA] FAT SFE v
7he] ohofet FEiE AESAL JES & & Utk (Alvarex-
Pellitero and Sitja-Bobadilla 1993; Kristomundsson and
Freeman 2014; Yokoyama et al. 2016). LEoA 2010 9]
g ARIEE Y ASE ddE At A
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2 S A %54 (Ministry of Health, Labour and Welfare of
Japan N E RS 28S AR WHFOEA B
# AFEd0] BAUT, T WA HALAFY UZ
Q1 Kudoa septempunctata (Myxosporea: Multivalvulida)7}
=YuA =ik (Kawai ef al. 2012; Yokoyama et al. 2015).
2 FARAF o AFET BeAstel Q& AT ol
A sl A B4, 9 5 gela 1 gl
it A7) o Es] o] F oA $ktk(Kawai et al. 2012;
Yoshiko et al. 2014; Takeuchi et al. 2016). 71 A3} F2,
W FE 5O FAT RS FEokEe] HATE )
Q18 ol At oF 7.2x 10'7H/2] (Yoshiko et al. 2014)
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< AFHsHEE o —]%594 HASES Hole A
Utk FrokzAF 9|
il}ﬂ%@(SporOPlasm)Ol /g %él‘?JOM HEE 7Y
5l= AoZ AdAROZ grs| A QT (Yoshiko et al. 2014;
Shin et al. 2015; Ohnish et al. 2016).

AR FEotFol T At AA ol gt Ykl HEEH
of glo] |A AHolxe E2AZ9| Fejet o] gt A
T Foti7] AETh AdH 02 PCR FAE Foto] 2
S W FEANEES T £ 3= A= o ey 2%

oA QAo FFe = FHYU ZAY FH= 2K W &
N 52 543 Wolth. K. septempuctata®l A
7F B3] HeA A= FAT, XY 25 W 7 AE=
FH= ZA o9y tE FHEE WEE AR Holy,
929 25 Wl Zx9 FeE ohF S22 YsiAl
= &30 B4 FFol A HAT AL 2 HItH(Chun
2006). & AT ZAZFY 53 7hH shuel g Ao A ¢
71BFEHE dobi 7] AT 7Rt E gAY Z52F] 2
FAE o] &sto] EAYETH, 245ty B4 9sto] F
Lol HHZAFo| tigt PCR AALE AAlstgl o, 247k
AEH MAAAY Z+ Z7]1E PCR AAM] digh A3 9 =
Z8HA iz Y-gof el HESN A} syt

R

1. 439

¥4 A ERE Frotxao] FEE FEL ¢ W
I (Song et al. 2014) A&7 o whet T Ropd 4= §lomn,
A F FHAPEAE et FAEA FEE 9 27 A
"ol AFE 8o] 7hesdt Hgte® HAsto] 5001t
2 St Aol A" JX|, Paralichthys olivaceus (A
2} 40.47+1.59 cm, AF 70524963 g)= Foj oA Tof
FHE 2 04%1*1“ of| £=%-5to] T"rfrﬂ 3E (ton) YF 20|
U SotHA 23U XA, AAFES H6 5
& chi p% AEFAZIE AHESto] SFH 8o o]4]s}

2 FAE AHESto] ul R & 28 FA7F 2

28248 2% T 8L /)97 &

2. %A A

A ol4g FAIZ YA} Aokl Aejol A Ao 2
2 (% 0029)% HE}T o] THEHE FFEFS (Ulira

Pure Distilled Water, Invitrogen)2 ©}4j|3}o] PCR A} EZ

M 1(67603)2(74576) 3(67838)4(74044)5(73799)6(74595)7(67217) + -

Fig. 1. KS-PCR products loading image at gel electrophoresis of
the live muscle tissue. M: marker, 1-7: sample number,
(0000) is chip number, +: positive control (356 bp), —:
negative control.

