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The Korean rockfish, Sebastes schlegelii, is an ovoviviparous 
fish that inhabits the coastal areas of China, Japan, and Korea. 
It is one of the most important fisheries resources in South 
Korea, and its mariculture has increased rapidly over the past 
decades [1]. However, one problem associated with the mari-
culture of the fish is infections with a monogenean parasite, 
Microcotyle sebastis on its gills, which causes extensive mortality 
in the juveniles every year [1].

Monogeneans are ectoparasites on the body and gills of 
freshwater and marine fishes, exhibiting high host specificity. 
They are sometimes hyperparasitic and cause serious problems 
in fish aquaculture worldwide [2]. Although they have not 
been reported to be overtly pathogenic, their heavy infection 
in individual hosts can be pathogenic and cause extensive 
mortality [3].

The genus Microcotyle Van Beneden & Hesse, 1863 is a flat-
worm belonging to the class Monogenea. It is one of the old-
est monogenean genera, including many species [4]. This ge-

nus is notorious for causing difficulties in taxonomy, and sev-
eral attempts have been made to subdivide it into separate 
genera [5,6]. Thus, integrative studies based on morphology 
and molecular phylogeny are necessary to elucidate its phylo-
genetic relationships [5]. For example, Víllora-Montero et al. 
[7] redescribed Microcotyle erythrini van Beneden & Hesse, 
1863, originally reported as Pagellus erythrinus (L.), based on 
molecular data, defined its morphological boundaries, and 
provided new morphological and molecular data for Microcot-

yle species identification. They recommended using molecular 
markers such as the nuclear 28S ribosomal RNA gene (28S 
rDNA) and the mitochondrial cytochrome c oxidase I gene 
(cox1) as complementary information for interspecific differ-
entiation. The mitochondrial cox1 was recently used to identify 
and reconstruct phylogenetic trees among vertebrate parasites 
[8]. Comparative analysis of their mitochondrial genomes, in-
volving features such as gene arrangement, nucleotide se-
quences, and amino acid sequences, has become a powerful 
molecular approach to resolving the deeper nodes of phyloge-
netic relationships in a variety of metazoan groups [9].

Several studies have been conducted on M. sebastis infec-
tions in the Korean rockfish in South Korea, including surveys 
of their seasonal prevalence [10], egg production, embryonic 
development [11], chemotherapeutics [12], and mitochondrial 
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genome [13]. However, there is a lack of information on infec-
tion at fish farms, morphological characteristics, and molecu-
lar data. In this study, we investigated molecular phylogeny 
based on nuclear 28S rDNA and mitochondrial cox1 sequence 
data, morphological observation, and infection status of M. se-
bastis at fish farms along the coasts of Tongyeong, Korea.

Thirty specimens of the Korean rockfish were sampled from 
each sampling station (net cage fish farm). Thus, a total of 270 
specimens were collected from 9 stations along the coasts of 
Tongyeong, South Korea, in 2016 (Table 1); 3 stations in March 
(group 1), 3 stations in June and July (group 2), 3 stations in 
October (group 3). They were transported to the laboratory in 
a polythene bag with ice. One side of the operculum was re-
moved, and 4 gill arches were sequentially excised and soaked 
in a Petri dish containing sterile phosphate-buffered saline 
(PBS) buffer to prevent drying. The number of M. sebastis from 
each fish specimen was counted under a stereomicroscope, 
SMZ-171 (Motic, Hong Kong, China). The prevalence was de-
fined as the proportion of infected hosts among all hosts ex-
amined, and the mean intensity was calculated as the mean 
number of parasites found in each infected host, excluding 
zero values of uninfected hosts. Differences in the mean preva-
lence among the 3 groups were tested by a one-way ANOVA 
test using GraphPad InStat (GraphPad Software Inc., San Di-
ego, California, USA) and considered significant at P<0.05.

