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First report and characteristics study of Cymothoids isolated from
cultured flathead grey mullet (Chelon haematocheilus)

Han-Gill Seo®, Myung-Joo Oh™*, Miyoung Cho*** and Hyun-Ja Han"**
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Mullet is an important marine aquaculture fish species in Korea, with a total of 7,237 tons produced
as of 2022, making it the 5th most produced marine aquaculture fish species. In this study, ectoparasites
presumed to be isopods were discovered in the fins of farmed flathead grey mullet (average weight
550 g), and the characteristics of the parasites were confirmed. The length of the parasite was 5
to 18 mm, and 3 to 7 parasites were infected per fish. To analyze the characteristics of the parasites,
molecular biological identification and phylogenetic analysis were performed using the cytochrome
¢ oxidase subunit I (COI) gene, and it was confirmed to be most closely related to Nerocila japonica
in the Cymothoidae family. To confirm the parasite control effect, a direct exposure drug sensitivity
test was conducted on five types of aquatic drugs and fresh water, trichlorfon was confirmed to be

effective.
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/3 o]%& © 2 A(Thomson, 1968), $-2]t}et A At
I AR Fo 5 A AA 2 2 dux el wA
E3E3ka1 QITHNIFS, 2004). = AAkES 20109

A 20219 103528717 F718H o,
20229 % V|Fo 2 A iAol R{ F A4t
2k 90,545% Z 7237E(8 %)o] AArE o] thAl WA
2 @o] k253 QTHKOSIS, 2022). =W F2
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Ol F oAF o 2= 5ol (Mugil cephalus), 715
Sy (Chelon haematocheilus) L 5 =% 1(Chelon affi-
nis) o] =, AFANE Thgole A =2
Ho] AF 4o} TR Bx 5o 5HoE £71 2
F7F 7V 3t (Lee et al., 1994).

HPH slatol o] FAL SeAE FRA
2 )3 FA7%o] FrElolol s, FA AT
o mEd A% W AW welst Basid A
A Aol BT AL B FH SO A
P4 BAGel A% Aoz et Y Aol
o} FojFol| Aol Bud HAAE Lactococcus
garvieae (Han et al., 2015), Amyloodinium sp. (Park
et al., 2006), Myxobolus episquamalis (Kim et al.,
2013), Viral hemorrhagic septicemia virus (Kim et al.,
2004) 2 Nervous necrosis virus (Cha et al., 2005)7}
ATk o] FAAME 53] 71T FES AFE E
= op7ir| Foll FAste] AR L o3}t e o4
FrEe dodH, A 5 FAE 3 AT 23
dgom AA4 AAE FREIE B,
NY%F FANE S4FE B4 15 2 A5
chere ARl A s W A og o
10000% ol4o] HiLEe] k. 1 Fol A 21
4 ZH(Cymothoidae family)ol <3} Cymothoids
404, 38091F ) o]|Z2=d| 10 mm ©]3}9] =7]
—rE1 50 mm ©]’}e] A7|74A] BFsttt. Cymo-
thoidse= % ofrlo}be}l ofazg]7he] g 7ol A
AN, A= SAS AL A sl
wHEo] A AR 7P gol &ell 47
o] TH(Smit et al., 2014). TJF& 441 200 m o]}l
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A AAEhE S5 gEEAR #@‘ 500 m o}
A MAshs w5l
Z Tt} (Ahyong et al., 2011). i‘ﬂ]"ﬂ}ﬂ% ok 12004%
o] $4F7} et B HuEglon, 1 F
oF 80 Fo] PR Ul UTHKim, 2020).
B ATolM e il FAFTA 7Heeol g
A=gulo] S4FE FEHE R 78T &
AE o] TFEALAHN-S(PCR) E4S 53 A
BE TAR ATT TS FHsRen, FEe

TEF A29E Zsts 5 HAA EA dis)
A3k T
202213 29, Falete] s 7IFE] A Al A

AHFEQl 7ol o] A=efu]d] &R 7] Fo] &
A= ATh(Fig. 1). A BF F22 12°C HoH,
7hsole] VIS AL oF 10% 7R 1l
HAok 718Fe] o] o r gld Ao
107 & AF & SAGHE AFHE SR8
ok AF ol AS AF i 37.6£1.0 cm, 564+49.6

g oI o, AL A 1mte]ol A BF] T
?-ll°k°] FAEJo HFE F42 A=A sk
om, A v 24E )44 S = Brain Heart
Infusion Agar (BHIA) 2! Thiosulfate-citrate-bile salts-
sucrose Agar (TCBS)H| x|l Al v S 33}
01} (25°C FLH]%) colony= E1E A Eokth.
TS vlo] 3 2~ (Viral hemorrhagic septicemia virus,
Hirame rhabdovirus, Marine Birnavirus, Nervous ne-
crosis virus, Red seabream Iridovirus) &2 9|3t
PCR A3} 24202 #21= 1 tH(data not shown).