TS A% Ao ARESHTH (Live ZAH. DNA
Mini kit (QIAGEN)S /\}%0]-01 E%}_l. © 2R E| geonomic
DNAE F&3}1, o] DNAS F3 22 o] F=o} 28S
DNAE HAHRSE 3o 356 bpE @'*3'5}1_ PCR ZAHY
(©]3} KS-PCR HA} (Grabner et al. 2012)0.2 & SAL
T AAEH mEtth 2 AP AAAE 4719 Hel
AHE-H KSf 5'-gtgtgtgatcagacttgatatg-3'2} KSr 5'-aagccaaaa
ctgctggccattt-3'9] primersE EFTA|A APH FEA A S
customized Hotstart PCR premix (Bioneer, Korea)S ARE-3}
o] annealing &% 55°CO|A] 35 cyclesZ 3}o] 3 A Zo o
gto] 23] W& PCR< AAISHATH A A7 F5olA ZelE
t FAAM=S] Yo A=E B A (No. 1~7, Fig. DE
Adstgith 23] PCR A7t &pol7F AU Bl 2] oFgh
HE= Sl E A2 o7l 22E SEfo|=o] =Tsto
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2 W) mA} Holx| G 47}AI 2819] PCR A3} B
1 FALE WERE SRIEHA dMste] Tt QlE =
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4. 225 HF

10% 22T 1A% 2247 A7lo] gt =
AA e b3 2ok 2AFE A2HS 8l Al (oF 8x2
mm HF)ste] 10% FH4EZ2LA 22158k 18~24
h oJWo] A3 gt & SAE &F (60~100%)°] B3t
I, Xyleneo| EH3l BAL A & "2ty JEAA
gt 22 LS AZett npo] A2 E (Leica) 22 4 um2)
ZAMHS Fo Sefo|=Fgtiof HAst AxAY &
(45~50°C), H&E (Hematoxylin & Eosin) A4S A A5},
B3t & 38lEu| 7 (Axio ImagerAl, ZEISS)S. 2 5}
WA AR A AE (Zen2012, ZEISS)S AFE-8Le] o]u] ]
£ A8

5. 2z = Z 8l 2 (In-situ hybridization: ISHY)

ISHE 913 Dig labeling probe®| /ol & A4
A YARISE K. septempunctata®] 5.8S~ITS2 (GeneBank
accession No. LC028894)9] ARE2] 185bpo]l st primer
set (Left 5'-agttactgagtgatccgega-3', Right 5'-caagccgtcaacac
aaccta-3") 5 AMESIAT). K. septempunctata %73 genomic
DNAE F§ 22 Ex Taq polymerase-HS (Hot start Version)
2} 2.5 mM dNTP mixture set (TAKARA)E AF&35}4] anneal-
ing €% 59°CE 3o} 1X} PCRE AlAELL, o] 7] 4 ol
A APYES FHO 2 thA] 22 polymerase®} Dig labeling
mix""" (Roche)E AHE3}e] 22} PCRE 414|514 Dig label-
ing PCR product® A|&Fstith 22 A H-2 Ao et 22
Wl 1RE 2REHoR setd ARG AR 714
e (Lee et al. 2009; Do et al. 2013)9]] w2} HybridizationS
AAFE 3, glycerol 2 B-J3}o] B8-& 0] (Axio ImagerAl,
ZEISS)C &2 st A FAEY A2 (Zen2012, ZEISS)
<= ARgSto olm| A& A 8T

=F

7=J-|_|. al -_'l—E

253 A9 KS-PCR AA A3}

5000t8] 9] & ZFof gt K. septempunctata®) 28S
rDNA®| tjg KS-PCR AAF 235 <13}, Fig. 13} 22
A A71%95 23 MBENALE St THAIE AEst
Atk No. 1,2,3, 68 AMZS MBHA o2 ZA7F BRE R
detem No. 4,5, 74 &S 225 W 5= UE 7

Aolth. &= 2714 & o5 /A e FHozRE KS-PCR
AAE AAG A 1,2,3, 68 AZoME a9 gy

500bp =»
300bp =»

Fig. 2. KS-PCR products loading image at gel electrophoresis of
the blood, M: marker, 1-7: sample number. +: positive
control (356 bp), —: negative control.

