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Myxobolus aeglefini (Myxozoa: Myxobolidae) infection in
muscles of porous-head eelpout (Bothrocara hollandi)
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A specimen of porous-head eelpout Bothrocara hollandi (Zoarcidae: Perciformes) caught from the
East Sea was found to harbour a myxosporean parasite. Numerous whitish pseudocysts were scattered
throughout the body musculature of this individual specimen. Fresh myxosporean spores were found
from the squashed pseudocysts under light microscopy. They were subspherical in frontal view with
a length of 11.9 (11.0~13.5) um, width of 11.6 (10.7~13.6) um, and thickness of 7.8 (6.9~8.8) pum.
Two polar capsules were almost equally pyriform with a length of 4.4 (3.2~5.3) um and width of
3.3 (2.4~4.2) pm. Morphometric and host ecology analysis revealed that this myxosporean parasite
could be identified as Myxobolus aeglefini Auerbach 1906. Phylogenetic analysis based on 18S rDNA
sequences also revealed that M. aeglefini was clustered with M. albi and M. groenlandicus in the
same branch, sharing 97.7% and 96.9% sequence similarities with M. albi and M. groenlandicus,
respectively.
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HAZA] (Bothrocara hollandi)= & 15 (Order A= o Aty 54 9 AdwFe] s} Sl
Perciformes) 57} X3} (Family Zoarcidae)ll 438} i3l A7 W= ATE (Choi et al, 2009).
o fElyete] Fal A 200 m o]/de] Aslol A HAEZAZFL HHAEASHE (Phylum Myxozoa)
25hE A o FEA F5ATE 79 ]‘“’4/\‘1 of &3t thAlZA 7B EZA FA7FA 2,000
G T3l EAetE g AR, AATE 5 o F ool A JdoH, EEA FAFY 35
< Ad2sle Ao R I8 A AT} (Anderson, 1994; Foll 7137 = AR A9 REL o] Fol 7]

Choi et al,, 2009). °k447bx] 4§02 &M HaL 8l Agtt (Lom and Dykova, 2006; Mackenzie and
Kalavati, 2014). HF5E2 o7 FHFFEQ
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g2 HHEZzL (Myxosporea)9} A E A (Actino-
spore)E A4kt o]/d AJ&3 (biphasic life cy-
cle)= 7}& T} (Lom and Dykova, 2006). ©] 213+ A3
A FAt ol ol 7Sk A xzAFo A
T ¢F 304 F9] AL BHElA Qo a4t
ol Foll ZAste HAxAFL 20129 S V&L
Z 5% Tko] &# A ATk (Mackenzie and Kalavati,
2014).
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At A ZA v & AW S22 E Qo
Fergm A stol A BESIATE HAZEAZF] A
&3k 227F EE A se el 93l wet mount
FES AAste] FEgtd S FPsTh

HAZASO| HEfst™ SH

HHE Qx5 Jsty 54 AAsH
ATh HHZAZFo At 27 ER1E Alge
T 795 AAS o] g A drE |
gAS TS ¥ wet mount EE-E THE0] P8
7d (CME, Leica, Germany)°.2 #2359 th et
2 T#L Lom and Arthur (1989)2] Wil whe}
ZAZ 0] (L=length of the spore), £} = (W=width
f

the spore), A} 7 (T=thickness of the spore).
d A o] (PL=polar capsule length), =& Z (PW=
polar capsule width)S LAS 4.0 software (Leica,
Germany)E AH&3te] um D=2 S35 F
50709 ZAE 54, 24 79 SR S A

AFs AT

(©)
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DNA =& % PCR

100% oN&e2 143 2 dErH-S 500 uLo
lysis buffer (100 mM NaCl, 10 mM Tris, 10 mM
EDTA, 0.2% SDS, 0.4 mg/ml proteinase K) ol ThA|
FHAZ T 60CoAA shRbst HAIFE F, phe-
nol-chloroform H22 A% DNAE FE33th
(Wasko et al., 2003). 2%+ DNA+ Nanodrop 1000
(Thermo, Japan)< ©]-8-3+4 100 ng/uLE B &
MX5%} MX3 primerE AFH&3FS] (Andree et al.,
1999) (Table 1), 18S ribosomal DNA #ZAE £Z
3+t PCR HH-&-2 1X Taq buffer (Bioneer, Korea),
2.5 mM NaCl,, 0.2 mM dNTPs (Bioneer, Korea), 2
uM primer, 5SU Taq DNA polymerase (Bioneer,

Table 1. PCR primers used in the amplification and sequencing of the 18S rDNA gene

Primer name

Sequence (5'-3")

Reference

MX5 CTGCGGACGGCTCAGTAAATCAGT Andree et al. 1999
MX3 CCAGGACATCTTAGGGCATCACAGA
MC5 CCTGAGAAACGGCTACCACATCCA Molnar et al. 2002
MC3 GATTAGCCTGACAGATCACTCCACGA
MY XGEN4f GTGCCTTGAATAAATCAGAG Diamant et al. 2004
ACTIR AATTTCACCTCTCGCTGCCA Hallett and Diamant, 2001