7heol o] AFe] FEE = VAFY HE

Fig. 1. Flathead grey mullet (Chelon haematocheilus) infected with Isopods (A) (B).
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Table 1. Primer set used in this study for PCR amplification

Gene Primer Nucleotide sequence PCR product size(bp)
mitochondrion NMmt-F 5’-AAATGGAAGGTCGGATGAAA-3’ 301
ochiondrio NMmt-R 5’-CATCGAGGTCGCAAACTACTC-3’
cytochrome ¢ oxidase NJC-F 5’-TTGGGCAGGTATCGTAGGAG-3’ 305
subunit 1 (COI) NJC-R 5’-ATCCTGTTCCTGCTCCCTCT-3’

MA 5 A A7 3-7/HAZ AF 19D
P 44NA = Ao, FEE 7AFe 2
o] 5~18 mm=E FIHAT. AT 7T F
TS 93l DNAE F=3F9 3, cytochrome ¢
oxidase subunit I (COI) 325 FZA1Z 5 =
primer setS A 23} 2 ¥ (Table 1), 95°C(30%), 58
°C(30%), 72°C(30%)S 303 wWhEs= 2o =
PCR S%-& AA]38+9th PCR products 1.5% agar-
ose gel oA 7|95 A7 COl 372 &
Zo] FlEen, A7IME 45 B3 T 54
< AAEAn @71 g 45 918l BioEdit
2 MEGA 11 programs AF8-3}% 2™, National
Center for Biotechnology Information (NCBI)ol| 4] A
3} Basic Local Alignment Search Tool (BLAST)
o] g3t 7|&o RaE 7 FAAee A
A A AAE A, S 718 S Isopoda
&-(Order) Cymothoidae Z}(Family) Nerocila <
(Genus) Japonica % (Species)@ 7+ &40 =
L Aoz A5 tH(Accesion No. LC160329,
99.66% LA)). B ATl £ ko] f
Cymothoids sp. COI nucleotide sequence (292 bp)=
NCBI GenBank®ll 5 A3} %3 tH(Accession No. OR
633209). #4Jo] &5 A7 E-2 GenBankoll &
AE Cymothoidae ZH(Family) XA} 1955319
AT £45 B3l 34 FdSAE ERlsA
o}. MEGA 11 program®| <323 X (neighbor-
joining analysis, 1,000 rounds of bootstrap)S %3} ¢]
AT B4 HAAS A, Nerocila japonica$t &
A3k aFol &F3t= AL FAstATHFig. 2).
A AAE £ &7 2 58S A 44 v A
2+ ribosomal RNA (rRNA), mitochondrial DNA
(mt DNA) 2 microsatellite DNA 5©] 1+=H](Seo
et al., 2015), mDNAE LHo|A FAAZA ZF9
82 FAB/AE EA 5= &olsith 1 Sl

f oft to of

A& Col fiA= g Sl FHFs=S
FHA AT AHREE § AR EEE I ok
(Edmands et al., 1996). &
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7185l g ofE
st 7| FS b st
AR ol A FAHE TFFA R AFAZ 571y
o = Al T/ FEH} Fl WS A
AFES AAEIA T Aol ALE-S oFE
iodine, trichlorfon, praziquantel, formalin 2 hydro-
gen peroxide ©]12H, 3% Z 9% =& E3
phosphate buffered saline (PBS)E Al8-3la] 72t ¢F&
o] AFAHE TEHETE)S U =2 FE(ALE
B2 TR o8 AF 22 APE At
(Table 2). 71 % 2+ 15T 3ute]¥ ALE-3H S
], of= B el Uig 78T 2F Wt o
HAL AFE AZE Aol whel vl A s
HE A7 32 E5S &3] HE dxF AR =
ddstgon, =& F 60% ool A FHALE
Ueld A =2 & I (high effect) =, 1302 o]
of AA] HALE YERA B9 L¥F & (normal ef-
fec)Z, 1302 o] Foll= 77t AETF A5
E o (low effect)Z, 1304 o] Foll = A7} ABE3H
A9 a3 g S(no effect) 0.2 AASIAY. 28 2
I} trichlorfon ZFANAM= AFE} 15e 5 wf
2 AtE g9t #FAE%AeH, povidon iodined}:
formalin X5 IFANE APEa3rt 4z &9l
F ¥ hydrogen peroxide Z&olA= A3 &3}
7F ER1=A] A TH(Table 3).