For morphometric analysis, M. sebastis was isolated using 
tweezers and observed under a stereomicroscope after fixing in 
10% formalin. For scanning electron microscope (SEM) obser-
vation, the isolates were washed twice with sterile seawater and 
fixed with 1% OsO4 (Sigma-Aldrich, St. Louis, Missouri, USA) 
for 10 min. Thereafter, they were rinsed twice with distilled 
water, placed on a Nuclepore™ polycarbonate membrane filter 

(Corning, New York, New York, USA), dehydrated in a graded 

ethanol series, and finally substituted with isoamyl alcohol. 
The fixed isolates were dried in a critical point dryer (K850 
Critical Point Dryer, Pelco, Germany) using liquid CO2 for 3 
hr, coated with Au-Pd in Ion Sputter (E-1000, Hitachi, Tokyo, 
Japan), and examined under JSM-6490LV Scanning Electron 
Microscope (JEOL, Tokyo, Japan).

For the DNA sequence analyses, the 5 isolates of M. sebastis 
were individually isolated under a stereomicroscope and 
placed into sterile microtubes. Their genomic DNA (gDNA) 
was extracted using DNeasy® Tissue&Blood Kits (Qiagen, 
Hilden, Germany) according to the manufacturer’s instruc-
tions. Independent PCR amplifications were conducted for the 
nuclear 28S rDNA and mitochondrial cox1 in a 20 µl reaction 
volume containing 1 µl of gDNA, 1×Ex Taq Buffer, 0.2 µM of 
the forward and reverse primers, 250 µM dNTP mix, and 0.1 

units of TaKaRa Ex Taq™ (TaKaRa Bio Inc., Shiga, Japan). The 
PCR primers for nuclear 28S rDNA were based on those de-
scribed by Scholin et al. [14] and Nunn et al. [15], and those 
for mitochondrial cox1 were newly designed for this study: 
Monog-CO1f, 5'-CTGTTACTGCTAATAATGGT-3', Monog-
CO1r, 5'-GCTAATCATGATGCAAAAGG-3'. PCR amplifications 
were performed using the following thermal cycling profile in 
a ProFlex PCR System (Thermo Fisher Scientific Inc., Waltham, 
Massachusetts, USA): initial denaturation at 94˚C for 1 min, 
35 cycles of denaturation at 98˚C for 10 sec, annealing at 55˚C 
for 30 sec, and elongation at 72˚C for 2 min. The reaction was 
completed with a final elongation step at 72˚C for 10 min. The 
PCR products were purified using an AccuPrep® PCR Purifica-
tion Kit (Bioneer, Daejeon, South Korea) and directly se-
quenced on an Applied Biosystems® 3730xl DNA Analyzer 
(Applied Biosystems, Carlsbad, California, USA) with the 
primers used in the PCR amplifications. The sequences of the 
nuclear 28S rDNA and mitochondrial cox1 analyzed in this 

Table 1. Prevalence and intensity of the monogenean parasite, Microcotyle sebastis to the Korean rockfish, Sebastes schlegelii at the 
fish farms along the coasts of Tongyeong, Korea in 2016

Group
Station 

(fish farm)
Sampling 

month
No. of 

tested fish
Mean 

length±SD (cm)
Mean 

weigh±SD (g)
Prevalence 

(no. of positive fish)
Mean 

prevalence±SD
No. of parasite/fish 

(mean±SD)

St. 1 Mar. 30 17.7±1.2 100.9±20.1 90.0 (27) 2-19 (8.5±4.8)
G1 St. 2 Mar. 30 23.3±2.1 206.1±63.8 96.7 (29) 93.3±0.03 1-34 (12.7±10.0)

St. 3 Mar. 30 20.0±0.9 172.4±23.8 93.3 (28) 1-68 (31.4±15.8)
St. 4 Jun. 30 20.2±8.26 187.5±206.6 60.0 (18) 1-13 (4.1±3.35)

G2 St. 5 Jul. 30 27.1±2.3 319.1±79.7 46.7 (14) 60.0±0.13 1-19 (4.6±5.12)
St. 6 Jul. 30 11.8±1.2 24.8±9.4 73.3 (22) 1-13 (5.5±3.6)
St. 7 Oct. 30 16.5±2.5 65.71±28.3 86.7 (26) 1-7 (3.5±2.0)

G3 St. 8 Oct. 30 16.8±1.6 71.5±21.3 73.3 (22) 76.7±0.09 1-7 (2.7±1,6)
St. 9 Oct. 30 14.4±1.6 41.3±15.0 70.0 (21) 1-7 (2.3±1.7)
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study were deposited at a public sequence database, GenBank 
of the National Center for Biotechnology Information (NCBI) 
(https://www.ncbi.nlm.nih.gov/) under accession numbers 
MT875155-MT875159 and MT876115-MT876119, respectively.