22 e PAolgon 4,58 AEE S4olgich 7
BES EAL AT S k3t PV} Selg

itk (Fig. 2).

A G742 H&E A3 -2 4Rt 22 A 0|1} Methylene
blue?} Z2 THMS Foto] 228 A E= FHE &
ASFAL, o] Y AAAN A H vA|L2E T B
(Matsukane et al. 2010; Ohnish et al. 2013a)= o} 2 &
T} o] TR/} BEER] koA KS-PCR HAA ok
Auerl Eolgs 489 2AFES BT o= Qi
A9 KS-PCR AA F¢= HHAE Tt AA}
7Hs3lthE 231 (Yokoyama et al. 2015)% UL . dut
1%531‘01] et HArApeko] Zjolof thste] Hlw g o

At Aol gk KS-PCR AALY] AaHE vws] 2H
°°1]*H 4 7719 e g2 AS ¢ 5 Uk &

S W 2271 v #BEEE 7= KS-PCRAA &
oAM= FAMETF Fstg ot oA o Ait=
k. olof ¥haf 25 W A7 WEEA] AU A2 s=
== A Y2 KS-PCROA FPMET} & EHEl‘”
ot FAo Rt ZHoA e FAMET HEEHE =
A55HA AstAT AT vHEe] AFeR “fli =
Sz 3 dAo| KS-PCR AAMAIY} Hidjets AL & ¢
Agiet. ol e ke AHEATE FGH7] oAl K. sep-
tempunctata®] P A| (plasmodium)7} Y ol EA7} §
AE7] old A FHE FFeAY Bt 2AAE 7}
+d 4285 st AlZE0| o5& ©4lste] KS-PCR &
Aol A HEE U 70l Aok B W BFATE 458
7HsAE HiAIE 4= IR, A A Z Q] A3 (Phagocytosis)
o] Z+ 27 Y HYUA &2 Al A (cell debris)E A ASE
£ F7]%0lat Erhd (Esteban et al. 2015) A A E o] &
A7t AEE 7HsAE 2 202 Az o) F Fanl
o] Fesha 7} BAo] o|FojHof & Holt},

VATLOZHE KS-PCR AAE AAIEH 23, 1,2, 39
4,5,6,7H MZ2 ofxoz FolE gt} (Fig.

AE 2524 QL E KS-PCR HAE
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MM liver spleen kidney heart stomach inte. muscle + - M

Fig. 3. KS-PCR products loading image at gel electrophoresis of

the formalin fixed muscle tissue. M: marker, 1-7: sample
number, +: positive control (356 bp), —: negative control.

NS te ZA7F BHE DY 4,5, THAA FPRETL
gl on, A7 GAHR] F2 6W MAJAE ot
Myl SelEgich Yz 2371 Fo1ER] &d 1,2,3
H AN FAMETL SRR gokeh T7HA] BFE 2
7] A EE2A YA BE FANET ERlE HEE
o] A4t TAHMEZHE KS-PCR AALS 39S o 217}
9t AL 228 9§ FAAEA (Mert et al. 2015)
o] && o] HFA Y AFAA A ZAEoHS AR S
Zg3tet.