Trichlorfon& FAFEE2] o5 g 7 7| %
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LC160328.1 Nerocila japonica mitochondrial COI gene for cytechrome ¢ oxidase subunit | partial cds strain: Gy150109

LC160330.1 Nerocila japonica mitochondrial COI gene for cytochrome ¢ oxidase subunit | partial cds strain: Cy130095
LC160329.1 Nerocila japonica mitochondrial COI gene for cytachrome ¢ oxidase subunit | partial cds strain: Cy130078

LC159575.1 Nerocila japonica mitochondrial COI gene for cytochrome ¢ oxidase subunit | partial cds strain: Cy140030

LC160331.1 Nerocila japonica mitochondrial COI gene for cytochrome ¢ oxidase subunit | partial cds strain: Cy140253 Southafrica
In this study mitochondrial cytochrome ¢ oxidase subunit I(COI) gene from flathead grey mullet in Korea
LC160327 1 Nerocila japonica mitochondrial COl gene for cytochrome ¢ oxidase subunit | partial cds strain: Cy120185

LC160326.1 Nerocila japonica mitochondrial COI gene for cytochrome ¢ oxidase subunit | partial cds strain: Cy120370

LC159574 1 Nerocila japonica mitochondrial COI gene for cytochrome ¢ oxidase subunit | partial cds strain: Cy120032

LC160325 1 Nerocila japonica mitochondrial COI gene for cytochrome ¢ oxidase subunit | partial cds strain: Cy150008

HQO67638.1 Cariboptila mathisi voucher 100FCAD-205 cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial Dominican Republic

99 1 JNB27849 1 Xylophanes loelia voucher BC-Dec 1788 cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial Colombia

HQ574608.1 Lepidoptera sp. BOLD:AAA4366 cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial Costanica

HQ581541 1 Xylophanes loelia voucher BC-TDMPEG0219 cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial Brazil

JNET8646.1 Xylophanes aristor voucher BC-Hax0948 cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial Ecuador

MT080283.1 Theretra oldenlandiae isolate 67 cytochrome c oxidase subunit | (COX1) gene partial cds mitochondrial China

JN306774.1 Theretra oldenlandiae lewini voucher BIOUG CAN :BIOUG00961-FO7 cytochrome oxidase subunit 1 (COI) gene partial cds mitochondrial Australia

45" KJ168723.1 Theretra oldenlandiae lewini voucher BC ZSM Lep 10997 cytochrome oxidase subunit 1 (COIl) gene partial cds mitochondrial Australia

MZ844982 1 Nerocila orbignyi voucher Cr12922 cytochrome ¢ oxidase subunit | (COX1) gene partial cds mitochondrial

[
002

Fig. 2. Neighbor-joining analysis of Isopoda cytochrome c oxidase subunit I (COI) gene sequence from flathead
grey mullet (Chelon haematocheilus).

Table 2. Selection of drug concentration to confirm anthelmintic effect

' Drug Pov1fion Trichlorfon Praziquantel Formalin Hydrogen Freshwater
Concentration Iodine peroxide
Recommended 1,000 0.5-1 500-800 100-200 100-200 -

concentration (ppm)

Low concentration 1,000 0.5 500 100 100 0 psu
(ppm)

High concentration 5,000 25 2,500 500 500 -
(ppm)

& doya A7 Yo &84S = F Utk 9
oF e A Wil 2FFA7IT(FA0)S} Al
ARAZ|F(WHO)N A E 4] 715S &ysix
ATHWoo, 2016).