The nuclear 28S rDNA and mitochondrial cox1 sequences of 
all species belonging to the family Microcotylidae were re-
trieved from GenBank. They were aligned with the M. sebastis 
sequences analyzed in this study, using ClustalW in BioEdit 7.2 
[16] and refined manually to correct obvious misalignments. 
The final sequence matrices consisting of 799 bp and 963 bp, 
respectively, were subjected to maximum likelihood (ML) 
analyses using MEGA 7 [17]. The best-fit substitution models 
were selected using MEGA 7 for the ML analyses, and Tamura-
Nei (TN93) and Gamma distribution (G) were applied for 
both genes. Statistical support for each node was evaluated us-
ing bootstrapping with 1,000 replicates. In addition, Bayesian 
inference (BI) analyses were conducted with generalized time-
reversible (GTR) and G model using MrBayes 3.1.2 [18] for 
both genes. Two independent Metropolis-coupled Markov 
chain Monte Carlo (MCMCMC) runs were launched with 4 
chains each, 3 heated and 1 cold, and random starting trees 
for 5,000,000 generations and sampling the trees at intervals 
of 100 generations. A total of 10,000 of the 50,001 resulting 
trees were discarded as ‘‘burn-in”. The remaining trees were 
used to reconstruct a 50% majority-rule consensus tree, and 
TreeView 1.6.6 [19] was used to summarize the posterior 
probability support for each node.

Previous studies have reported seasonal changes in the prev-
alence and mean intensity of monogenean parasites, relating 
to water temperature, host immunological resistance and host 
ages [10,20]. Yoon et al. [10] reported winter and summer 
peaks of M. sebastis infection in the Korean rockfish, and Oga-
wa [20] observed winter and spring peaks of Bivagina tai in the 
red seabream, Pagrus major. In the present study, the mean 
prevalence of M. sebastis among the 3 groups of the Korean 
rockfish was significantly different (P=0.014), with the high-
est prevalence in G1, followed by G3 and G2. In addition, its 
mean intensity was also higher in G1 (8.5-31.4) than in G2 
(4.1-5.5) and G3 (2.3-3.5). From these results, it seems to 
show that the infection was peak in spring (G1) in this study. 
However, chemotherapeutic drugs such as praziquantel and 
trichlorfon are commonly used to treat the parasitic infection 
in aquaculture, and it could affect the prevalence or intensity 
of the infection as well as water temperature and host immu-
nity. Since this study did not investigate whether chemothera-

py was used or not when we sampled the fish, it was insuffi-
cient to conclude the spring peak of the infection despite the 
significantly high prevalence and intensity of the infection in 
G1. Therefore, in the present study, it was only confirmed that 
the fish were continuously exposed to parasitic infection 
throughout the year.

The anterior end of the body of M. sebastis, called the pro-
haptor, has various feeding and adhesive structures. They also 
possess a posterior attachment organ, called the opisthaptor or 
haptor. However, few reports on its morphological characteris-
tics exist, except for metric analyses [21,22]. In the present 
study, we produced microphotographs of the whole body, 
prohaptor, and opisthaptor of M. sebastis, typical morphologi-
cal characteristics of flatworms in the subclass Polyopisthocot-
ylea, using light microscope and SEM. Its body was round and 
flat (Fig. 1A, B) with an anterior prohaptor (Fig. 1C) and a 
posterior opisthaptor (Fig. 1D). The buccal cavity was located 
in the anterior part of the ventral surface. The results of the 
morphometric analysis was as follows (n>20): body length, 
2,052±597 µm (1,502-3,055 µm); body width, 965±165 µm 
(680-1,245 µm); posterior opisthaptor length, 855±592 µm; 
clamp length, 73±50 µm; clamp width, 43±30 µm; genital 
atrium length, 115±71 µm; genital atrium width, 52±34 µm; 
number of clamp, 42-48; and number of testes, 21-25. M. se-

bastis in the present study was morphologically similar to M. 
kasago and M. caudata, which were isolated from the host spe-
cies belonging to the subfamily Sebastinae [23]. However, the 
morphometric data showed slight differences among the 3 
species; their average body length was similar (M. caudata 
2,769 µm; M. kasago 2,669 µm), with the largest size in M. 
caudata (5,550 µm); the number of clamps was in the range of 
27-69 in M. caudata and 32-43 in M. kasago; and the number 
of testes was in the range of 4-24 in M. caudata and 10-14 in M. 
kasago. The SEM observation showed that the body surface was 
covered with long and deep wrinkles and the opisthaptor, ar-
ranged in 2 rows, was separated from the actual body at the 
posterior region and composed of 2 symmetrical rows of 
clamps, formed by 2 opposable hinged jaws.