Korea)9} €3l PCR machine (PTC-200, Bio-
Rad, USA)E o] &3} 94T 30=, 55C 30, 72TC
28-E& 35 cycle HH 3= 2730 A 33T
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NEA 2 AES 2

PCR SZ4FES AccuPrep gel purification kit
(Bioneer, Korea)E AF8-3}9] agarose gel 25 1R
EE AAT F MC59 MC3 18 3L MYXGEN4f
2} ACTIR primerS A& (Diamant et al., 2004; Hal-
lett and Diamant, 2001; Molnar et al., 2002) (Table
1), ABI Prism 3730 XL DNA analyzer (PE applied
biosystems, USA)E AAA & T3] @744
< AAsAo. 28 9714 9L Blast search
(NCBI, USA)E ©]£3}%] Genbankol] 5AE A
FE9 sequences data®} =33t 5|, PHYLIP phy-
logeny program (version 3.67 package) (Felsensteine,
2007)< ©] 83l consensus treeS A Z3FS T

Zat @ o
% 10 vlEle] AAAAE FYstR o Hi A
2 237 em, BT AFL 56.1 goIAtk o] A
Soto 7 AT A 1A A& ZSoA
ol o) BEWE A 2Ev} AT (1/10, 10
%) (Fig. 1). ©] A/=EE npafiste] A2 @5
< Aoz BT Ax} o) sk HAx
252 A& TA7E BEF AT (Fig. 2). 2712 =
GO Aok] Roke 3y Ty TUslY AL
Zke] Mol 1At FARE ¢ Woll 4~53]
A A} A TR Hole HE 119
(11.0~13.5) pm, =2 11.6 (10.7~13.6) um, F7 =

o rulm oN
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Fig. 1. Morphological visualisation of pseu-
docyst of Myxobolus aeglefini in Bothro-
cara hollandi. (A) non-infected Bothrocara
hollandi (B) infected Bothrocara hollandi.
Arrows indicate the pseudocyst of Myxobo-
lus aeglefini.

7.8 (6.9~8.8) ume|tt. F¢2] ZHol= H 44
(3.2~5.3) yme| A oH, & HF 33 (24~4.2) um
o] ATt (Table 2).
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(Eiras et al., 2005; 2014), FA-ZX]ol 7| 3t=
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Fig. 2. Fresh mature spores of Myxobolus aeglefini iso-
lated from Bothrocara hollandi. Wet mount. Scale bar
=10 um.



82 Azt

o

e

3

ox

Table 2. Morphometric comparison of spore dimensions of Myxobolus aeglefini and other related Myxobolus species

Species Host Infection site SL SW ST PCL PCW
Mpyxobolus aeglefini Bothrocara Muscle 11.9 11.6 7.8 4.4 33
(This study) hollandi (11.0~13.5) (10.7~13.6) (6.9~8.8) (3.2~5.3) (2.4~4.2)
Myxobolus aeglefini  Melanogrammus Head
10.8~11. 9~10.4 .2~9. 4.5~5. -
Auerbach,1906 aeglefini cartilage 08 799-10 7:2-9.0 550
Muxobolus albi Pomatoschistus Gill arch 8.3 9.1 6.6 39 2.8
JROGOMS GEOL microps cartilage  (8.3~10.0) (7.7~10.0) (5.8~7.4) (3.0~4.8) (2.0~3.3)
Myxobolus Reinhardtius Hypertrophic ~ 10.3£0.7  10.1+0.7  6.2+0.8 4.4+04 2.5+0.6
groenlandicus hippoglossoides cartilage (8.5~11.0) (9.1~11.2) (4.9~7.1) (4.0~5.1) (2.1~4.1)

All measurements are given as the mean in micrometres followed by the range in parentheses.
SL: Spore length, SW: Spore width, ST: Spore thickness, PCL: Polar capsule length, PCW: Polar capsule width

Myxobolus aeglefiniv 1906%3 haddock (Melanog-
rammus aeglefini)| A A& ¢, HHEHAoH
(Auerbach, 1906), ©]F &) Aol A 218= Atlantic
cod (Gadus morhua), dab (Limanda limanda),
European hake (Merluccius merluccius), lumpfish

(Cyclopterus lumpus), European plaice (Pleuronectes

platessa) oA EAH v Yo} (Nielsen et al,
2002). %3, Yokoyama and Wakabayashi (2000)°]

oaf FslolA ojgh HAAXANA Myxobolus
aeglefini7t WA= o] Z]AH v QU

B AFolA EH Myxobolus < A} EAF2]
A Ae] 7+ B9l 5 SAste] 7|2 R A
A 9] M. aeglefini®} Blalgt A IE Table 29I
ERRRATE 2t F9le] 54 AFAE Yokoyama and
Wakabayashi (2000)2] =4 23} vl wstRL o,
B Aol SAT 22| Ht Fo] T HAS
o S P /RS A Hy F2 ATs
et oy 34 By %t Yokoyama
and Wakabayashi (2000)<= <5-2] S} < Allolepis
hollandiZ- 71 A 3FR 2 o= Bothrocara hollandi
9 FFOIHOEZA A o= FEHIL A 2
st o]t} (Anderson and Fedorov, 2004). WA
ATNA BHE AAxAFL FETHOE B
o} Myxobolus 40l &3, 2+ B-919] SAHX] H+

ol M. aeglefini®] &4 HAakH vl-$- FASH
Aom FLdE sFA DHEJCEE M. aegle-
ﬁnii E;ﬁ—g].od];].