71&e] Bag FolfFol thgk Cymothoids 7HE

TAE el AHEEI A= FrIlAkE AsA o
H, FAZ AP H AT HYEH-NA acetyl-
choline-esterase (AChE) &S A3t 714 <
ksl o] Al =’lE WA AIZTHJo, 2021). BHA]
Tt trichlorfons =8} A] AHS-3HA S AES] f

Qe Ao, 21817 }\Ea] g1 v 7)z9
Ast T Aed FAES FEste] AW HA
749 % 7= 3t} Trichlorfon
3, AWl = ZUE E o=
3= o dichlorvosit+ E4 &2
trichlorfon®} dichlorvos’} 15 %=
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R
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rlo
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Al 2= Z A oKGeorgia)e] %] FolA Nerocila
lanceolata, BIA}2~(Texas)2] Mugil cephalus|*| N.
acuminata, FvF(Panama) A5 2+ M. hospes
AN A Indusa carinata, 1 %=(India)2] M. ophueseni®|
A I malayi®}t I ophueseni, ) A Z(Mexico)2| M.
hospes | X Meinertia gilberti (Paperna et al., 1981),
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Table 3. Result of drug sensitivity of the parasite with freshwater

D -
e POVl.d on Trichlorfon Praziquantel Formalin Hydrogen Freshwater
Concentratio Iodine peroxide
x © A X ZAN
Low (3 /3P © / 3) (3/3) a7/3) (3/3) 17/ 3)
concentration '1307% 45 1301 1301 1307 1301
High ° © ° X
concentration ©/3) ©7/3) 273) 0 /3) 3 7/3) -
’125 ’44 ’1301 ’63 ’1301
1) Drug sensitivity effect(©: high effect, o: normal effect, A: low effect, X: no effect)
2) Drug sensitivity for terminate parasites(survival isopods number/3)
3) Drug sensitivity during time(’minutes)
MR AZHEZ G2, oldelol, HUZ)S| M coph- = 152718 B AhE Fol9 ARS A%
alus, M. auratus, M. capito 2 M. chelo| 4] N. or- o2 ofsA|A Fart AT = US Folgt AT
bignyi (Trilles, 1965)7} 1t} Cymothoids= &+ <] o 8oz ) FAxY Al T -
B0 92§ S ol (marsupium) S 2 219 chlorfonA| A o] &X 7 &S Jojo} WiAdojgte
S 7125 G381 E(Peracarida)d 43}, +=F 2 Z3Lo] 9o AA sfjako]F k2 E Aol A
o2 gy AT o] F YR JHes 5, AHEBE7lel = 8 o] B UA Fe
Ao e 9 A7) dFle] FARY § A Aot et &5 w0l T a7 olFol
i, dAe B REE BRV|F A S50l & Zgo] 7testeE RS E I iE F7
235kt (Paperna et al., 1981; Smit et al.,, 2014; TE 53 & AT AZoZ A XS

1
Kim, 2020). £ Ao A £z
(e}

H 5759 Aol
5-18 mmz Sl Ay, dae] PR WE
FASA L W) B AFAN AR ol

7T FAFAA EEH EFYEA Fol
o, 27 Tl olo A7t Cymothoids®] 7+
AEAeBZ, FF HlF| 7hsold Hg &5
ool Te Aoz FAEL
S4F HT Y B 9shd Q& (India)
2] 4 o](Whitefin wolf-herring, Chirocentrus nudus)
AFANM N. phaiopleura®] 7FFo] &21F o
(BEE 32%), Axe Ao A A (Streptococ-
cus aureus B Escherichia coli)®] 73Z = %1 tH(Raja
et al., 2014). T3+ o] A E(Egypt)oll A= el o}
(Tilapia, Tilapia zilli)®] °}7}vlo| N. orbignyi®] 7+
Aol FRJNHALH(FAE 25%) ol7tv] =8, o]
FrE 2 A9 A HARA FRAEH A
(Abdel-Latif, 2016). ¥ AA 71855 A3
& Al E Fo] Yol TR HHe=E Qg
2 AW 23 1 e HAL HAS A &
7]

grouh, g% M A glol £ A4S

A
RS o h
HAs)oF & Ao g HAY

Fo2 HAHYo, FF FUAA ¥F 5 U
3 % FH0l +7h2 99T RO puum, o

AP AL
2 dFe TH5H UGN E Ay 54
A, R2023051)2] Aol ofs) P = AHFUT
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