The DNA sequences of the nuclear 28S rDNA and mito-
chondrial cox1 of the 5 isolates of M. sebastis were subjected to 
molecular phylogenetic analyses. They had identical lengths of 
791 bp and 963 bp, respectively, without insertions or dele-
tions, and showed similarities of 100% and 98.5-99.0% to 
each other, respectively. The 28S rDNA sequences showed the 
highest similarity with M. sebastis (GenBank accession number 
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AF382051) and Microcotylidae sp. M10 (EF653385) (99.87%) 
in BLAST search, and the cox1 sequences did with M. sebastis 
(DQ412044) (98.86-99.38%). In the ML and BI trees inferred 
from both genes, all species belonging to the genus Microcotyle 
consistently clustered together with the highest statistical sup-
ports (Fig. 2A, B). In the nuclear 28S rDNA tree (Fig. 2A), the 
5 isolates in this study consistently clustered with 6 Microcotyle 
species, including M. sebastis, but no clear phylogenetic separa-
tions were found among the species because of low statistical 
supports. In contrast, in the mitochondrial cox1 tree (Fig. 2B), 
most nominal species were clearly separated, except for the 
branch between M. visa and M. isyebi. The 5 isolates showed 
the closest phylogenetic relationships with M. caudata and M. 

kasago. The M. sebastis isolates from the host species, the Kore-
an rockfish, in this study showed the closest phylogenetic rela-
tionships with M. caudata, which has Sebastis cheni, S. inermis, 
or S. ventricosus as host species, and with M. kasago, which has 
Sebasticus mamoratus as a host species. All of the host species 
belong to the subfamily Sebastinae. The 2 host genera share a 
unique fertilization pattern, viviparity, and identical morpho-
logical characteristics [24]. Thus, our results revealed that phy-

logenetic analysis using mitochondrial cox1 sequences is well 
congruent with the host specificity of the monogenean para-
sites at the subfamilial level.

Meanwhile, our phylogenetic analyses of the Microcotyle spe-
cies based on nuclear 28S rDNA showed low phylogenetic res-
olution, but high resolution based on mitochondrial cox1, of 
which the result is in agreement with previous studies [7,25]. 
Mitochondrial cox1 is a well-known molecular marker for 
metazoan DNA barcoding, because of its intra- and interspe-
cific variation and adequate barcode gap [26]. This marker is 
also a gold standard for studies on population genetics, host 
specificity range, and the phylogenetics and systematics of 
monogenean parasites.

In this study, we investigated the molecular phylogeny of a 
monogenean parasite, M. sebastis, along with its morphologi-
cal observations and infection status in the Korean rockfish. 
This parasite can cause loss of stock in the Koran rockfish, but 
to date, it has not been extensively studied. Our results will 
provide the information on more efficient management of 
fishery stocks, morphological identification, and phylogenetic 
analysis of the parasite.

Fig. 1. Light photomicrograph (A) and scanning electron microphotographs (B-D) of Microcotyle sebastis isolated from the Korean rock-
fish, Sebastes schlegelii. AH, anterior prohaptor; BC, buccal cavity; C, clamp; GA, genital atrium; OH, opisthaptor; T, testes.

A B

C D
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Fig. 2. Maximum likelihood (ML) tree of monogenean parasites belonging to the family Microcotylidae, based on a sequence matrix of 
nuclear 28S ribosomal RNA gene (A) and mitochondrial cytochrome c oxidase I gene (B). Numbers at the branch nodes indicate the 
bootstrapping values obtained in a ML analysis, and the posterior probability in a Bayesian analysis. The scale bar indicates the estimat-
ed number of nucleotide substitutions per site. The species newly analyzed in this study is shown in bold face. The Microcotyle species 
are indicated with their host species.

B
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