Myxobolus aeglefini®] ATE7F4H A& &

A3t7] 913te] 18S IDNAS PCRYECOE &3 &
A& 33T (Genbank accession number:
KR029786). ©] % 5U3 Myxobolussol 431 &
g sd EA o] fARSF A Ex}Z0] A FAAE
ety AlFTE A, M. aeglefini®] AlE
2z A5 =AEIA T

Yokoyama and Wakabayashi (2000)2 M. aeglefini
9] 18S rDNA Al 2= BEA S 31X kol dE o)A
WA, 71 M. aeglefinist B ATF-olA Z1AE M
aeglefini®] 18S rtDNA A|lA 29 454 vlues &
7VFs 3 ATE M. aeglenifini®] 18S rDNAS] Al # 2~
= AET B4 A3, 593 Myxobolus 4 U2
M. albi, M. groenlandicus, M. acanthogobii®} 72
clustertf ol 1 x5+ 2. ™ (Fig. 3), M. albi & M.
groenlandicus<t ZYZ} 97.7%2F 96.9%2] 4548 &
YERY I T) (Data not shown). M. albi= common
goby (Pomatoschistus microps), lump fish (Cyclopte-
rus lumpus)ol A R1® v} Qlow AH&3 =
M. aeglefini®t w9~ FrARRE FEfo] AT 2 F-9] ¢
S gkol M. aeglefini®t ¥l dto] ThA ZHE ¥ ol
t} (Table 2). M. groenlandicus<= greenland halibut
(Reinharditus hippoglossoides) | Al 74 = $] 0™
2y Holo] A2 M. aeglefini$} vluste] tha
2b& Ho AWt I M. aeglefini<} vil-§- FrASE
T} (Buchmann et al., 2012). 18S rDNA A 2=2] &
E}H Ux] }HA —L;q-/] ?S:]F,H‘d]—?(-] E.?é]g] %/\]_/H o7

z

EBVHE23
S

B W M. aeglefini, M. albi, M. groenlandicus< &%
o9 Flsgol glom, AF Bk AEYE B4
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Henneguya pagri AB183748
1000

Myxobolus episquamalis JF810537

307 Henmneguya lesteri AF306794

805 Hemneguya ictalurt AF195510

1000
Hemneguya gurlei DQGT3465
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Mxobolus albi EU420055
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9?{ i h
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Myxidium lieberkuehni X76638

1000

Fig. 3. Phylogenetic tree of aligned 18S rDNA gene sequences of selected Myxobolus species including Myxobolus
aeglefini. 26 Genbank sequences were used for phylogenetic analysis and Myxidium lieberkuehni was used as the
outgroup. Analysis performed using PHYLIP phylogeny program (version 3.67 package). The bootstraps values were
determined with the CONSENSUS program.
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2ol 71¥sts Aem B Jom, M. albi
9 M. groenlandicus Oj/\] Zyzy A& z2 o 7)1 A3t
= AoZ ¢4¥A At (Buchmann et al., 2012;
Nielsen et al., 2002; Picon-Camacho et al., 2009). 1
A, B AFolA BAHE M. aeglefinies A A2AA
o AF ZFollA EAHASH, Yokoyama and
Wakabayashi (2000)= A AZ2] o] 4 ZA M.
aeglefinie B3t glo] AR Aol A= 7147
7 O E Ao E AT B3, M. aeglefiniol
ZdE AT HAAetEA S AR E LA A
ol Aol disiAe A AFEojoF & AL

2 e
(@] ok
i) =
Skl A ALH HFAZEXR (Bothrocara hol-
landi)®] AZ o FHAY] BEHI A 2EE
FAgsta v A xAFol %ﬁﬂ ATH A ZE
g vhjslel BorEn e s BANE A3, U

o ke HAZAZE] Y% EAT B2 AT,
A Ao HiF dolE 119 (11.0~13.5) ym, H
H2 11.6 (10.7~13.6) um, B T2 7.8 (6.9~8.8)
umo| AT g9 F Zol= 44 (3.2~5.3) umO]
A ou:] Ha 2o Y+ 33 (24~42) me]CHE]- 7
szl AsxAe) Fehsry 54, 7 Bojo) =
ROz nE B Aol 1;__}73_%4_ FEFZEe
Myxobolus aeglefini Auerbach 190622 &4 3}%
T}, Z=3F 18S rDNA sequencesS ©] &3 Al 5&4
A3 M. albiS}t M. groenlandicusS}t 22 A 4
sk 2ol glFN e 247} 97.7%9}F 96.9%9] &
A4S UEh A
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