2.7+ 7)o 4 9] KS-PCR AA+ 23}

MBE M| A A7} ESi6HA SlE thE A (#74044)
o] Z+ A7) (ZF, uiF, A, A, 91, &%, 25%)oll gt KS-
PCR At A3}, 7, W1 283 9] 2F oAM= S0
o AT e vl ofgt FAAWMETE, 223 At
S50 A B Pt FAMES AT 4+ AN (Fig.
4). o] A X1 (Yokoyama et al. 2015))| X = 25, A} 3+
A Aol A9l KS-PCR HAHE o tfste] AFsthsith, 1
U A 24 WollA ZA7F EEEA ] B AE
A FTh 2 Aold 2R REY WE A 2K £
A7h EAsto e A=A M= ZATE BEEHA ge A
<= EI5}k3lTh KS-PCR HA A Hlad 7t gFAdut-g-o]
Uehd A A% W @427 S5 tiizoln @&
Aof| gt &} dAsh= W&ol 282 Aoz AAEHT
TR 2T A A oFgE FAWMETL ElE AL ol
719 22 Yol K. septempunctata®l RFAL LFA
= BT F149 diAAZ7 AXE 7ol 7] WE

o2 AR

H&E 412 AAsto] B A 2827 olelel o
wAhe] Aol 2A WA o] BREA okl
7

2
oh. 28279 79, KS-PCR @Al Q3 M=z o

Fig. 4. KS-PCR products loading image at gel electrophoresis of
the various organs of #74044. M: marker, inte.: intestine, +:
positive control (356 bp), —: negative control.

JA=HA EA7} ER1EA] = A A9, 249 A
2 I8 25 thdo] gald Ax T2 2B BF
Hrh(Fig. 5). A 7|95 olA BEet FdMETL SRI=H
A ZAZE E1EE A e AR el 227 4
57 A9 FUADAR Kol NZEL TAF AR
7F BREAY A&z el FEAAE (pseudocyst)
7F B3] E1ET} (Fig. 6). 22 TH2AE AHESHY] ISH
£ AAE AT (Fig 7), 2ARolA FE7F EEHA g
o ZAZE BEEA e B9 Fig. 7A% 2ol JAHTES
oA HAERS-S T £ dlon, FE X7t FelE
£ 7%+ Fig. B9} Zo] FEAAE0||A] 35 WhAgk-g-o]
EI= At

I&2A 0 tigk H&E M9 2284 1z Aih, BE
A ANA el o2 ot KS-PCR AAblA &
Aol A & ZAZL FAER g A THRF
A, Y A 2T 2AG D92 A FEEL
o (Fig. 5A, B). 715 o] IAME I&232 Alo]2 Z29
A GAR F5E= A27F 17 = gt (Fig. 5C, D).
KS-PCR HAL A fAoldA ZA7h HE=E A F
S, AR YAk A ZARE 259 23 YolA 23
7F FAEI e Ao] BHELH (Fig. 6A) F5EA7}
pseudocystE FAst= AL & 4 oh(Fig. 6B, ). 7t
S 2524 U dAAIZ (macrophage) @] Feho] #HHE]7]
T gtk (Fig. 6D). o] A2 24 WollA 225 gA35t7] o
A DAY HFAG AN ZE AN E7L A6 A%
ZANZY FAYE HolF= Aoz YZdEr

224 YAZE YAU FEAZETL e 2R RE
isto] ISHE AAISAS t= Fuh-go] FARESIeL 4
EAAEOA BE HFEC(Fig. 7). A5 thde At
59 Woll K. septempunctata®] HMEA £ njd=iEA7t
st 202 dAFHI 28U o] A2 FFY
of wat A FHoZ HE ws ISHY §hgAdo] oF
3f|, Tl o] FLE Ut

ool AdMA o et AAETE 7 A A, AF
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Fig. 5. H&E stain for muscle tissue showed KS-PCR positive bands and non-containing spore. A: Muscle tissue of #67603 (bar= 50 um), B:
Muscle tissue of #67603 (bar =20 pm), C: Muscle tissue of #67603 (bar =20 pm), D: Muscle tissue of #74595 (bar =20 um).

Fig. 6. H&E stain for muscle tissue showed clear KS-PCR positive bands and containing spores. A: Muscle tissue of #67217 (bar =20 pm), B:
Muscle tissue of #73799 (bar =20 um), C: Muscle tissue of #67217 (bar =20 um), D: Muscle tissue of #73799 (bar =20 um).
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A

10

Fig. 7. A: ISH reaction about muscle tissue of #74595 (bar =5 um), B: ISH reaction about muscle tissue of #73799 (bar =20 um).

Table 1. The individuals (7 fishes) information and the results of KS-PCR and MB stain

No. Chip # TL (cm) BW(g) Live muscle KS-PCR MB stain Blood KS-PCR Fixed muscle KS-PCR

1 67603 41.5 685 ++ N + -

2 74576 40.5 652 ++ N week + -

3 67838 40 687 + N very week + -

4 74044 40 634 ++++ Y - ++

5 73799 41.5 450 ++++ Y - ++

6 74595 41 605 + N week + +

7 67217 41.5 652 +++ Y very week + ++

P + +++ +++

N: spores not detected, Y: spores detected, P: positive control

I} 37 Table 19 8.9Fsto] A 2]skict.

2 Kudoad o] HAZAZL L85 Z3gH A7)0
AZE (cysHE Bt 227|144 (histozoic)olH, Y+
FoMe 24T ol FEAIAE (pseudocyst) S FAI3HA
543} (myoliquefaction)E YEFH 7| = gt} (Moran et al.
1999; Matsukane et al. 2010; Yokoyama 2016). K. septem-
punctata= 222 Y] pseudocysts AR 4532 &
FREE =AY, Ao i) HAFTAAE YEUA
L Aog WuE 9t (Matukane 2010). ¢1A o] 3|E n
Ae AL 2 TARRE Yo 2219 YUY (sporoplasm)
o] Atgre] Aol AUt x2S ASTEEN HF,
T4, &, AAL Y AF5E FAE Fddte Aoz o
A Ath(Ohnishi er al. 2013b). AAH o2 6~7712] T4
< 7HA= 23] F=Ql pseudocyst7t @] 9] 5o & A

£ A8t e DA K. septempunctata®) AL
A - bR e 2 A7 3 (dA) 24 W 71485 ¢
o @At Holw o] A o]H o tE FHEE T3
3 HollAl EAE Aoz skt 22U K. seprem-
punctataZt AFFOA HHlE F= dAE X 2524 Y
oA 1070/g o14+e] A4S st Y& waks Aol A

2o 2 HIE | (Ministry of Health, Labor and Welfare,
Japan) ZHg ol thgt gelo] 455 Fi AR 9 gl of
@ Aol 288 22T 3tk 5, KSPCR AR AAJ5
FAMETE ERIFAT 227 HEEA] Y= 7HA

7} Bl Agoltt. K. septempunctata®] 34
o] YREFAACR AE TE A5t
glod 25 W ZA7F A 25
Fo nX B2 AEOZA 717} shesk B,
o] NI} ZAHF WolAl K. septempuncrara®] HZA|7}
ISHE gRI¥E=7], FrZof HEA| (plasmodium)e] gt 4]
2} (phagocytosis)T2] T&A/do] B oS WAL RAME
8 sojok & Aol

]
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Kudoa septempunctata®l] 9|3t PCR A A Ao = 3}
" AMAE 228 W Zx7F 1| AA 3uke)het 2271
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AAAE AT o] djste] PCR HARS A AISH
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ZA7F BEstA S AE 274 A oAM= o] gl
on, b /A= A=Ee 47 Aol AR AL
ST ZA7F SR A 2 A7), v, A%
A%, 91, 43, 280l dhsto] PR AAE AN e 23
A3 28olA ek ol et 28279 HAE
A3t [SHE A A} K. septempunctata®] ZTHS2 24
Froll ZAZE EAgskar, o] B 9ol A0 EAAETL FA]
He AS gUstgon At dFeE festAle e
Ao] LIt o]F Folo] thet L AU AL Z
8% Zog Hojw, AFYEL P FA A Y Frolzt
5] A FAE AT 7IvAE7 2 Ao ZYE

fu xe

Al Al

o] =R& 20174%E A1 ATAY (R2017064) A€
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